Fromthe Department of Oncology and Pathology
Karolinska I nstitute, Stockholm, Sweden

VAGINAL CARCINOMA

STUDIES ON ETIOLOGY AND
PROGNOSTIC FACTORS

KristinaHellman

Stockholm 2005



All previously published papers were reproduced with permission from the publisher.

Published and printed by Karolinska University Press
Box 200, SE-171 77, Stockholm, Sweden

© KrigtinaHellman, 2005

ISBN 91-7140-519-4



ABSTRACT

Primary carcinoma of the vagina (PCV) is arare disease, with poor survival, mostly affecting
elderly women. Due to its rarity the established knowledge originates from studies based on
smal materials, therefore little is known regarding the genesis, natural history and factors
predicting the prognosis. PCV is supposed to have similar etiology and natural history as
cervical carcinoma, which however mostly occurs at younger ages. Clinical stage is described
as the most important prognostic factor. Against this background the objectives of this thesis
were focused on the understanding of the genesis of PCV and its prognostic factors.

The material in the retrospective studies (paper | and I1) isthe largest so far published on PCV.
A hypothesis was that factors influencing the age at onset of PCV should be connected directly
or indirectly with the genesis of the disease. Epidemiological, clinica and histopathological
variables were evaluated in relation to age at diagnosisin a retrospective study of 341 cases of
PCV, diagnosed 1956 — 1996. According to the statistical analysis the independent predictor for
young age at diagnosis was a history of cervical dysplasia and for old age at diagnosis late
menarche. Parity 34 as wel as nulliparity, smoking and unstable marita status were
background factors more common than in the general Swedish female population, but not
correlated with age at diagnosis.

Clinica and histopathological prognostic factors were evaluated retrospectively in 314
patients with squamous cell carcinoma of the vagina. The 5-year disease-specific survival rate
was 45 % and in stage | 75%. In the multivariate analysis there were only three factors that
independently could predict poor survival: high age at diagnosis, large tumours (3 4cm) and
advanced stage. Common background factors with no prognostic significance were prior
hysterectomy, other gynecological maignancies and pelvic irradiation.

The immunohistochemical expression of laminin-5¢g2 chain, an epithelial basement membrane
protein, implicated in tumour cell invasion, was investigated in 59 cases of primary vaginal
malignancies. All epithelial tumours showed g2 chain immunoreactivity. High expression of the
@2 chain was a good predictor of poor survival in the univariate analysis, but not in the
multivariate analysis. A positive correlation between tumour size and g2 chain expression could
also be observed.

Compar ative genomic hybridization (CGH) of 16 primary vaginal carcinomas revealed that
70% carry relative copy number increases that map to chromosome arm 3g. The pattern of
genomic imbalances was strikingly similar to the one observed in advanced cervical tumours.
Most PCV were aneuploid, showed high proliferative activity, low p53 and increased p21
expression. Human papilloma virus was detected in 2/8 cases. In the univariate analysis age at
diagnosis, tumour size, and laminin-5 expression were identified as predictors of prognosis.
Protein expression patternsin six samples from primary vaginal cancers, in five from normal
vagina tissue and in five primary cervical cancers, were analyzed using two-dimensional
polyacrylamide gd electrophoresis (2-DE). A total of 23 protein spots were significantly
differentially expressed among cervical and vagina carcinoma. By using these 23 proteins in
cluster analysis all samples could be classified into three distinct groups (normal vaginal tissue,
vagina- and cervica carcinoma). There might be a possibility to identify tumour-specific
markers among the differentially expressed proteins.

In conclusion this thesis supports the theory of related etiology and tumourigenesis for vaginal
and cervical carcinoma. Crude clinical variables (stage, tumour size and age at diagnosis)
turned out to be independent predictors of prognosis. PCV appears to be an aggressive tumour
characterized by high genomic ingtability, aneuploidy and high proliferative activity.
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INTRODUCTION

Primary carcinoma of the vagina is a rare disease, representing only 1% of al female
genital malignancies in Sweden 2003 [1]. Due to the close proximity of the vagina and
the surrounding organs (cervix, uterus, vulva, rectum, and bladder), 80-90% of the
vagina malignancies are secondary tumours originating from these sites.

The age distribution of PCV is characterised by a peak incidence in the old age-group
(60-80 year). Annually there are about 35 cases reported to the National Swedish
Cancer Registry [1]. The incidence rate of PCV has remained constant for the last
decades[2].

The survival rate has increased with 15% over the last 30 years, which primarily is due
to both improvements in the irradiation techniques and earlier detection [3]. However,
the 5-year survival rate till is quite poor limited to approximately 47%, actuarial, and
63% instagel [4].

Given the rarity of PCV the established knowledge is based on accumulated experience
from different institutions worldwide over a long period of time. Little is known
concerning etiologic factors and there are contradictory data regarding clinical and
histopathological prognostic variables. The etiology may to be smilar to that of
cervical carcinoma and clinical stage is considered as the principal variable predicting
survival. Biological prognostic factors are rarely studied.



BACKGROUND

HISTORY

Primary carcinoma of the vagina was first described in 1826 by Cruveilhier for the
Anatomical Society of Paris [5]. Until 1890 only 57 cases of this disease were
described in the literature [6, 7] and there was no effective treatment. Surgical
extirpation of vaginal carcinoma was described in the 1890s [6, 8] but at the same time
another author stated that any operative treatment was useless [9]. In 1900 the
Wertheim surgery for cervical carcinomawas introduced to vaginal carcinoma by Ernst
Wertheim [10]. Three case reports on the Wertheim procedure were found in the
literature in 1923 but the follow-ups were short [11-13]. For more advanced stages
exenterative surgery was described by Alexander Brunschwig in 1948 which implied
the vaginal carcinoma was removed together with complete excision of the pelvic
viscera. However, the perioperative mortality and morbidity were high [14].

Due to the discouraging results from the surgical treatment and with regard to the close
proximity of the pelvic organsto the vagina, radiotherapy came to play the predominant
role in the treatment. Radium therapy for PCV patients was first reported in the
literature by Taussig in 1929 [15] where only 2 out of 18 patients treated with radium
survived for more than 5 years (Table 1). He stated that “primary cancer of the vagina
is very rare and amost universally fatal and “we acknowledge our total inability to do
anything effective’.

By combining radium with deep x-ray therapy the cure rates increased gradually (Table
1). In 1952 Messelt reported of 78 patients treasted at The Norwegian Radium Hospital
where the five year cure rate was 23% [16] (Table 1). Murphy concluded in 1957 that
“x-ray therapy plays a very important part in the radiologic management of primary
vaginal cancer” and “more efforts must be directed toward improving the radiologic
technique for the advanced lesions’ [17].

Table 1. Review of survival rates in published series of PCV.

Author Study Number of Number of 5-year Overdl
period patients survivors 5-year survival
(%)
Taussig 1906-1929 27 2 7.4
Moench 1915-1930 37 3 8.0
Masson 1910-1927 80 18 225
Messdlt 1932-1945 78 17 23.0
Palmer 1919-1952 75 24 32.0
Murphy and 1919-1955 161 43 27.0
Bozzini
Whelton and 1930-1955 117 31 26.5
Kottmeier
Rutledge 1941-1961 43 15 35.0
Benedet 1950-1980 75 34 45.0
Stock 1962-1992 100 48 48.0
Kirkbride 1974-1989 153 89 58.0
Chyle 1953-1991 301 180 60.0
Frank 1970-2000 193 112 58.0




ANATOMY

The vagina s a collapsed tube consisting of mucous membrane and muscle. It extends
from the uterine cervix to the vestibule of the vagina and lies anterior to the rectum and
posterior to the urinary bladder and urethra. The recess between the cervix and the
vaginais caled the vaginal fornix. The upper border of the posterior wall of the vagina
(1-2 cm) is usualy covered by peritoneum and separated from the rectum by the
rectouterine pouch (the pouch of Douglas). The perivagina adventitious connective
tissue (paracolpium) connects the vagina with neighbouring organs, a firm connection
with the wall of the urethra and a loose one with the wall of rectum (the rectovaginal
septum). The vagina opens into the vestibule formed by the urogenital sinus[18].

Blood and nerve supply

The blood supply of the vagina derives from branches of the internal iliac arteries, the
vagina artery, the vagina branches of the uterine artery, the middle rectal artery and
the internal pudendal artery. The venous drainage of the vagina comes from the vagina
venous plexus along the sides of the vagina emptying into the internal iliac veins [19,
20].

The nervous supply of the superior part of the vagina derives from vagina branches
from the uterovaginal plexus which liesin the broad ligament on each side of the cervix
[20]. The nerve supply to the lower vagina derives from perineal branches of the
pudendal nerve (S2-$4) [21]. In contrast to the extensive nerve supply of the vulvaonly
asmall number of nerve fibers penetrate the epithelium in the vagina. Sensation of light
touch and pain are therefore almost absent in the vagina which explains the fact of
usually asymptomatic infections and tumour growth in the vagina[19].

Lymphatic system

The whole vaginais surrounded by afine capillary network of anastomosing lymphatic
channels. In spite of these numerous anastomoses the lymph drainage appears to follow
aquite regular pattern related to the anatomy of the vagina [19, 22]. The lymphatics of
the anterior wall drain into the lymph nodes of the lateral pelvic wall or the vesicle
lymph nodes and the lymphatics of the posterior wall drain into the pelvic, presacral,
rectal and aortic lymph nodes. The lymphatics of the vaginal vault, as those of the
uterine cervix, drain into the pelvic lymph nodes. The lymphatics from the middle
portion of the vagina usualy drain into the superior gluteal lymph nodes. The
lymphatics of the distal vagina anastomose with those of the vestibule, vulva and anus
and drain into the nodes in the inguinal region [22].

EMBRYOLOGY

The vagina devel ops from the “vaginal plate”, aproliferation of epithelia cellsfrom the
mullerian tubercle which occur at about the 11th week [19]. The millerian or sinus
tubercle is the region where the miillerian, mesonephric and urogenital sinus epithelia
meet. The current opinion is that the vagina epithelium is of dual origin, the upper
three-fifths of the vagina are of mullerian origin, while the lower two-fifths is derived
from the urogenital sinus [23, 24]. The vagina is completely canalized by the sixth
month, which is quite alate event [19].



NORMAL HISTOLOGY

The vaginaislined by a non-cornified stratified squamous epithelium. The thickness of
the epithelium is depending on the function of the ovaries. The mature normal vaginal
epithelium can be divided into 6-10 layers of cells where five levels of differentiation
can beidentified.

There are three layers of the wall of the vagina a mucosa, a muscular layer and a
fibrous layer. The great elasticity of the vagina wall is due to the large number of
elastic fibersin the connective tissue.

Age-related changes in the epithelium and vaginal secretion

The physiological discharge usualy has a clear or white colour. The secretion derives
from the glands of the cervix uteri and from shed epithelia cells in the vagina. The
acidity (pH 4-4.5) caused by the lactic acid protects the vagina against ascending
infections. There is a normal cyclical fluctuation with an increase in flow just before
ovulation [25]. During the proliferation phase the estrogenic stimulation makes the
vagina mucosa thicker due to a raised cellular maturation. After the ovulation and
during the luteal/secretory phase the progesterone stimulation will cause a reduced
maturation and increased cellular desquamation.

Postmenopausally, when the cyclic hormonal simulation cease, the epithelium is
reduced in thickness and the cellular maturation is diminished. The time to the
development of an atrophic epithelium and the degree of atrophy varies considerably
[26].

NATURAL HISTORY OF VAGINAL CARCINOMA

It has been supposed that vaginal carcinoma has a smilar natura history as cervica
carcinomawith the development over a preinvasive phase [27].

Vaginal intraepithelial neoplasa (VAIN) is a rare condition (<1% of al genita
intragpithelial neoplasias) [28]. It is usually asymptomatic and diagnosed by cytology.
The risk factors are the same as for vaginal carcinoma such as previous cervica
dysplasia, prior gynaecological malignancies, prior hysterectomy, HPV and earlier
irradiation. VAIN is predominantly located to the upper vagina, is often multifocal (30-
40% of the cases) [27, 29] and may occur concomitantly with CIN and VIN. In the
literature it has been described that most of the vaginal intragpithelial neoplasia go to
remission, while about 5-10% progress to invasive carcinoma in spite of close follow-
up [28, 30, 31]. Significant multivariate risk factor for persistance or progression were
multifocal lesions [28, 29]. The mean age for VAIN lesions has been reported as 51
years [28, 32]. HPV of different types have been detected in many VAIN lesions and
might thus be etiological agents for the preinvasive vaginal disease [33, 34].

HISTOPATHOLOGY

Preinvasive disease

VAIN 1- mild dysplasia

VAIN 2- moderate dysplasia

VAIN 3- severe dysplasiaand carcinomain situ (CIS)
Postradiation dysplasia



Malighant tumours

The vast majority of vaginal malignancies (80-90%) are squamous cell carcinoma. 4-
10% adenocarcinomas, 3% malignant melanomas, 2% sarcomas and 1% other
histologies[3, 4, 22, 35].

Invasive epithelial tumours

Sguamous cell carcinoma (Figure 1)

According to the terminology proposed by World Health Organization most cancers are
of large cell type and keratinizing cancers are less frequent [26]. Squamous cell
carcinomas of the vagina are heterogeneous, but usually moderately differentiated.
Three gross appearances have been described: nodul-ulcerative, everting or papillary
and infiltrating or indurated [36]. The ulcerative pattern is most common [37].
Microinvasive squamous cell carcinoma of the vagina

The criteriafor the diagnosisis unclear, but a definition of stromal invasion of lessthan
2.5 mm in depth has been proposed [26].

carcinoma of the vagina

Adenocarcinoma

In the case of adenocarcinoma in the vagina a metastasis from other organs (especially
genital and gastrointestinal) must be excluded.

The mgjority of the adenocarcinomas are of the clear cell (mesonephric) type. They are
thought to be preceded by atypical adenosis or glandular dysplasia[38].



Other epithelial carcinoma described in the vagina:

Basal cell carcinoma and adenoid cystic carcinoma [39, 40], synoviod tumour of the
vagina [41] and small cell (neuroendocrine) carcinoma which is a rare and aggressive
tumour showing similarities with those that appear in the lungs [42, 43].

Non-epithelial tumours

Endodermal sinus tumours, malignant melanoma, sarcoma (leilomyosarcoma and
embryonal rhabdomyosarcoma), vascular tumours, lymphomas and stromal sarcomas.

M etastatic tumours

According to a review by Hilborne and Fu 1987 only 16% of invasive vaginal
neoplasm represented primary neoplasms, while 84% were secondary [26].

The most common primary site was cervix (32%), followed by endometrium (18%),
colon and rectum (9%), ovary (5%), vulva (6%) and urinary bladder and urethra (4%).
Of the squamous cell carcinomas 27% were defined as primary while 73 % were
secondary (from cervix and vulva) [26].

CLASSIFICATION AND CLINICAL STAGING

Cases should be classified as vaginal carcinoma when the primary site of growth is
limited to the vagina, not involving the cervix, vulva or urethra. Otherwise the tumour
should be classified as cervical, vulvar or urethral tumour. The possibility of a
secondary tumour from other sites should be excluded. It is sometimes difficult to
discriminate between a secondary cervical carcinoma and a primary vaginal carcinoma.
As most recurrences from cervical carcinoma occur within 5 years many authors have
chosen this limit for a distinction [44], while others have proposed a ten-year disease-
free period following pelvic irradiation for cervical carcinoma [45]. However there is
no consensus in the literature for these definitions.

The currently used staging classification of vaginal carcinoma was adopted 1963 by the
Cancer Committee of the International Federation of Gynaecology and Obstetrics
(FIGO) [46], stage |V has later been subdivided to IVaand IVb [4].

Stage O Carcinomain situ; intragpithelial neoplasia Grade 11

Stage | The carcinomais limited to the vaginal wall

Stage |l The carcinoma has involved subvaginal tissue but has not extended to the
pelvic wall

Stage 1l The carcinoma has extended to the pelvic wall

Stage IV The carcinoma has extended beyond the true pelvis or has involved the
mucosa of the bladder or rectum (bullous oedema does not permit a case
to be stage IV).
IVa  Tumour invades bladder and/or recta mucosa and/or direct extension
beyond the true pelvis
IVb  Spread to distant organs

Modifications of the FIGO staging system for vaginal carcinoma have been proposed,
including subdivision depending on size of the tumour [37] and of stage Il to lla
(subvaginal extension) and Ilb (parametria infiltration not involving the pelvic wall)
[45, 47, 48].



Mode of spread

Vaginal carcinoma spreads primarily by local invasion. The thin wall of the vagina, the
extensive lymphatic network will make the vagina tumour grow rapidly and spread
early to regional lymph nodes and paravaginal tissues with involvement of the urethra,
bladder and rectum. In advanced cases development of fistulas to the neighbouring
organs might occur. Tumours in the upper vagina spread to the pelvic nodes while
tumours in the lower part spread to both the pelvic and inguinal nodes (for details see
above). Haematogenous spread is unusua. The most common sites for distant
metastases are the lungs, the liver and the bone.

EPIDEMIOLOGY AND ETIOLOGY

The etiology to vaginal carcinoma is not well known, but has been supposed to be
similar as cervical carcinoma. Some case-control studies have been conducted to
elucidate epidemiological data and risk factors for vaginal carcinoma, but due to the
rarity of PCV, the materials are small and the results are somewhat contradictory [49-
53]. The possible etiological factors are summarized in Table 2.

Incidence and geographic differences

There were 1387 cases of carcinoma of the vagina reported to the National Swedish
Cancer Registry in the period 1958 - 2003. The age-standardized incidence rate
(adjusted to the world standard population) varies between 0.3 - 0.6 per 100000 women
but without any certain time-trend [1].

The highest rates of vaginal carcinoma have been found in South America, among
black women in the United States and in India [54, 55]. A low rate has been observed
among Jewish women [56].

Table 2. PCV. Summary of etiological data.

Etiological factors

Risk factors Other risk factors Possible riskfactors

Age Other gynecological dysplasia and Immunosuppression
neoplasia

Earlier CIN, VAIN and/or Smoking Nulliparity

neoplasia of the cervix

Early hysterectomy L ow socioeconomic status Estrogens

HPV! (and other STD?) Earlier pelvic irradiation High age at menarche

Low age a menopause
Unstable marital status Other malignancies
Number of sexua partners
Early age at first intercourse

Vaginad trauma from pessaries,
prolapse, high gravidity and/or
hygienic factors

'HPV-Human papillomavirus, °STD-Sexually transmitted disease



Social characteristics

The age-specific incidence rate is highest after the age of 60, with a peak in the 70-80
year-old age group (Figure 2). Only about 11% are less than 50 years old [55, 57].

Low socio-economic status (low socia class, low family income and low educational
level) has been found to be more common among cases with vaginal carcinoma than
among control cases [49, 50, 56, 58], but in more recent follow-ups the social class
differences have diminished [58].

Unstable marital status has been found among patients with vagina carcinoma with a
tendency for an increased risk among separated and divorced women compared to
married women [52, 56].

The well established risk factors for cervical cancer (number of sexua partners, early
age at first intercourse, smoking and alcohol) have a so been observed in the etiology of
vaginal cancer [49, 50, 52, 56, 59-61].

No. of cases
160
140
120
100
80
60 . /
4,;55’
40 i
20 %
i 7
0 5?;563'{ 7
-40 -50 - 60 -70 - 80 -90
Age

Figure 2. Age distribution for carcinoma of the vagina (1987-93).
Pettersson F, ed. Annual report vol 22.

Reproductive data

Menstrual history and parity have been supposed to be involved in the etiology of PCV
and therefore frequently investigated in the literature, especialy in the older papers. An
increased risk for the disease with late menarche (>14 years) and with early natura
menopause (<45 years) has been described [49], which compares well the social class
variation, that the age at menarche is highest and the age at menopause lowest in lower
socid classes[58, 62].

Multiparity has been discussed as a risk factor with the hypothesis that high pregnancy
rate with injury to the vaginal walls at delivery could be a contributable factor.

On the other hand aso nulliparity has been considered arisk factor with the hypothesis
that the reason for nulliparity may be a pelvic inflammatory disease, caused by a
sexually transmitted agent, which might also be the risk factor for vaginal carcinoma.
However, in the case-control studies by Brinton et a and Daing et a no correlation
between parity and PCV was observed [49, 50].
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Other diseases

The metabolic syndrome (obesity, diabetes mellitus and hypertonia) has been pointed
out as a possible risk factor for PCV [64], while other studies have not verified any
association [36, 49].

Y oung women with immunosuppressive disorders such as HIV and concomitant HPV
infection have been described to be at increased risk for rapidly progressive vaginal
carcinoma[65].

Human papillomavirus (HPV) has been described in the literature to be arisk factor for
developing vaginal carcinoma [50, 51, 53, 66-68]. HPV has been detected in 21-76%
(average 53%) of vagina carcinomas with HPV-16 as the most common subtype [50,
51, 53, 67, 68]. Other infection agents found to be associated with the disease are HSV -
2 [50, 51, 53] and Chlamydia trachomatis [53]. However, the strongest effect was
observed when antibodies against those two agents occurred simultaneously with
antibodies against HPV-16 [53]. Other sexually transmitted diseases such as syphilis,
gonorrhea and granuloma inguinale have been reported to occur prior or concurrent
with vaginal carcinoma but the significance of thisis unknown [56, 69-71].

Cancers of other sites prior to the vaginal carcinoma

The theory of multicentric primary gynaecologic neoplasms have been emphasized by
severa authors [55, 72-74] and a statistically significant increased risk for secondary
gynaecologic neoplasms in women with cervical, vulvar and vaginal carcinoma has
been found [73]. Vaginal cancer preferentially follows cervical cancer. According to
earlier studies 30% of patients with PCV had prior CIS and/or invasive cancer [50, 72,
75).

An association between other primary carcinomas and PCV has been shown, especially
carcinomas related to smoking [59, 76, 77], but aso carcinomas related to HPV
infection (other than cervical- and vulvar carcinomas) such as carcinomas of the upper
aerodigestive tract, nonmelanomatous skin cancers and anal carcinomas [59, 77-79].
Little is known about the importance of genetic factors for the development of vaginal
tumours. Rose et a found that 25% of the patients with multiple gynaecologic cancers
had a family history of cancer, but the degree of kinship was incomplete in that study
[73].

Treatments/surgery prior to the vaginal carcinoma

Hysterectomy

An excess risk for developing PCV associated with previous hysterectomy irrespective
of the reason was found in some studies [49, 70, 80, 81]. The risk was highest in
women who reported a hysterectomy prior to age 40 [49]. Daling et a 02 also found an
increased risk for PCV but only among hysterectomised patients with no prior
anogenital cancer [50]. However, in another study no increased risk for PCV was
observed in patients hysterectomised for benign disease [82]. Prior hysterectomy has
been reported in 37% (range 9-59%) of patients in earlier studies [27, 44, 49, 64, 70,
80, 83-89]. In patients with prior hysterectomy due to dysplasia or neoplasia of the
cervix, PCV could be caused by the same etiological agent and/or residual disease in
the upper vagina due to unclear surgica margins. However with regard to the
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multicentric nature of the disease clear surgical margins might not assure a total
eradication of the disease [27, 75].

Pelvic radiation therapy

Pelvic radiation therapy, especialy for prior cervical disease, has been pointed out as a
risk factor for developing carcinoma of the vagina [45, 75, 90-92]. Women who were
under 40 years when irradiated for cervical carcinomawill be at high risk of developing
PCV 10 to 40 years later [72, 93]. However, data from another study suggest that
radiation induced vaginal cancer is quite arare event [73].

Chronicirritation and trauma

Chronic irritation and trauma to the vagina caused by uterovaginal prolapse, long-term
pessary use, vagina plastic surgery, hygiene factors (vaginal douching) and chronic
vaginal discharge have been associated with vaginal carcinoma[49, 56, 84, 90, 94-96].
The mechanism might be that the continuous trauma to the vagina epithelium from the
prolapse and/ or pessary induce tissue repair processes and may result in an ulceration
and malignant transformation of the epithelial cells leading to the development of
VAIN and invasive squamous cell carcinoma[96, 97].

Hormones

Some cases of vagina carcinoma have been found among patients treated with
corticosteroids. In vitro studies have shown that steroids (dexamethasone) increased the
expression of HPV E6 and E7 [98, 99], which in addition to the immunosuppressive
condition caused by the steroid therapy might contribute to the development of PCV.
Thereis clinical evidence that early VAIN (vaginal intragpithelial neoplasia) lesionsin
postmenopausal women should be treated with estrogens applicated vaginally as a
firstline treatment. This may mature the vaginal epithelium and thus converting the
surface epithelium to normal [100]. Otherwise there is not much data in the literature
concerning the use of exogenous estrogens and vagina carcinoma. Brinton et al did not
find any elevated risk neither with the use of oral contraceptives nor menopausal
estrogens [49]. Studies on cervical carcinoma have revealed increased risk with the
duration of steroid usage [98]. It has been demonstrated that steroid hormones (both
estrogen and progesterone) enhance the transcription of HPV E6/E7 proteins and might
thus be essential cofactors in the HPV(16)-mediated cervico-vaginal carcinogenesis
[98, 101-103].

Clear cell adenocarcinoma related to intrauterine exposure to diethylstilbestrol (DES), a
nonsteroidal estrogen, used in the United States from 1940 to 1971 to prevent
miscarriage, has been discussed frequently [104]. They occur in young women with a
peak incidence at 19 years [105], but are diagnosed less frequently in recent years as
prescription of DES has been discontinued. In Sweden DES has not been used and no
cases have been reported in our studies.
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CLINICAL FEATURES

The most common presenting symptoms are vagina bleeding and discharge (60-85%)
[37, 70, 75, 106]. Other less common symptoms are pelvic pain (10-20%), presence of
amass or vagina prolapse (10%). Pelvic pain is usually alate symptom related to the
tumour size and the reaction from the surrounding tissue. Other symptoms often related
to the position of the vaginal tumour are bladder symptoms (20%) from anterior
tumours and bowel symptoms from posterior tumours [75, 107]. Some patients are
asymptomatic (10-25%) preferably those with early stage disease and the diagnosis is
then made by routine gynaecological examination or by smear taken in the screening
programme for cervical carcinoma[70, 75, 106, 108].

Viiki et a provided evidence that positive cytology, when taking Pap-smear in the
screening program, followed by negative histology significantly increased the risk of
vaginal carcinoma which was greatest during the first year of follow-up and persisted
for more than five years [108]. Brinton et al also found that a previous abnormal Pap-
smear significantly elevated the risk for vaginal carcinoma [49]. Furthermore other
studies have shown that 80% of VAIN lesions are detected in women with prior,
concurrent or subsequent CIN and VIN [27, 100].

TREATMENT
Radiation therapy

Radiation therapy (brachytherapy (BT) and/or external radiation therapy (ERT)) has
been regarded as the standard treatment for invasive vaginal carcinomain al stages|[3,
83, 88, 106, 107, 109-112]. According to the Annua report [4] 82% of the patients
received radiotherapy, either alone (62%) or in combination with surgery (20%). In
15% of the cases, primarily with stage | disease, the treatment was surgery alone [4].
Brachytherapy has been recommended for superficia early stage vagina carcinoma
[113], whereas for more advanced stages combined treatment modality (ERT+BT)
results in superior local control and survival [88, 109, 113, 114]. The external radiation
therapy is often delivered with a four field technique, 40-70 Gy, 1.8-2.0 Gy daily, 5
days a week over a period of 5-6 weeks. The target volume usually includes the entire
pelvis with the primary tumour and the pelvic lymph nodes.

The reported results are similar from high-dose-rate (HDR, >12Gy/h) and |ow-dose-
rate (LDR, <2Gy/h) brachytherapy [113]. The use of interstitial brachytherapy instead
of intracavitary treatment has been advocated by some authors in order to obtain better
dose distribution and thusimproved local control [88, 111, 113, 115-117].

The radiation therapy ought to be individualised and tailored according to the size, site
and extent of the vagina tumour and also with regard to the age and the genera
condition of the patient [114]. The complex lymphatic drainage of the vagina should be
considered when planning the therapy. The most frequently affected lymph nodes are
the external, internal and common iliac nodes [22].

However according to the majority of earlier studies the primary failure site for vaginal
carcinoma is local recurrence (vagina and paracolpol tissues), with rare initial failures
in the external, common iliac and presacral nodes [37, 83, 112]. Against this
background Y eh et a found that without decreased control rates, it was possible to use
smaller pelvic fields where the upper border of the field should not extend beyond the
lower limit of the sacroiliac joints except for advanced stages[112].
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Chemotherapy

The knowledge concerning chemotherapy in PCV is limited with regard to the rarity of
the disease. Chemotherapy has mostly been used as paliative treatment. However
recently chemotherapy given concurrently with radiation therapy (chemoradiation) has
been advocated for yielding superior survival in advanced stages (11-1V) of PCV [114,
118, 119] in agreement with the experiences of cervical carcinoma [120, 121]. The
chemotherapy used in the combined treatment modality for vaginal carcinoma has been
cisplatinum, 5-fluorouracil (5-Fu) or mitomycin-C [114, 119]. Neoadjuvant
chemotherapy with cisplatinum and epirubicin to patients with advanced or recurrent
sguamous cell and adenocarcinoma of the vagina has been described [122, 123], but the
results have been desolated.

Surgery

Surgery may be an appropriate therapy for patients with early stage disease of PCV
[118]. Surgery followed by selective radiotherapy has been found to improve survival
in early stages [94, 95, 124]. Small lesions in the upper vagina may be treated by upper
vaginectomy and radical hysterectomy with pelvic lymphadenectomy [95, 118].
Lesions in the distal vagina can be treated by partial vaginectomy, vulvectomy and
inguinal lymph node dissection [95, 118]. Advanced stages of PCV with bladder or
rectal involvement but not fixed to the pelvic sidewalls requires exenteration (anterior,
posterior or total) with the enclosed problems of stomata [95, 118]. Surgery results in
atered anatomy and loss of vaginal function with morbidity depending on the extent of
the surgical procedure. Radiotherapy has therefore become the most common treatment
for PCV as both the anatomy and the vaginal function are better preserved. For patients
with recurrent disease after radiotherapy, surgery may be the treatment of choice.

Complications of radiotherapy

Vagina stenosis of different degrees is the most common complication after radiation
treatment for PCV with an occurrence of 25-40% [45, 70, 106, 116]. This complication
is most likely associated with the intracavitary treatment but also with the tumour size
and stage of the disease [27]. Fistulas, vagina necrosis, bowel and bladder
complications have been reported to occur in 10-20 % of the cases [45, 65, 70, 83, 87,
89, 106, 109, 111]. Major complications are correlated with stage and type of treatment
[83, 109], the irradiated volume [112] and the total dose delivered to the tumour [65].
Most complications appear within five years, but some may occur beyond this time, up
to 16 years after treatment [83]. Fistulas and bowel complications are especialy
frequent when previously irradiated patients are retreated with radiotherapy no matter
how long the interim period may be[72].
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SURVIVAL

The overal 5-year survival rates have improved during a 30-year period (1959-89) with
15% [4] (Table 1). Thisis most likely due to advances in the irradiation technique and
increased knowledge in radiobiology, but also due to earlier diagnosis of the vaginal
carcinoma. However, the prognosis is ill relatively poor with an overal 5-year
survival rate of 47% [4] (Figure 3).
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Figure 3. Carcinoma of the vagina. Actuarial survival by stage. Cumulative
proportion surviving. Pettersson F, ed. Annual report vol 22, 1994.

PROGNOSTIC FACTORS

According to the literature clinical stage is the most important factor predicting
survival. An analysis of 916 cases obtained from the National Cancer Institute's
Surveillance, Epidemiology, and End Results program of vagina cancer, indicated that
FIGO stage, histologic grade, lymph node status and patient’s age at diagnosis were
independent prognostic factors. Additional analysis of the data by combinations of the
independent prognostic factors indicates that the interaction of factors may be more
predictive of outcome than any separate factor [126].

Another important prognostic factor, not studied by Kosary et a, is the tumour size,
where tumours <5cm are considered to have best prognosis [83, 106, 114]. In paper |1
in this thesis, which comprising one of the largest materia of PCV, the independent
prognostic factors observed were stage, tumour size and age at diagnosis.

Studies on the prognostic significance of histology, histologic grade and tumour
localisation have produced contradictory results. According to some studies
adenocarcinoma in the vagina has worse prognosis than squamous cell carcinoma [83,
116], while others have not detected any difference in survival [106, 127]. Poorly
differentiated tumours have been associated with worse prognosis in some studies [106,
107, 109], but not in others [128, 129]. Tumours located in the upper vagina have been
ascribed better survival than tumours in the lower part [107]. However this finding has
not been confirmed by other authors [109, 116].

Concerning the prognostic impact of biological factorsin PCV little is known to date.
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CARCINOGENESIS

In the beginning of 1800 cancer was described as a cancerous infection with an
“irresistible tendency to invade and destroy structures and with a power of self-
dissemination” [130]. In the 1840s a German microscopist, Johannes Mueller, showed
that cancer was made up of cells [130, 131]. It had further been noticed that cancer not
infrequently appears in several members of the same family [130]. In 1890 David von
Hansemann observed mitotic disturbances in cancer cells which divided into three or
four cdls, instead of two as normal cells, and further he discovered that the
chromosomes were changed in shape and number [132]. In 1914 Boveri declared the
somatic mutation theory of cancer [133, 134]. In the 1920s it was noticed that there
could be a long latent period (up to 30 years) between the first exposure to a
carcinogenic chemical and the development of cancer, referred to as the precancerous
stage [135, 136]. The two events were termed initiation and promotion [137]. Evidence
for the two-stage mechanism in carcinogenesis was obtained by the studies of
Berenblum and Shubik [138]. In the 1950s Armitage and Doll presented the hypothesis
that cancer is developed through a complex multistage process [139], which has
become generally accepted. It is believed that at least four to Six genetic aterations are
required that occur stepwise [140, 141]. The first genetic damage (initiation) is either
inherited or acquired.

During the last 30 years there have been a rapid increase in the knowledge of tumour
biology due to the advancementsin biological technology, that have made it possible to
study genetic changes in the cancer cells and the affected proteins and thereby
identifying diagnostic, prognostic and therapeutic markers.

The mechanism of growth control in normal cells, benign tumours, in situ tumours and
malignant tumours has been widely studied but is yet not clearly understood.

Normally the stimulatory and inhibitory factors of growth control are strictly in balance
until growth stimulus is required either for repair or due to extra work from a specific
organ.

In malignant tumours all cells appear to share similar changes in cell physiology,
termed “acquired attributes’ including ability to generate their own stimulatory and
mitogenic signals, resist growth-inhibitory signals, avoid apoptosis, proliferate without
limits, undergo angiogenesis and become invasive and metastasize [141].

The cancer genes frequently affected are proto-oncogens that are activated (ex K-ras, c-
myc, bcl-2, EGFR) and tumour suppressor genes that are inactivated (ex TP53, RB1,
PTEN) and the DNA repair genes that are defect (ex mis match repair genes).

The proteins of these genes act through complex networks of different cellular
pathways that are closely connected. Recent research on experimental malignant cell
transformation indicate though that disruption of a limited number of pathways will be
sufficient for deregulation of the cell cycle and tumourigenesis[142].

Cell division cycle and its regulation

During the last decade the knowledge has increased immensely concerning the
regulation of the cell cycle, in which the cell duplicates its genetic material and divides
into two identical daughter cells. The cell cycle can be broken down into four different
phases: the S (synthesis) phase and the M (mitosis) phase, which are separated by two
gaps known as G1 and G2. During G1, the cells “decide’ in response to a variety of
extracellular and intracellular signals as to whether to proceed into S phase or be
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withdrawn from the cell cycle and become quiescent or terminally differentiated (GO).
The final decision is made near the end of the G1, termed the “restriction point”. Once
the cells have entered S phase, they are committed to complete the cell cycle and divide
and does not respond to externa signals. Most of the cells in the body of adults are in
GO. Only cellsin GO and G1 can respond to extracellular proliferative stimulation. The
transition between the phases in the cell cycle is determined by different classes of
cellular proteins[143] (Figure 4).
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Figure 4. Cycline dependent kinases (cdks) drive the cell cycle forward, but
only in association with aregulatory subunit, called cyclin. The cyclins appear
and disappear in a carefully controlled “cyclic” pattern mediated by
transcriptional activation of the cyclin genes and degradation of the proteins.
The activity of the different cdks is also regulated by binding of cdk-inhibitors
(CKI). The cyclins and the cdks can be grouped according to their activity in
the different phases:

In GO and early G1 the cdks are suppressed by high levels of CKI and low
levels of cyclins. G1: cdk4 and 6/cyclin D1-3, cdk2/cyclin E, in S: cdk2/cyclin
A and E, G2: cdkland 2/cyclin A and cdk 1/cyclin B and in M phase:
cdk1/cyclin A and cdkl/cyclin B

The CKI constitute two families: the INK4 family (p15N¢%, p16'N<“48 p1g!NK4e
p19'NK4%) and the CIP/KIP family (p21°'7, p27'™, p57K'7?).

To control the progression of the cell cycle there are a number of regulatory pathways,
for instance pRb and p53 pathways, acting through checkpoints. Crucia checkpoints
are in GUS (the restriction point) (Figure 4), G2/M and in M phase (the spindle
checkpoint). In the absence of mitogenic signals or in case of DNA damage/error the
checkpoints are activated, preventing the cell cycle from progression.

The CKls of the INK4 family act only at the G1 checkpoint, while the CIP/KIP family
actsin all the cell cycle phases (Figure 4).

The protein product (pRB) of the retinoblastoma tumour-suppressor gene (RB-I,
chromosome 13g14) acts as a transcription factor and plays an important role in
regulating the ability of cellsto enter S phase [144]. In G1, when CDKs are absent the
hypophosphorylated retinoblastoma protein (pRb) remains associated with E2F.

In the presence of mitogenic signals Cyclin D starts to accumulate forming CDK 4/6-
Cyclin D complex which phosphorylates pRb and releases E2F [145]. In the activated
form E2F stimulates transcription of genes encoding proteins necessary for S-phase
entry, for example Cyclin E. The CDK2/Cyclin E holoenzyme formed in the late G1, is
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important for passing through the G1/S boundary. For fully active CDK2 p27'™ has to
be degraded. p27°'™ is consequently considered to be a key mediator of the GL/S
transition.

p53 is a 53 kDa nuclear phosphoprotein coded by the p53 tumour suppressor gene
located on chromosome 17p13. It acts primarily as a transcription factor and is regarded
as the guardian of the genome [146]. In normal cells the levels of the short life p53
(“wild type’) are low, suppressed by its negative regulator MDM2. In response to
cellular stress (DNA damage from drugs and ionizing radiation, hypoxia, oncogene
activation) phosphorylation of p53 by protein kinases, such as ATM and p19*™", blocks
MDM?2 binding resulting in a cascade of modifications that activate p53 DNA binding
on target genes such as p21°F |, Bax and GADD45 leading to cell cycle arres,
apoptosis or DNA repair [147]. p21 is an essential downstream mediator, acting on a
variety of cyclin/lCDK complexes, thereby p53 initiated block can occur in both G1 and
G2/M phases [148, 149]. The p21 gene is located on chromosome 6p21 [150]. The
GADD45 gene product interacts with different cell cycle proteins such as PCNA and
contributes to DNA repair and G2/M cell cycle arrest [147].

Cell cycle disturbances in cancer

Cancer is commonly considered a disease of the cell cycle, since it originates from the
functional suppression of negative regulators (often encoded by tumour suppressor
genes- p53 pathway and the Rb pathway) and abnormal expression or activation of
positive regulators (often encoded by proto-oncogens) [143, 151].

I nactivation of negative regulators

The p53 and pRb pathways have been widely studied the last two decades and many, if
not al, human tumours contain mutations that directly or indirectly interfere with the
function of p53 and pRB [144, 152]. Inactivation of p53 function, either by mutation of
wild type p53 or mutation-independent mechanisms, hamper cellular processes such as
cell cycle arrest and apoptosis, with a concomitant loss of cell cycle control [153].
Mutated p53, which has a longer half-life, than the wild type, accumulates in the cell
and is detectable with immunohistochemical methods. According to recent reportsit is
evident that p53 gene mutations correlate with the clinical aggressiveness of a tumour
[154, 155]. However studies on different gynaecological malignancies have failed to
show that p53 is an independent prognostic variable [156].

HPV oncoprotein E6 and E7

In cervical cancer mutations of the p53 and pRb genes are rarely detected. The
principle causative agents for cervical carcinoma, the human papillomavirus (HPV)
serotypes 16 and 18, express the oncoproteins E6 and E7 which interact with p53 and
pRb respectively, leading to inactivation of these proteins. By binding to pRB E7causes
disruption of the pRb/E2F complex and thereby activating the cell cycle by overcoming
the G1/S checkpoint control in DNA-damaged cells [157]. E6 complexes with p53
leading to degradation of the protein. Other HPV (6 and 11) are considered as low risk
types mainly due to a lower ability of the oncoproteins E6 and E7 to interact with
tumour suppressors and inactivate them and other regulatory proteins [158].

HPV is detected in 50-80% of al cases of vaginal carcinoma [50, 159]. Overexpression
of p53 have been found in 20-50% of PCV [159, 160], while no aterations in the pRb
expression have been shown [161]. Thus inactivation of p53 might occur either by
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mutation or mutation-independent mechanisms (HPV E6) in vaginal carcinogenesis.
Likewise in vulvar carcinoma HPV is found only in a small fraction of the cases [162,
163], and p53 overexpression has been demonstrated in 40-80% [162, 164].

Increased levels of p21 have unexpectedly been seen in many cervical carcinomas,
which thus might occur via p53 independent pathways, for example by E2F which is
generaly activated in HPV infected cells. However the oncoprotein E7 can associate
with p21 and aso with p27, inactivating their functions, without degrading them.

The prognostic importance of p21, p27 and pl16 has been investigated in numerous
studies with conflicting results [165]. In a recent study concerning cervical carcinoma
and expression of p21, p27 and pl6 no independent prognostic association could be
found [166].

Induction of positive regulators

High cyclin A expression has been reported in vulvar and cervical carcinoma [167,
168]. In cervical carcinoma this was correlated with poor prognosis [168], but not in
vulvar carcinoma [167]. In paper |V a high expression of cyclin A was found in the
majority of PCV. Overexpression of cyclin E has been found in cervical carcinoma
[169, 170Q], but there was no correlation with the prognosis [169]. On the other hand, in
breast cancer cyclin E has been reported to be the strongest independent predictor
[171]. Cyclin E overexpression in cervical carcinoma might be the direct result of the
HPV E6 and E7 proteins. HPV E7 leads to an inactivation of pRb and thereby to an
increased transcription of cyclin E (by E2F). In cervica carcinomas, that express HPV
E6/E7 oncoproteins, the most characteristic features appear in the up-regulation of
cyclin E and p16 expression, which also might be used for diagnostic purposes in order
to discriminate between benign, dysplastic and neoplastic lesions [157, 172-174].

The most commonly studied oncogenes in gynaecological cancers are c-myc, k-ras and
growth factors such as c-erbB2 and EGFR (epidermal growth factor receptor) [156].
Overexpression occurs in various degrees and there are conflicting data concerning the
prognostic impact of overexpression of these genesin ovarian, endometrial and cervical
carcinoma[156]. In vaginal carcinomas overexpression of c-erB2 and EGFR have been
detected only in a minority of the cases, and no correlation with prognosis was shown
[161]. In cervical carcinomas overexpression of c-erbB2 was detected in 40% of the
cases [175-177], but was found to be uncommon in another study [178].

The product of the c-erbB2 (or HER-2/neu) oncogene is a growth factor receptor with
tyrosine kinase activity. The receptor tyrosine kinase (RTK) (one type of GFR), has
been implicated in the development of human neoplastic diseases. The RTKs are
activated by ligands (ex EGF, PDGF) binding to their extracellular domain (ex EGFR,
PDGFR) and activates the protein tyrosine kinase resulting in a cascade of intracellular
signals, which affects various genes, for example Ras oncogene [179)].

Therapies targeting tyrosin kinases have been devel oped: Herceptin, Gleevec and Iressa
[180].

Cell proliferation markers

Different techniques have been developed to asses the proliferation (growth fraction) of
a tumour [181]. An early method is to determine the S-phase fraction by means of
image- or flow-DNA content cytometry [182]. Other methods are measuring of
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immunohistochemical expresson of nuclear proteins such as Ki-67, PCNA
(proliferating cell nuclear antigen) and cyclin A.

The genera proliferation marker Ki-67 is expressed in all phases of the cell cycle
except GO [183]. In a variety of tumours (for instance breast and prostate carcinoma),
the Ki-67 expression has repeatedly been proven to be of prognostic value for survival
and tumour recurrence, while no such correlation has been demonstrated for other
tumours (for instance cervica carcinoma) [184, 185]. However, the functional
significance of the protein still remains unclear [185]. The disadvantage of the first
monoclona antibody against Ki-67, described in 1983 [186], was that it could only
work on fresh tissue specimens. This was overcome in 1992 when the monoclonal
antibody MIB-1 was available and could be used in formalin-fixed paraffin sections
[187].

PCNA interactes with severa cell cycle regulators and is essential for DNA replication
and repair. It is synthesized in late G1, S and aso in G2/M phases of the cell cycle. It
therefore cannot be used as ardliable S-phase marker.

Cyclin A dtarts to accumulate during S phase and is believed to be important for
initiation of DNA replication. In mitosis phase before metaphase it is abruptly
destroyed. The cyclin A gene is located on chromosome 4g26-g27 [188] and synthesis
Is controlled by E2F and other transcription factors [189].

INVASION AND METASTASIS

The molecular pathways that lead to invasion and metastases still remain unclear.
Degradation of extracellular matrix (ECM) macromolecules in the basement
membrane, such as collagens, laminins and proteoglycans is considered one of the first
steps in tumour invasion and the development of metastases. It has been found that
many malignant tumours have higher levels of proteases and collagenases than the
corresponding normal tissue why it has been generally accepted that tumours produce
and secrete |ytic enzymes that degrade the normal tissue [190]. Triggered production of
matrix metalloproteinases (MMP-2) in metastatic cells, but not in non-metastatic cells
has been demonstrated [191].

Angiogenesis is a mgjor event in tumour growth and metastasis as the tumour requires
blood supply to receive nutrients and oxygen for survival. A potent inducer of
angiogenesis was shown to be VEGF, a protein released from the cancer cells acting at
specifically receptors on endothelial cells [192]. Mutations of Ras and/or p53 are
thought to be causative for tumour-associated angiogenesis by regulate the expression
of VEGF [193].

Laminin-5 and tumour invasion

Tumour invasion is characterized by the tumour cells crossing the basement membrane
(BM) marking the difference between a malignant and benign tumour [194]. Laminins
are molecules of the basement membranes (BM), which are thin, dense sheets of ECM,
separating the epithelium from the underlying connective tissue. The laminins
congtitute together with type IV collagen, nidogen and perlecan the magjor components
of the BM. They are thought to have an important role in cell adhesion, migration,
differentiation, proliferation, survival, angiogenesis (Ln-8, 10) and metastasis [195].
The laminin family is a group of large cross-shaped heterotrimeric proteins composed
of three subunits: one heavy a- chain and two light b- and g-chains[196, 197]. Thefirst
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laminin (laminin-1, alb1gl) wasisolated more than 20 years ago and in the end of the
1980s several homologs of these chains were isolated. At present at least 12 different
laminins are identified [195]. They are synthesized by numerous cell types and
expression of laminin isoforms are cell- and tissue specific [195] with different
biological functions [197].

Laminin-5 (Ln-5) (also referred to as kalinin, nicein, epiligrin or ladsin) is produced
only by the epithelial cells [198] and consists of, a3, b3 and (2 chains [196, 199]
(Figure 5). These three subunits are coded by specific genes the LAMA3 gene on
chromosome 189112 (a3,), LAMB3 on

chromosome 1932 (b3) and LAMC2 on 1g25-31 a3
() [200, 201]. Laminin-5 plays an important rolein N-termina
epithelia cell adhesion to the basement membrane b3 G O @

forming hemidesmosomes by binding integrin
receptors. Integrins recognize mainly laminin a
chains, but may also recognize b and g chains,
hoewever these interactions are less well understood
[195]. The C-terminal domain binds to cell surface
receptors, providing cell anchorage and thereby C-terminal

signal different regulating pathways and expression

of _sp_ecif_ic genes. With their N-term? nal parts, Figure 5. The heterotrimeric
laminins interact with extracellular matrix proteins laminin-5 molecule.
mediating cell-ECM interactions [202].

Studies have shown that the ¢2-chain of Ln-5 is expressed by the migrating
keratinocytes but not by the stationary ones in wound healing in skin [200, 203]. In
epithelial tumours thereis an intracellular (cytoplasmatic) accumulation of the g2-chain
located at the epithelial-stromal junction, the invasion front [204]. In invading cells,
overexpressed laminin @2 chain appears to be present in a monomeric form, as laminin
a3 and b3 chains are absent or found at much lower levels[195].

Ln-5 can act as a motility factor and at other times as an adhesive factor, depending on
the state of proteolytic processing [194, 195]. Plasmin cleavage of laminin a3 chain
makes Ln-5 adhesive [205], whereas cell-surface metalloprotease MT1-MMP and, to a
lower extent, MMP-2 triggers migration by cleavage of the N-termina regions of the
g2-chain [195, 206, 207].

Severa immunohistochemical studies have reported that Ln-5¢2-chain expression is
up-regulated in invading cancer cells, suggesting it as a marker of invasiveness in
squamous cell carcinomas and other epithelial malignancies [199, 204, 208-213].
Increased expression of the g2-chain has also been correlated with a more aggressive
behaviour of the tumour [209, 214, 215], which has also been observed in PCV (paper
[11). However, according to some reports the expression of the Ln-5g2-chain seems to
be reduced in the course of malignancies, which might be indicative of metastatic
potential [194, 211]. In studies of breast and prostate cancer a down-regulation of Ln-
5¢-chain has been reported [198, 216, 217]. Furthermore the expression of the 2-
chain has been revealed to be a marker of microinvasiveness in cervical and vulvar
carcinoma [218, 219]. Immunohistochemical detection of Ln-5¢2-chain is the most
common method, using both mono- and polyclonal antibodies [220]. The N-terminal
part of the g2-chain released from the invading tumours can be immunodetected in the
biological fluidswith a potential usein clinical diagnosis of invasive tumours [221].
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GENOMICS

Over the past decade, our knowledge of genomics (the study of the human genome) in
malignancies has increased enormoudly. In 1956 the correct number of chromosomesin
man was finally established (44 autosomes and 2 sex chromosomes) by Tjio and Levan
[222]. Hitherto, in the Human Genome Project [223] 20-25000 genes have been
identified (approximately 98% of the human genome) and the National Cancer Institute
(NCI) has established the Human Tumour Gene Index, which is available over the
Internet [224)].

Nuclear DNA cytometry

Methods for the assessment of nuclear DNA content have gradually developed since
Caspersson 1936 introduced microspectrophotometry [182, 225].

Two cytometric methods are generaly used, flow cytometry (FCM) and image
cytometry (ICM).

Both methods can be performed on fresh, frozen or formalin-fixed paraffin-embedded
tissue. In flow cytometry, the most common method, cell nuclei are stained with a
fluorochrome. The nuclear fluorescence in the cell suspension is quantified by the flow
cytometer. The amount of fluorescence is assumed to be equivalent with the amount of
the DNA [182]. An advantage of this method is the capability to rapidly analyze large
cell populations (approximately 20000 nuclei per specimen). A disadvantage is
however the inability to distinguish between normal and tumour cells. Further the cell
dispersion must be entirely monocellular otherwise there might be errors.

Image cytometry is based on Feulgen staining, a method described by Feulgen and
Rossenbeck 1924 [182, 226]. With the image method the DNA staining can be
measured on microscopic slides and 100-500 whole cells are microscopically selected
for the analysis. Thereby small tumour populations within large stroma components
can be successfully analysed with ICM, in contrast to FCM where small subpopulations
of aneuploid tumour cells may be overlooked [227, 228].

Nuclear DNA content can be of vaue both as a diagnostic and a prognostic marker.
The ploidy pattern generally remains unchanged throughout tumour progression.
Distinct aneuploidy can be observed early in the carcinogenesis making it possible to
differentiate between different cellular aterations (non-specific, premalignant and
malignant) [155].

Numerous studies have confirmed DNA ploidy as a prognostic factor for endometrial,
breast and prostate carcinoma, dividing the tumours into two types. diploid, that
progress dowly and aneuploid, that progress rapidly [155, 229, 230]. Cervica
carcinoma most often show DNA aneuploidy and studies have failed to verify any
prognostic significance depending on DNA content [156, 231]. In vulvar carcinomas
there are contradicting results with regard to the prognostic impact of the nuclear DNA
content [156]. Most vagina carcinomas have been observed to be aneuploid (paper
V).
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Comparative genomic hybridization

CGH is based on quantitative two colour fluorescence in situ hybridization first
described by Kalloniemi 1992 [232]. It produces a map of DNA copy number changes
throughout the entire genome, visualized as gains and losses on a karyogram.

The major advantage of CGH is that it alows a screening of genetic changes in the
entire genome. The limitation is that CGH only detects changes being present in a
substantial proportion of tumour cells. It does not reveal trandocations, inversions, and
other dterations that do not change copy number. By contrast, unbalanced genomic
aberrations predominate in solid tumours, especidly in carcinomas, making these
tumoursideal targets for CGH analysis [232, 233].

Increase of DNA copy number changes, especialy high-level amplifications is clearly
associated with tumour progression and a marker of increased genomic instability.
Benign tumours may have copy number changes, but not numerous amplifications, a
finding that might be helpful in the differential diagnosis between malignant and benign
lesions [234]. Studies have shown that DNA ploidy changes and impairment of p53
function precede the appearance of recurring chromosomal copy number changesin the
majority of cells[235, 236].

The average number of copy aterations (ANCA index) is a measure of the number of
acquired chromosomal copy dterations in a given tumour type. The ANCA index
Increases with increasing cellular atypia and aggressiveness, which has been shown in
cervical, colon and breast carcinogenesis [235]. For example dysplasia of cervix (CIN
[1-111), stage | and stage 11b-IV have ANCA values of 0.4, 4.0 and 8.2 respectively
[237, 238]. Primary carcinoma of the fallopian tube has an extremely high ANCA value
of 19.7, indicating a highly aggressive tumour [239].

With CGH specific chromosomal aberrations can be mapped during genesis of solid
tumours. For example in colorectal carcinomas copy number increases on chromosome
7 and 20 are early events in the colorectal carcinogenesis, occurring in high-grade
adenomas. In cervical carcinoma a gain of chromosome arm 3q is found in 90% of
stage | carcinomas, while rarely detected in severe dysplasias. In more advanced stages
additional alterations are identified, such as high level of copy number changes of
chromosome arm 5p [235]. Likewise in squamous cell carcinomas of the vulva, as well
asinvagina carcinoma (paper 1V), gain of chromosome arm 3q seems to be an early
but consistent event during genesis [240, 241].

The region of minimal overlap points to chromosome band 3926 contain the gene for
the RNA component of human telomerase (TERC). Detection of 3g gain and
amplification of TERC in routinely collected Pap smears may assist in identifying low-
grade lesions with a high risk of progression to cervical carcinoma and in decreasing
false-negative cytological screenings [242]. The telomeres are protective ends of the
chromosomes. In normal human cells, telomeres become shorter when the cell divides.
In 90% of human tumours telomerase is activated and synthesize telomeric sequences
leading to maintenance of the telomeres and immortality [243, 244]. This is probably
contributory to the steadily increasing tolerance for chromosomal changes with tumour
growth [244].
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PROTEOMICS

After the human genome sequence has been determined the interest moved to the
analysis of the protein complement of the genome (proteomics) [224]. The term
proteome was first coined by Wilkins et a 1994 [245] and refersto al the proteinsin a
cell, tissue or organism. The correlation between DNA sequence and protein is low,
reflecting alternate splicing as well as post-trandational modification, which explains
the existence of a huge number of different proteins.

Two-dimensiona gel electrophoresis (2-DE/2D PAGE), introduced by O Farrell and
othersin 1975 [246], is currently the most important method for studying differencesin
protein expression in various biological samples.
The power of the technique is the capacity of
separate simultaneously thousands of known and
unknown polypeptides. The complex protein
mixtures are separated on the bases of two
physicochemical properties. the isoelectric point
(pl) of the proteins using different pH gradients
and their relative molecular mass using sodium
dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) [246, 247] (Figure
6). Proteins are visuaized in gels by staining

them with dyes such as colloidal coomassie 5

brilliant Blue G, silver staining and fluorescent :

stain [248]. 0 :

The 2-DE gels are scanned for computer assisted Figure 6. Reprmtétive 2DE:geI
analysis, using software packages like PDQuest, from normal vagina

Progenesis and Méelanie, which include protein

spot identification, quantification and gel-to-gel matching (evaluate tumour
heterogeneity) [249, 250]. Protein identification is made by mass spectrometry (MS).
The generated peptide masses are screened and mapped in protein databases (ex
SwissProt, EXPASy). Several software programs for protein identification are available
on line such as Mascot (http://www.matrixscience.com), which is dedicated to the
analysis of protein sequences and structures as well as 2D PAGE.

The combination of 2D PAGE and MS is the most widely used technique for
proteomics. The main limitations of the 2D PAGE are low resolution, low throughput
and the large amount of samples required. Therefore competing automated high-
throughput techniques are being developed, such as protein chips and liquid based
separation. This might lead to a higher possibility to discover low abundance proteins,
such as post-transcriptional modifications, that may have a role in tumourigeness, but
are difficult to detect with 2-DE.

By 2-DE studies significant differences in protein expression between tumour tissues
and the corresponding normal tissues have been revealed for example in carcinoma of
the colon, breast, lung, ovary, bladder and cervix [251-255]. In paper V the protein
expression profiles of vaginal and cervica cancers have been compared.

With proteomic studies further characterization of proteins that are differentialy
expressed will provide a chance to identify tumour-specific diagnostic and prognostic
markers.
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AIMS OF THE THESIS

The main aims of thisthesiswere:

1. To get increased knowledge of vagina carcinogenesis.

2. To get increased knowledge of prognostic variables (histopathological, clinical and
biological) in PCV.

3. To get increased knowledge of epidemiological and etiological factors.

4. To assess similarities and differences between PCV and cervical carcinoma

To reach these aims the following studies have been performed:

Assess the epidemiological, etiological and clinical data in relation to the
age at diagnosis of PCV.

Evaluate the histopathological and clinical data in relation to disease-
specific surviva in PCV.

Investigate the laminin-5¢2 chain expression in relation to disease-specific
surviva in PCV.

Analyse the pattern of genomic adterationsin PCV by using CGH and study
the cytogenetic data in relation to the presence of human papilloma virus
genomes, the nuclear DNA content, the expression of laminin-5 and
markers for proliferative activity and mutated p53.

Analyse the protein expression profiles by cluster analysis in PCV and to
compare the protein pattern in PCV and cervical carcinoma in order to find
a useful tool for correct classification and for increased biological
knowledge.
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MATERIAL AND METHODS

PATIENT MATERIAL

Paper |

A retrospective study of 341 cases of primary vaginal carcinoma diagnosed between
January 1956 — December 1996 and treated at The Department of Gynaecologic
Oncology, Radiumhemmet, Karolinska University Hospital.

Paper ||
A retrospective study of 314 patients on the same materia as in paper | with the
exception that only squamous cell carcinomas were included.

Paper |11

This study is based on 59 cases of primary vagina malignancies diagnosed 1978-1990
and 1992-1995, treated at the Department of Gynaecologic Oncology, Radiumhemmet,
Karolinska University Hospital .

The material was subdivided into two groups: 37 patients with poor prognosis (dying
within £2 years) and 22 patients with good prognosis (surviving 3 8 years).

Paper |V

Stored paraffin-embedded tumour specimens were collected from 16 patients with
primary vaginal carcinoma diagnosed and treated at the Department of Gynaecologic
Oncology, Radiumhemmet, Karolinska University Hospital 1984-1993. CGH, DNA
ploidy, immunohistochemistral analysis (p53, p21, cyclin A, Ki 67, laminin-5) and
HPV typing were performed.

Paper V

Two-dimensional gel electrophoresis was performed on sixteen fresh frozen specimens
from norma vaginal tissue (5 samples), primary vaginal carcinoma (6) and cervical
carcinoma (5).

METHODS

Histopathology

The diagnosis was confirmed histologically by biopsy in all cases. The specimens were
fixed in buffered formaldehyde, paraffin-embedded and diagnosed on haematoxylin
and eosin (HE) stained tissue sections. All the histopathological dides were reviewed
microscopically by one pathologist (Claes Silfverswérd) at the Department of
Pathology, Karolinska University Hospital and by one of the authors (Kristina
Hellman). Patients with a history of cervical or vulvar carcinomawithin 10 years before
diagnosis of PCV were excluded. Thislimit was chosen in order to minimise the risk of
including metastases from former cervical or vulvar cancer.

In paper V the histopathology of the fresh frozen material was re-examined by Gert
Auer and Ayodele Alaiya.
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Stage

The patients were staged retrospectively according to the criteria of FIGO (1995) with
the exception of patients with stage Il tumours that were subdivided into stage I1A
(subvaginal extension) and stage IIB (parametria extension) [256]. Inguina node
metastases were judged as stage IVA.

Immunohistochemical methods

Stored paraffin-embedded specimens from vaginal carcinomawere used for the IHC
analysis. Sections with a thickness of 4nm were cut from each specimen and put onto
special treated dides (Menzel Superfrost plus) for the IHC studies. Sections for HE
were cut before and after each section to confirm the diagnosis.

The original diagnosis as well as the representativity of the sections used for
histochemical studies was reviewed by one pathologist (C.S.). The histopathologist had
no knowledge of the results from the immunohistochemistry when reevaluating the
sections. The immunohistochemical reactions were evaluated and visually scored by
three of the authors (Hellman, Habermann, Auer) working independently of each other.
Preparation and characterization of polyclona antibodies raised in rabbit against a
fusion protein containing the C-terminus of the laminin g2 chain (containing amino acid
residues # 1017-1178) and glutathione-S-transferase (GST) were performed according
to methods described earlier [206, 218].

L aminin-5g2 chain (paper 111-1V)

Immunohistohemistry was performed using the standard horseradish peroxidase avidin-
biotin-complex (ABC) technique (Vector, Elite Standard Kit, cat.PK-6100, Vector
Laboratories, Inc., Burlingame, CA, USA).

The sections were first deparaffinized, rehydrated and microwave treated in 0,01 M
sodium citrate buffer (pH 6) for 10 minutes at 500W. After rinsing in Tris buffered
sdine (TBS), pH 7.6, the endogenous peroxidase activity was blocked by immersion of
the dides in 0,5% hydrogen peroxide in ditilled water for 30 minutes and unspecific
staining was prevented by using 1% bovine serum abumin (BSA) in TBS for 20
minutes. After incubation overnight at 4°C with the rabbit g2 chain antibodies diluted in
1:200 in 1% BSA (2mg/ml), a biotinylated antirabbit 1gG (diluted 1:200) was applied
for 30 minutes, followed by 30 minutes incubation in the peroxidase avidin-biotin-
complex. The peroxidase reaction was developed by using diaminobenzidine
tetrahydro-chloride, 0.6 mg/ml with 0.03% H,O, for 6 minutes. Between each step the
dides were rinsed with TBS. After counterstaining with Mayers hematoxylin, the dides
were dehydrated and mounted with a xylene-soluble mounting medium. As a control of
the specificity of the method, the laminin-5@2 chain antibody was replaced with BSA
and the same procedure was performed on adjacent sections. A cervica cancer
specimen positive for laminin-5¢2 chain served as a positive control.

Evaluation of the laminin-5¢2 chain immunohistochemistry

Only cells with distinct cytoplasmic immunoreaction were regarded as laminin-5g2
chain positive. To declare a lesion positive, >1% of the cells had to show this specific
Immunostaining. To evaluate the extent of the immunoreactivity, the number of stained
cells were estimated visually and categorized as follows. negative (£ 1% of the tumour
cells positive), 1+ (>1% to £5% of the tumour cells positive), 2+ (>5% to £30% per
cent of the tumour cells positive) and 3+ (>30% of the tumour cells positive).
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MIB-1, cyclin A, p53 (DO-1), p21(WAF-1) (paper 1V)

All dides were deparaffinized with xylene, rehydrated and microwaved at 500W for
2x5 min in 10mM citrate buffer, pH 6.0. Intrinsic peroxidase activity was blocked with
3% hydrogen peroxide in methanol, followed by incubation with horse serum (1:20
dilution) in 0.1M PBS, pH6.0. The levels of protein expression were reveaed by
overnight incubation with the respective antibodies (see below) diluted in 1%
(weight/volume) bovine serum abumin and visualized by standard avidin biotin-
peroxidase complex technique (Vector Laboratories, Burlingame, CA). The following
antibodies were used. The respective dilutions and suppliers are indicated in
parentheses (all dides were coded and scored as reported previoudy

[229, 257)):

1. The monoclona antibody MIB-1 (1:150, Immunotech SA., Marseille, France) was
used for detection of the Ki-67 antigen

2. A monoclona mouse antibody was used for detection of cyclin A expression (1:100,
Novocastra L aboratories, Newcastle-upon-Tyne, UK).

3. The monoclonal mouse antibody DOL1 (1:100 Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) was used for detection of p53 expression.

4. The monoclonal mouse antibody WAF-1 (1:15, Calbiochem, San Diego, CA) was
used for detection of p21 expression.

Evaluation of the immunoreactivity of the antibodies above: Only cells with distinct
brown staining confined to the cell nuclel were regarded asimmunoreactive. The extent
of the immunoreactive cells was assessed as the percentage of the positively stained
cellsin relation to the total number of cells. Overexpression of p53 implied that >50%
of the cells were immunoreactive. Low expression and high expression of p21 was
considered when <10% and 2 10% of the cells were positive respectively. Low and high
expression of cyclin A meant that <10% and 3 10% were positive respectively.
Concerning MIB-1, low and high expression was considered when <20% and 3 20% of
the cells were positive respectively.

Comparative genomic hybridization (paper 1V)

Tumour samples

The histopathological material was collected from biopsies that were taken before
radiation therapy and surgery. The tumours were diagnosed on HE-stained tissue
sections at the Department of Oncology and Pathology, Karolinska Institute and
Hospital, Stockholm, Sweden. Ten sections were prepared from each tumour and used
for histological diagnosis, immunohistochemistry (thickness: 4 pm), DNA-ploidy
measurements (8 um), and microdissection and DNA extraction (50 um). A second
HE-stained section was prepared subsequent to the sections for CGH analysis, and the
histological diagnosis was confirmed in all cases. All data were obtained from the
dissected aress.

CGH

Formalin fixed and paraffin embedded tumour samples were provided in 50 um thick
tissue sections. Normal control DNA was prepared from periphera blood lymphocytes
of acytogenetically norma male. The tumour tissue was incubated in xylene (3x5min),
followed by washes in 95% ethanol. According to the subsequent HE sections the
deparaffinized tissue sections were microdissected in order to obtain representative
tissue containing at least 80% of cancer cells. The microdissected cells were placed into
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centrifuge tubes containing 95% EtOH. After centrifugation, the samples were dried
and resuspended in 1 ml NaSCN (1M) and incubated overnight at 37°C. DNA was
prepared using high salt extraction and phenol purification and labeled by nick-
trandation using biotin-11-dUTP (Boehringer Mannheim, Indianapolis, IN). Normal
DNA was labeled with digoxigenin-12-dUTP (Boehringer Mannheim). Hybridization
was performed on karyotypically normal metaphase chromosomes using an excess of
Cot1-DNA (Gibco-BRL, Gaithersburg, MD). The biotin-labeled tumour genome was
visualized with avidin-FITC, green fluorescence, (Vector Laboratories, Burlingame,
CA) and the digoxigenin labeled reference DNA were detected with a mouse-derived
antibody against digoxigenin followed by a secondary rhodamine conjugated anti
mouse antibody, red fluorescence, (Sigma-Aldrich, Milwaukee, WI). Quantitative
fluorescence imaging and CGH analysis was performed using Leica Q-CGH software
(Leicalmaging Systems, Cambridge, UK).

If chromosomes or chromosomal subregions are present in identical copy number in
both the reference and the tumour genome, the observed fluorescence is a blend of an
equal contribution of red and green fluorescence. If chromosomes are lost or
subchromosomal regions deleted in the tumour genome, the resulting colour is shifted
to red. A gain of a certain chromosome in the tumour would be reflected by a more
intense green staining on the respective chromosome in the reference metaphase
preparation. Using computer software, the painted chromosomes are segmented and the
fluorescence values determined on a pixel to pixel bases. The final step in a quantitative
fluorescence measurement includes the calculation of average ratio profiles along the
chromosomal axis. Values of 1 indicate equal copy numbers of the respective
chromosomes in the tumour and test genome, a ratio of 0.5 a deletion of one
homologous chromosome and ration of 1.5 reflect a trisomy in the tumour. Gene
amplifications can be mapped to the reference metaphase chromosomes according to
peak fluorescence ratios of more than 2.5.

Nuclear DNA content (paper 1V)

Image cytometry was performed on Feulgen-stained histological sections (8 pm). The
staining procedure, internal standardization, and tumour cell selection were based on
methods described previously [258-260]. The DNA distribution profiles (histograms)
were sampled from at least 100 structurally identified neoplastic interface cell nuclel
from each specimen. All DNA-values were expressed in relation to the corresponding
staining controls which were given the value 2c, denoting the normal diploid DNA-
content. The computer software was ACAS 6.0, AhrensICM Cytometry System.

DNA content was expressed in c-units when comparing the DNA values of different
tumours. As control cells norma human epithelid cells and norma  human
lymphocytes were assessed and their median value (P50) was defined as 2c.

The classification of the nuclear DNA histograms by image cytometry are usually
subdivided into four types according to Auer et a 1980 [258].

Type | (diploid): The histograms are characterized by a single peak in the diploid or
near-diploid region (1.8c—2.2c). The total number of cells with DNA values exceeding
the diploid region (>2.2c) was <10%.

Type 11 (diploid-tetraploid): The histograms showed a single peak in the tetraploid
region (3.8c—4.2c) or peaksin both the diploid and tetraploid regions (>90% of the total
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cell population). The number of cells with DNA values between the diploid and
tetraploid region and those exceeding the tetraploid region (>4.2¢) was <10%.

Type 111 (proliferating diploid): The histograms represented highly proliferating near-
diploid cell populations and were characterized by DNA values ranging between the
diploid and the tetraploid region. Only afew cells (<5%) showed more than 4.2c.

The DNAhistograms of types|, Il and 111 thus characterize euploid cell populations.
Type IV (distinctly aneuploid): The histograms showed increased (>5%) and/or
distinctly scattered DNA values exceeding the tetraploid region (>4.2c). These
histograms characterize aneuploid populations of interphase nuclel with decreased
genomic stability.

The specimens in this material were divided into two main groups: (i) diploid cases
with a distinct peak in the normal 2c region and no cells exceeding 5c, (ii) aneuploid
cases with a main pesk around the 4c region and varying numbers of cells (>5%)
exceeding 5c.

HPV Genotyping (paper V)

In the purified DNA samples the HPV genomes were identified with the line blot assay
using PGMY primers. In this assay, amplified products are tested against 27 HPV type
specific probes, which are immobilized on a filter strip [261]. The 27 probes include
high risk HPVs (such as 16, 18, 31, and 45). Beta-globulin amplification was used as a
positive control to evaluate the adequacy of tumour DNA.

Two-dimensional gel electrophoresis (2-DE)

Sample preparation

Sixteen tissue hiopsies (about 3mm x 3mm) were analyzed consisting of 5 biopsies
from norma vaginal epithelium, 6 from primary vagina carcinomas and 5 from
primary cervica carcinomas.

The eleven tumour biopsies were taken from patients with histopathologically
confirmed diagnosis of either vaginal or cervical cancers.

The 5 norma vagina biopsies were obtained from the upper part of the vagina,
approximately 1 cm from the vagina fornix in postmenopausa women undergoing
total hysterectomy for either benign disease or endometrial/ovarian carcinoma. Each
tissue sample was macroscopically and microscopically examined by three of the
authors (Hellman, Alaiya and Auer) and only representative, non-necrotic tissue
samples were used.

All the tissue samples were prepared according to a frozen tissue preparation method
[262], with dight modification. Briefly, whole tissue biopsies were kept frozenin liquid
nitrogen and mechanically homogenized using a pestle and mortar. Each sample was
then dissolved in 300 — 500 ni lysis buffer containing 7M urea, 2M thiourea, 4% SDS,
reducing agents and protease inhibitors.

Protein concentration was determined using the Bradford method [263].
Electrophoresis, scanning and image analysis

The 2-DE gel electrophoresis was done according to Franzen 1993 and Okuzawa 1994
[264, 265].

1. Separation of the polypeptides by isoelectric focusing (first dimension). For each
sample, the equivalent of 100 ng total solubilized proteins was dissolved in 350 m
volume of rehydration buffer (2% (v/v) IPG-buffer 4-7 linear) was loaded onto a17 cm
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IPG-strip 4-7 linear (Bio-Rad). This gives better resolution and better overview of
protein spots across the entire chosen pH window. In addition, the linear gradient also
gives a better estimation of the isoelectric point (pl). Isoelectric focusing was
performed overnight for each individual sample to a total of 45.5 kVh using Bio-Rad
IEF unit (200C). Before the second dimension the strips were finally shortly
equilibrated in two steps (15 minutes each) with iodoacetamide (2.5%) in the first and
DDT in the second.

2. Separation of the polypeptides by SDS-PAGE (second dimension). 10-13% gradient
SDS gels were used to carry out the second dimension. The IEF strips were applied on
the top of the gels, sealed with 0.5% agarose containing electrophoresis running buffer
and subjected to electrophoresis overnight.

The proteins were visualized by silver staining [266] (Figure 6).

After electrophoresis and staining, only high quality gels were used. Occasionally,
some samples had to be rerun in order to obtain comparable quality with other 2-DE
gels. Stained gels were scanned at 100 nm resolution using a laser densitometer, and
data were analyzed using the PDQUEST™ software (version 7.1.0, Bio-Rad). Gel
images were compared for qualitative and quantitative differences. Polypeptide
quantities were calculated in ppm of the total integrated optical density.

Mass spectrometry

Protein spots with statistically significant variability in the expression pattern between
normal vagina epithelium, cervical and vagina cancers were selected for identification
by mass spectrometry.

Micropreparative gels for protein identification were prepared essentially like the
analytical gels, except that larger amounts (750pg) of total proteins were loaded and
subjected to isoelectric focusing. Following 2nd dimension electrophoresis, gels were
stained using Coomassie colloida stain. The 2-DE gels were analyzed by PDQUEST
software and spots of interest were manually excised using a clean sharp scalpel and
transferred into an eppendorf tube. In-gel digestion for peptide mass fingerprint
analysis was done manually with trypsin, and digests were desalted using Zip Tip
(Millipore) as recommended by the manufacturer. Peptides were diluted in 70%
acetonitrile/5% formic acid and mixed 1:1 (v/v) with a saturated matrix solution
containing a-cyano-4-hydroxycinnamic acid in 30% acetonitrile/0.1% trifluoroacetic
acid. Mass mapping of tryptic peptides was performed using MALDI-TOF (above
protocol) or Cap-LC-MS/MS on Micromass Q-TOF Ultima mass spectrometer with

L C-packings pep Map C18, 75um ID column using agradient of 7-80% (95%
acetonitrile and 0.1% formic acid) over aperiod of 35 minutes.

Trypsin fragments of masses 842.50 Da and 2211.10 Da were used as internal

standards for spectra calibration. Data generated were screened in databases using a
mass tolerance £20 ppm. The licensed ProteinLynx™ Software (Micromass) or mascot
was used for mass mapping [125].

The above protocol of MALDI-TOF analysis has a sensitivity of femtomole amounts of
standard 2-DE gel separated proteins. For a positive identification of the peptide mass
fingerprinting, protein scores greater than 72 were considered significant (p<0.05), as
caculated by the MASCOT scoring algorithm. In addition, at least four matching
peptides should be found and more than 50% of the measured masses should match the
theoretical peptide fragments.

31



Data analysis

Both quantitative and qualitative 2-DE data sets were generated from PDQUEST, a
2-DE software analysis program. The data set generated from the matchset based on
each individual sample was imported into J-Express as an Excel test format in the form
of a data table, with rows representing gels and columns representing spots [254]. The
pre-processed data were analyzed by hierarchical clustering [267-269] using the J
Express pro software v 2.1 [63]. The J-Express program was primarily designed to
analyze microarray data but equally accepts data sets generated from 2-DE analysis.

Hierarchical cluster analysis

Hierarchical cluster analysisis a statistica method that is based on measured variables
capable of identifying relatively similar groups of samples. This method is based on the
strong assumption that an appropriate distance measure for comparing cases has been
carefully selected. Thus, the outcome of the clustering analysis depends on the method
of calculation of the distance between samples being compared.

In this study the degree of similarity was calculated using the Bray Curtis distance
metric and a complete linkage clustering method. The clustering patterns are then
represented diagrammatically as dendrograms with trees and branches depicting the
degree of sample relatedness.

Correspondence analysis

We have used correspondence analysis to further evaluate the same datasets used in
hierarchical cluster analysis. This was considered as a means to test if the observed set
of genes can indeed discriminate the sample groups, bearing in mind the small sample
size of this study.

Correspondence analysis (CA) is a computational method that is similar to principal
component analysis (PCA) with potential to study association between groups of
samples based on selected variables.

The data being subjected to CA is presented as two-dimensiona graphical display. This
method is capable of visualizing different structures within a complex dataset.

The principle behind the CA is an attempt to group together objects that are similar
while dissmilar objects are separated off. The degree of similarity or difference is
measured by distances between objects or groups of objects. The analysis has been
used to evaluate different complex microarray data[270].

Statistics

In paper | the dependent variable was age at diagnosis and in paper 11-111 the dependent
variable was disease-free survival.

Paper |

In order to evauate the difference in age at diagnosis, the analysis of variance
(ANOVA) was used to test the difference between means of individual groups both in
the univariate and in the multivariate analysis. Age at diagnosis was the dependent
variable and histopathological, clinical and epidemiological characteristics were
independent variables (Tables 2 and 3). Five variables (age at menopause, pregnancies,
prior hysterectomy, earlier dysplasiaand earlier irradiation) were only evaluated if they
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had occurred before 50 years of age. The 50-year limit was chosen because of
distributional reasons in order to include as many patients as possible that could be
evaluated with respect to the different variables. Only patients with age at diagnosis of
PCV 3 50 years were considered with respect to these variables thereby avoiding the
pitfall of overlapping exposure and follow-up periods [271]. The exposure period is
thus the period before 50 years of age and the follow-up period is the period from the
age of 50 years until the diagnosis of PCV.

The variable menopause age was split up at 46 years in order to find a correlation
between age at diagnosis and early menopause. The "menstruation span” was
caculated as. age at menopause minus age at menarche minus the number of births
multiplied by 1.5 in order to take into account the amenorrhea during child-bearing and
lactation [272].

Paper 11

Differences in distributions between groups were compared with the chi-square test.
Survival data was evaluated with the life table method taking censored observations
into account. Differences in survival between groups were tested with the Gehan-
Wilcoxon statistic (categorical factors). Continuous variables and multivariate analyses
were performed with Cox regression.

Paper 111

To evaluate the difference between short- and long-time survivors univariate and
multivariate analysis were performed. The univariate analysis was carried out with chi-
sguare test for the categorical variables and with T-test for the continuous variables.
The multivariate analysis were performed with logistic regression.

The analysis of variance (ANOVA) was used to test the difference between means of
individual groups.

Paper 1V

In order to detect the relationship of cytogenetic imbalances, expression levels of
Immunohistochemical markers, the HPV status, and the clinical course, data were
dichotomized and analyzed by Fisher’s exact test at alevel of a = 0.05. Kaplan-Meier
survival curves were estimated and compared by log rank test.

Paper V

The sets of genes used in the cluster analysis were selected using Student’s t-test and
the Mann Whitney ranked test analysis (P<0.05) between norma vaginal tissue and
vaginal cancer samples. A similar analysis was made between groups of primary
vagina cancer and primary cervical cancer. These variables were then used for the
classification of the samplesinto different groups.

Ethics

All studies were approved by the Northern Research Ethics Committee at the
Karolinska Hospital.
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RESULTS

PAPER | - FACTORS INFLUENCING THE AGE AT DIAGNOSIS

Epidemiological, histopathological and clinical variables were studied retrospectively
on 341 cases of primary vagina carcinoma and the relation to patients' age at diagnosis
was evauated. The mean age at diagnosis was 67 years (range 22-93) and it has
increased significantly during the years (p<0.001). The mean age at menarche and
natural menopause was 14.1 and 48.9 years respectively. The vast mgjority of the
patients were postmenopausal (91%). Age at menarche showed a negative significant
correlation with year at birth (p<0.001), (Figure 7).

Nulliparity and parity 3 4 were found in 22% and 20% of the cases respectively
compared with 12% and 9% in the same age-group in the Swedish normal popul ation.
Smoking and a history of being divorced were also more common among the patients
in the study than in the Swedish normal popul ation.

A background history of gynaecological malignancies was found in 13% of the
patients, pelvic irradiation therapy in 14%, cervical dysplasiain 14% (Figure 8), hyster-
ectomy in 23% and gynaecological infectionsin 7% of the cases.

The univariate statistical analysis showed that younger age at diagnosis significantly
correlated with a history of cervica dysplasa (p=0.001), hysterectomy (p=0.014),
gynaecological infections (p=0.001) and tumours located in the upper part of the vagina
(p=0.008), whereas older age at diagnosis significantly correlated with late menarche
(p<0.001) and exophytically growing tumours (p=0.021). Parity, nulliparity, age at
menopause, menstruation span, prior irradiation, histology, grade, tumour size and
stage had no influence on age at diagnosis in the statistical analysis. In the multivariate
regression anaysis the remaining independent predictors were a history of cervical
dysplasia (p=0.006) and age at menarche (p=0.022).

Summary

Severd variables correlated with age at diagnosis, but in the multivariate analysis the
remaining independent predictor for young age at diagnosis was prior cervical
dysplasiaand for old age at diagnosis late menarche. Parity 3 4 aswell as nulliparity,
smoking and unstable marital status were more common among patients with PCV than
in the general Swedish female population.
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Figure 7. PCV. Correlation between year of birth and age at menarche (p<0.001).
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Figure 8. Patients with PCV and a history of cervical dysplasia (n=48). Age a diagnosis of
patients with primary vaginal carcinoma and interval from the dysplasia to the carcinoma. The
vaginal carcinoma was diagnosed with a mean of nine years (range 3 months-35years) after a
previous cervical dysplasia. Each dot represents one case.
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PAPER 1l - HISTOPATHOLOGICAL AND CLINICAL PROGNOSTIC
FACTORS

The impact of clinical and histopathological factors on disease-free survival was
evaluated in this retrospective study comprising 314 patients of primary vaginal
sgquamous cell carcinoma diagnosed and treated 1956-96 at Radiumhemmet. The
diagnosis in al cases was confirmed histologically and reevaluated by an experienced
pathologist. The overall disease-specific survival rate (censoring non-cancer-related
deaths) at 5 and 10 years was 45% and 39% respectively. For DFS in each stage see
Table 3. In stage | the 5-year survival rate was superior (75%). In stage IVb al patients
died within 9 months.

Table 3. Primary Carcinoma of the Vagina
Cause-specific survival rate by stage.

Survival rate (%)
Stage 5-year 10-year 15-year 20-year 25-year

I 75 68 68 63 63
la 36 30 30 30 30
b 35 28 28 28 28
" 34 30 30 30 25

IVa 20 13 6 0
Vb 0

Significantly more patients were diagnosed with early stage disease in the later part of
the study period (Table 9). However there was no significant differencein survival if
diagnosis of PCV was made between 1956-75 or 1976-96. Location in the upper third
or in the entire vagina was most common. In hysterectomised patients PCV was
significantly more frequently found in the upper vagina. Vagina bleeding was the
presenting symptom in the majority of the cases. Eight percent of al the cases had
inguinal lymph node involvement at diagnosis and 16% of those with tumour located to
the lower third or the entire vagina. Distant metastases were found in only 2% at
diagnosis.

The univariate statistical analysis demonstrated that several factors correlated
significantly with shorter survival (ulcerating tumours, large tumours 2 4cm, advanced
stages, tumours comprising more than one-third or one wall, growth into the
rectovaginal septum, inguinal lymph node metastasis, symptoms at diagnosis and high
age at diagnosis). Patients treated with surgery only or in combination with BT and/or
ERT had significantly better survival compared to those not treated with surgery
(p=0.025). The mgjority of the patients treated with surgery were in stage |. When
looking at stage | separately there was, however, no significant difference in survival
between the different treatment modalities. There was no significant differencein
survival between patients in the whole material treated with BT only and those treated
with combination therapy (ERT+BT). Tumour grade and other histopathological
features did not correlate significantly with survival. In the multivariate analysis the
remaining independent predictors for disease-specific survival were stage (p<0.001),
tumour size (p<0.001) and age at diagnosis (p=0.004).
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PAPER Il - LAMININ-5¢2 CHAIN EXPRESSION AND PROGNOSIS

The expression of laminin-5 chain in primary malignancies of the vagina and the
correlation of the g2 chain expression with the disease-free survival were investigated.
The material consisted of 56 cases of primary vagina carcinomas (and three non-
epithelial tumours), subdivided into short- (£2 years) and long- (3 8 years) time
survivors (Table 4).

Table 4. Laminin g2 chain immunoreactivity in vaginal
carcinomaand clinical and histopathological data among short-
and long-time survivors (n=56).

Survival £2 years  Survival 2 8years

(n=34) n=(22)

n % n %
Laminin g2 chain
immunor eactivity
1+ and 2+ 17 50 17 77
3+ 17 50 5 23
Stage:
| 9 26 17 77
H-1v 25 74 5 23
Degree of differentiation
(n=55)
Wl 7 21 2 9
Moderate 19 56 10 45
Poor 8 23 9 41
Histopathology:
Squamous 33 97 19 86
Adeno 2
Small cell 1 1

Paraffin-embedded tumour material was stained immunohistochemically with a
polyclonal rabbit antibody (a fusion protein containing the C-terminus of the laminin-
5¢2 chain and Glutathione-S-transferase).

Immunopositivity was noted for al invasive vagina tumours of epithelial origin, while
the three non-epithelial tumours were negative (Table 5).

Laminin-5 chain expression showed a positive significant correlation with tumour
size (p=0.003), while no correlation was found with clinical stage, patients age at
diagnosis and grade. Among the cases with high laminin-5@ chain expressions the
majority were short time survivors (77%). In the univariate analysis following
parameters correlated significantly with disease-free survival: laminin @2 chain
immunoreactivity (p=0.041), clinica stage (p<0.001), patients age at diagnosis
(p<0.001) and tumour size (p<0.001). In the multivariate analysis however, only
tumour size and patients age independently could explain the variation in survival.

Summary

All vagina tumours of epithelial origin showed immunoreactivity for the 2 chain of
laminin-5. A positive significant correlation was found between @2 chain expression
and tumour size. In the univariate survival analysis expression of laminin-5@ chain
was indicative of poor outcome, but not in the multivariate analysis.
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PAPER IV — GENOMICS. A RECURRENT GAIN OF CHROMOSOME ARM
3Q IN PRIMARY SQUAMOUS CARCINOMA OF THE VAGINA

On 16 paraffin-embedded tumour specimens from PCV CGH-analysis, DNA-ploidy,
immunohistochemistral analysis (MIB-1, cyclin A, WAF-1, p53 and laminin-5) and
HPV-typing were performed. All cases except one showed a highly aneuploid
distribution of the DNA content. The most common DNA gain was mapped to
chromosome arm 3q in 69% of the .
cases Other frequent gains were ; |H|
localised to 19p (50%), 5p (50%), 6q foo “lh
and 19q (44%), 1q and 17p (38%), 1p, ; ’
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7p, 14, 16q, 18p, and 22 (31%), 2p, 9q, I
12, and 18gq (25%) (Figure 9). !
Chromosomal losses were infrequent 1
and mapped to chromosome arms 13q E|
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number of copy aterations (ANCA)
amounted to 7.5 for the autosomes. The
presence of HPV genomes was
analyzed by a line blot assay in the |
same DNA that was used for CGH.
Eight samples could be analyzed and
two of these were positive for high-risk
HPVs (16 and 52). The
immunohistochemistral studies Il
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the mgjority of the cases (cyclin A and Figure 9. Summary of genetic imbalancesin
MIB-1in 63% and 88% respectively). 16 specimens of PCV. Bars on the left side of
Increased expression of the tumour the chromosome denote a loss of sequence of
. the tumor genome, bars on the right side
suppressor gene p53 was observed iN jgicate gain and bold bars indicate high level

only two samples. In one of these cases copy number increases (amplifications).

the p2l/ WAF1 expression levels were low, which is indicative of mutational
inactivation of p53. In general the expression levels of WAF1 were increased (94% of
the samples). The expression of laminin-5¢2 chain was elevated in 69% of al samples.
In the statistical evaluation patients older than 70 years at diagnosis (p=0.031), with a
tumour size greater than 4 cm (p=0.025) and an increased laminin-5¢2 chain expression
(p=0.006) had a significantly shorter survival time. Histology, location of the tumour,
duration of the disease, history of previous malignancies or hysterectomy had no
influence on survival. Patients with a history of CIN showed longer survival than all
other patients (p=0.045). Samples that were negative for HPV had significantly more
often higher ANCA-value (p=0.031) than samples positive for HPV.

Summary

Vaginal carcinomas are defined by a specific distribution of chromosomal aneuploidies
with 70% carrying relative copy number increases that map to chromosome arm 3q.
Age at diagnosis, tumour size and laminin-5¢2 chain expression showed a significant
negative correlation with survival in aunivariate analysis.
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PAPER V — PROTEOMICS. PROTEIN EXPRESSION PATTERNS IN
PRIMARY CARCINOMA OF THE VAGINA

The protein expression profiles in PCV, norma vagina tissue and primary cervica
carcinoma were examined in this study by using two-dimensiona polyacrylamide gel
electrophoresis (2-DE). The goa was to compare the protein profiles of the three tissue
specimensin order to point out similarities or differences for diagnosis.

Sixteen fresh-frozen tissue samples were analyzed (six samples from PCV, five from
normal vaginal tissue and five from primary cervical cancers). An average total number
of 1373 spots were resolved on the 2-DE gels and between 75 — 82% of the spots were
matched between all the gels.

Correlation analysis of the 2-DE gels was performed to analyze the heterogeneity in
protein expression between the match-sets. A high correlation was seen between pairs
of normal vaginal tissue, pairs of PCV and pairs of cervical cancer with correlation
coefficients (r) of 0.70, 0.76 and 0.79 respectively. A high correlation was also
observed between pairs of vaginal and cervical cancers (r =0.68), while there was a
lower correlation between the samples of PCV and normal vagina tissue (r=0.62) and
between cervical cancer and normal vaginal tissue (r=0.55).

Quantitative and qualitative changes in the protein expression were generated from
PDQUEST. Between pairs of 2-DE gels from only vaginal and cervical cancers 23
protein spots were significantly differentially expressed by using both the Mann
Whitney and the t-test. Both hierarchical cluster analysis and two-dimensional
correspondence analysis could correctly classify the samples in three distinct groups
(normal tissue, vagina and cervical cancer) by using this set of only 23 proteins.

Protein spots with statistically significant variability in the expression pattern between
the three tissue specimens were selected for identification. Some of these proteins were
identified through matching with 2-DE maps of proteins already identified, using bench
top MALDI-TOF MS. Among the protein spots so far identified are high molecular
weight tropomyosin 1, cytokeratins 5, 15 and 17, apolipoprotein Al, annexin V, GST,
careticulin, HSP 27 and HSP 70.

Summary

Hierarchical cluster analysis of the proteomics data from specimen of normal vagina
tissue, vaginal and cervical cancers allowed clear discrimination between the three
groups.
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DISCUSSION

Due to the rarity of PCV the established knowledge originates from studies based on
small materials. Consequently little is known about genesis, natural history and factors
predicting the prognosis. Thirty percent of patients with PCV have had prior CIN or
invasive cervical carcinoma [75]. It is therefore plausible to assume a similar etiology
and natural history as for cervical carcinoma. This hypothesis is supported by the fact
that the cervix and vagina are exposed to the same carcinogenic agents, are lined with
the same squamous cell epithelium and are related embryologically. However, tumours
in these organs occur in different age-groups, cervical carcinoma predominantly at
younger ages (50% of the cases <50 years old), while PCV occurs predominantly in
postclimacteric women and only 10-15% are younger than 50 years at diagnosis [3, 55,
57]. Clinical stage has been pointed out as the most important prognostic variable for
PCV by most studies. The materia in this thesis (paper | and Il) is the largest so far
published on PCV and no prior studies have been conducted on either laminin-5
expression, proteomics or genomics. Againgt this background the main objectives of
this thesis have been to increase the understanding in the genesis of PCV, etiology and
prognostic factors.

The impact of epidemiological, histopathological and clinical variables on the age at
diagnosis of PCV was studied in paper |. The hypothesis was that factors influencing
the age at onset should be connected directly or indirectly with the genesis of the
disease. The finding that age at diagnosis has increased during the study period
probably only reflects the change in the age distribution of the population at risk.

In the univariate statistical analysis severa variables correlated significantly with
younger age at diagnosis (cervical dysplasia, hysterectomy, gynaecologica infections
and tumours located in the upper part of the vagina). Prior cervica dysplasia is
frequently described in patients with PCV [35, 72, 75, 83, 91] and might be related to a
common etiology (HPV). Likewise hysterectomy (prior to age of 40) has been
associated with increased risk for PCV [49] and is possibly related to residual or occult
dysplasiain the upper vagina[27, 75, 273].

Advanced age at diagnosis correlated significantly in the univariate anaysis with late
menarche and exophytically growing tumours. Late menarche and early menopause
have been associated with an increased risk for PCV [49].

Other risk factors discussed in the literature, such as parity 3 4 aswell as nulliparity,
smoking and unstable marital status [37, 52, 56, 84] were considerably more common
among patients with PCV than in the general Swedish female population [274-276].

In the multivariate analysis the remaining independent factors for young and advanced
age at diagnosis were prior cervical dysplasia and late menarche respectively.

These results might imply that there are two different types of vaginal carcinoma
occurring at separate ages and with different etiologies as described for vulvar
carcinoma [277]. Patients that are younger at diagnosis of PCV often have a
background history of cervical dysplasia why the disease in these cases could be
etiologically related to cervical carcinoma maybe with the development over
preinvasive stages and probably HPV -dependent [54, 278]. Furthermore, one study has
shown HPV of different typesin al VAIN lesions[33].

Vagina carcinoma of advanced ages, which is the most common age-group, might
rather be associated with hormonal factors and/or traumato the vaginathan HPV.
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Hormona factors such as the estrogen deficiency postmenopausally might play a role
in the vaginal carcinogenesis. Hysterectomy with oophorectomy may fit into this
hypothesis. The impairment of ovarian function through irradiation may also be of
importance in addition to the carcinogenetic effect of ionising radiation. Due to the
estrogen decline postmenopausally the vagina epithelium becomes thinner and more
sensible to injuries from surgery (hysterectomy, prolapse surgery) or from pessaries
which could contribute to malignant transformation. Other conditions leading to a low
estrogen lifetime exposure include high age at menarche, low age at menopause and
nulliparity. Furthermore, a high estrogen lifetime exposure, for example multiparity,
intake of exogenous estrogens and obesity, might have a protective effect. Grand
multiparity might, on the contrary, increase the risk due to the repetitive trauma to the
vagina.

There is clinical evidence that VAIN lesions in postmenopausal women should be
treated with estrogens applicated vaginally as a first line treatment [100]. However it
has been found that steroid hormones (both estrogen and progesterone) can induce
malignant transformation in the squamous cell epithelium of the vagina and cervix by
enhancing transcription of HPV E6/E7 oncoproteins [98].

Since HPV infection is not common in postmenopausal women the above mentioned
synergism between HPV and steroid hormones for the squamous cell carcinogenesis
preferably may occur in premenopausal women.

The survival rates for vagina carcinoma have improved during the last decades mostly
due to earlier detection and advances in the radiation technique [3]. In paper |1 we
found that the survival rate in stage | was exceedingly superior compared to more
advanced stages, which is in accordance with most other studies. Significantly more
patients were diagnosed in stage | in the last 20 years of the study period. However,
there was no difference in disease-specific survival related to diagnose year. A reason
could be that older women suffer from PCV and that many stage | patients have large
tumours. Location in the upper third of the vagina was most common with
predominance for the posterior wall. In contrast to earlier studies no prognostic impact
depending on vaginal location was found [83, 107, 279]. It was the extension of the
tumour in the vagina, which reflects the tumour size, rather than the location that had
prognostic importance in the univariate analysis. Location of the tumour to the lower
third has been associated with worse prognosis probably due to early spread to the
inguinal lymph nodes [94]. In agreement with most other studies vaginal bleeding was
the most frequent symptom at detection. Lack of symptom was a significant indicator
of superior survival, afinding also noticed by other investigators [107, 280], reflecting
detection at earlier stage. Surgical treatment alone or in combination with RT yielded
superior survival than RT alone, a finding in accordance with some studies [87, 124,
279], but not with others [106]. However, in stage | where surgical trestment is
recommended [124], our material showed no difference in survival depending on type
of treatment. It may be difficult to interpret the results as only a minority of the patients
was treated with surgery.

The multivariate regression analysis reveaed three remaining significant independent
predictors of poor survival, advanced age at diagnosis, large tumours (2 4cm) and
advanced clinical stage, also demonstrated in other studies [83, 106, 128, 281].
Common background factors with no prognostic significance were prior hysterectomy,
other gynaecological malignancies and pelvic irradiation which is consistent with
earlier reports [ 75, 83, 87, 90, 91, 109].
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The vaginal carcinoma appears preferentially to be locally invasive and distant
metastases seem to be rare at first presentation. The prognosis for PCV is worst when
the tumour is large and has grown beyond stage I. However, stage | lesions are quite
heterogeneous concerning size and depth of growth why the treatment must be
individually tailored, also taking into consideration other aspects such as patient age
and general condition. A subdivision of stage | to IA and IB in the FIGO guidelines for
staging would therefore be important.

The expression and prognostic impact of the epithelial basement protein, laminin-5g2
chain, was investigated in short- and long-time survivors of PCV. Prognostic
importance of the protein has been reported in some earlier studies [209, 214]. To our
knowledge laminin-5 expression has not been investigated in vagina carcinoma.
Immunopositivity for the 2 chain was found in all cases of epithelial vaginal cancers
but not in the non-epithelia ones which is consistent with the literature [204]. Strong
expression of the laminin-52 chain showed a dlight significant correlation with poor
survival in the univariate analysis, but not in the multivariate analysis where the only
factors predicting poor outcome were large tumours and advanced age at diagnosis.

To further evauate the prognostic and diagnostic importance of laminin-5¢2 chain
larger studies aso including precancerous stages are imperative.

Comparative genomic hybridization of PCV reveadled a recurring pattern of
chromosomal aneuploidies. The most frequent chromosomal aberrations were gains on
chromosome arms 3q, 5p and 19p. The distribution is strikingly similar to the one in
advanced cervical carcinomas where copy humber increases on 3g, 19p and 5p occur in
about 70%, 50% and 35% of the cases respectively [237, 238, 282]. This finding might
support the hypothesis of similarities in tumourigenesis for vaginal and cervica
carcinomas. Furthermore like in cervical carcinoma a negative immunoreactivity for
p53 was found in the majority of the cases, concomitant with high expression of
p21/WAFL. In cervica carcinoma it has been supposed that p53 is inactivated via the
HPV E6 oncoprotein which circumvents the need for TP53-inactivating mutations.
However, HPV is not as common in PCV as in cervical carcinoma where it can be
detected in amost all cases [54, 283, 284]. In our study HPV was found in 2/8 cases,
while other studies have reported an average of 50% [50, 51, 53, 67, 68]. The HPV-
positive cases had a CGH profile that differed from the HPV-negative cases with fewer
genomic imbalances. Given the few cases analysed successfully in our study it is
difficult to draw any conclusions. In PCV p53 is probably inactivated partly in another
manner than viaHPV oncoprotein E6/E7 and mutations of TP53.

Copy number increases on chromosome arm 3q is frequent found also in carcinoma of
the vulva, ovaries and the fallopian tube [239, 240, 285], but not in endometria
carcinoma[286]. In primary carcinoma of the fallopian tube all cases were negative for
HPV and showed strong p53 immunoreactivity, suggesting TP53 inactivation by gene
mutation [239]. It could also be observed that a gain on chromosome arm 3q occurs
independently of the presence of HPV.

All PCV, but one, showed a highly aneuploid distribution of the nuclear DNA content.
The vagina tumour with diploid pattern was a small tumour diagnosed at an early stage
due to regular gynaecological check-ups because of previous VAIN. Furthermore a
high proliferative activity was observed in the mgjority of the cases.
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The vagina carcinoma appears to be a tumour of high genetic instability with similar
chromosomal aberrations as in advanced cervical carcinoma suggesting it to be an
aggressive rapidly growing tumour or aternatively detected at late stages of disease
progression.

Two-dimensional gel €electrophoresis (2-DE) has been used to examine the
heterogeneity in gene expression in tissues from different malignancies. Significant
differences in the polypeptide expression between several tumour tissues and the
corresponding normal tissues have been demonstrated [251-253, 255, 262]. We used 2-
DE to analyze the pol ypeptide expression pattern in samples from PCV, normal vaginal
tissue and cervical carcinoma. Vagina and cervical carcinoma seemed to be quite
homogenous in their gene expression according to the correlation anaysis (r=0.68).
Studies from pairs of ovarian and pairs of breast carcinoma have shown large
intertumoural  heterogeneity respectively. PCV and cervical carcinoma appear
consequently to be more homogenous, indicating similar etiology.

A total of 23 protein spots were significantly differentially expressed among cervical
and vaginal carcinoma. By using this dataset of the 23 proteins in hierarchical cluster
analysis and correspondence analysis all samples could be classified into three groups
(normal vaginal tissue, vaginal- and cervical carcinoma). One case of PCV with prior
cervical carcinoma 35 years ago was also correctly classified as vagina carcinoma.
Cluster analysis is a method of describing similarity between samples based on their
pattern of gene expression [268] and accurate classification of breast cancer tissues has
been achieved [287]. In ovarian carcinoma cluster analysis of a set of differentialy
expressed proteins could be used as prognostic tool [267].

In the clinical situation it is sometimes difficult to discriminate between PCV and
cervical carcinoma especialy in patients with recurrent disease. Cluster analysis might
thus be used for correct classification. There is further a possibility to find diagnostic
and prognostic markers among the proteins that are differentialy expressed. This may
lead to novel techniques for treatments better adapted to the degree of malignancy of
the tumour.



CONCLUSIONS

The results from the genomic, proteomic and retrospective studies support the
hypothesis of a common etiology for cervical and vaginal carcinoma even though these
diseases occur at different age-groups. The occurrence at different age-groups could be
explained by the hypothesis that the response of these organs to the same carcinogenic
stimulus (for example HPV) varies with age and that the rate of response of the cervix
may be more rapid (perhaps due to the transformation zone) than the response rate of
the vagina [55]. Alternatively there might be an additional carcinogenic stimuli
predominantly occurring in the older age group (the estrogen deficiency?) to which the
vaginaisresponsive. The survival rate of PCV has increased over the years, but despite
earlier detection it is till quite low. This might indicate that vaginal carcinoma is an
aggressive disease, which is supported by the results from the genomic study where
high genomic instability, aneuploidy and high proliferative activity seemed to
characterize PCV. The only variables that independently affected survival were crude
clinical factors like stage, tumour size and age at diagnosis.

As in other malignancies early detection is crucial to provide better prognosis.
Screening is not a suitable method due to the rarity of PCV. As vagina lesions are
easily detectable it is of importance to perform athorough inspection of the vaginawith
a simple speculum investigation, especiadly in ederly women with common
background factors for PCV, such as a history of hysterectomy, pelvic irradiation
and/or earlier gynaecologica malignancy and in patients with cervica or vaginal
dysplasia

Further studies are needed to identify biological prognostic markers to discriminate
between low and high malignant tumours, where proteomics approach promises well.
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