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ABSTRACT

Cervical adenocarcinoma (ADC) represents about 20% of invasive cervical cancers.
Implementation of screening programs that have led to a decrease in squamous cell
carcinoma (SCC) has only had a limited preventive effect on adenocarcinoma as the
incidence of ADC, especially among younger women, has steadily increased in recent
decades. Human papillomavirus (HPV) is considered the most important single factor
for development of SCC. Adenocarcinomas of the cervix are also related to HPV of
high risk types (HR-HPV), but the correlation is less pronounced. HPV infection alone
is insufficient and other factors are required for oncogenic transformation to ADC.

The aim of this thesis is to investigate molecular markers such as tumor suppressor
p16™&4 proliferation marker Ki-67, possible tumor suppressor proteins in the LRIG
family, the TP53 target WIG-1, and E6/E7 mRNA in cervical adenocarcinoma in order
to provide a deeper understanding of the etiology of the disease and to develop more
efficient screening strategies for adenocarcinoma of the cervix.

Formalin-fixed/paraffin-embedded tumor tissue samples of cervical ADC were
investigated by immunohistochemistry (IHC) for the occurrence of pl6™ ** using the
CINtec® kit, of Ki-67 with the MIB-1 antibody, and of LRIG1, LRIG2 and LRIG3
using polyclonal rabbit antibodies. In 38 samples of cervical cancer (ADC or SCC),
Wig-1 was examined by IHC using a monoclonal antibody. In cervical cancer cell lines
the WIG-1 gene locus was investigated by SKY, CGH, Southern and FISH; mRNA
expression by Northern and RT-PCR; and protein expression by Western analysis.
Testing for E6/E7 mRNA was carried out using the PreTect HPV Proofer; testing for
HR-HPV DNA was done by consensus PCR and subsequent typing by SSCP, direct
sequencing and Linear Array®. The examined markers were evaluated regarding
prognostic impact and association with HPV infection.

We found that poorly differentiated tumors stain with less intensity and in a lower
fraction than do well differentiated tumors. All HPV-positive tumors showed p16™<*
staining, but 60% of HPV-negative tumors also stained for pl16™<*. We found a
significant correlation between staining for Ki-67 and histological grade (p=0.031) as
well as worse outcome (p=0.004).

High staining intensity for LRIG1 and a high fraction of LRIG3-positive cells were
significantly associated with improved patient survival (p=0.03 and p=0.04). LRIGI
and LRIG3 expression correlated with HPV infection, since higher staining intensity
was observed in HR-HPV-positive cases.

mRNA extraction from paraffin-embedded tissue samples was successful, as shown by
positive results in the GAPDH mRNA integrity control in all cases. HR-HPV infection
was detected by mRNA in 64% of the tumors, compared with detection by DNA in
62% of the tumors. There was an 87% agreement in results between the two methods
regarding HPV positivity and 84% agreement regarding HPV type.

WIG-1 is not the primary target for genomic alteration on chromosome 3, even though
analysis revealed chromosome 3 gains in all lines. WIG-1 mRNA expression was



higher in the two HPV-negative cervical cell lines (C33-A, HT-3) than in the HPV-
positive lines. Wig-1 expression in tumor tissue, as assessed by IHC, showed
significantly higher nuclear Wig-1 levels in ADC than in SCC (p<0.0001). We
observed higher nuclear Wig-1 expression in the HPV-negative tumors than in HPV-
positive tumors (p = 0.002). Patients with tumors that demonstrated moderate nuclear
and positive cytoplasmic Wig-1 expression had a better prognosis (p = 0.042) than
those with high nuclear and negative cytoplasmic Wig-1 expression.

According to our findings the tested markers appear to be potential diagnostic
supplements for cervical adenocarcinoma as expression of Wig-1 as well as LRIG1 and
LRIG3 could serve as prognostic markers, p16™** and Ki-67 might be helpful markers
for grading endocervical malignancies and mRNA testing has been shown to be as
sensitive as DNA testing. The combination of improved detection of precursors through
integration of molecular markers into screening programs with vaccination against
HPV 16 and 18 will help cervical cancer including adenocarcinoma to become one of
the most preventable cancers.



LIST OF PUBLICATIONS

L

IL

II.

Iv.

SUSANNE MULLER, Carmen Flores-Staino, Barbro Skyldberg, Ann-
Cathrin Hellstrom, Bo Johansson, Bjorn Hagmar, Keng-Ling Wallin and
Sonia Andersson

Expression of p16’NK4" and MIB-1 in relation to histopathology and
HPYV types in cervical adenocarcinoma.

International Journal of Oncology 2008 Feb; 32(2):333-40

Hovland S, SUSANNE MULLER , Skomedal H, Mints M, Bergstrom J,
Wallin KL, Karlsen F, Johansson B, Andersson S

E6/E7 mRNA expression analysis: a test for the objective assessment of
cervical adenocarcinoma in clinical prognostic procedure.

International Journal of Oncology 2010 Jun; 36(6):1533-9

SUSANNE MULLER, Lindquist D, Kanter L, Flores-Staino C, Henriksson
R, Hedman H, Andersson S

Expression of LRIG1 and LRIG3 correlates with human
papillomavirus status and patient survival in cervical adenocarcinoma.
International Journal of Oncology 2013 Jan; 42(1):247-52

Lidi Xu, SUSANNE MULLER, Srinivasan R. Thoppe, Fredrik Hellborg,
Mikael Lerner, Biying Zheng, Nohamin Tamyalew, Svetlana Lagercrantz,
Dan Grandér, Keng Ling Wallin, Klas G. Wiman, Catharina Larsson and
Sonia Andersson

Expression of the p53 target Wig-1 is associated with HPV status and
patient survival in cervical carcinoma

To be submitted to International Journal of Cancer in November 2013



CONTENTS

1 Populdrvetenskaplig sammanfattning..........coccceveeveeirveeneeneennencnecnenenns 1
2 Back@round..........ccocveuiieieiiieiieeieee et 3
2.1 THE COIVIX ittt sttt se e 3
2.1.1 Transformation Zone (TZ ) ......cecveverirenieneeeeeeeeeeeee 4

2.2 CerVICAl CANCET .....ouiiiireieiiiririeeetcieecre ettt 4
2.2.1 Histology, clinical features and diagnosis.........c.c.ceceueueueencne 4

2.2.2  EpIidemiolOZy ......ccoceeviereirieririereieeenieieisieessesssereeeseeeseneenas 6

223 RiISK fACIOTS.c.cviviiiiiriiicicicccrtreetct e 7

2.2.4 Precancerous lesions of the CerviX........coevverinnvinnenenencns 10

2.2.5 Natural history of precancerous 1€Sions ............ceceeveerverenens 11

2.2.6 Treatment and PrOgNOSIS.......ccceververervrreerreerrererieereeereerenens 11

227 SCIEENING ....cvevirireuireenirieiertetertetetete sttt see et benesaenens 12

2.3 Human Papillomavirus..........ccecevveeeirieenierenieinieeieeeeeesieesseeennens 15
2.3.1 Classification of papillomaviruses...........cccceceereeirerererenens 15

2.3.2  Genome structure and viral particle...........ccocevvrrevirreireerennns 16

2.3.3  Viral life CYCle....cooveueirieiieeeeeeeeeeeee e 19

2.3.4 Methods of deteCtion........c..eeveeuerieeeririeirieirieereeseeeeeienens 21

2.3.5 Prevalence of genital HPV infection .........ccccecevvevirieennenenens 22

2.3.6 The role of HPV in malignant transformation .................... 25

2.3.7 HPV related cancer in sites other than the uterine cervix... 26

2.3.8 Immune response and HPV ..........ccooevivievinecneiinieeieenn, 27

2.3.9 HPV VaCCINES .....ovriiiiiciininieiciciienineeieeictseneeeneveeenenen 27

2.4 Molecular markers of carcinoOgenesis ...........ceeveeeerereereervereeeeennnens 29
2.4.1 Viral markers of carcinogenic activity ...........ccoceevrveververenens 29

2.4.2 Host cell MArKers.......ccceveirueririerenieiiieierereeseeeeeeieneas 31

2.4.3  Expression of cellular proteins ...........ccccoeeeevererrecerievereeennns 33

3 AUINIS ettt 37
3.1 SPECIIC QIMS.....evenieiniieiiicieteee et 37
31T Paper Lo 37

312 Paper Il ..o 37

3.1.3  Paper ..ot 37

314 Paper IV ..o 37

4 Material and methodsS.........c.cocevveveuecirnnnieiiirneccc e 38
4.1 Tumor MAterial ......co.eevieuiirieirieirieireereeee e 38
411 Paper L. 38

412 Paper Il ..ottt 38

4.1.3  Paper I ...ooooeieeeee e 38

414 Paper IV .o 39

4.2 MEthOUS ...t 39
4.2.1 Sample preparation ..........cceceeeeveeveeriereresreseeereseresseeseesenens 39

4.2.2 HPV DNA tESUNE ...cveuerrenirieriiereieieieieeeieeeeeesieesseseneeneneas 39

4.2.3 E6/E7 mRNA analysis (Paper II) ........cccoeeeveceneinncnnenns 39

4.2.4 Immunohistochemistry (Paper I; IIT; IV) ..ccoevvveinieeiennee 40

4.2.5  Cell HN@S...ooiviciiiiiiicicicctrniecciterteee et 42

4.2.6 Statistical analySis ......cceceevrveirieerieiriereisreesreseseesseeseeseneas 43



e o]

5.1

52

53

5.4

Conclusions

6.1 Paper L ..o 57
6.2 Paper Il ..o 57
6.3 Paper [IL......ccoeieieeeeeee e 57
6.4 Paper IV ..o 57
FULUIE PETSPECLIVE. ...ttt 59
ACKNOWISAZEMENLS ..ottt eeeas 61
RETEIENCES. ...ttt 63



LIST OF ABBREVIATIONS

ADC Adenocarcinoma

AIS Adenocarcinoma in situ

ASC-US Atypical squamous cells- uncertain significance

ASR Age standardized ratio

CC Cervical cancer

CIN Cervical intraepithelial neoplasia

E6AP E6 associated protein

FFPE Formalin fixed paraffin embedded

HC Hybrid Capture

HPV Human papillomavirus

HR-HPV High risk HPV

HSIL High grade squamous intraepithelial lesion

IARC International Agency for Research on Cancer

ICC Invasive cervical cancer

ICESCC The International Collaboration of Epidemiological Studies of
Cervical Cancer

[HC Immunohistochemistry

LR-HPV Low risk HPV

LRIG Leucine-rich repeats and immunoglobulin-like domains

LSIL Low grade squamous intraepithelial lesion

OR Odds ratio

ORF Open reading frame

PV Papilloma virus

RCT Randomized Controlled Trial

SCC Squamous cell cancer

SCJ Squamocolumnar junction

TERC Human telomerase gene

TZ Transformation zone

WIG-1 Wild type p53-induced gene 1



1 POPULARVETENSKAPLIG SAMMANFATTNING

Livmoderhalscancer dr den tredje vanligaste tumortypen hos kvinnor i hela vérlden.
Det finns tvd olika former av livmoderhalscancer beroende pd vilka celler som
omvandlas till cancer. I Sverige, liksom i manga andra utvecklade ldnder, har
forekomsten av skivepitelcancer i livmoderhalsen minskat dramatiskt de sista
artiondena, till f6ljd av gynekologisk screening med cellprover sedan 60-talet. Trots
detta drabbas ca 450, till 6verviagande del unga kvinnor, av livmoderhalscancer och 150
kvinnor dor arligen av sin sjukdom. Nér det géller adenocarcinom i livmoderhalsen
(mindre vanlig form, ca 20 % av alla tumérer i livmoderhalsen, som utgér frén
kortelepitelceller) har ddremot inte ndgon minskad frekvens observerats utan snarare en
stegring, frimst hos yngre kvinnor. Adenocarcinom har inte samma tydliga forstadium
som skivepitelcancer, och det ger sig inte lika ofta till kdnna vid screeningen.
Diagnostiken som bedrivs inom dagens rutinsjukvard, cytologprovet, dr ett otillrackligt
screeninginstrument for att uppticka adenocarcinom i tidigt skede, och ger tyvirr ofta
otillricklig information. Idag vet vi att livmoderhalscancer orsakas av ett virus, humant
papillomvirus (HPV), som sprids sexuellt. Vidare vet vi att HPV dr en av de vanligaste,
om inte den vanligaste, sexuellt 6verforbara sjukdomen bland unga individer i varlden
idag. Detta gor livmoderhalscancer till en av de vanligaste cancerformar bland kvinnor
i vérlden. Humant papillomvirus (HPV) av s.k. “hdgrisk typ” &r en forutsittning for
utveckling av livmoderhalscancer och ndstan 100 % av skivepitelcancer har visats
innehalla “hogrisk” HPV, men ytterligare faktorer bidrar till cancerutvecklingen.
Adenocarcinom innehaller HR-HPV i 70-80% av alla fall. Det visade sig att det fanns
HPV-16 och HPV-18 i normala cytologiska prover 14 ar innan diagnosen av
adenocarcinom stélldes. HPV typning som komplement skulle kunna 6ka mojligheten
att upptdcka adenocarcinom 1 tidigt skede, frdmst hos unga kvinnor, en grupp som
oftast har HPV-positiva tumorer.

Malet med denna avhandling var att undersdka molekyldra markorer i fall av
adenocarcinom och deras relation till HPV samt prognosen av cancersjukdomen. Nya
kénsliga och specifika tester som skulle kunna fOrbéttra den gynekologiska
hélsokontrollen &r av storsta virde.

I det forsta delarbetet analyserade vi 101 arkivprover av tumorvdvnad fran
adenocarcinom i livmodertappen, med avseende pai expression av pl6™<* (en
tumoérhdmmare) och Ki-67 (en tillvixt markdr), och resultat relaterades till HPV-
infektion och stadie av cancer och den mikroskopiska tumorbilden. Vi fann att tumorer
som var lagt differentierade uttryckte cancer markéren p16™<* i mindre utstréickningen
och med ldgre intensitet 4n de hogt differentierade tumorer. Alla tumdrer som innehall
HPV, och dven 60 % av tumérer utan HPV infektion uttryckte p16™<* . Dessutom
fann vi ett starkt samband mellan Ki-67 och den mikroskopiska tumérbilden. Samre
prognos var forknippat med hogre Ki-67 uttryck.

Den andra studien undersokte vérdet av olika metoder for detektion av HPV infektion.
Mitning av HPV mRNA av de fem vanligaste typerna som tecken pd expression av
tumoérbefrimjande gener jamfordes med resultat frain HPV DNA miétningen hos
kvinnor med adenocarcinom. Vi visade att denna metod hade ungefir samma



kénslighet som HPV DNA metoden, E6/E7 mRNA av de 5 HR-HPV typer uppvisades
i 64 % av tumdrerna jamfort med HPV DNA som vi fann bara i 62 % av alla tumérer.
Resultat mellan metoderna dverenstamde i 87 %.

Den tredje delarbete testade hypotesen om att pévisande av LRIG1, 2 och 3 i
tumorvavnader skulle kunna anvidndas som en prognostisk markor hos patienter med
adenocarcinom i livmodershalsen. Vi fann att hog immunfargning fér LRIGI och
LRIG3 var forknippat med forbéttrad overlevnad och det fanns ett samband mellan
uttrycket av LRIG1 och LRIG3 och HPV infektion.

I den fjarde studien undersokte vi WIG-1. Det dr en av de gener som kan uppregleras
av TP53 (en s.k. tumérhdmmare och ha en central roll for att skydda oss mot cancer),
men WIG-1 kan ocksé sjilv reglera TP53. Vi undersokte dérfor uttryck av Wig-1
protein i livmoderhalscancer och fann kraftigare uttryck av proteinet i kortelcellcancrar
an 1 skivepitelcancrar. Vi hittade hogre uttryck i cellkdrnor hos HPV-negativa tumdrer
jamfort med HPV-positiva tumdrer.

Adenocarcinom i livmoderhalsen &r en svar diagnostiserad sjukdom. Att pavisa
korrelation mellan fordndringar i cancercellen och kliniskt forlopp av tumérsjukdomen
ar onskvért. Socialstyrelsen har forordat inforande av vaccin for flickor mellan 10-12
ars &lder redan hosten 2008. Vaccination mot HPV ér ett nytt effektivt verktyg som
kommer att utgéra forsta steget i den kedjan av dtgdrder som ingér i prevention av
livmoderhalscancer. For forsta gdngen ges mdjlighet till effektiv priméarprevention av
livmoderhalscancer, men vaccinet kommer inte att skydda mot alla virustyper. Dérfor
ar det desto viktigare att finga upp kvinnor som 16per risk for adenocarcinom, genom
att hitta tidiga markorer for snabb och inriktad prevention, vilket ar hela detta projekts
utgangspunkt.



2 BACKGROUND

2.1 THE CERVIX

The uterine cervix is the lower part of the uterus (Figure 2-1) and is composed of dense
fibro muscular tissue. The outer part of the cervix protrudes into the vagina. It mainly
functions as a sphincter (especially during pregnancy), a barrier to prevent ascending
infections and a source of lubricating mucous.

The outside of the cervix is called the ectocervix and the inner portion is called the
endocervix. The ectocervix is covered by nonkeratinized stratified squamous
epithelium (Figure 2-2a), while the endocervix is covered by a single layer of mucin-
secreting columnar epithelium (Figure 2-2b). The cervical canal runs through the
cervix. The internal os is where the canal opens into the uterus and the external os is
where it opens into the vagina.

uterine (fallopian) tube suspensory ligament of ovary
: ligament of ovary

ampulla isthmus

f'i'i’;.,

infundibulum

mesovarium| proad
mesosalpinx ligament

sy mesometrium ot ol
round ligament of uterus
@ 2010 Encyclopadia Britannica, Inc. vagina uterosacral ligament

Figure 2-1 Anatomy of the human uterus.
(taken from http://global.britannica.com/EBchecked/topic/620603/uterus)

- . Superficial cell layer
- Intermediate cell layer
Columnar cells
Parabasal layer

!!mg;ggu_m

Basal cell layer.

Figure 2-2 Stratified squamous epithelium (a); columnar epithelium (b); taken from
TARC (http://screening.iarc.fr/colpochap.php?chap=1).



2.1.1 Transformation zone (TZ)

The original squamocolumnar junction (SCJ) between squamous and columnar
epithelium, called the congenital junction, remains unchanged until puberty. Post
puberty, in addition to the congenital junction, the adult or functional junction forms
and is termed the new SCJ. The columnar epithelium is exposed to the acid, non-sterile
environment of the vagina and will gradually be replaced by squamous epithelium
through a process known as metaplasia (Schiffman et al. 2007), which occurs in the
transformation zone (TZ). The TZ occupies the area between the original and the new
SCJ and becomes larger with age as it expands toward the cervical opening (Figure
2-3).

Figure 2-3 Transformation zone with original and current squamocolumnar junction in
an adult woman; taken from: Herzog et al. 2007.

The TZ plays a crucial role in the pathogenesis of cervical cancer (CC). It is assumed
that oncogenic HPV infect reserve cells of the TZ that are committed to glandular
differentiation, which eventually leads to the proliferation of glandular lesions and AIS
(Herzog et al. 2007; Doorbar et al. 2012). A special target cell in the squamocolumnar
junction with embryonic characteristics has been described. This cell is highly
susceptible to oncogenic HPV DNA incorporation and is speculated to be strongly
related with cervical carcinogenesis (Herfs et al. 2012).

2.2 CERVICAL CANCER
2.2.1 Histology, clinical features and diagnosis

There are two major histological types of cervical cancer, one derived from each of the
two different types of cervical epithelium: squamous cell carcinoma (SCC) and
adenocarcinoma from glandular cells (ADC). The highest incidence of cervical cancer,
80-95%, is attributable to SCC. ADC accounts for 5-20% of all cervical cancers (Jemal
et al. 2011). ADC may be categorized into further subgroups such as mucinous and
non-mucinous adenocarcinoma. The most common histological type of invasive
adenocarcinoma is mucinous adenocarcinoma. There are also carcinomas composed of
a mixture of malignant glandular and squamous cells, known as adenosquamous



carcinoma, and in very rare cases, cancer may even arise from other types of cervical
cells (IARC publications chapter 5).

The cardinal symptom of invasive cervical cancer is abnormal bleeding. In addition,
vaginal discharge and in advanced cases, pelvic or lower back pain and/or sciatic nerve
root pain radiating into the lower extremities may occur. The presence of bowel or
urinary symptoms would indicate advanced late-stage disease. Clinical suspicion of
cervical cancer requires work-up that includes biopsy or diagnostic conization for a
definitive histological diagnosis. Once the diagnosis is confirmed, the stage of the
disease needs to be ascertained to determine a suitable treatment plan. The International
Federation of Gynecology and Obstetrics (FIGO) has formulated a widely used and
recommended system as described in

Table 2-1 (Pecorelli et al. 2009; Quinn et al. 2006).

FIGO stage  Extension of tumor

Stage 1 Carcinoma confined to the cervix.

1A Microinvasive carcinoma, not clinically visible. Can only be diagnosed by
microscopy.

1A1 Stromal invasion <3mm in depth and <7 mm horizontal spread

1A2 Stromal invasion >3<5 mm in depth and < 7 mm horizontal spread

IB Carcinoma clinically visible; or a microscopic lesion greater than 1A2

IB1 <4 cm in greatest dimension

IB2 >4 cm

Stage I1 Carcinoma spread beyond the cervix, but not as far as the lower third of the
vagina or the pelvic wall

HA1- Tumor size <4 cm with involvement of less than the upper two-thirds of the vagina,
but not extending to tissues surrounding the uterus (parametria).

1TA2- Tumor size >4 cm with involvement of less than the upper two-thirds of the vagina
and without invasion of parametria.

1B Parametrial invasion, but not as far as the pelvic wall or the lower third of the
vagina.

Stage II1 Tumor extends to pelvic wall or involves the lower third of the vagina, or
causes hydronephrosis or non-functioning kidney

1A Extension to the lower third of the vagina, with no extension to the pelvic wall,
and no hydronephrosis or non-functioning kidney

1B Extension to the pelvic wall, with hydronephrosis or non-functioning kidney.

Stage IV Tumor has spread.

IVA Spread to involve the mucosa of the bladder or rectum.

IVB Spread to distant organs, such as extrapelvic lymph nodes, kidneys, skeleton, lungs,

liver and brain.

Table 2-1 Summary of the FIGO stages (WHO, 2006) = Subdivision of Stage I1A
according to Pecorelli et al, 2009.




2.2.2 Epidemiology

Currently, cervical cancer ranks third among the most common female malignancies
(after breast and colorectal cancer) with an estimated 530,000 new cases and 275,000
cancer deaths in 2008 (de Martel et al. 2012). Incidence varies immensely between
different regions, with the highest risk seen in Eastern and Western Africa where age-
standardized rates (ASR) are >30/100,000, while the lowest risk is seen in Western
Asia, North America and Australia where ASRs are <6/100,000. More than 85%
(450,000 cases) of the global burden of cervical cancer occurs in developing countries,
where the majority of women have little or no access to preventive screening and
adequate treatment nor, more recently, to HPV vaccination (GLOBOCAN 2008, Figure
2-4).

&

’ ‘f‘fﬂf‘

C 58 122 210 347 57
Age-standardised incidence rates per 100,000

Figure 2-4 Global map showing the estimated age- standardized cervical cancer incidence
rate per 100,000 worldwide in 2008; taken from GLOBOCAN 2008, IARC
(http://globocan.iarc.fr/factsheet.asp).

Incidence and mortality rates of CC in countries with well-organized screening
programs have decreased significantly since the introduction of screening. In Sweden
the incidence of CC has declined from 20 cases per 100,000 women in 1965 and seems
to have leveled off with a rate of approximately 7 cases per 100,000 since the late
1990s (The National Board of Health and Welfare 2012). In the 35-39 year age group,
the National Swedish Cancer Registry shows a drop in age-specific rate from 46.0 per
100,000 women in 1958 to 15.5 in 2004 — a 66% reduction. In the 70-74 year age group
the rate dropped from 27.0 to 11.4 — a 42% reduction. The Swedish Cause of Death



Register shows an age standardized mortality rate of 7.7 per 100,000 women for CC in
1959 and 2.8 in 2004 (Pettersson et al. 2011).

In contrast to rates for squamous cell cervical carcinoma, the incidence rates of cervical
adenocarcinoma have steadily increased in developed countries in women born in 1930
and in successive cohorts thereafter through the mid-1960s (Gustafsson et al. 1997,
Vizcaino et al. 2000). The age-adjusted incidence rates for ADC increased throughout
Europe and ranged from ~0.5 to >3% per year (Vizcaino et al. 1998; Bray et al. 2005).
This upward trend, noted particularly among women under age 40, has occurred despite
extensive Pap smear screening (Vizcaino et al. 1998; Visioli et al. 2004; Bray et al.
2005, Bergstrom et al. 1999; Wang et al. 2004).

The Swedish National Cancer Registry shows an increase in incidence of ADC in the
25-29 year age group from 0.7 per 100,000 for women born between 1935 and 1939, to
1.2 per 100,000 for women born between 1950 and 1954. In the 30-34 year age group a
similar increase was seen from 1.0 for women born between 1930 and 1934 to 1.9 for
women born between 1945 and 1949 (Pettersson 1998). A subsequent study also
showed a twofold increase in incidence of ADC during a 35 year period (Bergstrom et
al.1999).

Studies have shown that SCC and ADC of the cervix seem to share most risk factors.
However, our understanding of the epidemiology and natural history of CC may still be
incomplete.

The strong link between infection with HPV 16 or 18 and malignant transformation of
the glandular epithelium of the cervix suggests that screening for these two HPV types
might be a useful tool for improving prevention and/or early detection of cervical
adenocarcinoma, which has proven to be difficult through regular cytological screening
(Sasieni et al. 2009). It was recently estimated that Swedish women who did not
undergo regular cytological screening had a modest 60% increased risk of being
diagnosed with cervical adenocarcinoma, but a 200% increased risk of squamous cell
carcinoma, compared with women who participated in screening. Thus cytological
screening provides substantially lower protection against adenocarcinoma than
squamous cell cancer of the cervix (Andrae et al. 2008).

An increase of in-situ forms has preceded the decrease of invasive cancer for squamous
lesions. Paradoxically, the rising incidence of AIS over the past decades has
corresponded with an increase in ADC rates (Hemminki et al. 2002; Wang et al. 2004;
Sherman et al. 2005).

2.2.3 Risk factors

As early as the nineteenth century, the association between cervical cancer and sexual
activity was suggested by the absence of cervical cancer among nuns (Rigoni 1987).
Research to demonstrate the possible role of HPV in cervical cancer began in 1974-
1976 (z. Hausen 2009) and eventually garnered the Nobel Prize in 2008. The first
papilloma virus types were isolated 35 years ago (Orth et al.1977) and in 1983 a new
type was isolated from cervical cancer tissue and called human papillomavirus type 16
according to order of discovery (Diirst et al. 1983). Sexually transmitted HPV is now



recognized as playing a causative role in the development of cervical cancer (Munoz
2000). By the last decade, HPV had been detected in almost all (99.7%) cervical
cancers (Walboomers et al. 1999).

Although HPV infection is necessary for development of cervical cancer, that alone is
insufficient, because the majority of HPV-infected women do not develop cervical
cancer. Since the establishment of the causative role of HPV infection, previous risk
factors for cervical cancer have now been redefined as surrogate markers for risk of
HPV or as important cofactors (Bosch et al. 2002).

Lifetime number of sexual partners is a surrogate marker, highly correlated with HPV
exposure and thereby cervical cancer. The International Collaboration of
Epidemiological Studies of Cervical Cancer (ICESCC) conducted a reanalysis showing
that risk of cervical cancer increases with total number of sexual partners. A lifetime
history of >6 partners doubles risk, while >11 partners triple risk, compared with
women who had only one partner. However, risk of becoming infected with HPV
depends on many factors, including the sexual behavior of the partner (ICESCC 2009).
First intercourse at an early age also increases risk of cervical cancer, which is subject
to a variety of interpretations. Early first intercourse may be a marker of high-risk
behavior and also of more HPV infections. According to another interpretation, early
first intercourse may increase duration of HPV infections, which could be more
harmful. A third interpretation may be that the cervix is more susceptible to HPV
infection in young women (ICESCC 2009).

Medium (5-9 years) or long-term use (>10 years) of combined estrogen-progestin
contraceptives is considered to be a co-factor. Combined oral contraceptives are
classified by the IARC as carcinogenic factors because they increase the risk of cervical
cancer, as well as breast and hepatocellular cancer (Cogliano et al. 2005). A large 2007
reanalysis of 24 studies, showed a twofold increase for developing cervical cancer
among current medium-term and long-term users which declines after use ceases
(ICESCC 2007). Use of combined oral contraceptives is not believed to increase
susceptibility to HPV infection, for which reason the increase in risk appears to be
associated with established HPV infection (Cogliano et al. 2005). However, no
significant difference between women with and without HR-HPV infection was found
in the reanalysis study (ICESCC 2007).

The TARC also classifies smoking as a carcinogenic factor for cervical cancer (Secretan
et al. 2009). According to the ICESCC, smoking increased the risk of invasive cervical
cancer (ICC) or carcinoma in situ (CIS)/ cervical intraepithelial neoplasia 3 (CIN 3),
where relative risk (RR) of 1.60 was found compared with never-smokers. Risk was
also increased for former smokers, though less so than among current smokers (RR:
1.12). However, the increase in risk for current and former smokers applied only to
SCC and was not demonstrated for ADC (ICESCC 2006).

Another co-factor for development of cervical cancer analogous to exogenous
hormonal use is high parity. The risk of cervical cancer increases with the number of
full-term pregnancies. An IARC study of HPV-positive women demonstrated a
fourfold risk among women with more than 7 full-term pregnancies, compared with



nulliparous women, while risk among women who had only one or two full-term
pregnancies was doubled (Bosch et al. 2002).

Herpes simplex type 2 (HSV-2) infection was found to double risk of SCC and triple
risk of ADC in an IARC study of HPV-positive women (Smith et al. 2002a, de Sanjose
et al. 1994). One Swedish cohort study showed that women with prior history of
Chlamydia trachomatis infection were at increased risk (RR: 2.09) of HPV persistence,
but no such correlation was demonstrated for HSV-2 (Silins e al. 2005). Chlamydia
trachomatis infection also doubled risk of SCC, but no association was found with
ADC (Smith et al. 2002b).

A case-control study showed that prevalence of cervical cancer in HPV was higher
among HIV-infected women. The explanation for the increased prevalence may relate
to immunosuppression causing persistent infection, as well as to riskier sexual behavior
among HIV-positive women, which in turn may be associated with greater risk of other
STIs such as HPV (Odida et al. 2011). However, subjecting the data concerning cancer
incidence among HIV-positive women and patients receiving immunosuppressive
treatment, such as transplant recipients, to meta-analysis showed that both these groups
were more likely to develop infectious disease-related cancers, including HPV-related
cancers. Similar patterns among patients with HIV infection and patients with
iatrogenic immunosuppression suggest that immunosuppression, rather than other risk
factors may be responsible for the increased risk of cancer (Grulich et al. 2007; Frisch
et al. 2000). An inverse association between degree of neoplasia and interleukin-2-
production in response to HPV-16 E6 and E7 proteins has been observed (Tsukui et al.
1996). As well as an impaired T-helper cell response been discussed to predispose for
the progression of cervical disease (Hildesheim et al. 1997).

Genetic predisposition is another proposed co-factor for cervical cancer. In 1999, data
from a Swedish register study could supply first evidence for a significant familial
clustering of cervical cancer which is likely to result from genetic rather than
environmental factors. The results were not specified for histological type (Magnusson
et al. 1999). Subsequent studies supported the hypothesis of hereditary co-factors
(Czene et al. 2002; Zelmanovic Ade et al. 2005; Hemminki et al. 2006; Couto et
al2006).

Differences in Co-factors between SCC and ADC

Some heterogeneity in the co-factors may be associated with adenocarcinoma.
According to Castellsague et al., cofactors having a statistically significant positive
association with ADC and HPV-positive cases included long-term use of OCs and very
high parity. IUD use was shown to have a protective effect (Castellsague et al. 20006).

In contrast to SCC, several studies found no association between smoking and
incidence of cervical ADC (Green et al. 2003; Plummer et al. 2003; ICESCC 20063
Berrington de Gonzalez ef al. 2004). Nor was any correlation confirmed between age at
first birth and ADC (Berrington de Gonzalez et al. 2004). In a small sample Lacey
noted that unopposed estrogens used in HRT were independently associated with ADC
(Lacey et al. 2000). Obesity was also found to have a stronger association with ADC
than SCC (Lacey et al. 2003).



2.2.4 Precancerous lesions of the cervix

Precursor lesions of SCC are divided into CIN stages 1, 2 and 3 based on histological
appearance, according to the classification system developed by Richart. This
classification is based on the proportion of atypical cells and disruption of architecture,
which reflects the severity of the lesion. CIN 1 represents mild dysplasia with atypical
cells in the lower third of the epithelium and intact stratification, CIN 2 is characterized
by moderate dysplasia with atypical cells in two thirds of the epithelium, while CIN 3 is
associated with severe dysplasia or the equivalent of CIS, with atypical cells throughout
the entire epithelium. ICC is defined as penetration of the epithelial basement
membrane by atypical cells (Richart 1973).

In the 1990s a supplementary classification system, the Bethesda system, was
introduced by the National Cancer Institute in the United States. This system is based
on cytology, where low-grade squamous intraepithelial lesions (LSIL) correspond to
CIN 1 and high-grade squamous intraepithelial lesions (HSIL) correspond to CIN 2 and
3, because of the difficulty in distinguishing between them using cytology. Moreover,
the Bethesda system includes nomenclature for cells that cannot be designated as LSIL,
yet still demonstrate atypical appearance. It differentiates between atypical squamous
cells — uncertain significance (ASC-US) and atypical squamous cells — cannot exclude
HSIL (ASC-H) (Solomon et al. 2002).

2.2.4.1 Adenocarcinoma in situ (AIS)

Since the glandular epithelium of the cervix is a monolayer, there is no such stepwise
division of potentially precancerous lesions. The Bethesda system discriminates
between atypical glandular cells, atypical glandular cells- favour neoplastic and
endocervical adenocarcinoma in situ (AIS).

AIS is a relatively rare condition that has not drawn as much attention as precursor
lesions originating in the squamous epithelium of the cervix. AIS is known to occur
beneath the transformation zone and may thus be covered by normal metaplastic or
dysplastic epithelium.

An abundance of evidence supports cervical adenocarcinoma in situ as a precursor of
invasive cervical adenocarcinoma (Zaino 2002). AIS lesions are frequently found
immediately adjacent to invasive adenocarcinoma (Boon et al. 1981). Cases of
untreated AIS preceding invasive adenocarcinoma have been reported (Boon et al
1981; Poynor et al. 1995) and the duration of progression from AIS to ADC has been
estimated at 5-13 years (Lee et al. 2000; Plaxe ef al. 1999). In fact, with a mean age at
diagnosis of about 35-39 years, AIS is diagnosed in an age group 10-20 years younger
than invasive ADC (Ostor et al. 2000, Azodi et al. 1999, Boon et al. 1981).

Similar HPV types dominate in both AIS and invasive ADC. A recent investigation by
Andersson et al. found that HPV 18/45 were clearly predominant, followed by HPV16
in (Andersson et al. 2013). Data regarding multifocal lesions are controversial. True
multifocality has been described in 13-15% of cases (Ostor ef al. 2000; Jaworski 1990).
Coexistence with squamous cell lesions is a frequently observed phenomenon in
glandular lesions. Zaino described concurrent squamous lesions with AIS in
approximately 50% of cases (Zaino 2002), while more recent studies reported even
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higher rates of up to 64-90% (Andersson et al. 2013; Ault et al. 2011). Furthermore,
AIS multicentricity has been reported in ~15% of patients (Jaworski 1990). In about
50% of cases, AIS is diagnosed only because of detection of a squamous lesion (Ostor
et al. 2000; Ault et al. 2011; Andersson et al. 2013). A study reported the same HPV
types in AIS and in the adjacent squamous mucosa (Tase et al. 1989).

2.2.5 Natural history of precancerous lesions

The risk of developing CIS or ICC is cumulative in relation to severity of dysplasia. A
review based on follow-up studies of women with abnormal cytology between 1950-
1990 presented the natural history of CIN and showed that CIN 3, diagnosed by biopsy
in women who were left untreated and only followed up by cytology, turned into
invasive cancer in an estimated 30%-50% of cases (Ostdr 1993; McCredie et al. 2008).
A more recent large Canadian retrospective cohort study based on cytology samples
collected between the 1960s and 1980s, during which time CIN management was
relatively conservative, showed that 10% of mild dysplasia progressed to severe
dysplasia or worse within 10 years, compared with 32% for moderate dysplasia. The
study also showed that the majority of all mild dysplasia would spontaneously regress.
The regression ratio (first normal Pap smear) for mild dysplasia was 44% within 2
years and 88% within 10 years. The ratio for spontaneous regression of moderate
dysplasia was lower, but 83% still regressed within 10 years (Holowaty et al. 1999).

2.2.6 Treatment and prognosis

Treatment protocols for SCC and ADC are similar and the therapy is based on the
FIGO clinical staging system. High-grade preinvasive lesions and FIGO stage IA
cancer are treated by conization or radical hysterectomy with excellent results. Tumors
diagnosed in more advanced stages are treated with radiation therapy alone or
concomitantly with chemotherapy using cisplatin-based regimens. A Cochrane review
of 19 randomized controlled trials (RCTs) involving locally-advanced cervical cancer
confirmed benefit on overall and progression-free survival with use of platinum-
containing chemotherapy regimens together with radiation therapy (Stern et al. 2012;
Green et al. 2005).

Data on prognosis of ADC compared with SCC remain equivocal. For carcinoma
diagnosed with lymph node metastasis, Nakanishi et al. found that prognosis was worse
for ADC than for SCC. However, in the absence of lymph node metastases, no
difference was seen (Nakanishi et al. 2000). A similar conclusion was drawn from a
literature review in which survival rates for patients with small tumors in the absence of
lymphovascular involvement were comparable for ADC and SCC. With advancing
tumor stage, survival rates for ADC were significantly lower than for SCC (Gien et al.
2010). In contrast, a population-based analysis from the US found lower survival rates
for ADC in both early and advanced stages (Galic et al.2012). The incidence of distant
metastasis is higher for ADC than for SCC (Eifel er al.1995), as is the uncommon
finding of ovarian metastasis (5.3% vs. 0.8%) (Shimada et al. 2006).

Andrae et al. found a significantly better prognosis among women diagnosed through
screening compared with those diagnosed because of symptoms, which is largely
attributable to the earlier stage at which cancer is detected by screening. The authors
investigated all cases of cervical cancer occurring in Sweden over a 3-year period with
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follow-up at 8.5 years and found no significant difference in prognosis for SCC or
ADC (Andrae et al. 2012). Analyses of HPV type though indicate a significantly poorer
prognosis for HPV-18 associated tumors, particularly adenocarcinomas (Im et al.
2003), which the authors attribute to deeper cervical invasion and greater pelvic lymph
node involvement.

2.2.6.1 Discriminating primary cervical and endometrial adenocarcinoma

Due to topographical proximity it can sometimes be challenging for the pathologist to
reliably discriminate primary endocervical adenocarcinoma from endometrial
adenocarcinoma, which originates from the mucosa of the corpus uteri. However, the
confident distinction between the two is of substantial clinical and prognostic
importance. In cases of unequivocal histological assessment a panel of markers is
applied which includes staining for estrogen receptor (ER), vimentin, monoclonal
carcinoembryonic antigene (CEA) and pl16™**. The panel may be completed with
HPV testing and p53 staining.

In most cases primary cervical adenocarcinoma is CEA positive and vimentin negative
as well as negative or focally weak positive for ER. HR-HPV is present in a high
percentage and thereby diffuse p16™<* staining is common. ‘Wild-type’ p53 is more
likely to be found in cancers originating from the cervix (McCluggage 2013).

2.2.7 Screening

The goal of well-organized screening programs, including treatment of detected
precancerous lesions, is to prevent invasive cancer. Since cervical cancer develops
slowly over 10-15 years, screening programs are essential for early detection and
treatment of neoplasia (Sankaranarayanan et al. 2006).

2.2.7.1 Screening methods
2.2.7.1.1 Exfoliative cytology

Pap smear

Pap smear cytology, named for developer, the Greek pathologist Dr. George
Papanicolaou, has long been in use and is still the screening method recommended by
the WHO. Exfoliating cells taken from the ectocervix with a spatula and from the
endocervix with a brush are directly smeared onto a slide, fixed in ethanol and air dried.
After multichromatic staining the slide is examined under a microscope.

Although Pap smear screening greatly reduces the incidence of cervical cancer, the
sensitivity of the test is low, with an overall detection rate of 50% to 60% (Schiffman ez
al. 2011). A systematic review of 94 studies showed that sensitivity ranged between
30% and 87% and specificity between 86% and 100% (Nanda et al. 2000). Due to the
low accuracy of the Pap smear and the many false-negative results, alternative methods
are currently under evaluation.

Liquid-based cytology (LBC)

Liquid-based cytology (LBC) is a new method, introduced in the 1990s, in which
similarly sampled exfoliating cervical cells are preserved in liquid and then smeared
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onto a slide and stained with the Papanicolaou stain. LBC produces more uniform
samples, thereby facilitating exact morphological interpretation. Unsatisfactory sample
quality with the need for repeat sampling is substantially decreased when using LBC
compared to conventional smear (Ronco et al. 2007; Strander et al. 2007).

The outstanding advantage of the method is the possibility for supplementary analysis
such as HPV testing or immunocytochemical methods on the same sample. The so
called ‘reflex test’ refers to the subsequent HPV testing on the same sample if the
cytology is assessed as abnormal.

The method has been adopted in some countries, though only in high-income settings
due to high cost. Studies comparing efficacy of LBC with conventional cytology show
conflicting results. A meta-analysis evaluated the sensitivity and specificity in detecting
CIN 2+ and found comparable results for LBC and conventional cytology (Arbyn ef al.
2008) as did other studies (Ronco et al. 2007; Siebers et al. 2009).

According to WHO, LBC provides higher sensitivity than conventional cytology
(WHO 2006), and there are other studies that have confirmed its superiority Schiffman
et al. 2011; Strander et al. 2007; Davey et al. 2007).

2.2.7.1.2 HPV testing

HPV testing is method to detect viral DNA as the precondition for development of
cervical cancer. Some studies show that HPV testing is more sensitive for detection of
CIN 3 than conventional cytology. The greatest advantage of HPV testing, however, is
the high negative predictive value for development of cervical cancer among HPV
DNA-negative patients. This advantage is important for risk stratification of patients
and it is also cost-effective because it allows the screening interval to be prolonged in
HPV-negative women (Schiffman et al. 2011). HPV testing for primary screening is
still controversial, mainly due to its lower specificity, especially in young women
(Ronco et al. 2010). In a large review of routine screening data from more than 60,000
North American and European women, the sensitivity of HPV testing for detection of
CIN2+ was unambiguously higher than for cytology (96.1% vs. 53.0%). As expected,
specificity was lower for HPV testing than for cytology (90.7% vs. 96.3%), although
this parameter improved with increasing age (Cuzick ef al. 2006). Primary HPV testing
with cytology triage was more sensitive in detecting CIN 3+ than primary cytology
alone (Anttila et al. 2010). A multinational cohort study by Dillner et al. found that a
negative baseline HPV test had a significantly higher negative predictive value for
developing CIN3 or cancer than a negative baseline cytology (Dillner et al. 2008).

2.2.7.1.3 Visual screening methods

Visual screening methods in colposcopy include visual inspection with acetic acid
(VIA) and Lugol’s lodine (VILI). Application of acetic acid to the cervix turns
abnormal cells white, while iodine turns them dark-yellow. Average sensitivity is 77%
and specificity 86%. Instant results and low cost make VIA a promising screening
option in low-income settings. However, further research, including RCTs, is needed to
compare VIA, which is currently recommended only for pilot projects with
conventional cytology (WHO 2006).
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2.2.7.2 Organized screening

The Swedish national screening program notifies all women aged 23 to 49 to come for
a Pap smear every third year and women aged 50 to 60 to come every five years, which
complies with WHO recommendations with the exception of age at initiation
(Stockholm County Counsil 2011, Vardprogramm).

In Sweden, organized screening for cervical cancer has been introduced in 1964 and
fully established in 1974. The introduction of organized screening showed great impact
on the incidence of cervical SCC whereas the incidence of ADC was rather
uninfluenced (Bergstrom et al.1999). Women who belong to the screening generation
were diagnosed at an earlier stage than those of the prescreening generation (55%
compared to 17% at stage I). Likewise, the proportion of advanced cases, stages III and
IV, dropped from 29.3% to 21.2% (Pettersson et al. 2011).

The effectiveness in reducing mortality (>60%) was demonstrated in a Swedish
population-based study. The study concluded that non-adherence to screening programs
was the major cause of mortality in cervical cancer. Thus screening programs are
presumably the key to reducing the incidence of cervical cancer (Jemal et al. 2011;
Andrae et al. 2008).

A rather new approach to increase coverage of cervical cancer screening is self-
sampling. The woman collects a vaginal sample herself with a simple device and sends
it to the laboratory for HPV testing. As self-sampled material does not reliably contain
cells representing the transformation zone it is not suitable for cytological assessment.
The approach of self-sampling increases participation in organized screening (Sanner et
al. 2009) and shows reliable results in detecting precancerous lesion (Brink et al. 2006;
Sanner et al. 2009).

2.2.7.3 Screening for adenocarcinoma

Detection and treatment of in situ cancers are more effective at preventing SCC than
invasive ADC, as confirmed by the observation that the vast majority of cervical cancer
cases in poorly screened populations are SCC. In contrast, regions with good cervical
cancer screening programs have a higher proportion of ADC (Schiffman et al 2007).
However, a Swedish study from 2008 found that screening also has an effect on the
incidence of ADC. The authors concluded that the increasing incidence of
adenocarcinoma is the net result of increases in background risks, such as acquisition of
HPV infection, and the counteracting effect of screening programs is unable to keep
pace improving outcomes (Andrae et al. 2008).

There is overwhelming evidence that a remarkable percentage of AIS fails to be
detected by cytological screening, or may progress rapidly to invasion.
Adenocarcinomas frequently occur among women who underwent screening within 5
years of diagnosis (Hildesheim et al. 1999; Andersson ef al. 2003). A negative cytology
report affords less assurance against development of adenocarcinoma than squamous
carcinoma (Mitchell et al. 1995).

Inadequate screening results may be due to compromised sample quality secondary to
the less-than-adequate devices and techniques used to obtain the sample (Herzog et al.
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2007). The introduction of cytobrush techniques, which allow sampling in the cervical
canal, and of liquid-based cytology, which provides a monolayer of cells for
assessment, were the first steps toward more accurate sampling and diagnoses of
glandular lesions (Ashfag ef al. 1999).

The location of glandular lesions and thereby the limited access for colposcopic
assessment amplifies the challenges in diagnosing precursors of ADC. Irregular
distribution of abnormalities within glands, the small size of some lesions and
multifocality can further hamper assessment.

Inadequately validated cytological criteria for neoplasm precursors have been
suggested to be a possible reason for screening deficiencies concerning glandular
lesions, thereby subjecting results to a wide variation of inter-observer interpretation. A
minor improvement in specificity could be made through subtype characterization,
given the increasing possibility of identifying histological subtype over time (Gunnel et
al. 2007).

2.3 HUMAN PAPILLOMAVIRUS
2.3.1 Classification of papillomaviruses

Papillomaviruses (PV) belong to the Papillomaviridae family of DNA viruses. They
display high diversity and are able to infect all kinds of mammals, as well as birds and
reptiles. To date well over 200 types of PV are known. The L1 gene encodes for the
major viral L1 capsid protein, which together with the L2 protein constitute the
complete capsid. Overall, L1 is the most conserved open reading frame (ORF) of the
PV genome. Sequence comparisons of whole genomes lead to a similar distribution of
interrelated HPV types as found when comparing the L1 ORFs (de Villier ez al. 2004).
Papillomaviruses are classified in taxonomic levels including genus, species (due to
close phylogenetic relationship between certain types and because the concept species
typically lumps PV types with common biological and pathological properties), types
(a newly discovered papillomavirus type is defined as a complete papillomavirus
genome, whose L1 gene nucleotide sequence is at least 10% different from that of other
known papillomavirus types), subtypes (the L1 gene sequence differs by 2-10%) and
variants (the L1 gene sequence is no more than 2% dissimilar) (Bernard 2013).

Human papillomaviruses are PV with the capacity to infect humans. Members of this
multifaceted group have different epithelial tropisms and life-cycle strategies. Most
types are ubiquitous with global distribution where different types dominate in different
areas (Doorbar et al. 2012). Isolation and characterization of new HPV types is an
ongoing process; currently 170 HPV types have been identified (deVilliers 2013;
Bernard 2013; Figure 2-5).

HPV are members of 5 PV genera: the alpha-, beta-, gamma-, mu-, and nu-
Papillomaviruses. Alpha-PV is divided into cutaneous and mucosal types according to
epithelial tropism. A total of 40 sexually transmitted types have been detected in the
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anogenital mucosal epithelium. These are clinically further divided into high-risk and
low-risk types according to their potential to mediate human carcinogenesis (Wise
Draper et al. 2008; Doorbar et al.2012). The WHO classifies the following 12 types as
high risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59. Several other types, such as
types 68 and 73, belong to the high-risk clade and are classified as “possibly cancer-
causing” because of their similarity to cancer-causing types, even if they have not been
found in cancer. Even low-risk types may occasionally be associated with cancer
(Doorbar et al. 2012). There are also putative high-risk types, such as HPV 26, 53, and
66 (IARC Monographs 2007; Munoz et al. 2003). Although the life-cycle organization
of high-risk types shares many similarities with low-risk HPV, the two groups differ
significantly in their ability to drive cell cycle entry and cell proliferation.
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Figure 2-5 Phylogeny of papillomavirus types based on the nucleotide sequence of the L1

gene; taken from Bernard 2013.

2.3.2 Genome structure and viral particle

HPV is a small non-enveloped DNA virus containing almost 8000 base pairs. Circular
double-stranded DNA is surrounded by a protein shell composed of two structural
proteins, the major capsid protein L1 and the minor L2.
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The genome is functionally divided into 3 domains: the long control region (LCR) and
eight genes that are divided into early and late regions according to the order of the
action of these genes in the viral life cycle (Figure 2-6). The LCR is a non-coding
upstream regulatory region of 400 to 1000 base pairs. It contains promoter, enhancer
and silencer sequences that regulate replication by controlling the transcription of the
open reading frames (ORF). This region contains the highest degree of variation in the
viral genome. The early region consists of six ORFs: E1, E2, E4, ES, E6, and E7. These
genes are involved in regulation of replication and transcription, cell growth and
maturation and virus release, as well as malignant transformation. The late region
encodes the structural proteins L1 and L2 for the viral capsid, which is exclusively
produced in the fully differentiated cells in the top layers of the epithelium (Burd 2003;
Bernard 2013).

E2 E2 E1 SPI E2 E2 TATA PE

Figure 2-6 Schematic depiction of the genome organization of human papillomavirus
type 16; taken from Doorbar J ef al. 2012.

E1: E1 protein is the initiator of viral DNA replication. It acts as an ATPase
and DNA helicase and binds to DNA polymerase.

E2: E2 protein is the main regulator of viral gene transcription. It modulates
viral gene expression, has multiple binding sites in the viral LCR, binds the viral
transcriptional promoter, and interacts with E1 to locate the viral origin of replication.
E2 mediates down-regulation of E6/E7 transcription, which results in undisturbed
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function of p53 and pRb proteins and allows the life cycle of the host cell to progress
normally. Integration of HPV DNA into the host cell genome disrupts E2, which leads
to reduced down-regulation of E6/E7 and thereby to increased expression of E6/E7
(McBride 2008).

E4: E4 protein acts late in the viral life cycle and accumulates at very high
levels in cells that support virus synthesis. It facilitates assembly, maturation and
release of virus particles, interacts with the keratin cytoskeleton and intermediate
filaments, and induces arrest in the G2 phase of the cell cycle.

The ES5, E6, and E7 gene products have proliferative properties and mediate
progression to malignancy. HPV oncoproteins cause DNA damage as well as both
numerical and structural chromosome instability during HPV-associated carcinogenesis
(Duensing ef al. 2002). They do not possess enzymatic activities themselves, but
instead interact directly or indirectly with a number of cellular target proteins (Wise
Draper et al. 2008). Deregulation of E6 and E7 expression is the critical event in
neoplastic dedifferentiation; their action is more efficient when the two act in concert,
but even high levels of E7 alone are adequate (Burd 2003).

ES: ES5 induces aberrant cell proliferation by stimulating cell growth through
stabilization of growth factor receptors (EGFR, PDGFR beta and CSFIR), by
enhancing EGF signaling and by inhibiting apoptosis (Genther et al. 2003). ES
interferes with intracellular trafficking of endocytotic vesicles (IARC Monographs
2007). The ES gene sequence is deleted when viral DNA is integrated into host cells
(Schwarz et al. 1985). E5 inhibits transport of major histocompatibility complexes to
the cell surface and thereby helps the virus to evade immune response.

Eé6: E6 codes for a small protein of approximately 150 amino acids that
contains two zinc finger motifs. HR-HPV E6 protein is found both in the nucleus and
cytoplasm (Moody et al. 2010; Howie et al. 2009). HR-HPV E6 has been shown to
block apoptosis, promote proliferation, activate telomerase, and to disrupt cell
differentiation, adhesion and polarity, as well as to reduce immune recognition (Howie
et al. 2009).

The E6 protein disrupts both the extrinsic and intrinsic pathways of p53 dependent
apoptosis as well as p53 independent apoptosis (Howie et al. 2009). It interacts with
tumor suppressors, especially p53, abrogating its normal function including cell cycle
arrest in GI1, activation of DNA repair and induction of apoptosis. E6 induces
degradation of p53 through complex formation and induction of proteolysis via
ubiquitin ligase (Wise Draper et al. 2008), blocks the specific binding site of p53 and
can relocate p53 to the cytoplasm where it cannot carry out transcription (Howie et al.
2009). Degradation of p53 is specific to the HR-HPV E6 protein (Wise Draper et al.
2008).

E6 exerts its proliferative effect by interacting with transcriptional activators and

inducing DNA synthesis; it prevents cell differentiation and interacts with factors
involved in cell polarity and motility.
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Activation of telomerase contributes to immortalization of malignant cells. Telomerase
is activated in many cancer cells, but remains quiescent in most normal somatic cells.
E6 can activate telomerase in epithelial cells independent of p53 (Klingelhutz et al.
1996; Wise Draper et al. 2008; Howie et al. 2009)

All these mechanisms in concert result in genomic instability, accumulation of mutated
cells and development of malignant phenotypes. Moreover, E6 has been shown to help
the virus to avoid the immune defenses by interacting with two proteins that are part of
the innate immune response to viral infection: Interferon regulatory factor-3 (IFR-3)
and Toll-like receptor 9 (TLRY) (Ronco et al. 1998; Hasan et al. 2007; Howie et al.
2009).

E7: E7 encodes a protein of approximately 100 amino acids mainly localized
to the nucleus, although some studies have suggested that E7 also has a cytoplasmic
component (Moody et al. 2010; Mc Laughlin-Drubin et al. 2009). E7 is the major
transforming protein needed for maintenance of a transformed phenotype. E7 induces
abnormal cell proliferation, interacts with histone acetyl transferases and interacts with
negative regulators of the cell cycle and tumor suppressors, primarily the
retinoblastoma (Rb) family.

The tumor suppressor proteins of the Rb family are major targets of E7. So-called
pocket proteins are phosphor proteins that usually repress E2F transcription factors,
which are key regulators of S-phase genes (Wise Draper et al. 2008; Moody et al.
2010). Binding of E7 inactivates Rb by disrupting the complex between pRb and E2F,
which leads to liberation of E2F. E2F action on the methyltransferase gene exposes a
gene sequence, allowing transcription of genes required for the S-phase of the cell cycle
(Burd 2003), resulting in stimulation of cell cycle progression and proliferation. Both
HR-HPV and LR-HPV E7 proteins can interact with Rb, but the binding affinity of
HR-HPV E7 is many times greater than that of LR-HPV E7 (Miinger ef al. 1992). See
Figure 2-8 on page 36.

E7 proteins also alter cell cycle control through interactions with cyclins and the cyclin-
dependent kinase inhibitors p21 and p27, which are critical for cell cycle arrest in
response to DNA damage (Moody et al. 2010).

L1: L1 is the major viral structural protein component in the assembly of
capsomeres and capsids. It plays a key role in viral entry into the host cell and interacts
both with cell receptors and L2. L1 is expressed exclusively in non-transformed cells
and is highly immunogenic.

L2: L2 is a large protein, albeit a minor component of the viral capsid. It
facilitates cell entry, genome encapsidation and intracellular endosomal trafficking of
virions to the nucleus, and plays a role in capsid stabilization.

(reviewed in IARC Monographs 2007)

2.3.3 Viral life cycle

Human papilloma virus is an obligatory intracellular parasite. Since HPV genomes do
not encode enzymes necessary for viral replication they are dependent on the
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replication capacity of a mitotically active cell (Moody et al. 2010; Pyeon et al. 2009).
The human papilloma virus must deliver its genome and accessory proteins into the
host cell and use the biosynthetic cellular machinery for viral replication. Consequently,
HPV’s productive life cycle is restricted to terminally differentiating epithelium
(Schiller ez al. 2010).

Infection with HPV requires epidermal or mucosal epithelial cells that are able to
proliferate (z. Hausen 1996). In multilayer epithelium, those cells are located in the
basal layer, which is accessible through tiny tears in the epithelium (Schiffman et al.
2007). One area especially prone to infection and severe lesions is the previously
mentioned transformation zone.

This area is characterized by increased accessibility and proliferation of the basal cell
layers, especially during puberty and onset of sexual activity (Doorbar et al. 2012).
Cells close to the squamous columnar junction, such as epithelial reserve cells or
columnar epithelial cells, may be associated with development of adenocarcinoma
(Doorbar et al. 2012).

Papillomaviruses are the only viruses known to initiate the infectious process at an
extracellular site (Schiller ef al. 2010). The virus gains access through micro wounds to
the basement membrane of the disrupted epithelium, where it initially binds. Only after
it binding to the basal keratinocyte cell surface can the virus gain subsequent entry
(Scheelhaas et al. 2008).

Virus entry is achieved through the following steps:

Via its major capsid L1 protein, HPV interacts with heparan sulfate proteoglycans
(Giroglou et al. 2001) on the epithelial surface or the basement membrane (Raff et al.
2013). Heparan sulfate proteoglycans (HSPG) are considered the primary attachment
receptors (Joyce et al. 1999; Sapp et al. 2009). In addition to cell surfaces, PV capsids
bind to the ECM via HS and Laminin-5 (Culp et al. 2006). This primary attachment
process is solely dependent on L1 and does not require L2 (Horvath et al. 2010).
Binding of HPV triggers structural changes in the virion capsid that affect both L1 and
L2; specifically, the binding exposes the N-terminus of L2 to proteolytic cleavage.
These changes expose the binding site of a secondary uptake receptor on the surface of
basal epithelial cells. This interaction is necessary for virus internalization and
subsequent transfer of the viral genome to the nucleus (Richards et al. 2006; Selinka et
al. 2007; Day et al. 2008; Kines et al. 2009).

At the same time HPV binds to alpha 6 integrins, which initiates further intracellular
signaling events. HPV 16 has been shown to bind to a newly identified L2-specific
receptor, the Annexin A2 heterotetramer, which triggers endocytosis (Woodham et al.
2012; Raff et al. 2013).

Following receptor interaction, the virus is internalized by endocytosis. At this point,

the various viral types use different pathways. Regardless of pathway, the process
occurs slowly over a period of several hours (Schiller et al. 2010, Raff et al. 2013).
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Once internalized, virions probably undergo endosomal transport and uncoating in
endocytic vesicles. L1 is shed from the viral genome and ultimately subjected to
lysosomal degradation. Prior to transport from endosome to nucleus along
microtubules, disassembly of the viral particle occurs (Schelhaas e al. 2012; Florin et
al. 20006).

The L2 protein DNA complex ensures correct nuclear entry of the viral genomes. Cell
division is needed to establish and express the viral genome in the nucleus (Pyeon et al.
2009). Entry of the viral genome into the nucleus may follow from nuclear membrane
breakdown during mitosis, rather than through active transport (Darshan et al. 2004).

Initially, inside the proliferative host cell, the HPV genome is replicated at low, non-
productive levels using the host cell DNA replication machinery. During this phase
both virus and host cell replicate together. Viral copy number is maintained at low
levels of about 50-200 copies per cell (Pyeon et al. 2009, McBride 2008).

The infected basal cells divide and their daughter cells migrate toward the epithelial
surface. As long as cells continue to divide, expression of viral proteins is tightly
controlled. E6 and E7 are expressed at very low levels. (z Hausen 2002; Stanley et al.
2012). As cells reach the upper epithelial layer, they stop dividing and instead
differentiate into mature epithelial cells. The virus switches to DNA amplification
mode; all viral genes (including “late genes™) are activated and the circular viral
genome is replicated in high copy numbers, while structural proteins are also
synthesized. The genomes are encapsidated and the assembled virions are released
along with the most superficial dying and detaching epithelial cells (z Hausen 2002).
E4 is thought to control virion release and infectivity in the upper epithelial layer
(Doorbar et al. 2012).

The full viral cycle takes a long time, and even in the optimal scenario the time from
cell entry to virus release takes about 3 weeks, since this is the time required for basal
keratinocytes to move up through the epithelium, where they are sloughed off.
Eventually, large numbers of infectious virus are shed for transmission to naive
individuals (Stanley et al. 2012).

2.3.4 Methods of detection
2.3.4.1 Polymerase chain reaction (PCR)

The two HPV detection methods currently in large- scale- use are PCR and the Hybrid
Capture (HC) test. PCR has high analytical sensitivity and is able to detect as few as 10
copies of HPV genomic DNA in a few microliters of specimen. This method
selectively targets a DNA sequence through a set of consensus (GP5+/6+,
PGMY09/11) primers directed at a conserved region within the L1 gene, and is capable
of detecting virtually all mucosal HPV types. Commercially available PCR-based
detection systems include Amplicor and Linear Array by Roche, CH. Amplicor allows
detection of 13 HPV types in a cocktail (similar to HC), although it is not able to
perform genotyping. The Amplicor test has 93-95% sensitivity for detecting
HSIL/CIN2+, which is equal to that of HC2 (Mo et al. 2008; Monsonego et al. 2005).
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Linear Array allows detection and typing of 37 HPV types using a nylon strip covered
with immobilized type-specific oligonucleotides. The method is faster than other
genotyping methods, but is not yet suitable for high-throughput.

Luminex-based HPV genotyping is a novel technique that combines PCR amplification
with hybridization to fluorescence-labeled polystyrene bead microarrays. The detection
limit for the various HPV types is above 500 plasmids and the results from this
technique are in excellent agreement with an established microarray chip (Oh et al.
2007).

2.3.4.2 Hybrid capture (HC)

HC is a high-throughput, semi-automated test approved by the U.S. Food and Drug
Administration (FDA). HCII is a refinement of HCI, and permits detection of 13 HR-
HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) and 5 LR-HPV types (6,
11, 42, 43, 44) with a cut-off limit of 5000 HPV genomes per reaction. The LR-HPV
and HR-HPV probe cocktails are used in separate reactions.

2.3.4.3 Other methods

After PCR amplification, HPV DNA can also be detected by Southern blot, in which
the PCR products are separated by electrophoresis on an agarose gel and transferred
onto a nylon membrane, which is hybridized with type-specific probes. This method
has been considered the gold standard for evaluation of HPV genomes, since it is
specific, able to determine the physical status of the genome (episomal or integrated),
and semi quantitative. A simplified version without gel separation is dot blot or slot blot
hybridization, in which PCR product (single-stranded DNA) is directly applied to a
nylon membrane for hybridization with type-specific probes.

Another method for relative HPV typing is single-strand conformational
polymorphism. PCR is performed with radioactive consensus primers and PCR
products are separated on a non-denaturing polyacrylamide gel, where migration band
patterns of the amplicons are compared with HPV controls. The most accurate
technique for HPV genotyping is sequencing, which can be done directly following the
PCR reaction or after cloning of amplified fragments (reviewed in IARC Monographs
2007).

2.3.5 Prevalence of genital HPV infection

Even though HPV is a very common sexually transmitted infection, most individuals
eliminate the infection without leaving any detectable evidence (Baseman et al. 2005).
The virus is transmitted via intimate genital contact or contact with other mucosal
surfaces (Moscicki et al. 2006). Acquisition of the virus peaks soon after onset of
sexual activity. Cumulative incidence of HPV infection among young women aged 15-
19 was found to be as high as 60% within 5 years and risk of infection increased with
number of sexual partners (Woodman et al. 2001; Koutsky 1997; Peto et al. 2004).

HPV is highly infectious. The incubation period ranges from 3-4 weeks to months or
years, probably depending on dose of virus acquired (Stanley et al. 2012). The majority
of infected individuals eventually clears the infection and becomes DNA-negative
(Stanley et al. 2006).
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The median duration of infections is about 8-13 months for HR-HPV, compared with
4.8-8 months for LR-HPV (Bosch et al. 2002). Up to 50% of infections are cleared
within 6 months, 70% within 1 year and 90% clear within 2-5 years of acquisition
(Rodriguez et al. 2010; Winer et al. 2011; Moscicki et al. 2012; Plummer et al. 2007).
A minority of about 10% does not effectively clear the virus, but instead remains DNA-
positive as a sign of persistent active viral infection. Persistent infection is defined as
infection with the same viral type detected after a number of years, varying between 4
and 12 years after initial infection. HPV-16 tends to persist longer than the average for
other high-risk types (Franco et al. 1999). The risk for persistence increases if the
infection has been present for >18 months, compared with newly diagnosed infections
(Plummer et al. 2007). Persistent HR-HPV infection is requisite for development and
maintenance, as well as progression to high-grade intraepithelial lesions (Bosch et al.
2002; Moscicki et al .2006). Apart from persistence, the type of infection (with HPV-
16 linked to the highest risk) is an important determinant of risk for severe lesions
(Moscicki et al. 2012). However, average persistence of HPV 16 is longer compared
with most other HR-HPV types, which in turn may contribute to its higher cancer risk
(Richardson ef al. 2003; Franco et al.1999).

Globally, HR-HPV is found in 10-12% of the female population (de Sanjose et al.
2007; Bruni et al. 2010; Guan et al. 2012), with considerable variation among
continents ranging from 8% in Asia and Europe to 24% in Africa. Prevalence is highest
among younger women (<25 years), followed by a continuous decline that plateaus at
30-35 years, with the exception of Mexico, Colombia and Chile, where a slight second
increase is seen in women over the age of 45-50 (Franceschi et al. 2006; Moscicki et al.
2012). The rate of newly detected carcinogenic HPV infections declines with
increasing age (Rodriguez et al. 2010). Dunne et al. found the overall prevalence of
HPV infection (including both low-risk and high-risk types) to be 26.8% among US
women aged 14 to 59 years (Dunne et al. 2007).

Each HPV genotype acts as an independent infection (Schiffman e al. 2007), where
individual HR types differ enormously in their relative carcinogenic potential (Bouvard
et al. 2009). In benign and low grade lesions due to HPV, the viral DNA is located
extra chromosomally within the nucleus, whereas in cancer, the DNA is often found to
be integrated in the host cell genome. To a lesser extent, viral DNA integration is also
seen with high-grade intraepithelial lesions (IARC Monographs 2007).

In low grade lesions, an overall HPV prevalence of 70-84% has been observed,
depending on the investigated region. The predominant types include HPV 16 in 26.3%
of samples, followed by HPV 31 in 11.5%, HPV 51 in 10.6% and HPV 53 in 10.2%
(Clifford et al. 2005; Insinga et al. 2008).

Prevalence of HR-HPV increases with severity of lesion, ranging from 12% in normal
cytology to about 90% in CIN 3 and invasive cancer. HPV 16, 18, 45 are the only types
that are found more frequently in invasive cervical cancer (ICC) than in normal
cytology (Guan P et al. 2012). When retesting samples under optimal conditions that
were initially classified as HPV-negative, Walboomers reported a worldwide
prevalence of HPV in cervical carcinoma of 99.7% (Walboomers et al. 1999).
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In a meta-analysis of 30,848 cases of ICC, the prevalence of all carcinogenic HPV
types was 89.9%, a figure that reflects an increase in prevalence from 85.9% in the
1990-1999 interval to 92.9% in the 2006-2010 interval (Li et al. 2011). Differently
designed studies have unequivocally shown that, assuming adequate specimens, HPV
DNA can be detected in up to 90%-100% of cases, compared with 5%-20% of cervical
specimens from women identified as suitable epidemiological controls (Bosch et al.
2002).

Prevalence of HPV16 and 18 has been most widely studied since they are known to be
the two most commonly found HPV types in cancerous lesions and are the two HPV
types targeted by currently available vaccines. Joint prevalence worldwide of HPV
types 16 and 18 in invasive cervical cancer is reported to be 70%-76% (de Sanjose et
al. 2010), except for a slightly higher prevalence of 82% in Western/Central Asia and a
slightly lower prevalence of 68% in East Asia (Li ef al. 2011). However, HPV types 16
and 18 were detected in only 52% of severe intraepithelial lesions (Smith ez al. 2007).

A Swedish study of cervical cancer cases before the introduction of the vaccine
confirms these figures. Overall HPV prevalence for all types of cervical cancer was
92.9%. In SCC, HPV16 and 18 were seen in 69.7% of cases (Du ef al. 2011).

Overall prevalence of carcinogenic HPV in different studies ranges from 62%-91.4%
for ADC, compared with 87.3%-95.9% for SCC (Andersson et al. 2003; Clifford et al.
2003; Insinga et al. 2008; deSanjose et al. 2010, Du et al. 2011; Li et al. 2011, Chan et
al. 2012). The meta-analysis mentioned above also showed an increase in the
prevalence of HPV for adenocarcinoma from 77.8% (1990-1999) to 86.0% (2006-
2010) (Li et al. 2011).

In 1995, Bosch et al. reported a worldwide HPV 18 prevalence of 56% in
adenocarcinoma, clearly making it the predominant type in these cancers (Bosch ef al.
1995). It has further been reported that HPV-18 and phylogenetically related types in
the Alpha-7 species, such as types 39, 45 and 59, are strongly associated with cervical
glandular intraepithelial and invasive lesions, whereas SCC is closely linked with
HPV 16 and its phylogenetically related family (HPV types 31, 35, and 52) (Bosch e?
al. 2002; Clifford et al. 2008). Possibly, oncogenic potential relates to differences in
tropism exhibited by various HPV types in different tissues.

Recent studies indicate a tendency towards similar contributions from HPV-16 (36.3-
43.6%) and HPV-18 (36.8-41.8%) in ADC. The explanation may be related to the
increase in joint detection of ADC and SIL, or to an increase in the percentage of
adenosquamous carcinoma, which in turn seems to be related to HPV 16 more often
than is ADC (Li et al. 2011; Quint ez al. 2010). HPV-18 is still more commonly found
in ADC (36.8%) than in SCC (13.2%) (Li et al. 2011).

When comparing HPV positive women with HPV negative women with normal
cytology, Dahlstrom et al. found an odds ratio (OR) of 11 for future adenocarcinoma in
situ (AIS) and an OR of 16 for future ADC. Comparing HPV-18 positive women with
HPV negative samples, the OR for AIS was 26.0 and for ADC was 28.0 (Dahlstrom et
al. 2010).
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Epidemiological studies suggest that the genomic variants of HPV-16 that prevail in
different regions of the world exhibit different carcinogenic potential (Schiffman et al.
2010), with the European variant E being most common in CIN 3 (83.8%), SCC
(71.4%) and AIS (73.9%), while the Latin American variant AA is most common in
ADC (41.7%), which seems to be preferentially associated with this histological type
(Quint et al. 2010).

With improved detection methods the observed prevalence of multiple infection
(mostly 2, but up to 5 types) has increased from the previously reported 4%-7% to the
current 12%-16% in invasive cervical cancer, a concurrent change which applies to the
different histological types (Burd 2003; Bosch et al. 2002; Li et al. 2011; Guan et al.
2012). There is no evidence for interaction between multiple HPV types or for an
increase in risk of malignancy due to presence of multiple infections (Plummer et al.
2007; Bosch et al. 2002).

2.3.6 The role of HPV in malignant transformation

In uninfected epithelium, controlled cell division occurs in the para/basal layer.
Regulated stimulation of cell cycle entry is controlled by growth factors such as Cyclin
D and CDK that phosphorylate Rb. Rb/E2F are separated and the S-phase is entered.
Stimulated p16™%* suppresses cyclin D/CDK through negative feedback and prevents
overstimulation (Doorbar et al. 2012)

Expression of the viral genome can sometimes be suppressed by epigenetic
mechanisms such as methylation, a process that leads to persistent, but silent, infection
where the viral genome is retained in the basal layer, but causes no apparent disease.
Only 20% of HR-HPYV infections cause morphological changes in the epithelium.

In low-grade lesions, HPV leads to an ordered pattern of viral gene expression with
virus life cycle entry and release of virus particles from the superficial layer. Basal cell
proliferation is mostly regulated by growth factors, as in uninfected lesions. Viral genes
E6/E7 promote cell cycle entry, but not proliferation, and also stimulate HPV genome
amplification in the upper epithelial layer. E7 binds to Rb p170 and separates it from
E2F, while E2F stimulates host gene expression, which is necessary for DNA
replication and cell cycle progression. Most low-grade lesions will regress
spontaneously within 18 months (reviewed in Doorbar et al. 2012).

In high-grade lesions, a transforming infection is characterized by deregulated
expression of viral oncogenes E6 and E7 with varying vertical expansion up to the full
thickness of the epithelium in CIN 3. E6 and E7 stimulate additional cell cycle entry
and proliferation. Inactivated inhibition of cell cycle progression by pl6™%* causes
accumulation of Ki-67, MDM and finally p53 (due to decreased degradation by MDM).
However, increased p53 cannot exert its function because it is eventually degraded by
E6 associated with E6AP. It is notable that certain non-carcinogenic HPV types are
capable of producing lesions diagnosed as CIN2, which demonstrates the etiologic
heterogeneity of these lesions (reviewed in Doorbar ef al. 2012.

Deregulated expression of the HPV oncogenes is responsible for chromosomal
instability and accumulation of genetic errors in the infected cell, as well as the
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eventual integration of the viral episomes into the host cell chromosome and
progression to cancer (Wentzensen et al. 2007; Doorbar et al. 2012). Elevated E6 and
E7 levels are directly related to increasing severity of neoplasia (Moscicki et al .2012).

About 70% of HPV l6-associated cervical cancers contain integrated HPV-16
sequences and in lesions due to HPV-18, the genome is almost always integrated
(Cullen et al.1991; Badarocco et al. 2002). Cancer progression is facilitated when
integration preserves the integrity of the long control region and the E6, E7, 5’portion
of the E1 gene, but disrupts the regulatory E1 and E2 genes (Doorbar ef al. 2012). The
majority of cervical cancers contain one or many copies of HPV more or less randomly
integrated (but often at fragile sites) into the host chromosome with the viral integration
site lying within the regulatory E1 or E2 gene (Yu ef al. 2005).

The period between acquisition of infection and detection of lesions is highly variable
and can range from weeks to months. CIN 2 may occur in young women soon after
infection (Paavonen et al. 2007; Paavonen et al. 2009). The timeframe between onset
of sexual activity and therefore the most likely time of acquisition of HPV and
detectable CIN 3+ is 7-10 years (Winer et al. 2005). The average time between
infection and establishment of a high-grade lesion is shorter than the time between the
first small CIN 3 lesion and cancer (Schiffman et al. 2007). However, estimates are
somewhat imprecise since we neither know the exact moment of HPV acquisition, nor
the exact time that lesions arise due to the relatively long intervals between screenings.

Compared with the estimated 80% lifetime risk of acquiring genital HPV infection, the
0.03% incidence of cervical cancer in the absence of screening is very low (Parkin et
al. 2005). About 20% of CIN I progresses to CIN 2 if left untreated (Doorbar 2006).
CIN 2 regression rates for women <25 years are 70% for lesions induced by any HPV
type and 50% for HPV-16 (Moscicki et al. 2010).

2.3.7 HPV related cancer in sites other than the uterine cervix

An estimated 12.7 million cancer cases occurred worldwide in 2008, of which 610,000
cases (4.8%) could be attributed to HPV infection. The overwhelmingly most frequent
of HPV related cancers was cervical cancer, accounting for 530,000 cases (86.9%)
(Forman et al.2012). While cervical cancer is by far the most common malignant
consequence of the carcinogenic potential of HPV infection, HPV is known to play an
important etiological role in various other cancer entities, especially in the anogenital
region. These include vulvar cancer, where HPV has been detected in 40%-50% of
cases, with HPV-16 clearly being the dominant type, occurring in 80% of cases (Smith
et al. 2009; Bosch et al. 2002). The same applies to vaginal, anal and penile cancers,
which are HPV-positive in 65.5%, 72% and 47% of cases respectively, again with
HPV-16 invariably being the predominant type (Smith et al. 2009; Hoots et al. 2009;
Miralles- Guri et al. 2009).

In recent years a causal relationship has been found between HPV and head and neck
cancer, especially tonsil cancer. Between 13% and 56% of head and neck cancers can
be attributed to HPV infection, with considerable variation depending on histological
origin of lesions and global region (Forman et al. 2012, Ramqvist 2011). In HPV
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positive oropharyngeal squamous cell cancers HPV 16 is the by far dominating type
being detected in 90% (Ramgqvist 2011).

2.3.8 Immune response and HPV

Host response to HPV infection mobilizes both cell-mediated and humoral immunity
(Stanley 2010). Clearance of incident infection is mainly mediated by cellular
immunity, while neutralizing antibodies against the L1 capsid protein protect against
infection by preventing initial entry of the virus into the basal cell layer (Carter et al.
1996; Stanley 2010).

Primary immune response to HPV infection is cell-mediated and targeted against the
early proteins, specifically E2 and E6 (Woo et al. 2010). Failure of effective cell-
mediated immune response is linked to an increased risk of progression. Some studies
report a reduced T cell response to antigens of the respective HPV types among cancer
patients (Welters et al. 2003; de Jong et al. 2004).

The cell-mediated immune response is followed or accompanied by seroconversion and
production of antibodies to the major L1 capsid protein. Whether or not serology is
specific to HPV type and protective for a second infection is not fully clear. Transient
infections are cleared by the innate cell-mediated immune response without creating
memory immunity (Farhat et al. 2009).

Seroconversion in natural infection occurs slowly, over an average of 8-9 months after
HPV DNA is first detected and results in neutralizing antibodies to the L1 capsid
protein. However, results are variable and antibody concentrations are low; only 50-
70% of women with incident HPV infection show type-specific seroconversion
(Viscidi et al. 1997; Carter et al. 2000). Nevertheless, these low antibody titers seem to
provide adequate protection against disease (Olsson et al. 2009).

HPV successfully evades recognition by the immune system for many weeks or
months. Due to the exclusively intraepithelial pathogenicity of HPV, the viral life cycle
does not require a viremic phase, so viral access to vascular and lymphatic vessels and
lymph nodes is limited. Infected cells shed virus from the epithelial surface, well
removed from circulating immune cells. HPV is not cytolytic, but the virus replicates
and assembles within cells that are destined for death anyway. Consequently, no
inflammatory process occurs to alert the immune system (Stanley et al. 2012).

A major innate antiviral mechanism, the interferon response (Pett ez al. 2006), is down-
regulated by E6 and E7 in high-risk HPV through inhibition of the interferon receptor
signaling pathway in keratinocytes (Kanodia et al. 2007).

Despite all these mechanisms to evade host defenses, at least 80% to 90% of genital
HPV infections resolve with time due to the cell-mediated immune response (Stanley et
al. 2012)

2.3.9 HPV Vaccines

After a long period of development, two licensed prophylactic HPV vaccines are now
available on the market. Gardasil®, a quadrivalent HPV 16, 18, 6 and 11 vaccine from
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Sanofi Pasteur MSD, has been approved in the US and Europe since 2006. Cervarix®,
a bivalent HPV 16 and 18 vaccine from GlaxoSmithKline (GSK), was approved in
Australia and Europe in 2007 and by the FDA in 2009.

The vaccines are based on virus-like particle (VLP) technology. VLPs are empty non-
infectious viral shells consisting of recombinant L1 capsid protein; they are able to
evoke an immune response without containing any viral DNA (Schiffman et al. 2007).
These VLP vaccines are highly immunogenic, producing 50 times higher titers of type-
specific neutralizing antibodies to L1 than those produced by natural infections
(Schiffman et al. 2007; Harper et al. 2004; Villa et al. 2006).

This enhanced immune reaction to the VLP immunization is likely related to the route
of administration, since VLP vaccines are given by intramuscular injection, providing
direct access to the vascular and lymphatic system.

Randomized controlled trials have shown that both vaccines are well-tolerated and safe
(Lu et al. 2011). They are highly efficacious against HPV-16 and HPV-18 related high-
grade intraepithelial lesions among women aged 15 to 26, who test negative for these
two HPV types at 5-year follow-up (Kjaer et al. 2009; Munoz et al. 2010; Lehtinen et
al. 2012) (Paavonen et al. 2007, Paavonen et al. 2009). Even among women who tested
seropositive but DNA-negative, as a sign of prior exposure, vaccination has proven to
be protective in individuals up to age 25 (Munoz et al. 2010; Lehtinen et al. 2012).
Among women with ongoing infection (seropositive and DNA positive), no benefit
could be observed (Haupt ef al. 2011). The effect on cervical cancer has not yet been
assessed due to the long incubation period of the disease.

Although these vaccines target the two most prevalent HR-HPV types (16 and 18), a
significant cross-protective effect against related types HPV 31, 33, 45 and 51 has been
demonstrated for both vaccines (Wheeler et al. 2012; Paavonen et al. 2009; Brown et
al. 2009; Einstein et al. 2011). One concern that has occasionally been expressed is that
by removing HPV 16 and 18, an empty ecological niche may be created for other
oncological types to fill. Although no evidence supporting this concern has been found
to date, long-term follow up is needed.

In Sweden, HPV vaccination of girls aged 10-12 has been included in the national
vaccination program since 2008. A free catch-up vaccination program is currently
available for girls aged 13-18. Subsidized vaccination is available to women up to age
26.

Since HPV-16 and 18 account for about 70% of all invasive cervical cancers and the
remaining 30% are caused by other types, the available vaccines cannot guarantee
complete protection, despite the cross-protection phenomenon (Smith et al. 2007).

Serrano et al. have estimated that a nine-valent vaccine targeting HPV types 31, 33, 45,
52, and 58, as well as the types currently included in available vaccines, could prevent
almost 90% of ICC cases worldwide (Serrano et al. 2012). A nine-valent vaccine is
currently being tested in phase III trials.
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A conceivable future alternative may be broad spectrum protection achieved by
vaccination targeting L2, the minor capsid protein, which has been shown to evoke
cross-neutralizing protection (Schiffman et al. 2007; Karanan et al. 2009). Another
approach currently under investigation is to induce regression of established disease by
therapeutic vaccination. Current strategies include improving access and acceptance of
vaccines, as well as long-term follow-up to assess the effects of vaccination on the
incidence of cancer.

2.4 MOLECULAR MARKERS OF CARCINOGENESIS
2.4.1 Viral markers of carcinogenic activity
2.4.1.1 Viral load

Viral load, the amount of viral DNA copies in a cell, is a quantitative test based on real-
time PCR technology that reflects the content of human DNA in the sample. Viral load
is a surrogate for persistence (Munoz et al. 2009) and correlates with severity of disease
(Burd 2003; Moberg et al. 2005).

One nested case-control study found consistently higher viral loads of HPV-16 among
cancer cases than in controls. The high viral loads detected up to 13 years before the
diagnosis of cervical cancer reflected a 30-times higher risk of developing cervical
cancer and a 60-times higher risk of developing carcinoma in situ, compared with
HPV-negative women (Ylitalo ef al. 2000; Josefsson et al. 2000). However, these
results were contradicted by Lorincz et al., who found no predictive value of viral load
for CIN3+ (Lorincz et al. 2002). Other clinically relevant findings include the
correlation between reduction or clearance of viral load and regression of CIN lesions
to normalcy (van Duin et al. 2002) and the predictive value of such clearance or
reduction for harmless lesions (Snijders et al. 2006).

So far, this method has been of limited clinical use since high viral load has been
associated with the productive phase of infection and low viral load has been associated
with cancer (Schiffman et al. 2007; Gravitt et al. 2007).

2.4.1.2 E6/E7 mRNA

Messenger RNA is the surrogate for transcription. Evaluation of mRNA from the viral
oncogenes E6 and E7 thereby provides indirect functional information about the
transcriptional activity of the virus. The presence of mRNA associated with viral
oncogenes E6 and E7 is closely linked to a transforming infection and the oncogenic
potential of the particular virus (Hudson et al. 1990; Cuschieri et al. 2008; Gravitt et al.
2008). In 2007, Castle et al. described the correlation between detection of HPV E6 and
E7 mRNA and severity of cervical dysplasia. They evaluated 531 liquid cytology
samples for E6 and E7 mRNA for 14 oncogenic HPV genotypes. They found that 94%
of women with CIN3 and 100% (5 of 5) of women with cancer tested positive for high-
risk HPV E6 and E7 mRNA activity (Castle et al. 2007).

A prospective study from Norway compared the effectiveness of mRNA assessment
with DNA detection to predict the risk of CIN2+ in women with atypical squamous
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cells of uncertain significance (ASC-US) or low-grade squamous intraepithelial lesion
(LSIL) cytology. Subsequent cytology and biopsy sampling were performed two years
after initial HPV DNA and mRNA testing. Women with a positive high-risk mRNA
test were about 70 times more likely to be diagnosed with CIN2+ within two years than
women with comparable cytologic findings but a negative high-risk HPV mRNA test.
Compared with mRNA testing, detection of HPV DNA in the same group of women
had a 10-fold lower predictive value for CIN2+within two years than detection of
mRNA (Molden et al. 2005).

A meta-analysis published in 2011 showed higher specificity for detecting precursor
lesions using RNA testing compared with DNA testing (Burger ef al. 2011). RNA tests
have even been shown to detect double-stranded (ds) DNA, albeit with substantially
lower sensitivity (Getman et al. 2009; Boulet et al. 2010). A recent meta-analysis
concluded that HPV assays to detect the mRNA of 5 HR-HPV types may reduce
overdiagnosis of women with minor cytologic abnormalities. However, given the lower
sensitivity, the authors concluded that women with negative mRNA test results cannot
be considered free of CIN2+ and therefore require further surveillance (Verdoodt et al.
2013).

2.4.1.3 HPYV integration status

In contrast to precancerous lesions where HPV genomes are mainly found in an
episomal state, high-grade lesions often present with the viral genome integrated into
the host cell chromosome (Moody et al. 2010). Integration of viral DNA occurs at
random sites, but fragile sites and transcriptionally active regions are preferential sites
for integration (Ziegert et al. 2003; Wentzensen et al. 2004). Integrated viral DNA is
found in 70% of cancers related to HPV-16, while 30% contain viral episomes. In HPV
18-positive tumors, the viral genome is predominantly integrated (Badarocco et al.
2002; Woodman et al. 2003). Recent studies have suggested that coexistence of HPV
episomes with integrated copies could be crucial for carcinogenesis (Kadaja et al.
2009).

Whether viral integration is an early or late event—in other words, whether it is the
cause of chromosomal instability or the result—is still open to debate. However,
chromosomal abnormalities have been detected in cells containing exclusively
episomal DNA, an argument supporting integration as a rather late event in
carcinogenesis (Wentzensen et al. 2004).

The initial step in the integration process is disruption of the viral genome, typically at
the E1/E2 ORF site, causing loss of important host regulatory function in these
proteins, while the ORF of oncogenes E6 and E7 remains intact. Disruption of E2
interferes with viral transcriptional control, leading to deregulated expression of early
viral genes, including accelerated expression of E6 and E7 (Schwarz et al. 1985). This
in turn leads to increased proliferative capacity, a crucial step in progression to cancer
(Hannahan and Weinberg 2000). E6 and E7 mRNAs expressed from integrated copies
show increased stability and integration is associated with growth advantage over cells
containing episomal viral DNA (Jeon ef al. 1995).
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Several methods can be used to detect the integrated HPV genome. In situ
hybridization can detect integrated viral sequences in morphological structures such as
chromosomes or episomes (Cooper et al. 1991). PCR-based methods offer an
alternative approach where integrated sequences are amplified together with cellular
sequences.

2.4.2 Host cell markers
2.4.2.1 Genomic alterations

Genomic instability is mandatory for malignant transformation. E6 and E7 achieve
genomic instability through various mechanisms, such as induction of DNA damage or
centrosome abnormalities. HPV-associated tumors harbor numerous chromosomal
alterations, including gains or losses of whole chromosomes, or chromosomal
rearrangements (z. Hausen 1999). Induction of genetic instability is thought to be an
early event in the malignant process induced by HPV (Diinsing et al. 2001).

2.4.2.2 Chromosomal aberrations

Chromosomal copy number alteration may lead to overexpression of oncogenes or
decreased expression of tumor suppressors.

A recent systematic meta-analysis by Thomas et al. investigated chromosomal copy
number alterations in HPV-positive vs. HPV-negative cancer and precancerous lesions
in the lower genital tract, in which they compared SCC and ADC. The most frequent
alteration in SCC was a gain of 3q, especially between 3q25 and 3q29. The frequency
of 3q gain increased with the severity of the lesion up to 55% in cancers and was
especially common in the presence of HPV-16. Other frequent copy number alterations
in SCC were loss of 3p and 11q, as well as gain of 1q and 5p. The rate of alteration was
generally lower in adenocarcinoma. Here, gain of 3q was the second most common
alteration, exceeded only by gain of 17q and with accumulation in HPV 18-positive
ADC (Thomas et al. 2013; Yang et al. 2001). One gene localized on 17q is ErbB2,
which encodes the oncogenic growth factor receptor HER2/neu, which is
overexpressed in many other adenocarcinomas. HER-2/neu has been expressed in
cervical glandular lesions, especially in those positive for HPV-16 (Roland et al. 1997).

An interesting gene in the frequently gained 3q is TERC (human telomerase gene, or
telomerase RNA component), which maps to 3q26. Increased telomerase activity is
characteristic of many cancers, including cervical cancer. Heselmeyer et al. found 3q
gain in 90% of SCC samples, while no gain was found among LSIL samples or those
with normal histology. The authors therefore suspected that gain of 3q plays a key role
in the transition from severe dysplasia to invasive cancer (Heselmeyer et al. 1996). A
prospective study by Andersson et al. found a correlation between increasing TERC
detection in cytology and higher grade of dysplasia (Andersson et al. 2009). TERC
amplification in normal smears has also been shown to predict development of cervical
SCC since 3q gain was detected in 33% of normal slides among women subsequently
diagnosed with cervical cancer within the following 3-year period (Heselmeyer-Haddad
et al. 2005). The same study showed that CIN1/CIN2 lesions showing a diploid pattern
for TERC were more likely to undergo spontaneous regression, while CIN 1/CIN2
lesions with extra copies of TERC were more likely to progress (Heselmeyer-Haddad
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et al. 2005). Andersson et al. examined 12 cases of ADC and found TERC gain in all
cases (Andersson et al. 2006a). Identification of TERC amplification has the potential
to become a useful marker for cervical cancer, including ADC.

2.4.2.3 LRIGL23

The LRIG proteins are a family of integral surface proteins that all show a similar
domain organization, an extracellular signal peptide composed of leucin-rich repeats
and immunoglobulin-like domains, a transmembrane glycoprotein, and a cytoplasmic
tail (Holmlund et al. 2004).

The LRIG family has three members. LRIG, initially cloned in 2001 and named Lig-1,
is located on 3pl4. That region is often deleted in human cancers, including cervical
cancer (see the chapter on chromosomal copy number alterations). LRIG1 protein
shows similarities to Kekkon-1, an epidermal growth factor receptor antagonist in the
Drosophila melanogaster (Nilsson et al. 2001). Expression of mRNA was found in the
normal tissue of most organs, albeit in varying concentrations with the highest in brain
and lowest in spleen (Nilsson et al. 2001). Interestingly, the protein was not expressed
in the healthy uterine cervix, despite normal mRNA expression in this tissue (Nilsson et
al. 2003).

LRIG2, which is located on 1p13, was identified in 2003. It was found to have the same
domain organization as LRIG1 with 47% homology in amino acid sequences.
Similarly, LRIG2 was found to be expressed in all human tissues (Holmlund et al.
2004). Soon thereafter LRIG3, located on 12q13, was also identified (Guo et al. 2004).

Because of the significant structural similarities between LRIG and Kekkon-1, it was
anticipated that LRIG would exert a tumor suppressive function through inhibition of
epidermal growth factor receptors (EGFR) (Hedman et al. 2007). LRIG up-regulation
is followed by ubiquitylation and degradation of growth factor receptors belonging to
the Erb family, thereby inhibiting proliferation (Gur ef al. 2004; Laederich et al. 2004).
LRIG1 has recently been identified as an intestinal stem cell marker with tumor
suppressor capacity (Powell ef al. 2012).

LRIGI is down-regulated in carcinomas of the skin, cervix, bladder and lung, and
overexpressed in astrocytoma, prostate cancer and lung carcinoid tumors (Hedman et
al. 2007). LRIG genes are not universally down-regulated in human cancers and the
question is whether LRIG proteins always exert a tumor-suppressive effect, or whether
they may act as tumor promoters under certain circumstances (Hedman et al. 2007).

In breast cancer, LRIG1 was found to be poorly expressed in ErbB2-positive breast
cancers (Miller et al. 2008), while showing significantly higher expression in estrogen
receptor-positive cancers compared with estrogen receptor-negative cancers. The
results suggest that LRIG1 has an estrogen-regulated growth inhibitor function (Krig et
al. 2001). Recent results show that both LRIG1 and LRIG3 interact with the ErbB2
receptor, albeit with opposite results. LRIG3 increases receptor expression, thereby
counteracting the effect of LRIGI. In turn, LRIG1 destabilizes LRIG3, thereby
identifying it as a target for LRIG1 (Abreira ef al. 2010; Rafidi et al. 2013).
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LRIG 1 has been investigated as a prognostic marker in skin cancers: higher levels
were associated with better survival and higher tissue differentiation, while being
inversely related to the rate of metastasis (Tanemura et al. 2005). LRIG1 is expressed
in various subcellular locations, such as within the nuclear, perinuclear and cytoplasmic
compartments. In glioma, perinuclear staining was associated with lower stage, better
survival, and lower proliferation index, and was also assessed to be an independent
prognostic factor (Guo ef al. 2006).

As mentioned above, in contrast to mRNA, LRIG protein was not expressed in normal
cervical tissue (Nilsson et al. 2003). Lindstrom et al. investigated LRIG1 expression
together with 9 other tumor markers in 128 patients with invasive squamous cervical
cancer. LRIG1 levels decreased with increasing stage of disease and the level
significantly correlated with better prognosis in early stage (IB-IIA) disease. In higher
stages, LRIG level had no predictive value (Lindstrom et al. 2008). A subsequent
study by Hedman et al. on 165 cervical cancer patients (including 36 patients with
adenocarcinoma) found an association between expression of LRIG2 and poorer
survival in early stage (IB-1IB) squamous cell cervical cancer. No correlation could be
established for the relatively small sample of ADC. The authors concluded that a
combination of high LRIG2 and low LRIG1 expression could identify women with
very poor prognosis (Hedman et al. 2010). In the wake of these results, Lindstrom et al.
investigated LRIG1 and LRIG2 together with 11 tumor markers in 171 cervical tissue
samples (normal and CIN). Expression of both glycoproteins showed a concordant
increase with increasing tumor grade and was associated with the tumor suppressor
protein FHIT (Lindstrom et al. 2011).

2.4.3 Expression of cellular proteins
2.4.3.1 TP53 and WIG-1
2.43.1.1 TP53

The tumor suppressor protein that has been most extensively examined in a broad
variety of malignancies is p53.TP53 is activated by cellular stress and responds with
multifaceted actions such as cell cycle arrest, DNA repair and apoptosis to avert
irreparable damage. Its function is mediated through transcriptional regulation of target
proteins (Vousden et al. 2009). Clearly, TP53 plays an important role as tumor
suppressor since more than 50% of human cancers contain mutation or deletion of the
TP53 gene (Hollstein et al. 1991; Vogelstein et al. 2000; Soussi et al. 2007).

The frequent presence of mutant TP53 seen in cervical cancer and its dependence on
HPV infection and histological type remains controversial. Early cell line studies
identified TP53 mutations exclusively in HPV-negative cervical cancer cells (Scheffner
et al.1991) and this finding was confirmed by a separate study of cervical cancer tissue
(Crook et al. 1992). Several other studies reached the conclusion that TP53 mutation is
generally uncommon in cervical cancer, regardless of HPV status (Kessis ef al. 1993;
Busby-Earle et al. 1994).
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Figure 2-7 Progression model of cervical carcinogenesis and biological marker levels
(adapted from Wentzensen et al. 2007)

In 2006, Andersson found mutant TP53 in 20% of cervical adenocarcinomas in a
Swedish sample with no difference between HPV-positive and HPV-negative
specimens (Andersson et al. 2006b). A recently published review described a higher
rate of mutant TP53 in cervical ADC than in SCC, with remarkable geographic
differences, where the highest frequency of mutant TP53 in ADC was found in Asia
(19%) and Europe (12.2%) (Tornesello ef al. 2013).

In HPV-induced cervical cancer in the presence of wild-type TP53 (wt TP53),
transformation is provoked by the interaction of the viral oncogene HPV-E6 with TP53.
E6 forms a complex with E6-associated protein (E6AP) and together they block the
TP53 DNA binding site and target TP53 for degradation. Inactivation of TP53 by
mutation, deletion, or degradation leads to proliferation and immortalization of the
affected cell (Werness et al. 1990; Scheffner et al. 1990; Scheffner et al.1991; Miinger
et al. 1992).

243.1.2 WIG-1

The human WIG-1 gene (wild type p53-induced gene 1; also named PAG608 and
ZMAT?3) is a direct transcriptional target gene of p53 (Varmeh-Ziaie et al. 2001). It
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maps to chromosome 3q26.32 and encodes the Wig-1 protein that exists in two
isoforms with either 289 or 290 amino acids (Vilborg et al. 2011). The protein contains
3 Cys2His2-type zinc fingers, a structure shared with a few other RNA-binding
proteins (Reuter et al. 1990).

WIG-1 is expressed in all tissues, with the highest levels found in the brain (Vilborg et
al. 2011). Low levels of WIG-1 mRNA and protein are found in normal human tissues,
whereas levels may rise when wt TP53 expression is induced following activation
(Hellborg et al. 2001).

The fact that Wig-1 protein is mainly localized to the nucleus, but may also extend to
cytoplasm, indicates that it can shuttle between cytoplasm and nucleus. Wig-1
preferentially binds to dsRNA with high affinity compared with dsDNA or ssRNA
(Mendez-Vidal et al. 2002).

The WIG-1 promoter contains a TP53 binding site, but its expression is not exclusively
regulated by TP53. Transcription factors other than TP53 can also regulate WIG-1,
since WIG-1 has been detected in cells lacking TP53. Some of these transcription
factors even promote proliferation, indicating that WIG-1 expression might be induced
under diverse circumstances (Vilborg et al. 2011). WIG-1 can in return positively
regulate TP53 mRNA through stabilization via a U-rich region in the p53 3’UTR
(Vilborg et al. 2011).

Ectopically expressed WIG-1 inhibits colony formation of tumor cells by up to 25%-
30h% (Hellborg et al. 2001), but the exact cellular mechanism of WIG-1 remains
unknown. On the other hand, WIG-1 has been found to be amplified and overexpressed
in squamous cell carcinoma of the lung (Varmeh-Ziaie et al. 2001) indicating a possible
oncogenic effect. Recently, WIG-1 was identified as a positive regulator of the N-Myc
mRNA oncogene; knockout of WIG-1 significantly delayed N-Myc-driven tumor
growth (Vilborg et al. 2012).

2.4.3.2 ple™Kae

One promising marker is the cyclin-dependent kinase inhibitor p16INK4a. This tumor
suppressor protein inhibits E2F-dependent transcription and cell-cycle progression.
Usually, E2F-mediated cell-cycle progression is blocked by binding of phosphorylated
retinoblastoma (pRb) to E2F. The phosphorylation of pRb is mediated by the cyclin-
dependent kinases CDK4 and CDK6. p16™%** exerts its effect by blocking the CDK4-
and CDK6-mediated phosphorylation of pRb. pRb has in turn been shown to negatively
regulate pl16™** transcription via suppression of E2F activity (Li ef al. 1994; Khleif et
al. 1996; Zhang et al. 1999), see Figure 2-8.

In cells with transforming HPV infections and uncontrolled expression of E7,
regulation of the Rb-E2F pathway is disrupted by aberrant E7 and activation of
p16INK4a is unable to exert its downstream effect (Khleif et al.1996). The functional
inactivation of Rb results in release of transcription factor E2F and cell cycle
progression. Following the negative feedback loop between Rb and pl16™<*
deregulation of Rb results in hypomethylation of the p16™* promoter and thereby
strong overexpression of pl16™<* which accumulates in the cells (Sano er al. 1998;

35



Dehn et al. 2007). Continuous expression of E7 is necessary to maintain a malignant
phenotype in HPV-associated cancer and overexpression of pl6™* is a direct
consequence of this process; therefore pl6™<** becomes a surrogate marker for
deregulated HPV oncogene expression (Khleif er al.1996). Expression of pl16™<* js
independent of underlying HPV type, obviating the need for type specification. In
contrast to many other tumor markers, such as Ki67, pl6™<* is not a proliferation
marker; rather, it is associated with senescence and cell cycle arrest and is therefore not
expressed in cells with benign proliferative capacity (Beausejour et al. 2003).

However, when cells are exposed to physiological genomic stress such as aging,
p16™* is expressed and induces immediate and irreversible cell cycle arrest that may
ultimately lead to apoptosis (Beausejour et al. 2003). Thus, independent of HPV status,
p16™** expression is sometimes observed in single cells that undergo modifications of
their normal differentiation program due to aging or genomic stress (Wentzensen et al.
2007; Tringler et al. 2004).
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Figure 2-8 Schematic diagram of the cellular proteins involved in G1-S phase transition
and the interference of HPVE7.

2.4.3.3 Ki-67

The proliferation marker Ki-67 is a nuclear protein associated with cell proliferation.
The Ki-67 antigen is visualized using monoclonal antibody MIB-1. Ki-67 is expressed
during the active phases of the cell cycle G1, S, G2 and M, but absent among resting
cells in GO. In normal cervical squamous epithelium the proliferation marker Ki-67 is
confined to the parabasal cell layer. In intraepithelial lesions extended expression
correlates with disordered maturation. As a pure proliferation marker, Ki-67 alone
cannot discriminate HPV-mediated dysplasia from reactive cell proliferation in
response to benign processes (Hwang et al. 2012), but it is used as an adjunct to
morphological assessment in grading cervical dysplasia (Kruse ez al. 2001; Baak et al.
2005). Figure 2-7 illustrates different marker levels during progression of
carcinogenesis as discussed above.



3 AIMS

Because there has been an increase in the incidence of adenocarcinoma of the uterine
cervix, especially among young women, and cytological screening for detection of this
type of cancer is inadequate, other screening techniques are needed. The general aim of
this thesis is to investigate the potential of different biomarkers as tools to reliably
diagnose and predict prognosis for cervical adenocarcinoma.

3.1 SPECIFIC AIMS
3.1.1 Paperl

The aim of this study was to evaluate the relationship between expression of the
p16™** tumor suppressor and the Ki-67 proliferation marker (detected through MIB-1)
in cervical adenocarcinoma and to correlate staining patterns with clinical parameters.

3.1.2 Paperll

The aim of this study was to evaluate whether the real-time NASBA-based PreTect
HPV-Proofer assay (NorChip AS, Klokkarstua, Norway) can be used to detect the full-
length mRNA E6/E7-region of five HR-HPV types in paraffin-embedded tissue
samples of cervical adenocarcinoma. We wanted to analyze whether the PreTect HPV-
Proofer is a more sensitive method for detection of adenocarcinoma of the cervix due to
transforming HPV infection, than using the DNA test in paraffin-embedded material.

3.1.3 Paperlll

The aim of this study was to evaluate immunohistochemical expression of LRIG
proteins in cervical adenocarcinomas, and to investigate possible correlations between
LRIG expression, patient survival and HPV status.

3.1.4 PaperlV

The aim of this study was to examine whether WIG-1 (p53 target gene) is a molecular
marker for cervical carcinogenesis and to evaluate whether Wig-1 expression differs
between HPV-positive and HPV-negative cervical cancers. We also investigated the
correlation between WIG-1 expression and clinical outcome.
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4 MATERIAL AND METHODS
41 TUMOR MATERIAL

All tumor cases were identified from the Swedish National Cancer Registry maintained
by the National Board of Health and Welfare. This registry includes all cases of
malignant tumors diagnosed histopathologically since 1959, with each tumor identified
by a topographical and a histopathological code. All studies were approved by the
Regional Ethics Review Board in Stockholm and all women provided written informed
consent to participate in the studies,

4.1.1 Paperl

The study includes formaldehyde-fixed paraffin-embedded tumor tissue specimens
from 101 primary cervical adenocarcinomas diagnosed and surgically treated at
Karolinska University Hospital-Huddinge between 1992 and 2000. All tumor samples
were collected, with informed consent and approval from the local ethics committees.
The histopathological diagnoses were based on WHO criteria. In all, 101 tumors were
classified as cervical adenocarcinomas and all lacked any squamous cell component.
Eight adenocarcinomas showed only superficial proliferation in the mucosa with no
obvious signs of infiltration into surrounding stroma. These tumors were regarded as
“in situ adenocarcinomas” and the remaining 93 tumors as “infiltrating cervical
adenocarcinomas”. Information concerning stage of differentiation was available for 89
of the tumors, while information on clinical stage was available for 76 cases. All
patients were retrospectively followed-up from time of diagnosis until January 2007
and disease recurrence and survival data were recorded.

4.1.2 Paperll

The study includes formaldehyde-fixed paraffin-embedded tumor tissue specimens
from 98 primary cervical adenocarcinomas taken from the previous material that were
diagnosed and surgically treated at Karolinska University Hospital-Huddinge between
1992 and 2000. Eight adenocarcinomas showed only superficial proliferation of the
mucosa with no obvious signs of infiltration into surrounding stroma. These tumors
were regarded as “in situ adenocarcinomas,” while the remaining 90 tumors were
considered to be “infiltrating cervical adenocarcinomas.” All patients were
retrospectively followed-up from time of diagnosis until January 2007 and disease
recurrence and survival data were recorded.

4.1.3 Paper il

This study looked at a cohort of 86 patients with primary cervical adenocarcinoma
treated at Karolinska University Hospital, Huddinge, between 1992 and 2000. The
previous study included 101 patients, while the current study conducted
immunohistochemical analyses for the expression of LRIG proteins in 86 patients, after
15 patients were excluded due to an insufficient amount of material.

All tumors were cervical adenocarcinomas and lacked any squamous cell component;
79 were invasive, 4 were in situ and histopathological diagnosis could not be
ascertained for the remaining 3 tumors. All patients were retrospectively followed up
from time of diagnosis until January 2011 and survival data were recorded.
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4.1.4 Paper IV

For the first part of the study eight human cervical cancer cell lines Ca Ski, SiHa, C-4 1,
C-33A, ME-180, HT-3, MS751 and SW756 and a osteosarcoma cell line Saos2 were
purchased  from  the  American Type  Culture  Collection, ATCC
(http://www.lgcstandards-atcc.org).

For the immunohistochemical portion of the study, biopsies were collected from 38
patients who were diagnosed between 1989 and 2010 at the Department of Obstetrics
and Gynecology, Karolinska University Hospital. Included were 13 cases of squamous
cell carcinoma samples and 25 cases of invasive adenocarcinoma samples that had also
been included in studies I-III. The biopsies were grouped according to morphological
diagnosis and the histopathological diagnosis was based on WHO criteria. All patients
were retrospectively followed up from time of diagnosis until January 2012. Clinical
information on patients, including age at diagnosis, stages and survival data, was
recorded.

4.2 METHODS
4.2.1 Sample preparation

The tumor tissue was formalin-fixed and paraffin-embedded. Serial sections of 10pm
were from each block. One section was stained with hematoxylin-eosin for histological
evaluation, while the remainder was used for further investigation, depending on the
study. Figure 4-1 gives an overview of material and methods applied in study I-IIL

4.2.2 HPV DNA testing

Analyses were performed on DNA extracted from a 10-pm-thick section of paraffin
blocks; the preceding section had been used for morphological diagnosis. A fragment
of 150 bp was amplified from the L1 region using GP5+/GP6+ primers, PCR followed
by SSCP typing, or HPV-typed by direct DNA sequencing and comparison with
known HPV sequences using the BLAST algorithm (www.ncbi.nlm.nih.gov/BLAST).

In paper II for cases previously tested as HPV-negative (28), the Linear Array HPV
Genotyping Test (LA) was carried out.

4.2.2.1 HPV DNA extraction and detection with Linear Array

Paraffin-embedded archival biopsies were de-waxed with xylene-ethanol and DNA
was extracted using a MagNA Pure LC Robot in accordance with the procedure
outlined in the manufacturer’s manual (Roche Diagnostics, Basel, Switzerland). HPV-
DNA detection and genotyping were carried out using the Linear Array (LA) HPV
Genotyping Test outlined in the manufacturer’s manual (Roche Diagnostics, Basel,
Switzerland), which is capable of detecting 37 HPV types divided into three "risk
categories" according to Muifloz and co-workers (Mufioz et al. 2003).

4.2.3 E6/E7 mRNA analysis (Paper Il)

Paraffin-embedded tissue blocks were sliced with a microtome blade into five 10-um
sections and transferred to 1.5 ml RNase-free vials and stored at 4°C. The microtome
and forceps were cleaned with 70% ethanol twice between each sampling to prevent
contamination between blocks. Sections for RNA analysis were incubated in two
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consecutive baths of xylene for 10 minutes each before centrifugation for 5 minutes at
2500 rpm, followed by two consecutive baths in 100% ethanol, 10 minutes each. After
final centrifugation for 5 minutes at 2500 rpm, the pellets were dried at 55°C for 2-4
hours and treated for at least 3 hours with 100 pl 0.5 mg/ml proteinase K (Invitrogen,
Carlsbad, USA, 20 mg/ml) in RNase-free 1x Tris-HCI (Sigma Aldrich, St. Louis, USA)
at 55°C until digestion was complete. Finally, 900 ul lysis buffer (Nuclisens,
bioMérieux, Marcy 1'Etoile, France) was added to each tube before extraction using the
NucliSens manual extraction kit (bioMerieux, Marcy 1'Etoile, France). Extracts were
stored at -80°C.

Full-length mRNA from HPV types 16, 18, 31, 33, and 45 were detected using the real-
time NASBA-based assay (PreTect HPV-Proofer, NorChip AS, Klokkarstua, Norway),
according to manufacturer instructions.

To avoid false negatives due to degradation of mRNA, primers and probes against
human UIA mRNA are included in the HPV-Proofer kit for performance and integrity
control. However, the UL A control was found to be suboptimal for integrity control in
paraffin-embedded tissue due to modified or fragmented nucleic acids, and was
therefore replaced by glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The
amplicon defined by the GAPDH primers was adjusted in size to better match the HPV
amplicons.

4.2.4 Immunohistochemistry (Paper I; lll; IV)
4.2.4.1 Immunohistochemistry for p16™* and Ki-67

Immunohistochemical staining was performed with the CINtec®. Histology Kit (Code
No. K5336, Dako Cytomation, Glostrup, Denmark) following the manufacturer's
recommendations and using the Dako Autostainer. This kit contains Tris EDTA buffer
(x10) pH 9.0 intended for epitope retrieval. A Coplin jar filled with the diluted epitope
retrieval buffer (1:10 distilled water) was placed in a water bath and heated to 95-99°C.
Deparaffinized sections were then incubated for 10 minutes while maintaining a
temperature of 95-99°C. Jars with slides were removed from the water bath and left to
cool at room temperature for 20 minutes, followed by washing for 5 minutes in Wash
Buffer (Code No. S3006, Dako Cytomation) diluted 1:10 with distilled water. The
automated procedure began with 1x rinse (1x rinse equals 4 min) in wash buffer
diluted.

1:10 with distilled water [Wash Buffer (x10), Code No. S3006, Dako Cytomation].
Endogenous peroxidase activity was blocked by incubating slides for 5 minutes in
Peroxidase-Blocking Solution (Dako REAL™, Code No. S2023, Dako Cytomation).
Slides were rinsed 1x, after which 200 pl of the primary antibody to the p16™%*
protein clone E6H4 was dropped onto each slide, followed by incubation for 30
minutes. Slides were rinsed once. Reaction products were visualized by incubating
slides for 30 minutes with the Visualization Reagent (a horseradish peroxidase/goat
anti-mouse immunoglobulin-labeled dextran polymer) and, after 2 rinses, incubating
for 10 minutes in a 1:40 solution of DAB chromogen (3.3'-diaminobenzidine) in DAB
Buffered Substrate, also from the CINtec® Histology Kit. Slides were then washed in
distilled water for 1 minute and counterstained for 2 minutes in Harris Hematoxylin
solution diluted 1:2 with distilled water. After 2 minutes of washing in water, slides
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were then dehydrated in ethanol to xylene and mounted in a water-free permanent
mounting medium with mounting glass. Tissue sections containing cervical cancer
were used as positive controls for pl6™* while negative controls consisted of
incubated doublet slides in the Negative Control Reagent contained in the kit, instead of
primary antibodies. Immune staining was considered positive for pl6™<* when the
nuclei were clearly stained. In addition, cells with a distinct cytoplasmic
immunoreaction were scored as positive. Scoring of the immunohistochemistry results
was performed on the basis of both staining intensity and percentage of
immunoreactive epithelial cells. Scoring criteria for p16™<*, expressed as percentages
(%) were: negative =no expression; <20 =weak staining (£); 20-30 =weak to moderate
staining (+); 31-50 =moderate to strong staining (++); >50 =strong staining (+++).
Scores of +, ++ and +++ were considered positive for p16™<*,

To detect the Ki-67 antigen we used monoclonal mouse antibody (clone MIB-1), (Code
No. M7240, Dako). The sections were deparaffinized, rehydrated, and microwaved in
target retrieval solution diluted 1:10 with distilled water (Dako REAL Target Retrieval
Solution (x10) Code No. S2023, Dako Cytomation) for 2x5 minutes at 500 W.
Thereafter slides were loaded on the Autostainer according to procedure and run
together with the p16™%* slides as described above. Ki-67 positivity was scored on a 1-
3 scale in a manner similar to pl16, but only with respect to both nuclear staining and
attention to heterogeneity in distribution.

4.2.4.2  Immunohistochemistry for the LRIG proteins

Immunohistochemical staining of LRIG1, LRIG2 and LRIG3 was carried out using
polyclonal rabbit antibodies against the cytosolic tails of the proteins. Tissue sections
containing squamous cervical cancer were used as positive controls, and appropriate
negative controls were always included. A senior pathologist blinded to all clinical
data, evaluated the immune staining. Immunohistochemistry results were scored based
on both staining intensity and percentage of immunoreactive epithelial cells. The
percentage of positive cells was based on a 5-grade semi-quantitative scale: 0= no
expression; 1= >0 and <24% positive cells, 2= 25-49% positive cells, 3= 50-74%
positive cells, 4= >75% positive cells. Intensity of staining was evaluated on a four-
grade semi-quantitative scale: 0= no staining; 1= weak, 2= moderate, and 3= intense.

4.2.4.3 Immunohistochemistry for Wig-1

For assessment of Wig-1 a polyclonal rabbit antibody anti- Wig-1 from Genetex was
used after deparaffinization and the common pretreatment, including incubation with
normal goat serum (DAKO) to block nonspecific staining. Sections were first incubated
with primary antibody against Wig-1 (1:400 in 1% BSA) at 4°C overnight, and
subsequently with secondary antibody (Goat anti-rabbit from DAKO) and finally with
ABComplex HRP (DAKO) to visualize reaction products. Slides were mounted after
counterstaining with hematoxylin. Scoring of IHC results was performed on the basis
of staining intensity and intracellular distribution (nuclear vs. cytoplasmic). Staining
intensity was evaluated on a four-grade semi-quantitative scale: 0 (no staining), 1
(weak), 2 (moderate), and 3 (strong).
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Figure 4-1 Flowchart illustrating the design of study I- III

4.2.5 Celllines

The eight cervical cancer lines Ca Ski, ME-180, MS751, SiHa, SW 756, C-41, C-33A,
and HT-3 were examined for structural and numerical alteration in the 3q region by
SKY and CGH, respectively. Possible copy number alterations of the WIG-1 gene were
assessed by Southern blot and dual color FISH. mRNA expression was examined by
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Northern (qualitative) and RT-PCR (quantitative). Finally, Wig-1 protein expression
was evaluated by Western Blot.

4.2.6 Statistical analysis

The Statistical Program for Social Sciences (SPSS) was used for statistical analysis and
a significance level of p< 0,05 was applied. In Paper I the impact of biomarkers on
survival was evaluated by Cox regression analysis and the relation between two
variables was examined using ANOVA. In paper II Cox regression analysis was
applied to evaluate the difference in survival between HPV mRNA positive and
negative cases. Chi-2 or Fisher’s exact test were used for evaluation of ordinal
variables. The impact of HPV status and expression of the LRIG proteins on survival
was described in a Kaplan-Meier graph and survival in different groups was compared
using the log rank test. Cox regression was applied for multivariate analysis of different
molecular markers. In paper IV ANOVA was performed to examine the correlation
between WIG-staining and clinical parameters, as well as HPV status. Survival
distribution in different groups was tested with the Log rank test and described in a
Kaplan Meier graph.
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5 RESULTS AND DISCUSSION
51 PAPERI

The objective of this study was to evaluate expression of the p16™** tumor suppressor
gene and the proliferation antigen Ki-67 in cervical adenocarcinoma. We sought to
evaluate the relationship between the two markers and clinical parameters such as age,
stage, grade and survival.

P16™* expression in relation to histology: 86% of tumors stained for pl6™<*,
Surprisingly, the proportion of pl6™<** staining decreased with lower tumor grade
(95% in well-differentiated tumors, 91% in moderate and 41% in poorly differentiated
tumors). Similarly, a significant negative correlation was found between pl6™<*
staining intensity and histological grade (p=0.001); we found that highly differentiated
tumors stain more strongly than poorly differentiated tumors. No correlation was found
between pl6™%** staining intensity or proportion of stained samples and tumor stage.
No correlation was found between p16™** staining and either age or survival.
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Figure 5-1 Different scores of p16 expression in samples with various grade of
differentiation of cervical adenocarcinoma. Frequency of different scores of p16 antigen
expression in all samples, distributed over the four grades, as shown in 97 cases. Vertical
hatched bars, AIS (6 cases); crosshatched bars, highly differentiated tumors (41 cases);
chess hatched bars, moderately differentiated tumors (32 cases); and punctuated bars, 5
cases where histology showed poor differentiation.

HPV infection was strongly correlated with higher p16™<* staining (p=0.00). None of

the HPV-positive tumors was pl16™ **-negative and 40% of the HPV-negative tumors
were also negative for p16™<* expression. The remaining 60% stained with varying
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intensity. No single HPV type was found to be more strongly associated with p16™<*
expression than any other type.

The p16™** tumor suppressor gene is inactivated in many carcinomas, but in cervical
carcinoma it is often overexpressed, both in the nucleus and the cytoplasm (Saqi et al.
2002). The majority of cervical cancer is caused by HR-HPV infection. Overexpression
of p16™** in these tumors is thought to be the result of functional inactivation of the
Rb tumor suppressor protein by the E6 and E7 viral oncoproteins (Klaes et al. 2001).
p16™%** transcription is induced by transcription factor E2F, which is released from Rb
after Rb binding to the HR-HPV E7 protein (Khleif ef al.1996). Release of E2F
activates transcription of pl6™~* | which accumulates to high levels in the cell. It has
been shown that evaluation of pl6™*** immunostaining allows identification of
preinvasive and invasive cervical squamous lesions in biopsies, while reducing both
false negative and false positive readings (Klaes er al. 2001). Expression of pl6™<#
has been discussed as a potential predictor of rapid progression, as seen in a
longitudinal study (Wang et al. 2004) and its expression may suggest the presence of
transformed cells, even if the lesions appear morphologically normal. However, the
specificity of the method has been debated since it has previously been shown to have
limited application in cervical glandular lesions (Murphy et al. 2004). Positively
staining p16™ * samples in the setting of relatively few Ki-67 expressing cells has
been seen in squamous metaplasia (Nielsen ef al. 1999). Our earlier study showed a
positive correlation between grade of CIN and expression of p16™%* in squamous cell
lesions (Andersson et al. 2006c). p16INK4a has also been tested as a marker for
persistence of HPV infection, a predictor of progression to cancer, and has been found
to correlate with histological grade (Branca et al. 2004; Negri et al. 2004). The majority
of the studies did show elevated p16™** levels in HR-HPV positive cervical cancer,
although the studies mainly addressed squamous cell cancer.

In our material, p16™**" staining correlated with degree of histological differentiation,

showing a lower proportion of staining in poorly differentiated tumors. Some studies
evaluated expression of p16™* in adenocarcinoma. Missaoui et al. found p16™<*
expression in all such cases, although the authors did not specify grade of
differentiation (Missaoui et al. 2006). Ishikawa et al. found no correlation between
pl16™** expression and histological subtype of adenocarcinoma, age, stage or
recurrence (Ishikawa et al. 2003).

We suggest that the reason for lower pl16™ * expression in less differentiated tumors is

that highly differentiated tumors may still have the capacity to express the pl6™<*
tumor suppressor owing to the oncogenic activity of HR-HPV E7, whereas poorly
differentiated tumors may have lost this capacity.

Our finding that all HPV-positive adenocarcinomas stained for p16™* is consistent

with results from other groups (Missaoui et al. 2006). The etiological role of HR-HPV
in cervical adenocarcinoma is not completely understood. In our material, we found
that 64% of tumors were HR-HPV positive. Impaired gene expression probably
contributes to carcinogenesis in some adenocarcinomas, especially in HPV-negative
cases. In our material, no detectable p16INK4a overexpression was found in 40% of
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HPV-negative tumors. Thus loss of functional pl6™ * may cause uncontrolled
proliferation, or even possibly result from it.

The fact that 60% of HPV-negative tumors in our sample showed overexpression of
p16™** signals that HPV independent mechanisms can also lead to overexpression of

p16™&4  Alternatively, this finding could be due to undetected past or current HPV
infection.

MIB-1 levels were used to reflect Ki-67 expression and, as expected, histological grade
correlated strongly with Ki-67 expression, showing both increased intensity and higher
fraction of Ki-67 staining with higher tumor grade. All poorly differentiated tumors
stained for Ki-67. The correlation between staining intensity and tumor grade was
significant (p=0.004). Furthermore, higher MIB-1 levels were significantly associated
with higher tumor stage at diagnosis (p=0.038). Higher MIB-1 levels as a marker for

Ki-67 expression showed a significant correlation with poorer outcome (p=0.004) after
adjusting for age.

HPV infection correlated significantly with better survival, but after adjusting for age
this correlation was no longer significant.
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Figure 5-2 Different scores of MIB-1 expression in samples with various grade of
differentiation of cervical adenocarcinoma. Ninety-nine cervical adenocarcinomas were
evaluated for the expression of MIB-1 antigen. Vertical hatched bars, AIS (5 cases);
crosshatched bars, highly differentiated tumors (40 cases); chess hatched bars,
moderately (35 cases); and punctuated bars, 13 cases with poor differentiation histology.
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Some studies have indicated the potential value of immunostaining for Ki-67 to
distinguish endocervical neoplasia from benign endocervical lesions. Cina et al.
reported that Ki-67 staining was negligible or low in normal endocervical tissue (Cina
et al. 1999). In our study we found that the MIB-1-positive proportion of samples and
labeling intensity both correlated with cancer stage and grade; higher levels of MIB-1
were associated with higher stage at diagnosis and more poorly differentiated tumors.
Higher levels of MIB-1, representing the Ki-67 proliferation antigen, were significantly
associated with poorer outcomes in our patients. This result is consistent with previous
studies of squamous cell carcinomas, suggesting that higher MIB-1 levels are powerful
predictors of shorter survival (Ho et al. 2000). However, other investigations found that
MIB-1 expression had no clinical utility for predicting long-term disease-free survival
(Avall-Lundqvist ef al. 1997; Graflund et al. 2002).

Our study found a significant positive correlation between p16™<* and Ki-67 staining.

The interaction between p16™<* and Ki-67, the so-called dual-stain approach, has been
increasingly investigated in recent years. Under physiological conditions, simultaneous
expression of the p16™** tumor suppressor and the Ki-67 proliferation marker should
exclude each other. Thus, the combined detection of both markers should represent
deregulation of cell cycle control, resulting from infection with oncogenic HPV.
Simultaneous p16™**/Ki-67 expression has been reported to increase with severity of
lesion (Wentzensen et al. 2012). Its diagnostic potential has been shown with respect to
effective triage of ASCUS and LSIL (Schmidt e al. 2011; Petry et al. 2011) and its
sensitivity to detect CIN2+.

In summary, we found that a lower proportion of poorly differentiated tumors stain for
p16™* and do so with less intensity than do well-differentiated lesions; all HPV-
positive tumors demonstrated p16™ * staining, but 60% of HPV-negative tumors also
stained for p16™ *. Moreover, we found a significant correlation between staining for
Ki-67 and histological grade, in regard to both staining intensity and proportion of
samples that stain. Poorer outcome was significantly related to higher Ki-67 staining.

5.2 PAPERII

The aim of our study was to compare DNA-based and mRNA-based methods with
respect to detection of HR-HPV in paraffin-embedded samples of cervical
adenocarcinoma. Since the PreTect HPV-Proofer always detects full-length E6/E7
mRNA, a positive finding should strongly correlate with integrated HPV, loss of HPV
replication, and stabilized E6/E7 full-length mRNA expression. Stabilized E6/E7 full-
length mRNA resulting from integration of HPV correlates very well with high, stable
expression of full-length E6 proteins. HPV mRNA testing demonstrated HPV in 64%
of samples, while HR-HPV DNA testing with GP5+/GP6+ PCR and SSCP or direct
sequencing revealed HPV in 62% of samples. Another eight samples turned HR-HPV
positive after retesting with the reverse line blot method using Linear Array (Roche).
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Figure 5-3 Detection of different HPV types with DNA and mRNA methods.

Previous studies using PCR techniques to detect HPV DNA on formalin-fixed,
paraffin-embedded biopsy specimens of cervical adenocarcinomas, reported HPV
positivity at rates ranging from 32% to 85% (Duggan et al. 1995; Clifford et al. 2006).
Prevalence of HR-HPV may be higher when examining fresh-frozen tumor tissues
because of alterations in the DNA sequence caused by formalin fixation and storage in
paraffin (Karlsen et al. 1994; Williams ef al. 1999; Tang et al. 2006). Successful
extraction of intact mRNA from paraffin-embedded samples was confirmed using
GAPDH control.

Differences in sensitivity may be due to use of different DNA/RNA extraction
methods, primers, and consensus and/or HPV type-specific primers, as well as to
differences in preparation, fixation, and processing of sample tissue. However, the main
reason for reduced sensitivity may be the lack of control for presence of cancer tissue in
all collected sections. In this study, it was not possible to include histological evaluation
of tissue samples before and after the tissue was used for RNA/DNA extraction.
Another factor that may reduce efficiency of HPV detection is loss of portions of the
viral genome during integration. Integration of HPV DNA may result in deletion of the
viral genome containing the sequences targeted by the PCR reaction. A higher
proportion of DNA integration in glandular lesions compared with squamous lesions
may result in a lower proportion of detectable episomal HPV genome and thereby lead
to significant underestimation of HPV DNA in cervical adenocarcinomas (Park et al.
1997; Chung et al. 2008).

In 8 (8%) cases, the results of the mRNA-based and DNA-based methods differed
regarding HPV type. An earlier study on cervical squamous cell cancer that compares
the mRNA and DNA methods describes type mismatch in only 2% of cases (Kraus et
al. 2006). We retested 4 of these cases using Linear Array and found type consistency
with mRNA 1in all 4 cases. Results regarding HR-HPV presence or absence obtained
through DNA and mRNA testing were consistent in 87% of samples.
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Both assays revealed ~70% positive findings for HPV when targeting HPV 16 and 18
alone. HPV types 16, 18, 31, and 45 accounted for 99% of all HPV types within our
group of 77 HPV-positive cases.

HPV type in cocktail # Types #TP #FN FP #TN Sensitivity
0 0 0 78* 0 20 0%
HPV 16 1 28 50 0 20 35.9%
HPV 16-18 2 53 25 0 20 67.9%
HPV 16-18-45 3 59 19 0 20 75.6%
HPV 16-18-45-31 4 60 18 0 20 76.9%
HPV 16-18-45-31-33 5 60 18 0 20 76.9%

*One case with unknown HPV-type, thereby giving total positives 60 (TP60) instead of 61 (TP61)
* Specificity was overall 100%, because we included only cases with adenocarcinoma.

Table 5-1 Number of TP, FN, TN detected in HPV positives (by any method) in cervical
adenocarcinoma using SSCP and direct sequencing

HPV type in cocktail # Types #TP #FN #FP #TN Sensitivity
0 0 0 78 0 20 0.0%
RNA16 1 32 46 0 20 41.0%
RNA 16-18 2 53 25 0 20 67.9%
RNA 16-18-45 3 63 15 0 20 80.8%
RNA 16-18-45-31 4 63 15 0 20 80.8%
RNA 16-18-45-31-33 5 63 15 0 20 80.8%

* Specificity was overall 100%, because we included only cases with adenocarcinoma.

Table 5-2 Number of TP, FN, TN detected in HPV positives (by any method) in cervical
adenocarcinoma using PreTect HPV-Proofer

In summary, our data indicate that mRNA HPV testing is at least as sensitive as HPV
DNA testing to identify women with cervical adenocarcinoma and that mRNA
extracted from paraffin-embedded tissue sections could be used for further
investigations. Since most adenocarcinomas are HPV-positive, it is possible that
mRNA testing will have a stronger impact on prevention of adenocarcinoma than
cytological screening, especially in young females. Thus, E6/E7 oncogene expression
analysis of precursor lesions (i.e., adenocarcinoma in situ and glandular dysplasia) will
be the next step to verify the potential of E6/E7 expression as a molecular marker for
early detection and progression to invasive disease. In contrast to cytology, detection of
E6/E7 HPV mRNA is an objective molecular marker, and may allow diagnosis of
cervical adenocarcinoma at an earlier stage in the natural history of the disease. The
ability to detect almost all HPV-related adenocarcinomas, including the limited HPV
types covered by the PreTect HPV-Proofer assay, is a new discovery that underscores
the potential of this test for adenocarcinoma screening.

5.3 PAPERIII

Our main finding was a significant correlation between survival and expression of
LRIG1 and LRIG3. Survival was significantly better among patients with tumor
samples that exhibited moderate or intense staining for LRIG1 than among those with
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tumors showing no or mild intensity of LRIG1 staining (p=0.003). Significantly better
survival was also observed in patients with tumors where 50% or more of the cells
stained for LRIG3 compared with patients whose tumors showed a lower fraction of
LRIG3 staining (p=0.004). Multivariate regression analysis showed that the LRIG3-
positive fraction was the only independent parameter exerting a statistically significant
influence on survival, apart from age.

THC analysis of LRIG proteins showed a balanced distribution of staining intensity for
LRIGI and LRIG2, but not for LRIG3 where 89.4% of tumor samples showed weak or
no staining. The majority of tumor samples showed staining in >50% of cells: 64% for
LRIG1, 74.4% for LRIG2, 54% for LRIG3. Intracellular distribution varies for LRIG
proteins: LRIG1 was only found in cytoplasm, LRIG2 was seen in the cytoplasm and
nucleus, while LRIG3 was mainly detected in the nucleus.

A LRIG staining intensity

No staining Weak Moderate Intense

0 1+ 2+ 3+
LRIG1 11 (12.9%) 18 (21.2%) 26 (30.6%) 30 (35.3%)
LRIG2 5 (5.9%) 19 (22.4%) 34 (40.0%) 28 (31.8%)
LRIG3 17 (20.0%) 59 (69.4%) 8(9.4%) 1(1.2%)
B Fraction of LRIG positive cells
0 >0 - 24% 25-49% 50-75% >75%
1+ 2+ 3+ 4+

LRIG1 11 (12.8%) 4 (4.7%) 16 (18.6%) 25 (29.1%) 30 (34.9%)
LRIG2 5 (5.8%) 3 (3.5%) 14 (16.3%) 8(9.3%) 56 (65.1%)

LRIG3 17(20.0%) 11(12.9%) 11(12.9%) 11(12.9%)  35(41.1%)

Table 5-3 Staining intensity (A) and fraction of positive cells (B) of the LRIG
immunohistochemical analysis.

In this study, both higher intensity of LRIG1 staining and higher proportion of stained
cells in the tumor were associated with improved patient survival. A correlation has
been reported between higher expression in the tumor and better patient prognosis in
breast cancer (Krig et al. 2011), cutaneous squamous cell carcinoma (Tanemura et al.
2005) and early stage invasive squamous cervical cancer (Lindstrdm et al. 2008).
Moreover, increasing grade of CIN is associated with increasing LRIG1 expression
(Lindstrom et al. 2011). These data suggest that LRIGI is involved in both
precancerous and invasive squamous cervical lesions. Our material showed that LRIG1
also functions as a prognostic marker for cervical adenocarcinoma. An earlier study
evaluated the prognostic impact of LRIGI on cervical cancers, including both
squamous cell and adenocarcinoma, in which no correlation with survival was found in
the adenocarcinoma portion, possibly due to the limited sample size of 36 patients
(Hedman et al. 2010). The finding that prognosis is improved by the presence of higher
LRIGI expression in both adenocarcinoma and squamous cell carcinoma of the cervix
suggests an important role for this marker in the disease.
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Figure 5-4 Correlation between LRIG1 staining intensity (A) and fraction of LRIG3
staining cells (B) and survival. The 4 (A) or 5 (B) groups were dichotomized using the
median as a cut-off to generate two groups of equal size.

In cervical SCC, LRIG2 expression has been reported to correlate with worse survival
(Hedman et al. 2010). In our material no such correlation between LRIG2 expression
and survival or other clinical parameters was found for cervical adenocarcinoma. Thus,
LRIG2 might be more important as a possible marker of prognosis in cervical SCC and
other cancer types.

Staining for LRIG3 has been evaluated in oligodendroglioma and in astrocytic tumors.
Perinuclear staining of LRIG3 in astrocytic tumors correlated with better survival (Guo
et al. 2006). This is consistent with the findings in the present study where LRIG3 is
linked to better survival. LRIG3 may have a tumor suppressive function similar to that
of LRIG1. However, recent experimental results have shown that LRIG1 and LRIG 3
interact with ErbB2, where the latter exerts an opposite effect on the receptor (Abreira
et al. 2010, Rafidi ef al. 2013).

A significant correlation was seen between HPV status and staining intensity for
LRIGI (p=0.001) and LRIG3 (p=0.004), with higher staining intensity in HPV-positive
cases. No significant correlation was found between LRIG expression and stage or
histological findings. HPV positivity was also identified as a significant prognostic
factor (p<0.001).

Whether or not the positive correlation between HPV status and staining intensity of
LRIG1 and LRIG3 is relevant to prognosis remains to be elucidated. Nevertheless,
LRIG3 has been shown to be an independent prognostic factor after multivariate
analysis. For other HPV-related cancers, such as cancer of the tonsils and base of the
tongue, the existence of two different tumor types with different prognosis, depending
on HPV status, has been suggested (Attner e al. 2011, Hammarstedt et al. 2006). Our
results suggest differences regarding prognosis between HPV-positive and HPV-
negative cervical adenocarcinomas, at least insofar as LRIG expression relates to
patient survival.

Thus, analysis of LRIG expression in precursor lesions (i.e., adenocarcinoma in situ
and glandular dysplasia) will be important to determine the potential of LRIG proteins
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as molecular markers for early detection and progression to invasive disease. LRIG
immunoreactivity is of prognostic importance in cervical adenocarcinoma and
correlates with HPV status. Therefore, LRIG proteins may be important determinants
of cervical adenocarcinoma progression, which justifies further study of their
diagnostic and prognostic potential in this disease.

5.4 PAPERIV

WIG-1 is amplified and/or overexpressed in many human tumors, indicating an
oncogenic function (Varmeh-Ziaie et al. 2001). WIG-1 has been mapped to
chromosome 3q26.3, a region that shows frequent copy number gain in various human
tumors (Hellborg et al. 2001). Gain of chromosome 3q occurs during progression from
cervical carcinoma in situ to advanced invasive cancer (Heselmeyer et al. 1996). These
findings suggest that in cervical cancer WIG-1 is associated with gain of 3q. We
therefore examined Wig-1 expression in cervical carcinoma cell lines and assessed
Wig-1 expression in biopsies containing samples of cervical carcinoma.

5.4.1 Cell line studies

We first assessed structural and numerical alterations of the WIG-1 locus in cervical
carcinoma cell lines by SKY and CGH analyses, which showed that WIG-1 is not a
primary target for chromosome 3 alterations in these cells. We found single structural
chromosome 3 abnormalities by SKY in six cells, but in no case did the breakpoint
involve the 3q26.32 region where WIG-1 is located. All eight lines studied by CGH
exhibited copy number variations of chromosome 3.

We then studied the WIG-1 locus for possible copy number variations. Using Southern
analysis, WIG-1 was compared with a control marker from the short arm of the same
chromosome (3p23), which showed modest gain of WIG-1 in MS751 and ME-180
cells. High copy-number amplification of WIG-1 was excluded by dual color FISH
using WIG-1 and D3Z1 probes.

WIG-1 is located telomeric to the commonly amplified 3q23-24 interval in Me180 and
SiHa cells, and centromeric to the amplified 3q27-ter interval in ME-180 cells.
Moreover, the 3q amplifications detected by CGH were not accompanied by WIG-1
locus amplifications as determined by Southern blotting or FISH. Thus, we conclude
that WIG-1 is not the critical gene that drives 3q gain in cervical cancer.

We assessed WIG-1 mRNA and protein expression in all cell lines by Northern and
Western blotting. HT-3, C-33A and Saos-2 cells showed strong WIG-1 mRNA
expression, while Ca Ski, ME-180, SiHa and SW756 showed weaker but clearly
detectable expression. Western blotting showed Wig-1 protein expression in all cell
lines. However, no associations were found between WIG-1 expression and copy
number variations at the DNA level. WIG-1 mRNA expression, as assessed by
quantitative RT-PCR, was higher in the two HPV-negative cervical carcinoma lines
(C33-A, HT-3) than in the HPV-positive cell lines. We found no association between
WIG-1 protein expression and HPV infection in cell lines.
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Cell line HPV Chromosome Chromosome 3 aberrations

Name Infection content by SKY by CGH****

Ca Ski HPV-16 (3n) 64-74  der(3)t(3;12)(p22;q24) +3p12-qter(q23-q26)
ME-180 HPV-68** (2n) 54-57 i(3)(q10) +3q(q27-qter)
MS751  HPV positive*** (2n-3n)  37-75  der(3)t(3;8)(pll;qll) -3pter-pl1, +3q24-q26
SiHa HPV-16 (3n) 65-71  der(X)t(X;?3)(p11;?) +3p25-q26(q23-q24)
SW756  HPV-18 (2n) 37-45 None +3q26

C-41 HPV-18 (2n) 35-45  None +3q24-q26

C-33A Negative (2n) 42-47 None +3p21, +3q26

HT-3 Negative (3n) 57-59  der(3)t(3;12)(pll;qll) -3p, +3q26-q27
Saos2*  Negative (2n-4n)  52-99  dup(3)(q12q29); dic(3;19)(?;q13.3); +3q

der(X)t(X;1;3)(X?->cen->X?2::1?->172::32->37)

*Saos2 is a osteosarcoma cell line

**According to ATCC it contains HPV-39

*** HPV type could not be determined by direct DNA sequencing of PCR products

**%* Bold in parenthesis indicates amplification within the gained interval

Table 5-4 HPV status and chromosome 3 aberrations in the cervical cancer cell lines.

WIG-1 copy number by

WIG-1/ Wig-1 expression

TP53 / p53 status**

Cell FISH Southern WIG-1 by Wig-1

Line WIG-1vs. D3Z1  WIG-1 vs. 3p23 Northern qRT-PCR* by Western TP53 sequence p53 expression
HPYV positive

Ca Ski no amplification  n.d. + 3.07 positive wild-type very low / absent
ME-180 no amplification  gain + 4.91 positive wild-type very low / absent
MS751 no amplification ~ gain - 5.95 positive wild-type absent

SiHa no amplification ~ no gain + 2.75 positive wild-type very low / absent
SW756 no amplification  no gain + 3.13 positive n. a. n. a.

C-41 no amplification  no gain n.d. 4.67 positive wild-type very low / absent
HPV negative

C-33A no amplification  no gain + 5.79 positive mutated (p.Arg273Cys) high but inactive
HT-3 no amplification  n.d. ++ 5.47 positive mutated (p.Gly245Val) high but inactive
Saos2 n. d. no gain + 11.74 positive homozygously deleted absent

- = negative; + = detectable to moderate expression; ++ = strong expression; n.d. = not determined; n.a. = not available;
* Given in arbitrary units as compared to fibroblasts (1.0)
** Reiss et al., 1992; Yaginuma et al., 1991; Srivastava et al., 1992; Scheffner et al., 1991; Masuda et al., 1987

Table 5-5 Copy number and expression data of WIG-1/ Wig-1 data in relation to HPV

infection and TP53 / p53 status.
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5.4.2 Cervical carcinoma tissue studies

The next step was to evaluate Wig-1 protein expression by immunohistochemistry in
tissue samples of cervical carcinoma. All 38 cervical cancer cases in this study stained
positive for Wig-1, mainly in cell nuclei. None of the 38 cases were Wig-1 negative;
40% showed moderate and 55% showed strong staining. Cytoplasmic Wig-1 staining
intensity was relatively low compared with nuclear staining in most tumors; 58% of
tumors showed negative cytoplasmic Wig-1 staining, while 42% showed weak staining.
We observed two distinct Wig-1 immunostaining patterns: A) high nuclear staining
with negative cytoplasmic staining and B) low nuclear staining with positive
cytoplasmic staining. Of the 38 tumors, 8 showed pattern A and 14 showed pattern B.
Normal tissue adjacent to the tumors showed moderate nuclear Wig-1 staining.
Interestingly, these staining patterns showed a significant correlation with HPV status.
Moreover, nuclear Wig-1 staining intensity was significantly associated with tumor
type (p < 0.0001); ADC samples showed higher nuclear Wig-1 expression than did
SCC samples.

We observed a possible correlation between Wig-1 expression and HPV status in these
cervical carcinomas. HPV DNA is known to be almost invariably present in SCC
(Walboomers et al.1999, Bosch et al. 2002}; however, our tumor material included 4
HPV-negative SCC cases. We first investigated whether Wig-1 expression differed
between HPV-positive and HPV-negative adenocarcinomas (ADC). We found a
statistically significant difference in nuclear Wig-1 staining intensity between HPV-
positive and HPV-negative ADC cases (p = 0.049). After including all SCC cases,
nuclear Wig-1 staining intensity remained significantly different between the HPV-
positive and HPV-negative cervical tumors (p = 0.002).

We previously found that 70% of ADC cases were HPV DNA positive by PCR and
direct HPV DNA sequencing (Andersson et al.2003). Thus, factors other than HPV are
likely to play a role in the development of cervical ADC. The higher nuclear Wig-1
expression in the HPV-negative tumors suggests that elevated expression of Wig-1
might play a role in cervical carcinogenesis in the absence of HPV infection.

Furthermore, we found a trend indicating that moderate nuclear Wig-1 expression and
positive cytoplasmic Wig-1 expression are associated with better overall survival (p=
0.126 and p= 0.110, respectively). In agreement with previous studies, patients with
HPV-positive tumors had better survival (p= 0.066) than those with HPV negative
tumors (though this relationship was not adjusted for age).
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Figure 5-5 Survival curve to compare overall survival rates of patients between different
nuclear (A) and cytoplasmatic (B) WIG-1 staining intensities of tumors by Kaplan-Meier
analysis. Cases no. and Log Rank P values are indicated.

We then examined survival for the subgroup of patients who had moderate nuclear and
positive cytoplasmic Wig-1 expression in their tumors. We found that this subgroup of
patients had a significantly better prognosis than patients with moderate nuclear Wig-1
staining and negative cytoplasmic staining (p = 0.042). Since we observed higher
nuclear Wig-1 expression in HPV-negative cell lines and tumors (p = 0.002), we
compared the prognosis for this pattern with the prognosis associated with HPV-
positive tumors characterized by moderate nuclear Wig-1 expression and found the
prognosis (p = 0.049) to be worse for the former group (HPV-negative cell lines with
high nuclear Wig-1 expression). Moreover, we found that HPV-negative tumors
characterized by negative cytoplasmic Wig-1 staining were associated with worse
prognosis than HPV-positive tumors characterized by positive cytoplasmic Wig-1
staining (p = 0.033).

How does high nuclear WIG-1 expression contribute to progression of cervical cancer?
Our previous results indicate that WIG-1 has a pro-survival function. WIG-1 may
stimulate cell proliferation and antagonize cell death through up regulation of putative
mRNA targets such as N-Myc, c-Fos, c-Jun and Cyclin D1, and down regulation of the
pro-apoptotic Fas (Vilborg et al.2009; Vilborg et al. 2012; Bersani et al., manuscript in
preparation). Thus, it is plausible that high nuclear Wig-1 expression in tumor cells
drives cell proliferation through stabilization of pro-growth mRNA targets and
destabilization of pro-apoptotic mRNA targets. However, the exact roles of nuclear and
cytoplasmic Wig-1 remain to be elucidated.

Since WIG-1 is a p53 target gene, the question arises whether WIG-1 expression
correlates with TP53 status in tumors and/or with presence of HPV, which encodes the
E6 protein that targets p53 for degradation. The TP53 gene is more frequently mutated
in HPV-negative than in HPV-positive cervical cancer cell lines and tumors
(Tommasino et al. 2003). Among the 8 cervical cancer cell lines that we studied, the
only two HPV-negative cancer cell lines, C-33A and HT-3, both carry the TP53
mutation. The TP53 status of the cervical carcinomas in our study has not been
determined. Further studies to determine TP53 status in all tumor samples and to
examine the correlation between WIG-1 expression and TP53 status are required. Yet,
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it should be noted that TP53 is not the only transcription factor that might regulate
WIG-1. Indeed, we detected WIG-1 protein in all cervical cell lines irrespective of
TP53 status or genomic gain of the WIG-1 gene. According to Pscan
(http://159.149.109.9/pscan), several other potential transcription factors, such as SOX,
may induce WIG-1 expression (Vilborg et al. 2011). The finding that elevated WIG-1
expression does not correlate with functional TP53 indicates that WIG-1 expression
also depends on other mechanisms, in addition to direct TP53-mediated transcriptional
transactivation.

In summary, moderate to high Wig-1 protein expression is common in cervical cancer
tissue, especially in the nucleus. Nuclear Wig-1 expression was significantly higher in
samples of ADC compared with SCC. HPV-negative cervical tumors showed
significantly higher nuclear Wig-1 expression than HPV-positive tumors. High nuclear
expression in combination with negative cytoplasmic Wig-1 expression is associated
with poor prognosis, whereas moderate nuclear expression in combination with positive
cytoplasmic expression is associated with better prognosis. Amplifications in 3q occur
in cervical cancer cells, but WIG-1 is not the primary target for driving 3q gains
according to our SKY, CGH, FISH and Southern blotting analyses.

In conclusion, from the clinical standpoint it is very important to identify women who
remain at risk of developing cervical cancer by finding early markers that permit rapid
and focused preventive action, and to elucidate the factors that influence development
of cancer in both HPV-infected and HPV-negative women. Understanding the
molecular mechanisms underlying carcinogenesis in cervical cancer to improve early
diagnosis, differential diagnosis, and evaluation of tumor aggressiveness, as well as to
improve molecular markers for screening is crucial. Molecular markers will help
differentiate between benign disease and malignancy, and thereby prove useful in
clinical practice. The finding that Wig-1 protein expression is higher in HPV-negative
cervical carcinoma suggests a possible role for WIG-1 in HPV-negative cervical
carcinogenesis. Moderate nuclear Wig-1 expression and positive cytoplasmic Wig-1
expression are associated with better survival rates, indicating that balanced Wig-1
expression may be able to counter tumor growth. These findings may well contribute to
optimization of current tumor diagnostics and pave the way for development of new
treatments.
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6 CONCLUSIONS
6.1 PAPERI

We evaluated the relationship between pl6™<** and Ki-67 expression in cervical
adenocarcinomas in a series of 101 histological sections and correlated the findings
with presence of HPV infection and clinical course. We found lower levels of p16™<*
tumor suppressor protein in poorly differentiated tumors than in higher differentiated
tumors and higher levels in HPV-positive tumors than in HPV-negative tumors. Some
HPV-negative tumors express pl6™ ", indicating HPV-independent mechanisms that
lead to p16™*** overexpression in these tumors. The finding that 40% of HPV-negative
cases lacked detectable p16™*** suggests that impaired gene expression may contribute
to carcinogenesis in these cases. Loss of functional p161™*** could be either the cause
or the effect of uncontrolled proliferation. Higher levels of the MIB-1 proliferation
marker were associated with worse outcome. Higher MIB-1 levels are seen in tumors
with lower histological grade and higher tumor stage at diagnosis.

6.2 PAPERII

Detection of E6/E7 mRNA expression using the real-time nucleic acid sequence-based
amplification assay (NASBA) PreTect HPV-Proofer was compared with results of
HPV DNA detection in 98 paraffin-embedded samples from patients with cervical
adenocarcinoma. We discovered that E6/E7 oncogene expression analysis may provide
a more objective test for assessment of neoplastic glandular cells. E6/E7 mRNA testing
is as feasible as HPV DNA testing to detect HR-HPV in paraffin-embedded samples of
cervical adenocarcinoma. Most cervical adenocarcinomas are HPV-positive, therefore
E6/ETmRNA as an objective marker has the potential to identify women with the
disease. Despite the limited number of HPV types included, the assay has the ability to
detect almost all HPV-related cervical adenocarcinomas. Further studies may reveal
whether the clinical performance of the E6/E7 mRNA assay will be of prognostic value
in management of cervical adenocarcinoma.

6.3 PAPERIII

In this study, LRIG protein immunoreactivity was evaluated in 86 cervical
adenocarcinomas. Both high staining intensity of LRIG1-positive cells and a high
proportion of LRIG3-positive cells were significantly associated with patient survival,
and positive correlations were found between both LRIG1 and LRIG3 staining intensity
and HPV status. Since low expression of LRIG1 correlates with worse survival in
cervical adenocarcinoma, LRIG1 may be of interest as a potential target for treatment.
However, whether LRIG1 can inhibit tumor growth remains to be determined.

6.4 PAPERIV

The p53 target gene WIG-1 (PAG608, ZMAT3) is located on human chromosome
3q26.32, a region that is frequently amplified in human tumors, including cervical
cancer. We have examined the status of WIG-1 in cervical carcinoma cell lines and in
38 cervical tumor samples, including both squamous cell carcinoma or
adenocarcinoma. We detected that Wig-1 expression was positively associated with
age at diagnosis and histological grade. ADC samples had significantly higher nuclear
Wig-1 levels (than SCC samples. We observed higher nuclear Wig-1 expression in
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HPV-negative ADC samples. Patients with moderate nuclear Wig-1 expression levels
and positive cytoplasmic Wig-1 expression in their tumors had a better prognosis.
Moreover, patients with HPV-positive tumors and positive cytoplasmic Wig-1
expression had better survival rate. These results are consistent with a growth-
promoting and/or anti-cell death function of nuclear Wig-1 and suggest that Wig-1
expression can serve as a prognostic marker in cervical carcinoma.
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7 FUTURE PERSPECTIVE

In recent years evidence has accumulated that combined detection of p16™* and Ki-
67, using a single immunocytochemistry kit (CINtec PLUS), can help to predict high-
grade or invasive lesions and this methodology is nearing clinical application. Most of
the studies were carried out on squamous lesions (Petry et al. 2011; Schmidt et al.
2011; Wentzensen et al.2012). The studies approaching the predictive value of dual
staining in glandular lesions are small in scope and few in number. However, the
limited evidence shows a close association between a positive test result and
subsequent diagnosis of invasive or pre-invasive cervical glandular lesions
(Samarawardana et al. 2011; Ravarino et al.2012) and the potential to increase
specificity of HPV testing when used to supplement regular testing (Singh et al.2012).
An interesting next step would be to analyze the potential of this combination test to
serve as a marker for cervical adenocarcinoma and its precursor lesions in a larger
cohort and to address both cytological and histological considerations.

mRNA cytology testing to triage women with minor cytological abnormalities such as
ASCUS, or positive DNA testing to detect CIN2+ have been shown to be more specific
but less sensitive for evaluating squamous lesions (Verdoot et al. 2013; Stoler et al.
2013; Perez Castro et al. 2013; Waldstrom et al. 2012) and less reliable for follow-up
(Persson et al. 2012). Most studies that use mRNA testing for screening or follow-up
were not specifically concerned with glandular lesions, which presents an opportunity
to investigate these methods as a potential tool for triage and follow-up of glandular
lesions.

LRIG proteins have been evaluated in squamous cell cancer and precursor lesions,
showing a correlation between an increase in LRIG1 and LRIG2 expression and
increasing grade of CIN (Lindstrdm ez al. 2011). LRIGI and LRIG2 have also been
identified as prognostic markers for early stage SCC (Lindstrom et al. 2008; Hedman et
al. 2010). Our next step would be to examine expression of the three LRIG proteins in
precursor lesion tissue sections and carry out cytological evaluation.

Our studies of WIG-1 in cervical cancer open the door to questions that can be
answered by follow-up experimental studies. Previous results indicate that WIG-1 may
stimulate cell proliferation and antagonize cell death through up regulation of putative
mRNA targets such as N-My, c-Fos, c-Jun and Cyclin D1, and down regulation of the
pro-apoptotic Fas (Vilborg ef al. 2009; Vilborg et al. 2012; Bersani et al., manuscript in
preparation). Thus, it is plausible that high nuclear Wig-1 expression in tumor cells
drives cell proliferation through stabilization of pro-growth mRNA targets and
destabilization of pro-apoptotic mRNA targets. The exact roles of nuclear and
cytoplasmic Wig-1 and their correlation with survival, independent of HPV status, need
to be further elucidated.

Because WIG-1 is a p53 target gene, the question arises whether Wig-1 expression
correlates with TP53 status and presence of HPV in tumors, since HR-HPV E6 protein
targets p53 for degradation. The TP53 gene is more frequently mutated in HPV-
negative than in HPV-positive cervical cancer cell lines and tumors (Tommasino et al.
2003). Among the 8 cervical cancer cell lines that we studied, the only two HPV-
negative cancers cell lines, C-33A and HT-3, both carry the TP53 mutation. The TP53
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status of the cervical carcinomas in our study has not been determined. Further studies
are required to examine TP53 status in all tumor samples so that Wig-1 expression can
be correlate with TP53 status. The natural antisense transcript Wrap53 is another
interesting potential marker in this context. It is encoded by the Wrap gene located on
chromosome 17 and directly overlapping the first exon of TP53. The WRAPS53 gene
gives rise to an antisense transcript that regulates the actions of the tumor suppressor
TP53 and encodes for a protein with its own oncogenic properties.

More effective and reliable markers to predict women at risk for developing cervical
cancer, especially adenocarcinoma, are clearly needed. Knowledge in this field has
grown immensely in recent decades and initial success was achieved through the
introduction and improvement of cytological screening, supplemented by HPV testing,
and by the introduction of new biomarkers. Studies indicate that the first generation of
HPV vaccines targeting HPV 16 and 18 could prevent at least two-thirds of cervical
cancers and precursor lesions. Through a combination of vaccination against HPV and
further improvements in detecting precursor lesions of cervical cancer using molecular
markers in screening programs, this cancer may become the most preventable on a
global scale.

60



8 ACKNOWLEDGEMENTS

Most credit goes to my main supervisor, Professor Sonia Andersson, for initiating this
work, for contributing with enormous enthusiasm and knowledge as well as with
generous financial support, and for ensuring that I do not lose focus during the last
years of moving between hospitals and countries. Thank you for being a true
translational researcher with a vast network of collaborators across specialties and for
being the most dedicated doctor who makes every possible effort to implement new
findings into clinical application for the benefit of our patients. Thank you for guiding
me through this project!

Professor Klas Wiman, my co- supervisor, thank you for opening the possibility to
work in your lab, for sharing your immense knowledge and for revision and substantial
improvement of our manuscript;

Professor Bo Johansson, my co-supervisor, thank you for contributing with your
experience in the field of virology and valuable revision of manuscripts;

Professor Magnus Westgren at CLINTEC where I started off my project, thank you for
an open and welcoming attitude and ceaseless commitment for high standard medical
care and research;

Additionally, I would like to thank

Marianne van Rooijen, head of the Department of Obstetrics and Gynecology at
Karolinska University Hospital for facilitating the combination of research and clinical
work;

Birgitta Morlin, head of the Department of Obstetrics and Gynecology at Danderyd
Hospital and Annika Lopez, head of the unit for Gynecology for uncomplicated support
of the completion of this work;

My colleagues, nurses and administrative staff at Karolinska University Hospital
Huddinge and Danderyd Hospital for making work a source of pleasure, for the most
part;

Carmen Flores- Staino for friendly and professional help with IHC and evaluation of
slides for project 1; Siri Hovland for professional collaboration for manuscript II; David
Lindquist for valuable cooperation for manuscript III; Lidi Xu for enjoyable teamwork
in the lab, in front of the microscope and with manuscript IV; and Inger Bodin for
competent and friendly help in the lab;

All the patients and patient’s relatives for their consent to participate in our studies;

Astrid Haggblad for stringent and effective administration of issues regarding the thesis
and defense;

Susan and Charles Larsson for professional and fast linguistic revision;

61



my mates at the NatiOn I research class that I consider as one of the highlights during
my PhD student’s life; thank you for an enjoyable time, delightful coffee talks and for
broadening my perspective towards other research fields, specialties, counties and
continents; special thanks to Maria, my companion in sharing both employer and
supervisor for helpful comments and encouraging talks;

the NatiOn steering group, Professor Ingemar Ernberg, Professor Dan Grandér, Claes
Karlsson, Marika Nestor and Barbro Ehlin- Henriksson; thank you, for initiating the
NatiOn program and for pursuing the task with great enthusiasm, creativity and
professionalism; thank you, for allowing us to share your unique network and for
keeping your countenance after a first scan of our knowledge about a tumor cell’s
biology...

Professor Jalid Sehouli, who once upon a time at Charité introduced and inspired me
for the field of gynecological oncology; you are my role model surgeon and cancer
doctor; thank you for being on stand-by to support my ideas and for being the most
amazing story collector;

Dr Massoud Afnan, for appreciating my research ambitions and giving me the space to
continue with my PhD while staying in Beijing; thank you for the opportunity to
practice at BJU and for your passionate commitment to establish Evidence Based
Medicine into our clinic;

all my friends who laughed with me and have been supporting me continuously or
helped instantly in emergency cases; for instance, Martina, Sabine, Carola & Dirk (it
will be unforgotten that you generously entrusted me with your house when I was
“homeless” in Stockholm), Katja (thanks for pep talks and that you even let me share
your wardrobe); Cornelia, Isabel and Patricia for reminding me about Stockholm’s
cultural life from time to time; Magda & Joni, Tanja, Nicole & Juraj, Jana and your
families and Agnes & Alex (I miss your first hand reports about whatever peculiarity),
and all my friends back home in Germany and elsewhere in the world ...

By far most of all I want to thank my family; my parents, Stefan and our wonderful
children.

62



9 REFERENCES

Abraira VE, Satoh T, Fekete DM, Goodrich LV (2010) Vertebrate Lrig3-ErbB
interactions occur in vitro but are unlikely to play a role in Lrig3-dependent inner ear
morphogenesis. PLoS One: e8981

Andersson S, Hansson B, Norman I, Gaberi V, Mints M, Hjerpe A, Karlsen F,
Johansson B (2006¢) Expression of E6/E7 mRNA from 'high risk' human
papillomavirus in relation to CIN grade, viral load and p16INK4a. Int J Oncol 29: 705-
11

Andersson S, Hellstrom AC, Ren ZP, Wilander E (2006b) The carcinogenic role of
oncogenic HPV and p53 gene mutation in cervical adenocarcinomas. Med Oncol 23:
113-9

Andersson S, Larson B, Hjerpe A, Silfverswird C , Sallstrom J ,Wilander E, Rylander
E (2003) Adenocarcinoma of the uterine cervix. The presence of human papillomavirus
and the method of detection. Acta Obstet Gynecol Scand 82: 960-5

Andersson S, Mints M, Wilander E (2013) Results of cytology and high-risk human
papillomavirus testing in females with cervical adenocarcinoma in situ. Oncol Lett 6:
215-219

Andersson S, Sowjanya P, Wangsa D, Hjerpe A, Johansson B, Auer G, Gravitt PE,
Larsson C, Wallin KL, Ried T, Heselmeyer-Haddad K (2009) Detection of genomic
amplification of the human telomerase gene TERC, a potential marker for triage of
women with HPV-positive, abnormal Pap smears. 4m J Pathol 175:1831-47

Andersson S, Wallin KL, Hellstrom AC, Morrison LE, Hjerpe A, Auer G, Ried T,
Larsson C, Heselmeyer-Haddad (2006a) Frequent gain of the human telomerase gene
TERC at 3q26 in cervical adenocarcinomas. Br J Cancer 95: 331 — 338

Andrae B, Andersson TM, Lambert PC, Kemetli L, Silfverdal L, Strander B, Ryd W,
Dillner J, Térnberg S, Sparén P (2012) Screening and cervical cancer cure: population
based cohort study. BMJ 344: €900

Andrae B, Kemetli L, Sparen P, Silfverdal L, Strander B, Ryd W, Dillner J, Tornberg S
(2008) Screening-preventable cervical cancer risks: evidence from a nationwide audit
in Sweden. J Natl Cancer Inst 100: 622-9

Anttila A, Kotaniemi-Talonen L, Leinonen M, Hakama M, Laurila P, Tarkkanen J,
Malila N, Nieminen P (2010) Rate of cervical cancer, severe intraepithelial neoplasia,
and adenocarcinoma in situ in primary HPV DNA screening with cytology triage:
randomised study within organised screening programme. BMJ 340: c1804

Arbyn M, Bergeron C, Klinkhamer P, Martin-Hirsch P, Siebers AG, Bulten J (2008)
Liquid compared with conventional cervical cytology: a systematic review and meta-
analysis. Obstet Gynecol 111: 167-77

63



Ashfaq R, Gibbons D, Vela C, Saboorian MH, Iliya F (1999) ThinPrep Pap Test.
Accuracy for glandular disease. Acta Cytol 43: 81-5

Attner P, Du J, Ndsman A, Hammarstedt L, Ramqvist T, Lindholm J, Marklund L,
Dalianis T, Munck-Wikland E (2011) Human papillomavirus and survival in patients
with base of tongue cancer. Int J Cancer 128: 2892-7

Ault KA, Joura EA, Kjaer SK, Iversen OE, Wheeler CM, Perez G, Brown DR, Koutsky
LA, Garland SM, Olsson SE, Tang GW, Ferris DG, Paavonen J, Steben M, Bosch FX,
Majewski S, Mufioz N, Sings HL, Harkins K, Rutkowski MA, Haupt RM, Garner EI;
FUTURE I and II Study Group (2011) Adenocarcinoma in situ and associated human
papillomavirus type distribution observed in two clinical trials of a quadrivalent human
papillomavirus vaccine. Int J Cancer 128: 1344-53

Avall-Lundqvist EH, Silfversward C, Aspenblad U, Nilsson BR, Auer GU (1997) The
impact of tumour angiogenesis, p53 overexpression and proliferative activity (MIB-1)
on survival in squamous cervical carcinoma. Eur J Cancer 33: 1799-1804

Azodi M, Chambers SK, Rutherford TJ, Kohorn EI, Schwartz PE, Chambers JT (1999)
Adenocarcinoma in situ of the cervix: management and outcome. Gynecol Oncol 73:
348-53

Baak JP, Kruse AJ (2005) Use of biomarkers in the evaluation of CIN grade and
progression of early CIN. Methods Mol Med 119: 85-99

Badaracco G, Venuti A, Sedati A, Marcante ML (2002) HPV16 and HPV18 in genital
tumors: Significantly different levels of viral integration and correlation to tumor
invasiveness. J Med Virol 67: 574-82

Baseman JG, Koutsky LA (2005) The epidemiology of human papillomavirus
infections. J Clin Virol 32 Suppl 1: S16-24

Beauséjour CM, Krtolica A, Galimi F, Narita M, Lowe SW, Yaswen P, Campisi J
(2003) Reversal of human cellular senescence: roles of the pS3 and p16 pathways.
EMBO J22:4212-22

Bergstrom R, Sparén P, Adami HO (1999) Trends in cancer of the cervix uteri in
Sweden following cytological screening. BrJ Cancer 81: 159-66

Bernard HU (2013) Taxonomy and phylogeny of papillomaviruses: an overview and
recent developments. Infect Genet Evol 18: 357-61

Berrington de Gonzalez A, Sweetland S, Green J (2004) Comparison of risk factors for
squamous cell and adenocarcinomas of the cervix: a meta-analysis. Br J Cancer 90:
1787-91

Boon ME, Baak JP, Kurver PJ, Overdiep SH, Verdonk GW (1981) Adenocarcinoma in
situ of the cervix: an underdiagnosed lesion. Cancer 48: 768-73

64



Bosch FX, Lorincz A, Mufioz N, Meijer CJ, Shah KV (2002) The causal relation
between human papillomavirus and cervical cancer. J Clin Pathol 55: 244-65

Bosch FX, Manos MM, Muiioz N, Sherman M, Jansen AM, Peto J, Schiffman MH,
Moreno V, Kurman R, Shah KV (1995) Prevalence of human papillomavirus in
cervical cancer: a worldwide perspective. International biological study on cervical
cancer (IBSCC) Study Group. J Natl Cancer Inst 87: 796-802

Boulet GA, Micalessi IM, Horvath CA, Benoy IH, Depuydt CE, Bogers JJ (2010)
Nucleic acid sequence-based amplification assay for human papillomavirus mRNA
detection and typing: evidence for DNA amplification. J Clin Microbiol 48: 2524-9

Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Benbrahim-Tallaa
L, Guha N, Freeman C, Galichet L, Cogliano V; WHO International Agency for
Research on Cancer Monograph Working Group (2009) A review of human
carcinogens--Part B: biological agents. Lancet Oncol 10: 321-2

Branca M, Ciotti M, Santini D, Di Bonito L, Giorgi C, Benedetto A, Paba P, Favalli C,
Costa S, Agarossi A, Alderisio M, Syrjanen K (2004) p16(INK4A) expression is
related to grade of cin and high-risk human papillomavirus but does not predict virus
clearance after conization or disease outcome. Int J Gynecol Pathol 23: 354-65

Bray F, Carstensen B, Mgller H, Zappa M, Zakelj MP, Lawrence G, Hakama M,
Weiderpass E (2005) Incidence trends of adenocarcinoma of the cervix in 13 European
countries. Cancer Epidemiol Biomarkers Prev 14: 2191-9

Brink AA, Meijer CJ, Wiegerinck MA, Nieboer TE, Kruitwagen RF, van Kemenade F,
Fransen Daalmeijer N, Hesselink AT, Berkhof J, Snijders PJ (2006) High concordance
of results of testing for human papillomavirus in cervicovaginal samples collected by
two methods, with comparison of a novel self-sampling device to a conventional
endocervical brush. J Clin Microbiol 44: 2518-23

Brown DR, Kjaer SK, Sigurdsson K, Iversen OE, Hernandez-Avila M, Wheeler CM,
Perez G, Koutsky LA, Tay EH, Garcia P, Ault KA, Garland SM, Leodolter S, Olsson
SE, Tang GW, Ferris DG, Paavonen J, Steben M, Bosch FX, Dillner J, Joura EA,
Kurman RJ, Majewski S, Mufioz N, Myers ER, Villa LL, Taddeo FJ, Roberts C,
Tadesse A, Bryan J, Lupinacci LC, Giacoletti KE, Sings HL, James M, Hesley TM,
Barr E (2009) The impact of quadrivalent human papillomavirus (HPV; types 6, 11, 16,
and 18) L1 virus-like particle vaccine on infection and disease due to oncogenic
nonvaccine HPV types in generally HPV-naive women aged 16-26 years. J Infect Dis
199: 926-35

Bruni L, Diaz M, Castellsagué X, Ferrer E, Bosch FX, de Sanjosé S (2010) Cervical
human papillomavirus prevalence in 5 continents: meta-analysis of 1 million women
with normal cytological findings. J Infect Dis 202: 1789-99

Burd EM (2003) Human papillomavirus and cervical cancer. Clin Microbiol Rev 16: 1-
17

65



Burger EA, Korner H, Klemp M, Lauvrak V, Kristiansen IS (2011) HPV mRNA tests
for the detection of cervical intraepithelial neoplasia: a systematic review. Gynecol
Oncol 120: 430-8

Busby-Earle RM, Steel CM, Williams AR, Cohen B, Bird CC (1994) p53 mutations in
cervical carcinogenesis--low frequency and lack of correlation with human
papillomavirus status. Br J Cancer 69: 732-7

Carter JJ, Koutsky LA, Wipf GC, Christensen ND, Lee SK, Kuypers J, Kiviat N,
Galloway DA (1996) The natural history of human papillomavirus type 16 capsid
antibodies among a cohort of university women. J Infect Dis 174: 927-36

Castellsagué X, Diaz M, de Sanjosé S, Mufioz N, Herrero R, Franceschi S, Peeling
RW, Ashley R, Smith JS, Snijders PJ, Meijer CJ, Bosch FX; International Agency for
Research on Cancer Multicenter Cervical Cancer Study Group (2006) Worldwide
human papillomavirus etiology of cervical adenocarcinoma and its cofactors:
implications for screening and prevention. J Natl Cancer Inst 98: 303-15

Castle PE, Dockter J, Giachetti C, Garcia FA, McCormick MK, Mitchell AL, Holladay
EB, Kolk DP (2007) A cross-sectional study of a prototype carcinogenic human
papillomavirus E6/E7 messenger RNA assay for detection of cervical precancer and
cancer. Clin Cancer Res 13: 2599-605

Chan PK, Cheung TH, Li WH, Yu MY, Chan MY, Yim SF, Ho WC, Yeung AC, Ho
KM, Ng HK (2012) Attribution of human papillomavirus types to cervical
intraepithelial neoplasia and invasive cancers in Southern China. Int J Cancer 131:
692-705

Chung JY, Braunschweig T, Williams R, Guerrero N, Hoffmann KM, Kwon M, Song
YK, Libutti SK, Hewitt SM (2008) Factors in tissue handling and processing that
impact RNA obtained from formalin-fixed, paraffin-embedded tissue. J Histochem
Cytochem 56: 1033-42

Cina SJ, Richardson MS, Austin RM, Kurman RJ (1997) Immunohistochemical
staining for Ki-67 antigen, carcinoembryonic antigen and p53 in the differential
diagnosis of glandular lesions of the cervix. Mod Pathol 10: 176-180

Clifford G, Franceschi S (2008) Members of the human papillomavirus type 18 family
(alpha-7 species) share a common association with adenocarcinoma of the cervix. Int J
Cancer 122: 1684-5

Clifford GM, Rana RK, Franceschi S, Smith JS, Gough G, Pimenta JM (2005) Human
papillomavirus genotype distribution in low-grade cervical lesions: comparison by
geographic region and with cervical cancer. Cancer Epidemiol Biomarkers Prev 14:
1157-64

Clifford GM, Smith JS, Plummer M, Mufioz N, Franceschi S (2003) Human
papillomavirus types in invasive cervical cancer worldwide: a meta-analysis. BrJ
Cancer 88: 63-73

66



Cogliano V, Grosse Y, Baan R, Straif K, Secretan B, El Ghissassi F (2005)
Carcinogenicity of combined oestrogen-progestagen contraceptives and menopausal
treatment. Lancet Oncol 6: 552-3

Cooper K, Herrington CS, Stickland JE, Evans MF, McGee JO (1991) Episomal and
integrated human papillomavirus in cervical neoplasia shown by non-isotopic in situ
hybridisation. J Clin Pathol 44: 990-6

Couto E, Hemminki K (2006) Heritable and environmental components in cervical
tumors. Int J Cancer 119: 2699-701

Crook T, Wrede D, Tidy JA, Mason WP, Evans DJ, Vousden KH (1992) Clonal p53
mutation in primary cervical cancer: association with human-papillomavirus-negative
tumours. Lancet 339: 1070-3

Cullen AP, Reid R, Campion M, Lorincz AT (1991) Analysis of the physical state of
different human papillomavirus DNAs in intraepithelial and invasive cervical
neoplasm. J Virol 65: 606-12

Culp TD, Budgeon LR, Christensen ND (2005) Human papillomaviruses bind a basal
extracellular matrix component secreted by keratinocytes which is distinct from a
membrane-associated receptor. Virology 347: 147-59

Cuschieri K, Wentzensen N (2008) Human papillomavirus mRNA and p16 detection as
biomarkers for the improved diagnosis of cervical neoplasia. Cancer Epidemiol
Biomarkers Prev 17: 2536-45

Cuzick J; New Technologies for Cervical Cancer screening (NTCC) Working Group
(2010) Efficacy of human papillomavirus testing for the detection of invasive cervical
cancers and cervical intraepithelial neoplasia: a randomised controlled trial. Lancet
Oncol 11: 249-57

Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, Szarewski A, Birembaut
P, Kulasingam S, Sasieni P, Iftner T (2006) Overview of the European and North
American studies on HPV testing in primary cervical cancer screening. Int J Cancer
119: 1095-101

Czene K, Lichtenstein P, Hemminki K (2002) Environmental and heritable causes of
cancer among 9.6 million individuals in the Swedish Family-Cancer Database. Int J
Cancer 99: 260-6

Dahlstrom LA, Ylitalo N, Sundstrom K, Palmgren J, Ploner A, Eloranta S, Sanjeevi
CB, Andersson S, Rohan T, Dillner J, Adami HO, Sparén P (2010) Prospective study
of human papillomavirus and risk of cervical adenocarcinoma. /nt J Cancer 127: 1923-
30

Darshan MS, Lucchi J, Harding E, Moroianu J (2004) The 12 minor capsid protein of
human papillomavirus type 16 interacts with a network of nuclear import receptors. J
Virol 78: 12179-88

67



Davey E, d'Assuncao J, Irwig L, Macaskill P, Chan SF, Richards A, Farnsworth A
(2007) Accuracy of reading liquid based cytology slides using the ThinPrep Imager
compared with conventional cytology: prospective study. BMJ 335: 31

Day PM, Lowy DR, Schiller JT (2008) Heparan sulfate-independent cell binding and
infection with furin-precleaved papillomavirus capsids. J Virol 82: 12565-8

de Jong A, van Poelgeest MI, van der Hulst JM, Drijfthout JW, Fleuren GJ, Melief CJ,
Kenter G, Offringa R, van der Burg SH (2004) Human papillomavirus type 16-positive
cervical cancer is associated with impaired CD4+ T-cell immunity against early
antigens E2 and E6. Cancer Res 64: 5449-55

de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman D, Plummer M (2012)
Global burden of cancers attributable to infections in 2008: a review and synthetic
analysis. Lancet Oncol 13: 607-15

de Sanjosé S, Diaz M, Castellsagué X, Clifford G, Bruni L, Mufioz N, Bosch FX
(2007) Worldwide prevalence and genotype distribution of cervical human
papillomavirus DNA in women with normal cytology: a meta-analysis. Lancet Infect
Dis 7:453-9

de Sanjosé S, Muiloz N, Bosch FX, Reimann K, Pedersen NS, Orfila J, Ascunce N,
Gonzélez LC, Tafur L, Gili M et al. (1994) Sexually transmitted agents and cervical
neoplasia in Colombia and Spain. Int J Cancer 56: 358-63

de Sanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier JE, Lloveras B, Tous
S, Felix A, Bravo LE, Shin HR, Vallejos CS, de Ruiz PA, Lima MA, Guimera N,
Clavero O, Alejo M, Llombart-Bosch A, Cheng-Yang C, Tatti SA, Kasamatsu E,
Iljazovic E, Odida M, Prado R, Seoud M, Grce M, Usubutun A, Jain A, Suarez GA,
Lombardi LE, Banjo A, Menéndez C, Domingo EJ, Velasco J, Nessa A, Chichareon
SC, Qiao YL, Lerma E, Garland SM, Sasagawa T, Ferrera A, Hammouda D, Mariani
L, Pelayo A, Steiner I, Oliva E, Meijer CJ, Al-Jassar WF, Cruz E, Wright TC, Puras A,
Llave CL, Tzardi M, Agorastos T, Garcia-Barriola V, Clavel C, Ordi J, Andujar M,
Castellsagué X, Sanchez GI, Nowakowski AM, Bornstein J, Mufioz N, Bosch FX;
Retrospective International Survey and HPV Time Trends Study Group (2010) Human
papillomavirus genotype attribution in invasive cervical cancer: a retrospective cross-
sectional worldwide study. Lancet Oncol 11: 1048-56

de Villiers EM (2013) Cross-roads in the classification of papillomaviruses. Virology
445:2-10

de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H (2004)
Classification of papillomaviruses. Virology 324: 17-27

Dehn D, Torkko KC, Shroyer KR (2007) Human papillomavirus testing and molecular
markers of cervical dysplasia and carcinoma. Cancer 111: 1-14

68



Dillner J, Rebolj M, Birembaut P, Petry KU, Szarewski A, Munk C, de Sanjose S,
Naucler P, Lloveras B, Kjaer S, Cuzick J, van Ballegooijen M, Clavel C, Iftner T; Joint
European Cohort Study (2008) Long term predictive values of cytology and human
papillomavirus testing in cervical cancer screening: joint European cohort study. BMJ
337:al754

Doorbar J (2006) Molecular biology of human papillomavirus infection and cervical
cancer. Clin Sci (Lond) 110: 525-41

Doorbar J, Quint W, Banks L, Bravo IG, Stoler M, Broker TR, Stanley MA (2012) The
biology and life-cycle of human papillomaviruses. Vaccine 30 Suppl 5:F55-70

Du J, Nasman A, Carlson JW, Ramqvist T, Dalianis T (2011) Prevalence of human
papillomavirus (HPV) types in cervical cancer 2003-2008 in Stockholm, Sweden,
before public HPV vaccination. Acta Oncol 50: 1215-9

Duensing S, Duensing A, Flores ER, Do A, Lambert PF, Miinger K (2001) Centrosome
abnormalities and genomic instability by episomal expression of human papillomavirus
type 16 in raft cultures of human keratinocytes. J Virol 75: 7712-6

Duensing S, Miinger K (2002) The human papillomavirus type 16 E6 and E7
oncoproteins independently induce numerical and structural chromosome instability.
Cancer Res 62: 7075-82

Duggan MA, McGregor, Benoit JL, Inoue M, Stuart GCE (1995) The human
papillomavirus status of invasive cervical adenocarcinoma: A clinicopathological and
outcome analysis. Hum Pathol 26: 319-325

Dunne EF, Unger ER, Sternberg M, McQuillan G, Swan DC, Patel SS, Markowitz LE
(2007) Prevalence of HPV infection among females in the United States. JAMA 297:
813-9

Diirst M, Gissmann L, Ikenberg H, zur Hausen H (1983) A papillomavirus DNA from
a cervical carcinoma and its prevalence in cancer biopsy samples from different
geographic regions. Proc Natl Acad Sci U S A 80: 3812-5

Eifel PJ, Burke TW, Morris M, Smith TL (1995) Adenocarcinoma as an independent
risk factor for disease recurrence in patients with stage IB cervical carcinoma. Gynecol
Oncol 59: 38-44

Einstein MH, Baron M, Levin MJ, Chatterjee A, Fox B, Scholar S, Rosen J,
Chakhtoura N, Lebacq M, van der Most R, Moris P, Giannini SL, Schuind A, Datta

SK, Descamps D; HPV-010 Study Group (2011) Comparison of the immunogenicity of
the human papillomavirus (HPV)-16/18 vaccine and the HPV-6/11/16/18 vaccine for
oncogenic non-vaccine types HPV-31 and HPV-45 in healthy women aged 18-45

years. Hum Vaccin 7: 1359-73

69



Farhat S, Nakagawa M, Moscicki AB (2009) Cell-mediated immune responses to
human papillomavirus 16 E6 and E7 antigens as measured by interferon gamma
enzyme-linked immunospot in women with cleared or persistent human papillomavirus
infection. Int J Gynecol Cancer 19: 508-12

Florin L, Becker KA, Lambert C, Nowak T, Sapp C, Strand D, Streeck RE, Sapp M
(2006) Identification of a dynein interacting domain in the papillomavirus minor capsid
protein 12. J Virol 80: 6691-6

Forman D, de Martel C, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, Bruni L, Vignat
J, Ferlay J, Bray F, Plummer M, Franceschi S (2012) Global burden of human
papillomavirus and related diseases. Vaccine 30 Suppl 5: F12-23

Franceschi S, Herrero R, Clifford GM, Snijders PJ, Arslan A, Anh PT, Bosch FX,
Ferreccio C, Hieu NT, Lazcano-Ponce E, Matos E, Molano M, Qiao YL, Rajkumar R,
Ronco G, de Sanjosé S, Shin HR, Sukvirach S, Thomas JO, Meijer CJ, Muifioz N
(2006) Variations in the age-specific curves of human papillomavirus prevalence in
women worldwide. Int J Cancer 119: 2677-84

Franco EL, Villa LL, Sobrinho JP, Prado JM, Rousseau MC, Désy M, Rohan TE
(1999) Epidemiology of acquisition and clearance of cervical human papillomavirus
infection in women from a high-risk area for cervical cancer. J Infect Dis 180: 1415-23

Frisch M, Biggar RJ, Goedert JJ (2000) Human papillomavirus-associated cancers in
patients with human immunodeficiency virus infection and acquired immunodeficiency
syndrome. J Natl Cancer Inst 92: 1500-10

Galic V, Herzog TJ, Lewin SN, Neugut Al, Burke WM, Lu YS, Hershman DL, Wright
JD (2012) Prognostic significance of adenocarcinoma histology in women with cervical
cancer. Gynecol Oncol 125: 287-91

Genther SM, Sterling S, Duensing S, Miinger K, Sattler C, Lambert PF (2003)
Quantitative role of the human papillomavirus type 16 ES gene during the productive
stage of the viral life cycle. J Virol 77: 2832-42

Getman D, Aiyer A, Dockter J, Giachetti C, Zhang F, Ginocchio CC (2009) Efficiency
of the APTIMA HPV Assay for detection of HPV RNA and DNA targets. J Clin Virol
45 Suppl 1: S49-54

Gien LT, Beauchemin MC, Thomas G (2009) Adenocarcinoma: a unique cervical
cancer. Gynecol Oncol 116: 140-6

Giroglou T, Florin L, Schéfer F, Streeck RE, Sapp M (2001) Human papillomavirus
infection requires cell surface heparan sulfate. J Virol 75: 1565-70

GLOBOCAN 2008/ cancer fact sheets at http://globocan.iarc.fr/factsheet.asp globocan
2008.

70



Graflund M, Sorbe B, Karlsson M (2002) MIB-1, p53, bcl-2 and WAF-1 expression in
pelvic lymph nodes and primary tumors inearly stage cervical carcinomas: correlation
with clinical outcome. Int J Oncol 20: 1041-1047

Gravitt PE, Coutlée F, Iftner T, Sellors JW, Quint WG, Wheeler CM (2008) New
technologies in cervical cancer screening. Vaccine 26 Suppl 10: K42-52

Gravitt PE, Kovacic MB, Herrero R, Schiffman M, Bratti C, Hildesheim A, Morales J,
Alfaro M, Sherman ME, Wacholder S, Rodriguez AC, Burk RD (2007) High load for
most high risk human papillomavirus genotypes is associated with prevalent cervical
cancer precursors but only HPV16 load predicts the development of incident disease.
Int J Cancer 121: 2787-93

Green J, Berrington de Gonzalez A, Sweetland S, Beral V, Chilvers C, Crossley B,
Deacon J, Hermon C, Jha P, Mant D, Peto J, Pike M, Vessey MP (2003) Risk factors
for adenocarcinoma and squamous cell carcinoma of the cervix in women aged 20-44
years: the UK National Case-Control Study of Cervical Cancer. Br J Cancer 89: 2078-
86

Green J, Kirwan J, Tierney J, Vale C, Symonds P, Fresco L, Williams C, Collingwood
M (2005) Concomitant chemotherapy and radiation therapy for cancer of the uterine
cervix. Cochrane Database Syst Rev 20:CD002225

Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM (2007) Incidence of cancers in
people with HIV/AIDS compared with immunosuppressed transplant recipients: a
metaanalysis. Lancet 370: 59-67

Guan P, Howell-Jones R, Li N, Bruni L, de Sanjosé S, Franceschi S, Clifford GM
(2012) Human papillomavirus types in 115,789 HPV-positive women: a meta-analysis
from cervical infection to cancer. Int J Cancer 131: 2349-59

Gunnell AS, Ylitalo N, Sandin S, Sparén P, Adami HO, Ripatti S (2007) A longitudinal
Swedish study on screening for squamous cell carcinoma and adenocarcinoma:
evidence of effectiveness and overtreatment. Cancer Epidemiol Biomarkers Prev 16:
2641-8

Guo D, Holmlund C, Henriksson R, Hedman H (2004) The LRIG gene family has three
vertebrate paralogs widely expressed in human and mouse tissues and a homolog in
Ascidiacea. Genomics 84: 157-65

Guo D, Nilsson J, Haapasalo H, Raheem O, Bergenheim T, Hedman H, Henriksson R
(2006) Perinuclear leucine-rich repeats and immunoglobulin-like domain proteins
(LRIG1-3) as prognostic indicators in astrocytic tumors. Acta Neuropathol 111: 238-46

Gur G, Rubin C, Katz M, Amit I, Citri A, Nilsson J, Amariglio N, Henriksson R,
Rechavi G, Hedman H, Wides R, Yarden Y (2004) LRIG1 restricts growth factor
signaling by enhancing receptor ubiquitylation and degradation. EMBO J 23: 3270-81

71



Gustafsson L, Ponten J, Zack M, Adami HO (1997) International incidence rates of
invasive cervical cancer after introduction of cytological screening. Cancer Causes
Control 8:755-63

Hammarstedt L, Lindquist D, Dahlstrand H, Romanitan M, Dahlgren LO, Joneberg J,
Creson N, Lindholm J, Ye W, Dalianis T, Munck-Wikland E (2006) Human
papillomavirus as a risk factor for the increase in incidence of tonsillar cancer. Int J
Cancer 119: 2620-3

Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cel/ 100: 57-70

Harper DM, Franco EL, Wheeler C, Ferris DG, Jenkins D, Schuind A, Zahaf T, Innis
B, Naud P, De Carvalho NS, Roteli-Martins CM, Teixeira J, Blatter MM, Korn AP,
Quint W, Dubin G; GlaxoSmithKline HPV Vaccine Study Group (2004) Efficacy of a
bivalent L1 virus-like particle vaccine in prevention of infection with human
papillomavirus types 16 and 18 in young women: a randomised controlled trial. Lancet
364: 1757-65

Hasan UA, Bates E, Takeshita F, Biliato A, Accardi R, Bouvard V, Mansour M,
Vincent I, Gissmann L, Iftner T, Sideri M, Stubenrauch F, Tommasino M (2007)
TLR9 expression and function is abolished by the cervical cancer-associated human
papillomavirus type 16. J Immunol 178: 3186-97

Haupt RM, Wheeler CM, Brown DR, Garland SM, Ferris DG, Paavonen JA, Lehtinen
MO, Steben M, Joura EA, Giacoletti KE, Radley DR, James MK, Saah AJ, Sings HL;
FUTURE I and II Investigators (2011) Impact of an HPV6/11/16/18 L1 virus-like
particle vaccine on progression to cervical intraepithelial neoplasia in seropositive
women with HPV16/18 infection. Int J Cancer 129: 2632-42

Hedman H, Henriksson R (2007) LRIG inhibitors of growth factor signalling - double-
edged swords in human cancer? Eur J Cancer 43: 676-82

Hedman H, Lindstrom AK, Tot T, Stendahl U, Henriksson R, Hellberg D (2010)
LRIG2 in contrast to LRIG1 predicts poor survival in early-stage squamous cell
carcinoma of the uterine cervix. Acta Oncol 49: 812-5

Hellborg F, Qian W, Mendez-Vidal C, Asker C, Kost-Alimova M, Wilhelm M, Imreh
S, Wiman KG (2001) Human wig-1, a p53 target gene that encodes a growth inhibitory
zinc finger protein. Oncogene 20: 5466-74

Hemminki K, Chen B (2006) Familial risks for cervical tumors in full and half siblings:
etiologic apportioning. Cancer Epidemiol Biomarkers Prev 15: 1413-4

Hemminki K, Li X, Vaittinen P (2002) Time trends in the incidence of cervical and
other genital squamous cell carcinomas and adenocarcinomas in Sweden, 1958-1996.
Eur J Obstet Gynecol Reprod Biol 101: 64-9

72



Herfs M, Yamamoto Y, Laury A, Wang X, Nucci MR, McLaughlin-Drubin ME,
Miinger K, Feldman S, McKeon FD, Xian W, Crum CP (2012) A discrete population
of squamocolumnar junction cells implicated in the pathogenesis of cervical cancer.
Proc Natl Acad Sci U S 4 109: 10516-21

Herzog TJ, Monk BJ (2007) Reducing the burden of glandular carcinomas of the
uterine cervix. Am J Obstet Gynecol 197: 566-71

Heselmeyer K, Schrock E, du Manoir S, Blegen H, Shah K, Steinbeck R, Auer G, Ried
T (1996) Gain of chromosome 3q defines the transition from severe dysplasia to
invasive carcinoma of the uterine cervix. Proc Natl Acad Sci U S A 93: 479-84

Heselmeyer-Haddad K, Sommerfeld K, White NM, Chaudhri N, Morrison LE,
Palanisamy N, Wang ZY, Auer G, Steinberg W, Ried T (2005) Genomic amplification
of the human telomerase gene (TERC) in pap smears predicts the development of
cervical cancer. Am J Pathol 166: 1229-38

Hildesheim A, Schiffman MH, Tsukui T, Swanson CA, Lucci J 3rd, Scott DR, Glass
AG, Rush BB, Lorincz AT, Corrigan A, Burk RD, Helgesen K, Houghten RA,
Sherman ME, Kurman RJ, Berzofsky JA, Kramer TR (1997) Immune activation in
cervical neoplasia: cross-sectional association between plasma soluble interleukin 2
receptor levels and disease. Cancer Epidemiol Biomarkers Prev 6: 807-13

Hildesheim A, Hadjimichael O, Schwartz PE, Wheeler CM, Barnes W, Lowell DM,
Willett J, Schiffman M (1999) Risk factors for rapid-onset cervical cancer. Am J Obstet
Gynecol 180: 571-7

Ho DM, Hsu CY, Chiang H (2000) MIB-1 labeling index as a prognostic indicator for
survival in patients with FIGO stage IB squamous cell carcinoma of the cervix.
Gynecol Oncol 76: 97-102

Hollstein M, Sidransky D, Vogelstein B, Harris CC (1991) p53 mutations in human
cancers. Science 253: 49-53

Holmlund C, Nilsson J, Guo D, Starefeldt A, Golovleva I, Henriksson R, Hedman H
(2004) Characterization and tissue-specific expression of human LRIG2. Gene 332: 35-
43

Holowaty P, Miller AB, Rohan T, To T (1999) Natural history of dysplasia of the
uterine cervix. J Natl Cancer Inst 91: 252-8

Hoots BE, Palefsky JM, Pimenta JM, Smith JS (2009) Human papillomavirus type
distribution in anal cancer and anal intraepithelial lesions. Int J Cancer 124: 2375-83

Horvath CA, Boulet GA, Renoux VM, Delvenne PO, Bogers JP (2010) Mechanisms of
cell entry by human papillomaviruses: an overview. Virol J 7:11

Howie HL, Katzenellenbogen RA, Galloway DA (2009) Papillomavirus E6 proteins.
Virology 384: 324-34

73



Hudson JB, Bedell MA, McCance DJ, Laiminis LA (1990) Immortalization and altered
differentiation of human keratinocytes in vitro by the E6 and E7 open reading frames of
human papillomavirus type 18. J Virol 64: 519-26

Hwang SJ, Shroyer KR (2012) Biomarkers of cervical dysplasia and carcinoma. J
Oncol 2012: 507286

TARC Monographs Volume 90 Human Papillomaviruses (2007)
http://monographs.iarc.fr/ENG/Monographs/vol90/index.php

IARC Publications. Tumours of the uterine cervix. Chapter 5 in Cancer Pathology and
Genetics - Pathology and Genetics of Tumours of the Breast and Female Genital
Organs. http://www iarc.fr/en/publications/pdfs-online/pat-gen/bb4/bb4-chap5.pdf

ICESCC. International Collaboration of Epidemiological Studies of Cervical Cancer.
Appleby P, Beral V, Berrington de Gonzalez A, Colin D, Franceschi S, Goodill A,
Green J, Peto J, Plummer M, Sweetland S. (2006) Carcinoma of the cervix and tobacco
smoking: collaborative reanalysis of individual data on 13,541 women with carcinoma
of the cervix and 23,017 women without carcinoma of the cervix from 23
epidemiological studies. /nt J Cancer 118: 1481-95

ICESCC. International Collaboration of Epidemiological Studies of Cervical Cancer,
Appleby P, Beral V, Berrington de Gonzélez A, Colin D, Franceschi S, Goodhill A,
Green J, Peto J, Plummer M, Sweetland S (2007) Cervical cancer and hormonal
contraceptives: collaborative reanalysis of individual data for 16,573 women with
cervical cancer and 35,509 women without cervical cancer from 24 epidemiological
studies. Lancet 370: 1609-21

ICESCC. International Collaboration of Epidemiological Studies of Cervical Cancer
(2009) Cervical carcinoma and sexual behavior: collaborative reanalysis of individual
data on 15,461 women with cervical carcinoma and 29,164 women without cervical
carcinoma from 21 epidemiological studies. Cancer Epidemiol Biomarkers Prev 18:
1060-9

Im SS, Wilczynski SP, Burger RA, Monk BJ (2003) Early stage cervical cancers
containing human papillomavirus type 18 DNA have more nodal metastasis and deeper
stromal invasion. Clin Cancer Res 9: 4145-50

Insinga RP, Liaw KL, Johnson LG, Madeleine MM (2008) A systematic review of the
prevalence and attribution of human papillomavirus types among cervical, vaginal, and
vulvar precancers and cancers in the United States. Cancer Epidemiol Biomarkers Prev
17:1611-22

Ishikawa M, Fujii T, Masumoto N, Saito M, Mukai M, Nindl I, Ridder R, Fukuchi T,
Kubushiro K, Tsukazaki K, Nozawa S (2003) Correlation of pl 6INK4A
overexpression with human papillomavirus infection in cervical adenocarcinomas. Int J
Gynecol Pathol 22: 378-85

74



Jaworski RC (1990) Endocervical glandular dysplasia, adenocarcinoma in situ, and
early invasive (microinvasive) adenocarcinoma of the uterine cervix. Semin Diagn
Pathol 7: 190-204

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011) Global cancer
statistics. CA Cancer J Clin 61: 69-90

Jeon S, Allen-Hoffmann BL, Lambert PF (1995) Integration of human papillomavirus
type 16 into the human genome correlates with a selective growth advantage of cells. J
Virol 69: 2989-97

Josefsson AM, Magnusson PK, Ylitalo N, Serensen P, Qwarforth-Tubbin P, Andersen
PK, Melbye M, Adami HO, Gyllensten UB (2000) Viral load of human papilloma virus
16 as a determinant for development of cervical carcinoma in situ: a nested case-control
study. Lancet 355: 2189-93

Joyce JG, Tung JS, Przysiecki CT, Cook JC, Lehman ED, Sands JA, Jansen KU, Keller
PM (1999) The L1 major capsid protein of human papillomavirus type 11 recombinant
virus-like particles interacts with heparin and cell-surface glycosaminoglycans on
human keratinocytes. J Biol Chem 74: 5810-22

Kadaja M, Isok-Paas H, Laos T, Ustav E, Ustav M (2009) Mechanism of genomic
instability in cells infected with the high-risk human papillomaviruses. PLoS Pathog. 5:
¢1000397

Kanodia S, Fahey LM, Kast WM (2007) Mechanisms used by human papillomaviruses
to escape the host immune response. Curr Cancer Drug Targets 7: 79-89

Karanam B, Jagu S, Huh WK, Roden RB (2009) Developing vaccines against minor
capsid antigen L2 to prevent papillomavirus infection. Immunol Cell Biol 87: 287-99

Karlsen F, Kalantari M, Chitemerere M, Johansson B , Hagmar B (1994) Modifications
of human and viral deoxyribonucleic acid by formaldehyde fixation. Lab Invest 71:
604-611

Kessis TD, Slebos RJ, Han SM, Shah K, Bosch XF, Muifioz N, Hedrick L, Cho KR
(1993) p53 gene mutations and MDM2 amplification are uncommon in primary
carcinomas of the uterine cervix. Am J Pathol 143: 1398-405

Khleif SN, DeGregori J, Yee CL, Otterson GA, Kaye FJ, Nevins JR, Howley PM
(1996) Inhibition of cyclin D-CDK4/CDKG6 activity is associated with an E2F-mediated
induction of cyclin kinase inhibitor activity. Proc Natl Acad Sci U S A 93: 4350-4

Kines RC, Thompson CD, Lowy DR, Schiller JT, Day PM (2009) The initial steps
leading to papillomavirus infection occur on the basement membrane prior to cell
surface binding. Proc Natl Acad Sci U S A 106: 20458-63

Kjaer SK, Sigurdsson K, Iversen OE, Hernandez-Avila M, Wheeler CM, Perez G,
Brown DR, Koutsky LA, Tay EH, Garcia P, Ault KA, Garland SM, Leodolter S,
Olsson SE, Tang GW, Ferris DG, Paavonen J, Lehtinen M, Steben M, Bosch FX,

75



Dillner J, Joura EA, Majewski S, Muifioz N, Myers ER, Villa LL, Taddeo FJ, Roberts
C, Tadesse A, Bryan J, Maansson R, Lu S, Vuocolo S, Hesley TM, Saah A, Barr E,
Haupt RM (2009) A pooled analysis of continued prophylactic efficacy of quadrivalent
human papillomavirus (Types 6/11/16/18) vaccine against high-grade cervical and
external genital lesions. Cancer Prev Res (Phila) 2: 868-78

Klaes R, Friedrich T, Spitkovsky D, Ridder R, Rudy W, Petry U, Dallenbach-Hellweg
G, Schmidt D, von Knebel Doeberitz M (2001) Overexpression of pl6(INK4A) as a
specific marker for dysplastic and neoplastic epithelial cells of the cervix uteri. Int J
Cancer 92: 276-84

Klingelhutz AJ, Foster SA, McDougall JK (1996) Telomerase activation by the E6
gene product of human papillomavirus type 16. Nature 380: 79-82

Koutsky L (1997) Epidemiology of genital human papillomavirus infection. Am J Med
102: 3-8

Kraus I, Molden T, Holm R, Lie AK, Karlsen F, Kristensen GB, Skomedal H (2006)
Presence of E6 and E7 mRNA from human papillomavirus types 16, 18, 31, 33, and 45
in the majority of cervical carcinomas. J Clin Microbiol 44: 1310-7

Krig SR, Frietze S, Simion C, Miller JK, Fry WH, Rafidi H, Kotelawala L, Qi L,
Griffith OL, Gray JW, Carraway KL 3rd, Sweeney C (2011) Lrig] is an estrogen-
regulated growth suppressor and correlates with longer relapse-free survival in ERo-
positive breast cancer. Mol Cancer Res 9: 1406-17

Kruse AJ, Baak JP, de Bruin PC, Jiwa M, Snijders WP, Boodt PJ, Fons G, Houben
PW, The HS (2001) Ki-67 immunoquantitation in cervical intraepithelial neoplasia
(CIN): a sensitive marker for grading. J Pathol 193: 48-54

Lacey JV Jr, Brinton LA, Barnes WA, Gravitt PE, Greenberg MD, Hadjimichael OC,
McGowan L, Mortel R, Schwartz PE, Kurman RJ, Hildesheim A (2000) Use of
hormone replacement therapy and adenocarcinomas and squamous cell carcinomas of
the uterine cervix. Gynecol Oncol 77: 149-54

Lacey JV Jr, Swanson CA, Brinton LA, Altekruse SF, Barnes WA, Gravitt PE,
Greenberg MD, Hadjimichael OC, McGowan L, Mortel R, Schwartz PE, Kurman RJ,
Hildesheim A (2003) Obesity as a potential risk factor for adenocarcinomas and
squamous cell carcinomas of the uterine cervix. Cancer 98: 814-21

Laederich MB, Funes-Duran M, Yen L, Ingalla E, Wu X, Carraway KL 3rd, Sweeney
C (2004) The leucine-rich repeat protein LRIG1 is a negative regulator of ErbB family
receptor tyrosine kinases. J Biol Chem 279: 47050-6

Lee KR, Flynn CE (2000) Early invasive adenocarcinoma of the cervix. Cancer 89:
1048-55

Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U, Garland SM, Castellsagué X,
Skinner SR, Apter D, Naud P, Salmeron J, Chow SN, Kitchener H, Teixeira JC,
Hedrick J, Limson G, Szarewski A, Romanowski B, Aoki FY, Schwarz TF, Poppe

76



WA, De Carvalho NS, Germar MJ, Peters K, Mindel A, De Sutter P, Bosch FX, David
MP, Descamps D, Struyf F, Dubin G; HPV PATRICIA Study Group (2012). Overall
efficacy of HPV-16/18 AS04-adjuvanted vaccine against grade 3 or greater cervical
intraepithelial neoplasia: 4-year end-of-study analysis of the randomised, double-blind
PATRICIA trial. Lancet Oncol 13: 89-99

Li N, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM (2011) Human
papillomavirus type distribution in 30,848 invasive cervical cancers worldwide:
Variation by geographical region, histological type and year of publication. /nt J
Cancer 128: 927-35

Li Y, Nichols MA, Shay JW, Xiong Y (1994) Transcriptional repression of the D-type
cyclin-dependent kinase inhibitor p16 by the retinoblastoma susceptibility gene product
pRb. Cancer Res 54: 6078-82

Lindstrom AK, Asplund A, Hellberg D (2011) Correlation between LRIG1 and LRIG2
expressions and expression of 11 tumor markers, with special reference to tumor
suppressors, in CIN and normal cervical epithelium. Gynecol Oncol 122: 372-6

Lindstrdm AK, Ekman K, Stendahl U, Tot T, Henriksson R, Hedman H, Hellberg D
(2008) LRIG1 and squamous epithelial uterine cervical cancer: correlation to
prognosis, other tumor markers, sex steroid hormones, and smoking. Int J Gynecol
Cancer 18: 312-7

Lorincz AT, Castle PE, Sherman ME, Scott DR, Glass AG, Wacholder S, Rush BB,
Gravitt PE, Schussler JE, Schiffman M (2002) Viral load of human papillomavirus and
risk of CIN3 or cervical cancer. Lancet 360: 228-9

Lu B, Kumar A, Castellsagué X, Giuliano AR (2011) Efficacy and safety of
prophylactic vaccines against cervical HPV infection and diseases among women: a
systematic review & meta-analysis. BMC Infect Dis 11:13

Magnusson PK, Sparén P, Gyllensten UB (1999) Genetic link to cervical tumours.
Nature 400: 29-30

Masuda H, Miller C, Koeffler HP, Battifora H, Cline MJ (1987) Rearrangement of the
p53 gene in human osteogenic sarcomas. Proc Natl Acad Sci U S A 84: 7716-9

McBride AA (2008) Replication and partitioning of papillomavirus genomes. Adv
Virus Res 72: 155-205

McCluggage WG (2013) New developments in endocervical glandular lesions.
Histopathology 62: 138-60

McCredie MR, Sharples KJ, Paul C, Baranyai J, Medley G, Jones RW, Skegg DC
(2008) Natural history of cervical neoplasia and risk of invasive cancer in women with

cervical intraepithelial neoplasia 3: a retrospective cohort study. Lancet Oncol 9: 425-
34

77



McLaughlin-Drubin ME, Miinger K (2009) The human papillomavirus E7oncoprotein.
Virology 384: 335-44

Méndez-Vidal C, Wilhelm MT, Hellborg F, Qian W, Wiman KG (2002) The p53-
induced mouse zinc finger protein wig-1 binds double-stranded RNA with high
affinity. Nucleic Acids Res 30: 1991-6

Miller JK, Shattuck DL, Ingalla EQ, Yen L, Borowsky AD, Young LJ, Cardiff RD,
Carraway KL 3rd, Sweeney C (2008) Suppression of the negative regulator LRIG1
contributes to ErbB2 overexpression in breast cancer. Cancer Res 68: 8286-94

Miralles-Guri C, Bruni L, Cubilla AL, Castellsagué X, Bosch FX, de Sanjosé S (2009)
Human papillomavirus prevalence and type distribution in penile carcinoma. J Clin
Pathol 62: 870-8

Missaoui N, Hmissa S, Frappart L, Trabelsi A, Ben Abdelkader A, Traore C, Mokni M,
Yaacoubi MT, Korbi S (2006) p16INK4A overexpression and HPV infection in uterine
cervix adenocarcinoma. Virchows Arch. 448: 597-603

Mitchell H, Medley G, Gordon I, Giles G (1995) Cervical cytology reported as
negative and risk of adenocarcinoma of the cervix: no strong evidence of benefit. BrJ
Cancer T1: 894-7

Mo LZ, Monnier-Benoit S, Kantelip B, Petitjean A, Riethmuller D, Pretet JL, Mougin
C (2008) Comparison of AMPLICOR and Hybrid Capture II assays for high risk HPV
detection in normal and abnormal liquid-based cytology: use of INNO-LiPA
Genotyping assay to screen the discordant results. J Clin Virol 41: 104-10

Moberg M, Gustavsson I, Wilander E, Gyllensten U (2005) High viral loads of human
papillomavirus predict risk of invasive cervical carcinoma. Br J Cancer 92: 891-4

Molden T, Nygard JF, Kraus I, Karlsen F, Nygard M, Skare GB, Skomedal H,
Thoresen SO, Hagmar B (2005) Predicting CIN2+ when detecting HPV mRNA and
DNA by PreTect HPV-proofer and consensus PCR: A 2-year follow-up of women with
ASCUS or LSIL Pap smear. Int J Cancer 114: 973-6

Monsonego J, Bohbot JM, Pollini G, Krawec C, Vincent C, Merignargues I, Haroun F,
Sednaoui P, Monfort L, Dachez R, Syrjanen K (2005) Performance of the Roche
AMPLICOR human papillomavirus (HPV) test in prediction of cervical intraepithelial
neoplasia (CIN) in women with abnormal PAP smear. Gynecol Oncol 99: 160-8

Moody CA, Laimins LA (2010) Human papillomavirus oncoproteins: pathways to
transformation. Nat Rev Cancer 10: 550-60

Moscicki AB, Ma Y, Wibbelsman C, Darragh TM, Powers A, Farhat S, Shiboski S
(2010) Rate of and risks for regression of cervical intraepithelial neoplasia 2 in
adolescents and young women. Obstet Gynecol 116: 1373-80

78



Moscicki AB, Schiffman M, Burchell A, Albero G, Giuliano AR, Goodman MT, Kjaer
SK, Palefsky J (2012) Updating the natural history of human papillomavirus and
anogenital cancers. Vaccine 30 Suppl 5: F24-33

Moscicki AB, Schiffman M, Kjaer S, Villa LL (2006) Chapter 5: Updating the natural
history of HPV and anogenital cancer. Vaccine 24 Suppl 3: S3/42-51

Muiioz N (2000) Human papillomavirus and cancer: the epidemiological evidence. J
Clin Virol 19): 1-5

Muiioz N, Bosch FX, de Sanjosé S, Herrero R, Castellsagué X, Shah KV, Snijders PJ,
Meijer CJ; International Agency for Research on Cancer Multicenter Cervical Cancer
Study Group (2003) Epidemiologic classification of human papillomavirus types
associated with cervical cancer. N Engl J Med 348: 518-27

Munoz N, Hernandez-Suarez G, Méndez F, Molano M, Posso H, Moreno V, Murillo R,
Ronderos M, Meijer C, Muiloz A; Instituto Nacional de Cancerologia HPV Study
Group (2009) Persistence of HPV infection and risk of high-grade cervical
intraepithelial neoplasia in a cohort of Colombian women. Br J Cancer 100: 1184-90

Mufioz N, Kjaer SK, Sigurdsson K, Iversen OE, Hernandez-Avila M, Wheeler CM,
Perez G, Brown DR, Koutsky LA, Tay EH, Garcia PJ, Ault KA, Garland SM,
Leodolter S, Olsson SE, Tang GW, Ferris DG, Paavonen J, Steben M, Bosch FX,
Dillner J, Huh WK, Joura EA, Kurman RJ, Majewski S, Myers ER, Villa LL, Taddeo
FJ, Roberts C, Tadesse A, Bryan JT, Lupinacci LC, Giacoletti KE, Sings HL, James
MK, Hesley TM, Barr E, Haupt RM (2010) Impact of human papillomavirus (HPV)-
6/11/16/18 vaccine on all HPV-associated genital diseases in young women. J Nat!
Cancer Inst 102: 325-39

Miinger K, Scheffner M, Huibregtse JM, Howley PM (1992) Interactions of HPV E6
and E7 oncoproteins with tumour suppressor gene products. Cancer Surv 12: 197-217

Murphy N, Heffron CC, King B, Ganuguapati UG, Ring M, McGuinness E, Sheils O,
O'Leary JJ (2004) p1 6INK4A positivity in benign, premalignant and malignant cervical
glandular lesions: a potential diagnostic problem. Virchows Arch 445: 610-5

Nakanishi T, Ishikawa H, Suzuki Y, Inoue T, Nakamura S, Kuzuya K (2000) A
comparison of prognoses of pathologic stage Ib adenocarcinoma and squamous cell
carcinoma of the uterine cervix. Gynecol Oncol 79: 289-93

Nanda K, McCrory DC, Myers ER, Bastian LA, Hasselblad V, Hickey JD, Matchar DB
(2000) Accuracy of the Papanicolaou test in screening for and follow-up of cervical
cytologic abnormalities: a systematic review. Ann Intern Med 132: 810-9

Negri G, Vittadello F, Romano F, Kasal A, Rivasi F, Girlando S, Mian C, Egarter-Vigl
E (2004) p16INK4a expression and progression risk of low-grade intraepithelial
neoplasia of the cervix uteri. Virchows Arch 445: 616-20

79



Nielsen GP, Stemmer-Rachamimov AO, Shaw J, Roy JE, Koh J, Louis DN (1999)
Immunohistochemical survey of pl 6INK4A expression in normal human adult and
infant tissues. Lab Invest 79: 1137-43

Nilsson J, Starefeldt A, Henriksson R, Hedman H (2003) LRIG1 protein in human cells
and tissues. Cell Tissue Res 312: 65-71

Nilsson J, Vallbo C, Guo D, Golovleva I, Hallberg B, Henriksson R, Hedman H (2001)
Cloning, characterization, and expression of human LIG1. Biochem Biophys Res
Commun 284: 1155-61

Odida M, Sandin S, Mirembe F, Kleter B, Quint W, Weiderpass E (2011) HPV types,
HIV and invasive cervical carcinoma risk in Kampala, Uganda: a case-control study.
Infect Agent Cancer 6: 8

Oh 'Y, Bae SM, Kim YW, Choi HS, Nam GH, Han SJ, Park CH, Cho Y, Han BD, Ahn
WS (2007) Polymerase chain reaction-based fluorescent Luminex assay to detect the
presence of human papillomavirus types. Cancer Sci 98: 549-54

Olsson SE, Kjaer SK, Sigurdsson K, Iversen OE, Hernandez-Avila M, Wheeler CM,
Perez G, Brown DR, Koutsky LA, Tay EH, Garcia P, Ault KA, Garland SM, Leodolter
S, Tang GW, Ferris DG, Paavonen J, Lehtinen M, Steben M, Bosch FX, Dillner J,
Joura EA, Majewski S, Mufioz N, Myers ER, Villa LL, Taddeo FJ, Roberts C, Tadesse
A, Bryan J, Maansson R, Vuocolo S, Hesley TM, Saah A, Barr E, Haupt RM (2009)
Evaluation of quadrivalent HPV 6/11/16/18 vaccine efficacy against cervical and
anogenital disease in subjects with serological evidence of prior vaccine type HPV
infection. Hum Vaccin 5: 696-704

Orth G, Favre M, Croissant O (1977) Characterization of a new type of human
papillomavirus that causes skin warts. J Virol 24: 108-20

Ostdr AG (1993) Natural history of cervical intraepithelial neoplasia: a critical review.
Int J Gynecol Pathol 12: 186-92

Ostor AG, Duncan A, Quinn M, Rome R (2000) Adenocarcinoma in situ of the uterine
cervix: an experience with 100 cases. Gynecol Oncol 79: 207-10

Paavonen J, Jenkins D, Bosch FX, Naud P, Salmerén J, Wheeler CM, Chow SN, Apter
DL, Kitchener HC, Castellsague X, de Carvalho NS, Skinner SR, Harper DM, Hedrick
JA, Jaisamrarn U, Limson GA, Dionne M, Quint W, Spiessens B, Peeters P, Struyf F,
Wieting SL, Lehtinen MO, Dubin G; HPV PATRICIA study group (2007) Efficacy of
a prophylactic adjuvanted bivalent L1 virus-like-particle vaccine against infection with
human papillomavirus types 16 and 18 in young women: an interim analysis of a phase
IIT double-blind, randomised controlled trial. Lancet 369: 2161-70

80



Paavonen J, Naud P, Salmeron J, Wheeler CM, Chow SN, Apter D, Kitchener H,
Castellsague X, Teixeira JC, Skinner SR, Hedrick J, Jaisamrarn U, Limson G, Garland
S, Szarewski A, Romanowski B, Aoki FY, Schwarz TF, Poppe WA, Bosch FX,
Jenkins D, Hardt K, Zahaf T, Descamps D, Struyf F, Lehtinen M, Dubin G; HPV
PATRICIA Study Group (2009) Efficacy of human papillomavirus (HPV)-16/18
AS04-adjuvanted vaccine against cervical infection and precancer caused by oncogenic
HPV types (PATRICIA): final analysis of a double-blind, randomised study in young
women. Lancet 374: 301-14

Park JS, Hwang ES, Park SN, Ahn HK, Um SJ, Kim CJ, Kim SJ, Namkoong SE
(1997) Physical status and expression of HPV genes in cervical cancers. Gynecol Oncol
65:121-9

Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA Cancer
J Clin. 55: 74-108

Pecorelli S, Zigliani L, Odicino F (2009) Revised FIGO staging for carcinoma of the
cervix. Int J Gynaecol Obstet 105: 107-8

Perez Castro S, Ifiarrea Fernandez A, Lamas Gonzalez MJ, Saran Diez MT, Cid Lama
A, Alvarez Martin MJ, Pato Mosquera M, Lopez-Miragaya I, Estévez N, Torres Pifién
J, Ona Navarro M (2013) Human papillomavirus (HPV) E6/E7 mRNA as a triage test
after detection of HPV 16 and HPV 18 DNA. J Med Virol 85: 1063-8

Persson M, Brismar Wendel S, Ljungblad L, Johansson B, Weiderpass E, Andersson S
(2012) High-risk human papillomavirus E6/E7 mRNA and L1 DNA as markers of
residual/recurrent cervical intraepithelial neoplasia. Oncol Rep 28: 346-52

Peto J, Gilham C, Deacon J, Taylor C, Evans C, Binns W, Haywood M, Elanko N,
Coleman D, Yule R, Desai M (2004) Cervical HPV infection and neoplasia in a large
population-based prospective study: the Manchester cohort. Br J Cancer 91: 942-53

Petry KU, Schmidt D, Scherbring S, Luyten A, Reinecke-Liithge A, Bergeron C,
Kommoss F, Loning T, Ordi J, Regauer S, Ridder R (2011) Triaging Pap cytology
negative, HPV positive cervical cancer screening results with p16/Ki-67 Dual-stained
cytology. Gynecol Oncol 121: 505-9

Pett MR, Herdman MT, Palmer RD, Yeo GS, Shivji MK, Stanley MA, Coleman N
(2006) Selection of cervical keratinocytes containing integrated HPV16 associates with
episome loss and an endogenous antiviral response. Proc Natl Acad Sci U S 4 103:
3822-7

Pettersson BF, Hellman K, Vaziri R, Andersson S, Hellstrom AC (2011) Cervical
cancer in the screening era: who fell victim in spite of successful screening programs? J
Gynecol Oncol 22: 76-82

Pettersson F (1998) Secondary prevention: screening for carcinoma of the uterine
cervix. In: Kavanagh JJ, Singletary SE, Einhorn N, DePetrillo AD, editors. Cancer in
women. Cambridge, MA: Blackwell Science; 1998. p. 240-50

81



Plaxe SC, Saltzstein SL (1999) Estimation of the duration of the preclinical phase of
cervical adenocarcinoma suggests that there is ample opportunity for screening.
Gynecol Oncol 75: 55-61

Plummer M, Herrero R, Franceschi S, Meijer CJ, Snijders P, Bosch FX, de Sanjos¢ S,
Muiioz N; IARC Multi-centre Cervical Cancer Study Group (2003) Smoking and
cervical cancer: pooled analysis of the IARC multi-centric case--control study. Cancer
Causes Control 14: 805-14

Plummer M, Schiffman M, Castle PE, Maucort-Boulch D, Wheeler CM; ALTS Group

(2007) A 2-year prospective study of human papillomavirus persistence among women
with a cytological diagnosis of atypical squamous cells of undetermined significance or
low-grade squamous intraepithelial lesion. J Infect Dis 195: 1582-9

Powell AE, Wang Y, Li Y, Poulin EJ, Means AL, Washington MK, Higginbotham JN,
Juchheim A, Prasad N, Levy SE, Guo Y, Shyr Y, Aronow BJ, Haigis KM, Franklin JL,
Coffey RJ (2012) The pan-ErbB negative regulator Lrigl is an intestinal stem cell
marker that functions as a tumor suppressor. Cell 149: 146-58

Poynor EA, Barakat RR, Hoskins WJ (1995) Management and follow-up of patients
with adenocarcinoma in situ of the uterine cervix. Gynecol Oncol 57: 158-64

Pyeon D, Pearce SM, Lank SM, Ahlquist P, Lambert PF (2009) Establishment of
human papillomavirus infection requires cell cycle progression. PLoS Pathog. 5:
¢1000318

Quinn MA, Benedet JL, Odicino F, Maisonneuve P, Beller U, Creasman WT, Heintz
AP, Ngan HY, Pecorelli S (2006) Carcinoma of the cervix uteri. FIGO 26th Annual
Report on the Results of Treatment in Gynecological Cancer. Int J Gynaecol Obstet 95
Suppl 1: S43-103

Quint KD, de Koning MN, van Doorn LJ, Quint WG, Pirog EC (2010) HPV
genotyping and HPV 16 variant analysis in glandular and squamous neoplastic lesions
of the uterine cervix. Gynecol Oncol 117: 297-301

Raff AB, Woodham AW, Raff LM, Skeate JG, Yan L, Da Silva DM, Schelhaas M,
Kast WM (2013) The evolving field of human papillomavirus receptor research: a
review of binding and entry. J Virol 87: 6062-72

Rafidi H, Mercado F 3rd, Astudillo M, Fry WH, Saldana M, Carraway KL 3rd,
Sweeney C (2013) Leucine-rich repeat and immunoglobulin domain-containing
protein-1 (Lrigl) negative regulatory action toward ErbB receptor tyrosine kinases is
opposed by leucine-rich repeat and immunoglobulin domain-containing protein 3
(Lrig3). J Biol Chem 288: 21593-605

Ramgqvist T, Dalianis T (2011) An epidemic of oropharyngeal squamous cell carcinoma
(OSCC) due to human papillomavirus (HPV) infection and aspects of treatment and
prevention. Anticancer Res 31: 1515-9

82



Ravarino A, Nemolato S, Macciocu E, Fraschini M, Senes G, Faa G, Negri G (2012)
CINtec PLUS immunocytochemistry as a tool for the cytologic diagnosis of glandular
lesions of the cervix uteri. Am J Clin Pathol 138: 652-6

Reiss M, Brash DE, Mufioz-Antonia T, Simon JA, Ziegler A, Vellucci VF, Zhou ZL
(1992) Status of the p53 tumor suppressor gene in human squamous carcinoma cell
lines. Oncol Res 4: 349-57

Reuter G, Giarre M, Farah J, Gausz J, Spierer A, Spierer P (1990) Dependence of
position-effect variegation in Drosophila on dose of a gene encoding an unusual zinc-
finger protein. Nature 344: 219-23

Richards RM, Lowy DR, Schiller JT, Day PM (2006) Cleavage of the papillomavirus
minor capsid protein, L2, at a furin consensus site is necessary for infection. Proc Natl
Acad Sci US 4 103: 1522-7

Richardson H, Kelsall G, Tellier P, Voyer H, Abrahamowicz M, Ferenczy A, Coutlée
F, Franco EL (2003) The natural history of type-specific human papillomavirus
infections in female university students. Cancer Epidemiol Biomarkers Prev 12: 485-90

Richart RM (1973) Cervical intraepithelial neoplasia. Pathol Annu 8:301-28

Rigoni S. Statistical facts about cancers on which Doctor Rigoni-Stern based his
contribution to the Surgeons' Subgroup of the IV Congress of the Italian Scientists on
23 September 1842 (translation). Stat Med 1987; 6: 881-4

Rodriguez AC, Schiffman M, Herrero R, Hildesheim A, Bratti C, Sherman ME,
Solomon D, Guillén D, Alfaro M, Morales J, Hutchinson M, Katki H, Cheung L,
Wacholder S, Burk RD (2010) Longitudinal study of human papillomavirus persistence
and cervical intraepithelial neoplasia grade 2/3: critical role of duration of infection. J
Natl Cancer Inst 102: 315-24

Roland PY, Stoler MH, Broker TR, Chow LT (1997) The differential expression of the
HER-2/neu oncogene among high-risk human papillomavirus-infected glandular
lesions of the uterine cervix. Am J Obstet Gynecol 177: 133-8

Ronco G, Cuzick J, Pierotti P, Cariaggi MP, Dalla Palma P, Naldoni C, Ghiringhello B,
Giorgi-Rossi P, Minucci D, Parisio F, Pojer A, Schiboni ML, Sintoni C, Zorzi M,
Segnan N, Confortini M (2007) Accuracy of liquid based versus conventional cytology:
overall results of new technologies for cervical cancer screening: randomised controlled
trial. BMJ 335: 28

Ronco G, Giorgi-Rossi P, Carozzi F, Confortini M, Dalla Palma P, Del Mistro A,
Ghiringhello B, Girlando S, Gillio-Tos A, De Marco L, Naldoni C, Pierotti P, Rizzolo
R, Schincaglia P, Zorzi M, Zappa M, Segnan N, Cuzick J; New Technologies for
Cervical Cancer screening (NTCC) Working Group (2010) Efficacy of human
papillomavirus testing for the detection of invasive cervical cancers and cervical
intraepithelial neoplasia: a randomised controlled trial. Lancet Oncol 11: 249-57

83



Ronco LV, Karpova AY, Vidal M, Howley PM (1998) Human papillomavirus 16 E6
oncoprotein binds to interferon regulatory factor-3 and inhibits its transcriptional
activity. Genes Dev 12: 2061-72

Samarawardana P, Singh M, Shroyer KR (2011) Dual stain immunohistochemical
localization of p16INK4A and ki-67: a synergistic approach to identify clinically
significant cervical mucosal lesions. App! Immunohistochem Mol Morphol 19: 514-8

Sankaranarayanan R, Ferlay J (2006) Worldwide burden of gynaecological cancer: the
size of the problem. Best Pract Res Clin Obstet Gynaecol 20: 207-25

Sanner K, Wikstrom I, Strand A, Lindell M, Wilander E (2009) Self-sampling of the
vaginal fluid at home combined with high-risk HPV testing. Br J Cancer 101: 871-4

Sano T, Oyama T, Kashiwabara K, Fukuda T, Nakajima T (1998)
Immunohistochemical overexpression of p16 protein associated with intact
retinoblastoma protein expression in cervical cancer and cervical intraepithelial
neoplasia. Pathol Int 48: 580-5

Sapp M, Bienkowska-Haba M (2009) Viral entry mechanisms: human papillomavirus
and a long journey from extracellular matrix to the nucleus. FEBS J 276: 7206-16

Saqi A, Pasha TL, McGrath CM, Yu GH, Zhang P, Gupta P (2002). Overexpression of
p16INK4A in liquid-based specimens (SurePath) as marker of cervical dysplasia and
neoplasia. Diagn Cytopathol 27: 365-70

Sasieni P, Castanon A, Cuzick J (2009) Screening and adenocarcinoma of the cervix.
Int J Cancer 125: 525-9

Scheffner M, Miinger K, Byrne JC, Howley PM (1991) The state of the p53 and
retinoblastoma genes in human cervical carcinoma cell lines. Proc Natl Acad Sci U S A
88:5523-7

Scheffner M, Werness BA, Huibregtse JM, Levine AJ, Howley PM (1990) The E6
oncoprotein encoded by human papillomavirus types 16 and 18 promotes the
degradation of p53. Cell 63: 1129-36

Schelhaas M, Ewers H, Rajaméki ML, Day PM, Schiller JT, Helenius A (2008) Human
papillomavirus type 16 entry: retrograde cell surface transport along actin-rich
protrusions. PLoS Pathog 4: €1000148

Schelhaas M, Shah B, Holzer M, Blattmann P, Kiihling L, Day PM, Schiller JT,
Helenius A (2012) Entry of human papillomavirus type 16 by actin-dependent,
clathrin- and lipid raft-independent endocytosis. PLoS Pathog 8: 1002657

Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S (2007) Human
papillomavirus and cervical cancer. Lancet 370: 890-907

Schiffman M, Rodriguez AC, Chen Z, Wacholder S, Herrero R, Hildesheim A, Desalle
R, Befano B, Yu K, Safaeian M, Sherman ME, Morales J, Guillen D, Alfaro M,

84



Hutchinson M, Solomon D, Castle PE, Burk RD (2010) A population-based
prospective study of carcinogenic human papillomavirus variant lineages, viral
persistence, and cervical neoplasia. Cancer Res 70: 3159-69

Schiffman M, Wentzensen N, Wacholder S, Kinney W, Gage JC, Castle PE (2011)
Human papillomavirus testing in the prevention of cervical cancer. J Natl Cancer Inst
103: 368-83

Schiller JT, Day PM, Kines RC (2010) Current understanding of the mechanism of
HPV infection. Gynecol Oncol 118: S12-7

Schmidt D, Bergeron C, Denton KJ, Ridder R; European CINtec Cytology Study
Group (2011) p16/ki-67 dual-stain cytology in the triage of ASCUS and LSIL
papanicolaou cytology: results from the European equivocal or mildly abnormal
Papanicolaou cytology study. Cancer Cytopathol 119: 158-66

Schwarz E, Freese UK, Gissmann L, Mayer W, Roggenbuck B, Stremlau A, zur
Hausen H (1985) Structure and transcription of human papillomavirus sequences in
cervical carcinoma cells. Nature 314: 111-4

Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, Bouvard V, Benbrahim-Tallaa
L, Guha N, Freeman C, Galichet L, Cogliano V. WHO International Agency for
Research on Cancer Monograph Working Group (2009) A review of human
carcinogens--Part E: tobacco, areca nut, alcohol, coal smoke, and salted fish. Lancet
Oncol 10: 1033-4

Selinka HC, Florin L, Patel HD, Freitag K, Schmidtke M, Makarov VA, Sapp M
(2007) Inhibition of transfer to secondary receptors by heparan sulfate-binding drug or
antibody induces noninfectious uptake of human papillomavirus. J Virol 81: 10970-80

Serrano B, Alemany L, Tous S, Bruni L, Clifford GM, Weiss T, Bosch FX, de Sanjosé
S (2012) Potential impact of a nine-valent vaccine in human papillomavirus related
cervical disease. Infect Agent Cancer 7: 38

Sherman ME, Wang SS, Carreon J, Devesa SS (2005) Mortality trends for cervical
squamous and adenocarcinoma in the United States. Relation to incidence and survival.
Cancer 103: 1258-64

Shimada M, Kigawa J, Nishimura R, Yamaguchi S, Kuzuya K, Nakanishi T, Suzuki M,
Kita T, Iwasaka T, Terakawa N (2006) Ovarian metastasis in carcinoma of the uterine
cervix. Gynecol Oncol 101: 234-7

Siebers AG, Klinkhamer PJ, Grefte JM, Massuger LF, Vedder JE, Beijers-Broos A,
Bulten J, Arbyn M (2009) Comparison of liquid-based cytology with conventional
cytology for detection of cervical cancer precursors: a randomized controlled trial.
JAMA 302: 1757-64

Silins I, Ryd W, Strand A, Wadell G, Tornberg S, Hansson BG, Wang X, Amheim L,
Dahl V, Bremell D, Persson K, Dillner J, Rylander E (2005) Chlamydia trachomatis
infection and persistence of human papillomavirus. Int J Cancer 116: 110-5

85



Singh M, Mockler D, Akalin A, Burke S, Shroyer A, Shroyer KR (2012)
Immunocytochemical colocalization of P16(INK4a) and Ki-67 predicts CIN2/3 and
AlS/adenocarcinoma. Cancer Cytopathol 120: 26-34

Smith JS, Backes DM, Hoots BE, Kurman RJ, Pimenta JM (2009) Human
papillomavirus type-distribution in vulvar and vaginal cancers and their associated
precursors. Obstet Gynecol 113: 917-24

Smith JS, Herrero R, Bosetti C, Mufioz N, Bosch FX, Eluf-Neto J, Castellsagué X,
Meijer CJ, Van den Brule AJ, Franceschi S, Ashley R; International Agency for
Research on Cancer (IARC) Multicentric Cervical Cancer Study Group (2002a) Herpes
simplex virus-2 as a human papillomavirus cofactor in the etiology of invasive cervical
cancer. J Natl Cancer Inst 94: 1604-13

Smith JS, Lindsay L, Hoots B, Keys J, Franceschi S, Winer R, Clifford GM (2007)
Human papillomavirus type distribution in invasive cervical cancer and high-grade
cervical lesions: a meta-analysis update. Int J Cancer 121: 621-32

Smith JS, Mufioz N, Herrero R, Eluf-Neto J, Ngelangel C, Franceschi S, Bosch FX,
Walboomers JM, Peeling RW (2002b) Evidence for Chlamydia trachomatis as a human
papillomavirus cofactor in the etiology of invasive cervical cancer in Brazil and the
Philippines. J Infect Dis 185: 324-31

Snijders PJ, Hogewoning CJ, Hesselink AT, Berkhof J, Voorhorst FJ, Bleeker MC,
Meijer CJ (2006) Determination of viral load thresholds in cervical scrapings to rule
out CIN 3 in HPV 16, 18, 31 and 33-positive women with normal cytology. Int J
Cancer 119: 1102-7

Solomon D, Davey D, Kurman R, Moriarty A, O'Connor D, Prey M, Raab S, Sherman
M, Wilbur D, Wright T Jr, Young N; Forum Group Members; Bethesda 2001
Workshop (2002) The 2001 Bethesda System: terminology for reporting results of
cervical cytology. JAMA 287: 2114-9

Soussi T, Wiman KG (2007) Shaping genetic alterations in human cancer: the p53
mutation paradigm. Cancer Cell 12: 303-12

Srivastava S, Tong YA, Devadas K, Zou ZQ, Chen Y, Pirollo KF, Chang EH (1992)
The status of the p53 gene in human papilloma virus positive or negative cervical
carcinoma cell lines. Carcinogenesis 13: 1273-5

Stanley M (2010) HPV - immune response to infection and vaccination. Infect Agent
Cancer 5:19

Stanley M, Lowy DR, Frazer I (2006) Chapter 12: Prophylactic HPV vaccines:
underlying mechanisms. Vaccine 24 Suppl 3:53/106-13

Stanley M, Pinto LA, Trimble C (2012) Human papillomavirus vaccines--immune
responses. Vaccine 30 Suppl 5: F83-7

86



Stern PL, van der Burg SH, Hampson IN, Broker TR, Fiander A, Lacey CJ, Kitchener
HC, Einstein MH (2012) Therapy of human papillomavirus-related disease. Vaccine 30
Suppl 5: F71-82

Stockholm County Council (2011) Gynekologiskt cellprov. Stockholm Health Care
Guide. Available from http://www.vardguiden.se/Sjukdomar-och-
rad/Omraden/Undersokningar/Gynekologiskt-cellprov/

Stoler MH, Wright TC Jr, Cuzick J, Dockter J, Reid JL, Getman D, Giachetti C (2013)
APTIMA HPV assay performance in women with atypical squamous cells of
undetermined significance cytology results. Am J Obstet Gynecol 208: 144

Strander B, Andersson-Ellstrom A, Milsom I, Radberg T, Ryd W (2007) Liquid-based
cytology versus conventional Papanicolaou smear in an organized screening program :
a prospective randomized study. Cancer 111: 285-91

Tanemura A, Nagasawa T, Inui S, Itami S (2005) LRIG-1 provides a novel prognostic
predictor in squamous cell carcinoma of the skin: immunohistochemical analysis for 38
cases. Dermatol Surg 31: 423-30

Tang E: Path to effective recovering of DNA from formalinfixed biological samples in
natural history collections: workshop summary. Ed. National Research Council.
National Academy Press, Washington, DC, 2006.

Tase T, Okagaki T, Clark BA, Twiggs LB, Ostrow RS, Faras AJ (1989) Human
papillomavirus DNA in adenocarcinoma in situ, microinvasive adenocarcinoma of the
uterine cervix, and coexisting cervical squamous intraepithelial neoplasia. Int J Gynecol
Pathol 8:8-17

The National Board of Health and Welfare. Cancer Incidence in Sweden 2011.
Stockholm: The National Board of Health and Welfare; 2012.

Thomas LK, Bermejo JL, Vinokurova S, Jensen K, Bierkens M, Steenbergen R,
Bergmann M, von Knebel Doeberitz M, Reuschenbach M (2013) Chromosomal gains
and losses in human papillomavirus-associated neoplasia of the lower genital tract - A
systematic review and meta-analysis. Eur J Cancer pii: S0959-8049(13)00790-9 in
print

Tommasino M, Accardi R, Caldeira S, Dong W, Malanchi I, Smet A, Zehbe I (2003)
The role of TP53 in Cervical carcinogenesis. Hum Mutat 21: 307-12

Tornesello ML, Buonaguro L, Buonaguro FM (2013) Mutations of the TP53 gene in
adenocarcinoma and squamous cell carcinoma of the cervix: a systematic review.
Gynecol Oncol 128: 442-8

Tringler B, Gup CJ, Singh M, Groshong S, Shroyer AL, Heinz DE, Shroyer KR (2004)
Evaluation of p16INK4a and pRb expression in cervical squamous and glandular
neoplasia. Hum Pathol 35: 689-96

87



Tsukui T, Hildesheim A, Schiffman MH, Lucci J 3rd, Contois D, Lawler P, Rush BB,
Lorincz AT, Corrigan A, Burk RD, Qu W, Marshall MA, Mann D, Carrington M,
Clerici M, Shearer GM, Carbone DP, Scott DR, Houghten RA, Berzofsky JA (1996)
Interleukin 2 production in vitro by peripheral lymphocytes in response to human
papillomavirus-derived peptides: correlation with cervical pathology. Cancer Res 56:
3967-74

van Duin M, Snijders PJ, Schrijnemakers HF, Voorhorst FJ, Rozendaal L, Nobbenhuis
MA, van den Brule AJ, Verheijen RH, Helmerhorst TJ, Meijer CJ (2002) Human
papillomavirus 16 load in normal and abnormal cervical scrapes: an indicator of CIN
II/I1I and viral clearance. Int J Cancer 98: 590-5

Varmeh-Ziaie S, Ichimura K, Yang F, Rabbits P, Collins VP (2001) Cloning and
chromosomal localization of human WIG-1/PAG608 and demonstration of
amplification with increased expression in primary squamous cell carcinoma of the
lung. Cancer Lett 174: 179-87

Verdoodt F, Szarewski A, Halfon P, Cuschieri K, Arbyn M (2013) Triage of women
with minor abnormal cervical cytology: Meta-analysis of the accuracy of an assay
targeting messenger ribonucleic acid of 5 high-risk human papillomavirus types.
Cancer Cytopathol 10.1002/cncy.21325, in print

Vilborg A, Bersani C, Wickstrom M, Segerstrom L, Kogner P, Wiman KG (2012)
Wig-1, a novel regulator of N-Myc mRNA and N-Myc-driven tumor growth. Cel/
Death Dis 3: €298

Vilborg A, Bersani C, Wilhelm MT, Wiman KG (2011) The p53 target Wig-1: a
regulator of mRNA stability and stem cell fate? Cell Death Differ 18: 1434-40

Vilborg A, Glahder JA, Wilhelm MT, Bersani C, Corcoran M, Mahmoudi S,
Rosenstierne M, Grandér D, Farnebo M, Norrild B, Wiman KG (2009) The p53 target
Wig-1 regulates p53 mRNA stability through an AU-rich element. Proc Natl Acad Sci
U S 4 106: 15756-61

Villa LL, Ault KA, Giuliano AR, Costa RL, Petta CA, Andrade RP, Brown DR,
Ferenczy A, Harper DM, Koutsky LA, Kurman RJ, Lehtinen M, Malm C, Olsson SE,
Ronnett BM, Skjeldestad FE, Steinwall M, Stoler MH, Wheeler CM, Taddeo FJ, YuJ,
Lupinacci L, Railkar R, Marchese R, Esser MT, Bryan J, Jansen KU, Sings HL,
Tamms GM, Saah AJ, Barr E (2006) Immunologic responses following administration
of a vaccine targeting human papillomavirus Types 6, 11, 16, and 18. Vaccine 24:
5571-83

Viscidi RP, Kotloff KL, Clayman B, Russ K, Shapiro S, Shah KV (1997) Prevalence of
antibodies to human papillomavirus (HPV) type 16 virus-like particles in relation to
cervical HPV infection among college women. Clin Diagn Lab Immunol 4: 122-6

Visioli CB, Zappa M, Ciatto S, lossa A, Crocetti E (2004) Increasing trends of cervical
adenocarcinoma incidence in Central Italy despite Extensive Screening Program, 1985—
2000. Cancer Detect Prev 28: 461-4

88



Vizcaino AP, Moreno V, Bosch FX, Munoz N, Barros-Dios XM, Borras J, Parkin DM
(2000) International trends in incidence of cervical cancer: II. Squamous-cell
carcinoma. Int J Cancer 86: 429-35

Vizcaino AP, Moreno V, Bosch FX, Mufioz N, Barros-Dios XM, Parkin DM (1998)
International trends in the incidence of cervical cancer: I. Adenocarcinoma and
adenosquamous cell carcinomas. Int J Cancer 75: 536-45

Vogelstein B, Lane D, Levine AJ (2000) Surfing the p53 network. Nature 408: 307-10

Vousden KH, Prives C (2009) Blinded by the Light: The Growing Complexity of p53.
Cell 137: 413-31

Vardprogram .Ahlberg-Ranje L, Andersson S, Bergmark K, Blomqvist L, Eriksson E,
Larsson B, Lindblad E, Olsson SE, Rosenborg L, Tornberg S, Zellbi A, Avall-
Lundqvist E (2008) Vérdprogram 2008. Cervix, vaginal och vulva cancer. Diagnostik,
behandling och uppfoljning.
(http://www.cancercentrum.se/Global/RCCSthImGotland/Regionla%20v%C3%ASrdpr
ogram/Cervix_2008%5B1%5D.pdf)

Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah KV, Snijders
PJ, Peto J, Meijer CJ, Muiioz N (1999) Human papillomavirus is a necessary cause of
invasive cervical cancer worldwide. J Pathol 189: 12-9

Waldstrom M, Ornskov D (2012) Comparison of the clinical performance of an HPV
mRNA test and an HPV DNA test in triage of atypical squamous cells of undetermined
significance (ASC-US). Cytopathology 23: 389-95

Wang JL, Zheng BY, Li XD, Angstréom T, Lindstrom MS, Wallin KL (2004)
Predictive significance of the alterations of p16INK4A, pl14ARF, p53, and proliferating
cell nuclear antigen expression in the progression of cervical cancer. Clin Cancer Res
10: 2407-14

Wang SS, Sherman ME, Hildesheim A, Lacey JV Jr, Devesa S (2004) Cervical
adenocarcinoma and squamous cell carcinoma incidence trends among white women
and black women in the United States for 1976-2000. Cancer 100: 1035-44

Welters MJ, de Jong A, van den Eeden SJ, van der Hulst JM, Kwappenberg KM,
Hassane S, Franken KL, Drijthout JW, Fleuren GJ, Kenter G, Melief CJ, Offringa R,
van der Burg SH (2003) Frequent display of human papillomavirus type 16 E6-specific
memory t-Helper cells in the healthy population as witness of previous viral encounter.
Cancer Res 63: 636-41

Wentzensen N, Schwartz L, Zuna RE, Smith K, Mathews C, Gold MA, Allen RA,
Zhang R, Dunn ST, Walker JL, Schiffman M (2012) Performance of p16/Ki-67
immunostaining to detect cervical cancer precursors in a colposcopy referral
population. Clin Cancer Res 18: 4154-62

89



Wentzensen N, Vinokurova S, von Knebel Doeberitz M (2004) Systematic review of
genomic integration sites of human papillomavirus genomes in epithelial dysplasia and
invasive cancer of the female lower genital tract. Cancer Res 64: 3878-84

Wentzensen N, von Knebel Doeberitz M (2007) Biomarkers in cervical cancer
screening. Dis Markers 23: 315-30

Werness BA, Levine AJ, Howley PM (1990) Association of human papillomavirus
types 16 and 18 E6 proteins with p53. Science 248: 76-9

Wheeler CM, Castellsagué X, Garland SM, Szarewski A, Paavonen J, Naud P,
Salmerén J, Chow SN, Apter D, Kitchener H, Teixeira JC, Skinner SR, Jaisamrarn U,
Limson G, Romanowski B, Aoki FY, Schwarz TF, Poppe WA, Bosch FX, Harper DM,
Huh W, Hardt K, Zahaf T, Descamps D, Struyf F, Dubin G, Lehtinen M; HPV
PATRICIA Study Group (2012) Cross-protective efficacy of HPV-16/18 AS04-
adjuvanted vaccine against cervical infection and precancer caused by non-vaccine
oncogenic HPV types: 4-year end-of-study analysis of the randomised, double-blind
PATRICIA trial. Lancet Oncol 13: 100-10

Williams C, Pontén F, Moberg C, Séderkvist P, Uhlén M, Pontén J, Sitbon G,
Lundeberg J (1999) A high frequency of sequence alterations is due to formalin
fixation of archival specimens. Am J Pathol 155: 1467-71

Winer RL, Hughes JP, Feng Q, Xi LF, Cherne S, O'Reilly S, Kiviat NB, Koutsky LA
(2011) Early natural history of incident, type-specific human papillomavirus infections
in newly sexually active young women. Cancer Epidemiol Biomarkers Prev 20: 699-
707

Winer RL, Kiviat NB, Hughes JP, Adam DE, Lee SK, Kuypers JM, Koutsky LA
(2005) Development and duration of human papillomavirus lesions, after initial
infection. J Infect Dis 191: 731-8

Wise Draper TM, Wells SI (2008) Papillomavirus E6 and E7 proteins and their cellular
targets. Front Biosci 13:1003-17

Woo YL, van den Hende M, Sterling JC, Coleman N, Crawford RA, Kwappenberg
KM, Stanley MA, van der Burg SH (2010) A prospective study on the natural course of
low-grade squamous intraepithelial lesions and the presence of HPV16 E2-, E6- and
E7-specific T-cell responses. Int J Cancer 126: 133-41

Woodham AW, Da Silva DM, Skeate JG, Raff AB, Ambroso MR, Brand HE, Isas JM,
Langen R, Kast WM (2012) The S100A 10 subunit of the annexin A2 heterotetramer
facilitates L2-mediated human papillomavirus infection. PLoS One 7: €43519

Woodman CB, Collins S, Rollason TP, Winter H, Bailey A, Yates M, Young LS
(2003) Human papillomavirus type 18 and rapidly progressing cervical intraepithelial
neoplasia. Lancet 361: 40-3

90



Woodman CB, Collins S, Winter H, Bailey A, Ellis J, Prior P, Yates M, Rollason TP,
Young LS (2001) Natural history of cervical human papillomavirus infection in young
women: a longitudinal cohort study. Lancet 357: 1831-6

World Health Organization (WHO) (2006) Comprehensive cervical cancer control. A
guide to essential practice. Available from:
http://www.who.int/reproductivehealth/publications/cancers/9241547006/en/

Yaginuma Y, Westphal H (1991) Analysis of the p53 gene in human uterine carcinoma
cell lines. Cancer Res 51: 6506-9

Yang YC, Shyong WY, Chang MS, Chen YJ, Lin CH, Huang ZD, Wang, Hsu MT,
Chen ML (2001) Frequent gain of copy number on the long arm of chromosome 3 in
human cervical adenocarcinoma. Cancer Genet Cytogenet 131: 48-53

Ylitalo N, Serensen P, Josefsson AM, Magnusson PK, Andersen PK, Pontén J, Adami
HO, Gyllensten UB, Melbye M (2000) Consistent high viral load of human
papillomavirus 16 and risk of cervical carcinoma in situ: a nested case-control study.
Lancet 355: 2194-8

Yu T, Ferber MJ, Cheung TH, Chung TK, Wong YF, Smith DI (2005) The role of viral
integration in the development of cervical cancer. Cancer Genet Cytogenet 158: 27-34

Zaino RJ (2002) Symposium part I: adenocarcinoma in situ, glandular dysplasia, and
early invasive adenocarcinoma of the uterine cervix. Int J Gynecol Pathol 21: 314-26

Zelmanowicz Ade M, Schiffman M, Herrero R, Goldstein AM, Sherman ME, Burk
RD, Gravitt P, Viscidi R, Schwartz P, Barnes W, Mortel R, Silverberg SG, Buckland J,
Hildesheim A (2005) Family history as a co-factor for adenocarcinoma and squamous
cell carcinoma of the uterine cervix: results from two studies conducted in Costa Rica
and the United States. Int J Cancer 116: 599-605

Zhang HS, Postigo AA, Dean DC (1999) Active transcriptional repression by the Rb-
E2F complex mediates G1 arrest triggered by pl16INK4a, TGFbeta, and contact
inhibition. Cell 97: 53-61

Ziegert C, Wentzensen N, Vinokurova S, Kisseljov F, Einenkel J, Hoeckel M, von
Knebel Doeberitz M (2003) A comprehensive analysis of HPV integration loci in
anogenital lesions combining transcript and genome-based amplification techniques.
Oncogene 22: 3977-84

zur Hausen H (1996) Papillomavirus infections--a major cause of human cancers.
Biochim Biophys Acta 1288: F55-78

zur Hausen H (1999) Immortalization of human cells and their malignant conversion by
high risk human papillomavirus genotypes. Semin Cancer Biol 9: 405-11

91



zur Hausen H (2002) Papillomaviruses and cancer: from basic studies to clinical
application. Nat Rev Cancer 2: 342-50

zur Hausen H (2009) The search for infectious causes of human cancers: where and
why. Virology 392: 1-10

92





