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General Discussion

Cervical carcinoma remains one of the leading causes of death from cancer among women
worldwide!. Organised screening programmes aim to trace precursor lesions in order to
reduce cervical cancer incidence. Human papillomavirus (HPV) is a necessary cause for
cervical carcinogenesis. Most HPV infections are cleared and mild cervical abnormalities
regress because of an efficient cellular immunity. A failing immunological surveillance
eventually results in the development of cervical cancer.

This thesis describes and discusses the above mentioned aspects in cervical carcino-
genesis. Several topics that are touched in the chapters are highlighted at this point in a

general discussion.

1 Surinamese Environment and Cervical Cancer

Developing countries are high-risk areas for cervical cancer of which the incidence rates
differ worldwide'. Suriname is such a high-risk area®. Both endogenous and exogenous
factors can influence development of cervical (pre)malignancies and differences in in-
cidence rates between geographical areas’. Important exogenous or environmental fac-
tors are HPV, screening history and sexual lifestyle™. HPV infection is more common

in high-risk areas for cervical cancer'®®, including Suriname!®

. A higher prevalence and
viral load and different (more virulent) HPV type variants in a high-risk area might cause
an increased risk of cervical cytological abnormalities, as suggested recently'”'®. High
HPV exposure could be associated with a sexual lifestyle encouraged by the Surinamese
culture, as was established in several other populations®!?. Possible promiscuity of males
or females clearly increases the risk of acquiring an HPV infection and it is suggested
that the relatively young age at first intercourse could intensify the susceptibility to HPV
persistence.

The high cervical carcinoma incidence in Suriname is reflected in the high preva-
lence of moderate and severe dysplasia which was observed in cervical smears from
the first organised cervical screening programme in Suriname® e 2, The significance of
environmental factors for differences in the geographical incidence of cervical cancer
and its precursors was emphasised by a decreased prevalence of dysplasia in Surinamese
immigrants in the Netherlands, a low-risk area for cervical cancer®r3, This significance
is also supported by studies comparing risk factors in areas with different cervical cancer
incidences'®#.

The majority of the decline in cervical carcinoma incidence rates in developed countries
is attributed to the implementation of organised screening programmes®?*. The protec-
tive effect of previous screening operates independently from HPV*#. An absent or an
only recently started organised screening programme for cervical cancer could therefore

explain a high prevalence of cervical lesions in an area, in this case Suriname.
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In addition to the stated risk factors, several cofactors for progression of cervical HPV
induced lesions have been reported. These include smoking, oral contraceptives, parity”5*
and exposure to carcinogens in the household environment’.

Along with the above mentioned environmental factors, endogenous aspects that
mainly consist of immunological and genetic characteristics strongly influence the course

of cervical carcinogenesis.

2 Significance of Multiple HPV Infections in Cervical Cancer

As said, premalignancies are mainly induced by HPV infection and persistence of onco-
genic HPV is imperative for progression to cervical carcinoma. HPV persistence allows
for expression of the HPV oncogenes E6 and E7, which is associated with the malignant
progression of cervical neoplasia. The oncoproteins E6 and E7 deregulate cell cycle con-
trol mechanisms, create genomic instability, and can eventually cause aneuploidy®%.

In the multi-step cervical carcinogenesis with environmental, immunological and ge-
netic factors, the role of multiple HPV infections is not immediately obvious. Until recently
it was thought that multiple HPV infections were only present in premalignant cervical
lesions, but now we know that invasive cervical tumours can also be infected by multiple
HPV types. There appears to be no significant difference between high- and low-risk areas
for cervical cancer, although the odds of having multiple HPV infections are higher in a
high-risk population®haper ¢,

The significance of multiple HPV infections in cervical carcinoma can be viewed in
combination with viral integration and aneuploidy status. HPV integration is an important
step in cervical carcinogenesis, but is not always necessary for the expression of E6 and E77.
It does, however, secure viral persistence, which is a prerequisite for expressing the viral
oncogenes. Previously, HPV integration was investigated with PCR-based techniques, esti-
mating integration by comparing the copy numbers of an often deleted (E1/E2) and a mostly
preserved (E6/E7) viral oncogene. Recently several studies concerning HPV integration have
been published that utilised fluorescence in situ hybridisation (FISH), which has the advan-
tage of imaging episomal as well as integrated HPV. Most cervical carcinomas seem to have
HPV present in the integrated form, occasionally accompanied by HPV episomes®.

As stated above, the ultimate result of the deregulation of cell cycle mechanisms by the
HPV oncoproteins is aneuploidy. It could be hypothesised that aneuploidisation occurs
after viral persistence, making the tumour clone unstable and herewith facilitating HPV
integration. This is suggested by Melsheimer et a/. who showed that 19 out of 20 aneu-
ploid lesions had integrated HPV*. However, one could also argue that viral integration
increases genomic instability inducing aneuploidy. Evidence for both mechanisms was

observed previously®32.
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What role do multiple HPV infections have in cervical carcinogenesis? Apparently it is
favourable for some cervical tumours to be infected with multiple HPV genotypes. An ad-
ditional HPV type might result in sufficient oncogenicity even without viral integration in
some tumours. In two out of three HPV 16/18 co-infected cervical carcinomas, we found
viral integration of one type in the aneuploid fraction, but the third case showed presence
of both types without HPV integration® e,

To summarise, expression of the viral E6/E7 oncogenes does not require HPV integra-
tion ¥, which is probably one of the main reasons that the timing of HPV integration in
cervical carcinogenesis can vary. The presence of multiple, possibly synergistic, high
risk-HPV genotypes could lead to extensive expression of the viral E6/E7 oncogenes.
Aneuploidy weakens the genome and therefore enhances oncogenicity of a tumour in
general as well as the integration of HPV. The main conclusion seems to be that there are
multiple paths which can lead to progression of a cervical tumour, probably depending

on individual immunogenetic and available environmental factors.

3 Immunogenetic Heterogeneity in Cervical Cancer

The cellular immune system is able to eliminate viruses and virus induced lesions. HPV
induced cervical lesions are associated with a failing immunological surveillance which is
performed by cytotoxic T-lymphocytes (CTLs), activated when human leukocyte antigen
(HLA) class T antigen presents aberrant peptides. In addition, tumour progression ap-
pears to be facilitated by altered expression of cytokines among which are interferon and
several interleukins, leading to decreased local cellular immunity*.

Loss of HLA surface expression occurs frequently in cervical (pre)neoplasia®**. The
nature and frequency of HLA class I antigen loss mechanisms were elegantly studied in
a group of freshly sorted cervical cancer samples and it was established that altered HLA
class T expression was frequent, diverse, mainly caused by genetic changes and combined
with widespread tumour heterogeneity®. The diversity and heterogeneity of HLA class 1
aberrations are illustrated by the expression patterns observed in cervical tumours and
adjacent cervical intraepithelial neoplasia (CIN) lesions®™er > Strong, weak and absent
expression of HLA class I was observed in the samples, often varying within the cases.
In most patients, CIN and invasive tumour samples provided similar results, supporting
the hypothesis that both are from the same clonal process and demonstrating that HLA
class 1 loss is an early event in cervical carcinogenesis. The failure to express HLA class
I could result from loss of heterozygosity (LOH) at 6p21.3 in combination with a locus-
restricted event in this area. Mutations in the HLA class I genes and in §,m were described
previously™. Larger deletions in the HLA class I area were not observed using FISH®hpers,

It is likely that the HLA class I aberrations allow the premalignant CIN lesion to escape
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immune surveillance and progress to invasive cancer.

Not all cases with loss of HLA class I expression can be explained by genetic defects
in the HLA class I or B,m genes. Low transporter associated with antigen processing (TAP)
expression has previously been reported and was found to be associated with loss of
HLA class I expression in cervical carcinomas®, but until recently information about the
underlying mechanisms was limited. Previously reported TAP mutations in the majority of
cervical carcinoma samples emerged to be polymorphisms and LOH™. In our study altered
TAP expression was observed in more than 40% of the cases, in two cases accompanied
by a 1 bp deletion in the 5-UTR®»< ¢ Only some of the adjacent precursor lesions
displayed loss of TAP expression, indicating that the timing of TAP downregulation varies
between cervical tumours. In several cases the loss of TAP expression was more extensive
in CIN than in the invasive tumour tissue. This could implicate different clonal origins or
the fact that only TAP negative CIN lesions survived T-cell attack activated by the tumour’s
presence. All samples with altered TAP expression displayed a heterogeneous staining
pattern of scattered nests of TAP positive among TAP negative tumour cells, even in the
cases with the 5’-untranslated region (UTR) somatic mutation and LOH. This type of pat-
tern probably results from aberrations in regulation rather than from clonal expansion of
TAP negative and positive tumour cell populations. Most TAP and associated HLA class I
aberrations can be upregulated through interferon stimulation® although structural TAP
alterations in tumour cells have been established recently*. TAP defects can diminish
the HLA class I cell surface expression, but there is increasing evidence that an effective

antiviral defence can occur via TAP independent mechanisms as well®*%4,

4 Conclusions

In the present thesis we focused on multiple aspects of cervical carcinogenesis in devel-
oped and developing countries. Several conclusions can be made based on the studies
presented. The high cervical carcinoma incidence in Suriname is reflected in the high
prevalence of moderate and severe dysplasia which was observed in a sample of cervical
smears from the first organised cervical screening programme in Suriname. This can be
attributed to the absence of an organised screening programme for cervical cancer until
recently, which is associated with high prevalence of cervical lesions in an area. In addi-
tion, the decreased prevalence of dysplasia in first-generation Surinamese immigrants in
the Netherlands illustrates the significance of environmental factors for differences in the
geographical incidence of cervical cancer and its precursors.

Looking at endogenous aspects of cervical carcinogenesis it is important to realise
that the timing of HPV integration in cervical carcinogenesis can vary, but the viral onco-

genes always need to be expressed. The cellular immune system recognises HPV infected
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lesions. Selective pressure results in HLA defective tumour cells and a failing immune
surveillance increases cervical tumour progression. The frequent HLA class I aberrations
occurring in cervical carcinoma are diverse and heterogeneous and partly associated with
TAP alterations.

Hitherto, the largest decrease in cervical cancer incidence has been accomplished by
organised cervical screening programmes. The success of organised screening programmes
is conditional upon a high response rate and regular screening intervals, which unfortu-
nately remains very difficult to realise in developing countries where cervical cancer is
the leading cancer among women. In addition, the effect of successfully implemented
screening programmes can first be observed after some time (decades). The large number
of HPV vaccination studies illustrates the current focus in cervical cancer research. Pro-
phylactic HPV vaccines show a protection of 70% against the high-grade cervical lesions.
A prophylactic HPV vaccine seems a promising solution in the near future for developing
countries in establishing a substantial decrease in cervical carcinoma incidence. However,
the frequently aberrated immune system in women with cervical cancer suggests a diffi-
culty in establishing an effective immunisation by therapeutic HPV vaccines, which should

be taken into account in further research concerning these vaccines.

105



Chapter 7

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

106

Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence
Worldwide. IARC CancerBase No 5 version 2 0 2004. IARCPress, Lyon.

Vizcaino AP, Moreno V, Bosch FX, Munoz N, Barros-Dios XM, Borras J, Parkin DM. International trends
in incidence of cervical cancer: Il. Squamous-cell carcinoma. Int J Cancer 2000, 86: 429-435.

Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer burden: Globocan 2000. Int J Cancer
2001, 94: 153-156.

Gustafsson L, Ponten J, Bergstrom R, Adami HO. International incidence rates of invasive cervical
cancer before cytological screening. Int J Cancer 1997, 71: 159-165.

Sankaranarayanan R, Budukh AM, Rajkumar R. Effective screening programmes for cervical cancer in
low- and middle- income developing countries. Bull World Health Organ 2001, 79: 954-962.

Krul EJT, Peters LAW, Vandenbroucke JP, Vrede MA, van Kanten RW, Fleuren GJ. Cervical carcinoma
in Surinam: Incidence and staging of cervical carcinoma between 1989 and 1994. Cancer 1996, 77:
1329-1333.

Castellsague X and Munoz N. Chapter 3: Cofactors in human papillomavirus carcinogenesis--role of
parity, oral contraceptives, and tobacco smoking. J Natl Cancer Inst Monogr 2003, 31: 20-28.

Suris JC, Dexeus S, Lopez-Marin L. Epidemiology of preinvasive lesions. Eur J Gynaecol Oncol 1999,
20:302-305.

Ferrera A, Velema JP, Figueroa M, Bulnes R, Toro LA, Claros JM, De Barahona O, Melchers WJG. Co-
factors related to the causal relationship between human papillomavirus and invasive cervical
cancer in Honduras. Int J Epidemiol 2000, 29: 817-825.

Villa LL and Franco EL. Epidemiologic correlates of cervical neoplasia and risk of human papillomavi-
rus infection in asymptomatic women in Brazil. J Natl Cancer Inst 1989, 81: 332-340.

Munoz N, Bosch FX, De Sanjose S, Tafur L, Izarzugaza |, Gili M, Viladiu P, Navarro C, Martos C, Ascunce
N, et al. The causal link between human papillomavirus and invasive cervical cancer: a population-
based case-control study in Colombia and Spain. Int J Cancer 1992, 52: 743-749.

Svare El, Kjaer SK, Worm AM, Osterlind A, Moi H, Christensen RB, Meijer CJ, Walboomers JM, van den
Brule AJ. Risk factors for HPV infection in women from sexually transmitted disease clinics: compari-
son between two areas with different cervical cancer incidence. Int J Cancer 1998, 75: 1-8.

Ferreccio C, Prado RB, Luzoro AV, Ampuero SL, Snijders PJ, Meijer CJ, Vaccarella SV, Jara AT, Puschel K,
Robles SC, Herrero R, Franceschi SF, Ojeda JM. Population-based prevalence and age distribution of
human papillomavirus among women in Santiago, Chile. Cancer Epidemiol Biomarkers Prev 2004,
13:2271-2276.

Franceschi S, Rajkumar R, Snijders PJ, Arslan A, Mahe C, Plummer M, Sankaranarayanan R, Cherian J,
Meijer CJ, Weiderpass E. Papillomavirus infection in rural women in southern India. Br J Cancer 2005,
92:601-606.

Bosch FX and Sanjosé Sd. Chapter 1: Human Papillomavirus and Cervical Cancer - Burden and As-
sessment of Causality. J Natl Cancer Inst Monogr 2003, 31: 3-13.

Wachtel MS, Boon ME, Korporaal H, Kok LP. Human papillomavirus testing as a cytology gold stan-
dard: comparing Surinam with the Netherlands. Mod Pathol 2005, 18: 349-353.

Wang SS and Hildesheim A. Chapter 5: Viral and host factors in human papillomavirus persistence
and progression. J Natl Cancer Inst Monogr 2003, 31: 35-40.

Giuliano AR, Papenfuss M, de Galaz EMB, Feng J, Abrahamsen M, Denman C, de Zapien JG, Henze
JLN, Garcia F, Hatch K. Risk factors for squamous intraepithelial lesions (SIL) of the cervix among
women residing at the US-Mexico border. Int J Cancer 2004, 109: 112-118.



20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32

33.

34.

General Discussion

Kjaer SK, van den Brule AJ, Bock JE, Poll PA, Engholm G, Sherman ME, Walboomers JM, Meijer CJ.
Determinants for genital human papillomavirus (HPV) infection in 1000 randomly chosen young
Danish women with normal Pap smear: are there different risk profiles for oncogenic and nononco-
genic HPV types? Cancer Epidemiol Biomarkers Prev 1997, 6: 799-805.

Deacon JM, Evans CD, Yule R, Desai M, Binns W, Taylor C, Peto J. Sexual behaviour and smoking as
determinants of cervical HPV infection and of CIN3 among those infected: a case-control study
nested within the Manchester cohort. Br J Cancer 2000, 83: 1565-1572.

Schiffman M and Kjaer SK. Chapter 2: Natural history of anogenital human papillomavirus infection
and neoplasia. J Natl Cancer Inst Monogr 2003, 31: 14-19.

Liu JH, Rose B, Huang X, Liao GW, Carter J, Wu XJ, Thompson C. Comparative analysis of characteris-
tics of women with cervical cancer in high- versus low-incidence regions. Gynecol Oncol 2004, 94:
803-810.

Hakama M, Chamberlain J, Day NE, Miller AB, Prorok PC. Evaluation of Screening Programs for Gyne-
cological Cancer. Br J Cancer 1985, 52: 669-673.

A WHO Meeting. Control of Cancer of the Cervix Uteri. Bull World Health Organ 1986, 64: 607-618.
Duensing S and Munger K. Centrosome abnormalities, genomic instability and carcinogenic pro-
gression. Biochimica et Biophysica Acta-Reviews on Cancer 2001, 1471: M81-M88.

Duensing S and Munger K. The human papillomavirus type 16 E6 and E7 oncoproteins indepen-
dently induce numerical and structural chromosome instability. Cancer Res 2002, 62: 7075-7082.
Duensing S, Duensing A, Flores ER, Do A, Lambert PF, Munger K. Centrosome abnormalities and
genomic instability by episomal expression of human papillomavirus type 16 in raft cultures of hu-
man keratinocytes. J Virol 2001, 75: 7712-7716.

Bryan JT, Taddeo F, Skulsky D, Jansen KU, Frain BM, Qadadri B, Brown DR. Detection of specific human
papillomavirus types in paraffin-embedded sections of cervical carcinomas. J Med Virol 2006, 78:
117-124.

Hopman AH, Theelen W, Hommelberg PP, Kamps MA, Herrington CS, Morrison LE, Speel EJ, Smedts F,
Ramaekers FC. Genomic integration of oncogenic HPV and gain of the human telomerase gene TERC
at 3926 are strongly associated events in the progression of uterine cervical dysplasia to invasive
cancer. J Pathol 2006, 210: 412-419.

Melsheimer P, Vinokurova S, Wentzensen N, Bastert G, Doeberitz MV. DNA aneuploidy and integra-
tion of human papillomavirus type 16 E6/E7 oncogenes in Intraepithelial neoplasia and invasive
squamous cell carcinoma of the cervix uteri. Clinical Cancer Research 2004, 10: 3059-3063.
Koopman LA, Szuhai K, Van Eendenburg JDH, Bezrookove V, Kenter GG, Schuuring E, Tanke H, Fleuren
GJ. Recurrent integration of human papillomaviruses 16, 45, and 67 near translocation breakpoints
in new cervical cancer cell lines. Cancer Res 1999, 59: 5615-5624.

Brink AATP, Wiegant JCAG, Szuhai K, Tanke HJ, Kenter GG, Fleuren GJ, Schuuring E, Raap AK. Simulta-
neous mapping of human papillomavirus integration sites and molecular karyotyping in short-term
cultures of cervical carcinomas by using 49-color combined binary ratio labeling fluorescence in situ
hybridization. Cancer Genetics and Cytogenetics 2002, 134: 145-150.

De Gruijl TD, Bontkes HJ, van den Muysenberg AJC, van Oostveen JW, Stukart MJ, Verheijen RHM,
van der Vange N, Snijders PJF, Meijer CJLM, Walboomers JMM, Scheper RJ. Differences in cytokine
mRNA profiles between premalignant and malignant lesions of the uterine cervix. European Journal
of Cancer 1999, 35: 490-497.

Nees M, Geoghegan JM, HymanT, Frank S, Miller L, Woodworth CD. Papillomavirus type 16 oncogenes
downregulate expression of interferon-responsive genes and upregulate proliferation-associated
and NF-kappa B-responsive genes in cervical keratinocytes. J Virol 2001, 75: 4283-4296.

107



Chapter 7

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

108

Hazelbag S, Fleuren GJ, Baelde JJ, Schuuring E, Kenter GG, Gorter A. Cytokine profile of cervical
cancer cells. Gynecol Oncol 2001, 83: 235-243.

Connor ME and Stern PL. Loss of MHC Class-I expression in cervical carcinomas. Int J Cancer 1990, 46:
1029-1034.

Cromme FV, Meijer CJ, Snijders PJ, Uyterlinde A, Kenemans P, Helmerhorst T, Stern PL, van den Brule
AJ, Walboomers JM. Analysis of MHC class | and Il expression in relation to presence of HPV geno-
types in premalignant and malignant cervical lesions. Br J Cancer 1993, 67: 1372-1380.

Glew SS, Connor ME, Snijders PJF, Stanbridge CM, Buckley CH, Walboomers JMM, Meijer CJLM, Stern
PL. HLA Expression in Pre-invasive Cervical Neoplasia in Relation to Human Papilloma Virus Infection.
Eur J Cancer 1993, 29a: 1963-1970.

Bontkes HJ, Walboomers JM, Meijer CJ, Helmerhorst TJ, Stern PL. Specific HLA class | downregulation
is an early event in cervical dysplasia associated with clinical progression [letter]. Lancet 1998, 351:
187-188.

Koopman LA, Corver WE, Van der Slik AR, Giphart MJ, Fleuren GJ. Multiple genetic alterations cause
frequent and heterogeneous HLA class | antigen loss in cervical cancer. J Exp Med 2000, 191: 961-
976.

Cromme FV, Airey J, Heemels MT, Ploegh HL, Keating PJ, Stern PL, Meijer CJLM, Walboomers JMM.
Loss of Transporter Protein, Encoded by the Tap-1 Gene, Is Highly Correlated with Loss of Hla Expres-
sion in Cervical Carcinomas. J Exp Med 1994, 179: 335-340.

Keating PJ, Cromme FV, Duggan-Keen M, Snijders PJF, Walboomers JMM, Hunter RD, Dyer PA, Stern
PL. Frequency of downregulation of individual HLA-A and -B alleles in cervical carcinomas in relation
to TAP-1 expression. Br J Cancer 1995, 72: 405-411.

Ritz U, Momburg F, Pilch H, Huber C, Maeurer MJ, Seliger B. Deficient expression of components of
the MHC class | antigen processing machinery in human cervical carcinoma. Int J Oncol 2001, 19:
1211-1220.

Fowler NL and Frazer IH. Mutations in TAP genes are common in cervical carcinomas. Gynecol Oncol
2004, 92:914-921.

Seliger B, Maeurer MJ, Ferrone S. Antigen-processing machinery breakdown and tumor growth. Im-
munol Today 2000, 21: 455-464.

Raffaghello L, Prigione |, Bocca P, Morandi F, Camoriano M, Gambini C, Wang XH, Ferrone S, Pistoia
V. Multiple defects of the antigen-processing machinery components in human neuroblastoma:
immunotherapeutic implications. Oncogene 2005, 24: 4634-4644.

Seliger B, Ritz U, Abele R, Bock M, Tampe R, Sutter G, Drexler |, Huber C, Ferrone S. Immune escape
of melanoma: First evidence of structural alterations in two distinct components of the MHC class |
antigen processing pathway. Cancer Res 2001, 61: 8647-8650.

Yang TY, McNally BA, Ferrone S, Liu Y, Zheng P. A single-nucleotide deletion leads to rapid degrada-
tion of TAP-1 mRNA in a melanoma cell line. J Biol Chem 2003, 278: 15291-15296.

Kloor M, Becker C, Benner A, Woerner SM, Gebert J, Ferrone S, Doeberitz MV. Immunoselective
pressure and human leukocyte antigen class | antigen machinery defects in microsatellite unstable
colorectal cancers. Cancer Res 2005, 65: 6418-6424.

Glas R, Bogyo M, McMaster JS, Gaczynska M, Ploegh HL. A proteolytic system that compensates for
loss of proteasome function. Nature 1998, 392: 618-622.

Saveanu L, Fruci D, van Endert PM. Beyond the proteasome: trimming, degradation and generation
of MHC class | ligands by auxiliary proteases. Mol Immunol 2002, 39: 203-215.

Lautscham G, Rickinson A, Blake N. TAP-independent antigen presentation on MHC class | molecules:
lessons from Epstein-Barr virus. Microbes Infect 2003, 5: 291-299.



53.

54.

General Discussion

Doytchinova |, Hemsley S, Flower DR. Transporter associated with antigen processing preselection of
peptides binding to the MHC: A bioinformatic evaluation. J Immunol 2004, 173: 6813-6819.
Zimmer J, Andres E, Donato L, Hanau D, Hentges F, De la Salle H. Clinical and immunological aspects
of HLA class | deficiency. Q J Med-Int JMed 2005, 98: 719-727.

109






