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Introduction

1, Cancer of the upper aerodigestive tract

Nenrly every neoplastic disease may have a primary of secondary manifestation in the
hand and neck, However, squamous cell carcinoma originating from the mucous
membranes of the upper aerodigestive tract is by far the most frequent tumor oceurring
primarily in the head and neck. In the Western world the incidence of head and neck
pouamous cell carcinoma is generally low, in the order of 5% of the total number of new
onnosr cases (1), except for a few places where the risk is exceptionally high, such as
Franoe, ltaly, and Spain. The larynx, oral cavity and pharynx are most commenly involved.
In many countries in the developing world, such as India and Pakistan, oral cancer is the
sommoenest form of cancer and this accounts for the fact that oral cancer is one of the ten
most frequaently oceurring cancers in the world. [t is of interest that recent epidemiological
data suggest that the incidence of head and neck squamous cell carcinoma in the Western
world, having fallen gradually earlier in this century, is now rising and that this pattern is
prament in both men and women (2,3). This appears particularly true for cancers of the oral
aavity, the pharynx and the larynx, The disease is more commen in males than in females,
generally with a peak incidence in the 7th decade of life. The sex ratio, however, varies
gonslderably for the various sites.

It (s vary likely that the pathogenesis of head and neck cancer is multifactoral. Bath
lubneso and alcohol are important risk factors (4). Occupational factors may play arole as
well (8), It has not yet been clarified to what extent human papillomaviruses are involved
(weo 1.4), Furthermore, it seems very likely that individual genetic susceptibility to these
axlarmal carcinogens is important, if only because so many individuals have been and are
being exposed, for instance, to tobacco and alcohol, whereas only relatively few actually
duyelop cancer in the upper air and food passages (6). Head and neck squamous cell
parclnoma patients are at high risk for developing second primary cancers within the same
organ system: the respiratory tract and the upper digestive tract, including the esophagus
{11), Many theories have been postulated to explain the phenomenom of multiple primary
onnoars, the most convincing being *field cancerization” or "condemn mucosa’ syndrome
(n),

2, Human paplllomavirus
2.1, General Introduction

Papllomaviruses belong to the family of Papovaviridae and consist of a circular double
sirandad DNA molecule, approximately 7.8 to 7.9 kilobases (kb) in size, which is packaged
into an lcosahedral capsid. A characteristic feature of papillomaviruses is that within their
genorme all major open reading frames (ORFs) are located on the same DNA strand. A
funetional subdivision of the papillomavirus genome has been made in analogy with other
viruges, An "early region" (E-region) is defined, consisting of genes that are supposed to
he axpressed before onset of viral DNA replication, and a distinet "late region" (L-region)
gontaing genes that encode viral capsid protains, In nddition, an n-between long control
raglon (LOR) or upstream regulatory region (UAR) I8 dofined which is built up from
pocuences involved in the control of viral gene axpranslon and episomal replication, Due

- N .

1o the absence of an /n viro HPV oulture system and reliable serologloal tests al this
momant, both papllomavirue (dentifioation and type differantiation are based solely on
nuelele aold orlteria, According to these orlterin, more than 60 human papllomavines (MPV)
fypon have beon [dentified 1o date (9). HPVa are striotly epitheliotropic and afe woll-known
10 Induce epithelial tumors of the mucosa and skin in man (10,10a). In these lesions HPV
production Is limited to the upper part of the differentiating epithelium. In general these
{more are banign and ofter regress spontanacusly, However, depaidant on the HPV type
prasent, some HPV Induced lesions may prograss to malignancy, a process in whish he
Invalvament of co~factors has bean suggestad (10,11), Tha majority of HPV types can be
grouped together into those assoclated with cutanecus lesions (e.g. HPV 1, 6, 8, 14) and
typos associated with mucosal, mainly genital leslons (a.g. HPV 6, 11, 16, 18). Howaver,
hare axint oxceptions to the strict cutanecus versus mucosal classification as reflocted Ly
lypas llke HPV 2 and HPV 67, which show an ambivalent tropism (12). In additian, ®
subdivision can be made between so-called "low risk" and "high risk" HPV types, depending
o thalr nssoclation mainly with lesions having alow and high risk for mallignant progression,
tenpactivaly. Amongst the mucosotropie HPVs, the HPV types 6 and 11 are woll recognizad
low rlal MPVe and are predominantly associated with genital condylomas and laryngeal
paplllomas (13,13a,14), which rarely progress to malignancy. Mucosotropie high risk HPV
lypas Include HPV 16, HPV 18, HPV 31 and HPV 38, and are implicatad in anogenial
canoar, in particular ecancer of the uterine cervix (15).

2.2, HPY genome organization and encoded functions

Paplllomaviruses have avery compact genome organization. Their ORFs are distributed
pver all three reading frames and there is considerable overlap, particularly batwesn e
I wraglon ORFs. A representative scheme of the HPV genome organization Is deploted In
Figura 1, The HPVs contain at least six early ORFs (E1 to E7), two late ORFs (L1 and L2)
and the LCH, the Iatter being localized between ORFs L1 and EG, Based on daln
soneaiing bovine papillomavirus type 1 (BPV 1) extended with more recant data from sorme
HIPVe, the functions of HPV ORFs have been deduced (16). It should be natad, however,
that an ORF may not be confounded with a gene, Although some ORFs (e.g, EG and £7)
anoode n distinet protein, others (e.g. E4) are non-functional by itself and only provide arn
wxan which should be fused with an exon from a differant ORF via RNA splicing 16 became
funatlonal, Tharefore, the number of HPV encoded proteins generated following diffarantial
HNA spllaing may excead the number of ORFs,

Bt and E7 ORFs. The HPV E6 and E7 ORFs exhibit transforming functions and for the
high fisk HPVs their products have been assigned as oncoproteins, Both ORFs encode
= functional proteins with no known enzymatic activities, which are likely to acculre their
irinale properties via complax formation (17-19),

1 and B2 ORFs, Although less well studied, data obtained from BPV 1 have suggestad
{hat the full-length E1 ORF encodes aviral replication factor (20,20a), Moraover, (runoated
1 anguances, fused vin BNA splicing with sequences of other ORFs, are (nvalved (i the
ganeration of avarlety of viral proteins with diverge activities, These Inolude E1-M, ER-C,
F1 B4 and E1-M’E2-C fuslon proteins (21,22,22a), Of these protelns, E1-M (s supposed
10 not at the level of viral copy number control durlng replication (23), E2-C, whioh consists
mainly of seguences from the 3" part of the £2 ORF, s likely 1o be a iransoriptional
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reprensor that acts via binding with E2 responsive sites within the LON (#4), The fusion
proteln E1-M'E2-C containg both the E1-M replication modulator domaln and the £2-C
[INA binding domain, Functional analysis has revealed transcriptional repressor activity,
friggered by binding to an E2 responsive element. In addition, a role for this protein in
controlling eplsomal DNA replication has been suggested (22a). Also the full-length E2
proteln acts by binding to E2 responsive elements within the LCR, thereby triggering positive
and negative transcriptional feedback regulation (25-30).

4 and ES ORFs. E4 encoding sequences are expressed via an E1°E4 fusion protein that
I Invalved in the collapse of the cytokeratin matrix (31). It has been suggested that by this
notion a reslstant barrier is destroyed which may enhance virus shedding from the epithelial
surlnce. Although the ES protein of BPV 1 exhibits transforming properties (32}, the function
of the HPV ES proteins is still unclear. However, it recently has been found that the E5a
prateln of HPV 6 contains transforming activity in NIH 3T3 and G127 cells (33).

L1 and L2 ORFs. The HPV L1 and L2 ORFs encode major and minor capsid proteins,
fanpoctively.

LA, The LCR does not contain genes but in analogy with BPV 1 probably contains
pramolars as well as the replication origin. Several E2 responsive elements are located
within the LOR, which mediate transcription feedback regulation by interaction with E2 and
80 proteins, In addition, an E2 protein-independent enhancer has been identified which
wxhibite oell-type specificity and is likely to contribute to the strict epithelictropism of HPVs
(90,04), Transcriptional enhancement via this enhancer is mediated by binding and co-
uperation of several apparently ubiquitous transcription factors including NF1, AP-1, PVF,
NIFA, oot 1, as well as the hormone stimulated progesterone and glucocorticoid receptors
(46,46,97),
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Flgure 1: Schemalic presentation of the HPY genome organization. The Ihree reading frames are indicated on
fhe Joft nne boxes represent early (E) and late (L) open reading frames. Dotled lines indicate putalive initiation
vodons and filled cirelas indicate putative poly (A) signals. The location of the LCR is indicated by a bar. The Figure
I rodmwn from Sousa et al. (16),

2.4, HPV detection methods

The lack of a culture system for HPV propagation has resulted in nucleic acid detection
nusays being widely applied methods of detecting HPV. These assays include hybridization
tachniques like filter in situ hybridization, dot blot hybridization, Southarn blot hybridization
und nuolele acld in situ hybridization, and the polymarase chain reaction (PCR).

200, Mybridization techniquens

Thess mathods have in common that they are based on hybrid formaton of denaturatad
targat DNA or IINA strands with a laballed complameantary DNARNA sirand (probe), Probe
laballing onn be carrded out by Ineorporation or addition of radionctive as wall as non
fudlonctive labels and visualization of the hybrid nueleld aclds ultimately oan be
pooamplished by autoradiography and Immunohistoshemioalimmunofliucrencence staining
procedures, respectively,

Filter I aitu hybridization. This mothod (s based on the immobllization of orude cell
suspensions on afiter support, followad by hybridization (38,80). A major advantage (s fhat
e method onn be applled rapldly and large numbers of samplos oan be sereened
almultaneously. A disadvantage (s a limited detection level (10 to 100 PV coples/cell) and
e methad s not applicable to solid lissue specimans,

Dat blot method. |r1 this method purifiad DNA is directly transfarred to o filter support and
subsaguantly hybtidized to a probe (40,41), The sensitivity Is limitad o 110 10 HPV coplas
par aell and the method requires about 2 to 6 ug sample DNA,

Houthern blet method, In contrast fo the dot blot methad, the Southern blot teehnlque (42)
Invelves o rastriction enzyme digestion step followed by electrophoretical separation of
digentod DNA fragments on an agarose gel before the DNA is transferred to a filter support.
Cunseguently, application of this method gives rise to a pattern of one or maore hybiridlizing
rasltiation fragments of different sizes, which increases the specificity of the method, The
Iohinigue usually raquires 5 to 10 ug sample DNA and the sensitivity s approximately 0.1
18 1 MV copies per cell, The Southarn blot method is still considered 1o be the mast
mlinble HPY DNA detection technique and Is widely used to confirm results obtained from
othar HPV detestion methods.

In st hybridization method. In this method (43,44,44a), which usually is applied 1o Ussue
naations, hybridization (s directly performed within the cells after mild pretraatment (o make
targal DNA/ANA attainable for the probe, This mathod has a major advantage that i
prasarves the morphology and allows the identification of cells which harbor HPV nuclslo
Al The sansitivity of non-radioactive DNA in sitw hybridization (s approximately 20 HPV
ooplen por call (45),

20,2, Polymerage chain reaction

The recently developed PCR method (46,47) I8 recognized as the most sensitive DNA
dutaation method, Comparison of diffarent HPV datection methods have revealed that the
PO I auparior In sensitivity (48). The technique Includes an enzymatic step and (s based
o the annealng of two short oligonucleotides (primars) to the opposite strands of & cartaln
el DNA maolecule, thereby providing free 8'-0OH ands far DNA polymerase - madisted
olinln slongation. Usually, 30 to 40 cycles of amplification are performed, which @
gaimposad of a DNA heat denaturation step, a primer annealing step and u chaln alongation
alap, Under optimal conditions a twofold Increase In the amount of target DNA, spanned
by both primers, can be achieved during each cycle and theoretically the amount of targe
DNA s amplified more that a millionfold after performance of twaenty PCH cyoles, Therefore,
aaennitivity of 1 HPV copy per sample can be observed by PCR, Ultimately, amplified DNA
often oan be ranolved at the agarose gel leval, but additional hybridization by dots or

10



Gouthern blotting |s necessary 1o confirm specificity and enhanos sensitivity. The mothod
s not only advantagoous because of 1S high sensitivity, but alsa by iis facuirament of
ralatively low amounts of target DNA (25 to 500 ng), which Is Important In case of amall
llwsue specimens, Another advaniage is that the PCR can be applied to crude cell
suspensions (49,60) and crude extracts of formalin-fixed, paraffin-embedded tissue (51).
A major drawback of the method is its susceptibility to laboratory contaminations, especially
{0 cloned plasmid DNA and PCR products obtained from previous reactions. Therefore,
gpocial precautions should be taken to exclude false positive PCR results (52,53). At
present, the PCR is a widely applied HPV DNA detection method.

2.3.3, Problems in HPV detection

Although the methods described above have shown to be successful in the specific
dataotion of a variety of HPV genotypes, problems arise when it is unknown which HPV
fype might be present in a certain lesion. Owing to the existence of more than 60 different
MV types, it is unfeasible to perform successive type-specific screening assays and more
gmnrmhzed assays are required to screen for the presence of a broad spectrum of,
ineluding putatively novel, HPV genotypes. Thus far, several techniques have been used
for PV detaction in arather type-unspecific manner. These include histolegic examination,
whileh foouss on cytopathological changes (e.g. koilocytosis) resulting from HPV infections
(44, and {mmunohistochemical detection of group-specific papillomavirus capsid antigens
wiil s antlserum prepared against SDS-disrupted BPV 1 virions (55). The disadvantage
af the first method is that agents different from HPV could have caused the histological
ghmnges. Moreover, apart from their rather low sensitivity, these methods only can detect
productive viral infections, thereby survying alimited field hecause virus production is known
{6 be abrogated in carcinomas.

Universal HPV DNA detection methods include low stringency Southern blot hybridization
(56,57), eventually using an HPV cocktail probe, and reverse blot hybridization (58). The
firsl of these methods makes use of the capability of HPV genotypes to cross-hybridize
under these conditions with more or less related HPV genotypes. Inherent in this method
|8 & reduced sensitivity. As shown in Figure 2, the less related HPV types 16 and 18 cross-
hybridize under low stringency conditions (Tm-40°C). However, the sensitivily is greatly
raduced. Using an HPV 16 probe, HPV 18 DNA can not be detected in the C4-1 (110 3
goples per cell) and Hela (10 to 50 copies per cell) cell lines after a short exposure time
(Figure 2A). Although a longer exposure time allowed the resolution of some HPV 18
fragments in the Hel a cell line, & remarkable increase of interfering background signals is
ovident, making that hybridization signals are difficult to interpret (Figure 2B). After using
an HPV 18 probe only HPV 16 DNA in the CaSki cell line (500 fo 600 copies per cell) can
bo detected at reduced sensitivity (Figure 2C).

The reverse blot hybridization method uses cellular DNA as probe for hybridization to &
panal of cloned HPV DNAs, immobilized on a filter support. The sensitivity of this method
(6 limitad to about 10 HPV genome equivalents per cell (68). Therefore, low copy numbers
of 0 cortain type will remain undetectable and It s questionable whether putatively novel,
atlll unidentified HPV types would be detected by this method,

COonseguently, this aspeot of detesting MV needs furthesr impravermants  and e
(traduation of PCR methods using general/oonsensus primers offars new perspectives
(B0,60) and 8 extensivaly studied in his thesis,
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Flgiire 81 Low siringanoy Southemn blot analysis (Tm-=40"C) of 1 ug OBkl DNA (500 1o 600 coplof of HI*V 16
ok ol 10 g Bk DNA (110 10 coplan of HPV 16 por cell), 10 (g G4<1 DNA (1 (o 5 coplas of IV 10 par oell)
inl A iy Makn BNA (10 1o 50 coplos of HPV 18 per cell) digosted with 2, Mybtidization was parformnned wilh
lﬁlllilllrl MY 10 (A and B) o HPV 18 (G) DNA, Autoradiography was performad for one (A and G) mndl four (1)
ARYR A M Blen mnrkars ara indloated on tho left, n (B) HPV 18 tmgments within Haln DNA whioh cites
yhiliien wilh e MYV 16 probe are indioatad by filled cirGles,

% Human paplilomavirus and carcinogenesis: the cervieal cancer model

I are axinls o strong assocliation betwean certain HEV ganotypes and carsinarmas of the
miine carvis, Almost all cervieal carcinomas have boen found (o contain HPY DNA
(BO80.61), and the most pravalent types in cervical cancer are the HPV typos 16 and 118
(B808), To date, substantial experimantal data have been collectad which suggest el
{ese spacific high rsk HPVe are Involved in the pathogenesis of cervical cancer (11,64),
In this section some aspects will be discussed which are supposed o be essential in
olreinogenasis by HPV,
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3.1, HPV oncogenensis

Sinee the majority of cervical carcinomas contain HPV 16 or HPV 18 DNA, studies that
have boan sel up to discover putative oncogenic properties of high risk HPVe mainly have
boan porformed with thase types. In vitro studies have revealed the abllities of these HPV
typan to fransform established cell lines and to immortalize primary rodent and human
Karulinocytes (65-68), In addition, HPV 16 and HPV 18 can induce an altered differentiation
al human apithelial cells which resembles genital intraepithelial neoplasia in vivo (70,71),
Iurther studies have revealed that the viral E6 and E7 genes are responsible for all these
proparties (72-75), Of these genes, E7 is considered to be the major transforming gene;
I 7 nlone can transform primary rodent cells in cooperation with an activated rasoncogene
(74,77) nnd aven the immortalization of primary human keratinocytes by E7 alone has been
reportad (78). In contrast, the E6 and E7 genes of the low risk HPV types 6 and 11 are
ineampatent in immortalizing primary human keratinocytes (79,80} and in conjunction with
ran, he £ 7 gones of these types only transform primary rodent cells at a greatly reduced
lava| (B1).

Addiional studies on the biclogical properties of the viral E6 and E7 proteins revealed
hat the E7 protein can form a complex with the retinoblastoma tumor suppressor gene
produat, pRE (17a,18). Although the E7 proteins of the low risk HPVs can form a complex
with pHEs ae well, their affinity for binding is approximately tenfold lower than is the case
for the high risk HPV E7 proteins (18). Additional comparative analyses have revealed that
{he transforming capacity of E7 proteins correlate with the relative binding affinity for pRB
(10). Mareover, the E6 proteins of the high risk HPVs, but not those of the low risk HPVs,
oan bind the pb3 tumor suppressor gene product (17). In rabbit reticulocyte lysates the E6-
pol nteractions have been shown to stimulate the degradation of the p53 protein (82).
These findings suggest that, at least in part, the in vivo high risk versus low risk
uharnoleristios of different HPV types are due to different biological activities of their E6 and
7 protaing,

Iho [den that complex formation of the E6 and E7 proteins with tumor suppressor gene
products s an important event in carcinogenesis, is supported by studies performed on
HPV-negative cervical carcinoma cell lines (83,84,85). These studies have revealed that,
I contrmet o tha HPV containing cell lines, the HPV-negative cell lines contain p53 and
pHE mutations and abnormal ps3 and pRB proteins, suggesting that loss of wild-type p53
and phB functions s essential for tumor development. The loss of these functions would
ooour either by mutation within the cellular gene or by expression of viral proteins capable
af complexing wild-type cellular proteins. )

The importance of the E6 and E7 genes has further been strengthened by their regular
iransoription infa mRNA in cervical carcinomas and cell lines derived from cervical
onfalnomng (B6-80), Also their encoded proteins have been identified in carcinomas and
oall lines (88,00-92), Furthermore, interference with E6-E7 expression by antisense RNA
ponstruets has resulted in reduced cell growth of HPV 18 centaining C4-1 cervical
oarainoma cells (93), In adifferent study, the continuad axpression of the HPV 16 E7 protein
has been found to be required for maintenance of the ransfarmed phenotype of baby rat
kidney calls co-transformed by HPV 16 and an activaled fas oncogene (84). These data
palnt to a rele of EG-E7 genes of high rlek HPVE not anly I the initlation but also In the

16 e Ty

Mmaintenance of the malignant phenotype, Although initially nontumargenie n nude mioe,
long=time /n vitro cultivation of HPV 18 Immortallzed human keratinooytes have yielded fully
malgnant oell populations containing chromesomal abrommalllies (05), This suggests that
high risk HPVs alone can Induce malignant growth, It cell proliferation triggared by thelr
BT funations Is allowad to proceed uninterrupted which may load 1o spontanaous o
virus-Induosd additional modifications. Therefore, the praviously suggested Importanos of
BRBgenous mutagenic factors (8.9, smoking), that would aot aynargistioally with 1PV
Infwatione (10,06) seams (o be overemphasized (G4), The present opinion s liml high riak
HPVE oan trigger uncontrolled  cellular proliferation via deregulated expression of

shdogenous E6-E7 funetions, which may load to aneuploldy and contribute to other oeliular
Bvanis necessary for a full cancer (64,97),
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3.2, HPV expression and Integration

HPVe can generate a varlety of overlapping, mostly polyclstronie mANAs by using
alternative promoters and splice sites. Normally, these mRNAs are polyadenylated at one
of two sites located at the 3' ends of the E- and L-regions. Studies conserning HPV 1 and
HPVa-6 and <11 In plantar warts and genital condylomatous lesions, respectively, have
[tlntifiad several E- and L-region mRNAs containing more or less conserved splice sites
(21,22,890-101). In situ hybridization of condylomatous lesions with HPV 6 and HPV 11
messagn spocific antisense probes has revealed that both DNA replication and mRNA
pxpransion are dependent on cellular differentiation (102). In the basal epithelial layer HPV
MHNA I8 minimally detected but upon differentiation, the copy numbers of mRNAs are
[nareasing, particularly in the upper spinous and granular cell layers. In general, the E1°E4
sneoding transcripts predominate throughout in all epithelial layers, while L-region
mensnges are only present in the superficial strata of the epithelium (102).

Fapacially concerning the expression of the HPV E6 and E7 genes, efforts have been
mada to find differances between low- and high-risk HPVs that might contribute to their
diffarant oncogenic potentials, A potentially important difference is that high risk HPV types
16 and 18 transcribe the E6 and E7 genes from a single promoter, whereas the low risk
Ve are likely to oxpress these genes from different promoters (21,87,88,103). In addition,
HPVe 16 and 18, but not the low risk HPV types 6 and 11, contain splice sites within their
L6 OREFs allowing that primary E6-E7 transcripts can give rise to different mRNA species
whioh together could encode full-length E6 and E7, as well as truncated forms of E6 (E6*
formu) (87, 688,108), A schematic presentation of HPV 16 transcripts, including E€* forms,
i1 ncall line derived from a low grade cervical lesion is shown in Figure 3A. Recent studies
haye ndicated that splicing out an intron within the E6 ORF most likely serves o facilitate
Lrmpslation of the downstream E7 gene rather than producing a biologically active £6 protein
(106, 106), Putative E6 splice signals also have been found in other high risk HPVs (e.g.
HPV 81 and HPV 38), suggesting that this mechanism to generate E6 and E7 encoding
lransoripls (s common to high risk HPVs (107). Of additional interest is the finding that in
HPYV 16 and HPV 18 containing cervical carcinomas and cell lines derived from cervical
gareinomas the franscription of the L-region and the 3' part of the E-region often is
abrogatad, whareas transeription of E6/E7 region sequences is preferentially selected or
ralalned (20,87,108,100), In fact, a substantial proporticn of these E6-E7 transcripts have
appearad 1o be viral-cellular fusion transcripts resulting from viral DNA integration into the
host osll genome (87,108,110), as schematically presented in Figure 3B. In cervical
garalnoma calls the viral DNA |s ofien integrated into cellular DNA (111-116). In contrast,
promalignant and benign cervical lesions predominantly contain episomal HPV DNA
(H11,116,117), Viral DNA integration seems to be unspecific as far as it concerns the
ntegration site within the host chromosome since the viral genome can be found in different
lnentians In diffarent carcinomas and cell lines. However, with raspact to the opening and
tisruption of the HPV genome, integration regularly oceurs within the viral E1-E2 region
(B0, 112,1168,119), theraby disrupting expression of E2 and nddltional downstream genes
that are disconnectad from their natural promoters, Gonseguantly, it has been suggested
that viral DNA integration Is important in carainogenasis by triggering the disruption of
axprossion of E2 encoded transcriptional modulator prateing which would result in the
uncontrolled expression of the transforming genes B8 and E7, However, additional
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suggestions have been made that emphasize & role for HPV DNA Integration In
anroinogenesis by other means, These include the suggested Importance of the utilization
ar @ aellular polyadenylation signal, which may incrense the stablity of E6/E7 ohimerio
transaripts, thereby enhancing the expression of E6 and E7 genes (20,110), Furthermare,
Al 0l of viral DNA integration at the level of the activation of cellular oncogenes has been
praposad. HPV DNA integration near mye oncogenes have been reported for some
pureinemas and call lines (120-121) and the c-mye gane has been Implicated In corviou
uanoer (129),
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4.4, Other factors In corvical carcinogenesis

Havaral obsarvations support the idea that HPV E6-E7 expression 8 required, but nol
suffisiant for the devaelopment of malignant growth, Firet, cervical cancer develops from HPY
Bantaining precursor lesions only after long latency periods (10), Furthermare, fusion of HPY
1l sontaining eervical carcinoma cells from the HelLa cell line with normal human cells have
auliad i nan<malignant hybrids which, after implantation into nude mice, showed reduced
Invals of BO-E7 expression (123). This finding together with data obtained from additional
Aldies (124) suggests that non-malignant human keratinooytes express trans-acting,
nagalive gulatory factors that raduce transcription of viral genes, A different observation
WA done by Miyasaka ef al. (125), who showed that despite the prasonce of unreduced
lavaln of 6667 mANA, hybrids obtained after fusion of HPV 16 transformed cells of an
satabiishod rat cell line with primary rat embryo fibroblasts have lost the (ransformed
Phanotype, This finding suggests the presence of cellulsr factors that interfere with MV

BO<E7 functions at the postiranscriptional lavel, Although the laval of action (s sill
!ll_llcullﬂ.w. It seams that the loss of one or more genetie funations of the host cell (s of
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[mportance In carcinogenesis by HPV. In this context, functions on BRFAMAKONS 11 have
been mplioatad to play a role since introduction of the normal ehramesama 11 Into Hola
solls vin microcell transfer resulted in the suppression of the tumorigenie phenotype (126).
Mareover, human embryonic fibroblasts containing a deletion on oné copy of ghromosome
11 were susceptible to transformation by HPV 16 E-region DNA whereas normal diploid
human embryonio fibroblasts were not (127).

A diffarent, but obviously not less important factor is the immune surveillance of HPV
infections, An Increased incidence of HPV associated lesions has been found in
Immunosuppressed and immunodeficient patients (128,129) suggesting that a disturbed
[mmune response can be an additional important factor that contributes to carcinogenesis
by HPY, In view of this assumption It is worth noting that recently in 5 out of 10 HPV 16
gontaining cervical carcinomas, MHC class | expression was found to be downregulated
al the posttranscriptional level (Cromme et al., submitted),

Basad on the current knowledge a mechanism of carcinogenesis by HPV can be
proposed as outlined in Figure 4.

4. Human paplllomavirus and carcinomas of the upper aerodigestive tract

Tha strong Indications for an etiological role of HPV in the development of squamous cell
garolnomas of the cervix has resulted in the assumption that HPV also might play a role
in the pathogenesis of squamous cell carcinomas within the upper digestive tract and
reuplratory tract, In particular, interest was provoked in view of the postulated interaction
batwaon HPV infactions and chemical carcinogens (98), since tumors within these tracts
are known to be related to chemical factors like smoking and alcohol.

One of the first indications that HPV is involved in the development of head and neck
leslons came from clinical observations that juvenile laryngeal papillomas originate from a
parinatal Infection of mothers with genital condylomatous lesions (130), Indeed, HPV capsid
antigens and DNA of HPV types 6 and 11 have been detected in laryngeal papillomas by
numerous groups (13a,14,56,131,132) and to date it is widely accepted that the low risk
MV types 6 and 11 are etiologically involved in laryngeal papillomas. In addition, the
association of predominantly HPV 18 and HPV 32 with oral focal epithelial hyperplasia
(Meok's disoase), a benign lesion frequently found among Eskimos and Indians from North
and South Amerlea, has been documented (133,134). Indications for an association between
low fisk HPVs and inverted nasal papillomas have been obtained as well (135,136,137).

MPV (nvolvament in carcinomas from the upper aerodigestive tract has been suggested
on basls of histological and immunohistochemical studies. Histologic examination of
laryngenl squamous cell carcinomas has revealed the presence of condylomatous changes,
nuggestive for HPV infections in a substantial proportion of cases (54). Moreover, of 40
blopsy specimens of oral squamous cell carcinomas, 16 revealed histological changes
suggesting an HPV infection and 8 of them showed positive staining with antiserum raised
aguinet the paplllomavirus structural antigenes (1 38). Initial HPV DNA detection studies
ganfirmed the presence of HPV in a proportion of oral carcinomas. Using the Southern blot
method with HPV 11 and HPV 16 probes, Léning et al. (139) have detected HPV DNA in
4 out of 6 oral carcinomas. One of them contained HPY 11 DNA and ane MPV 16 DNA,
whila typing of the third sample was not possible due to limited Amounis al DNA available.

Using n cocktall probe, Southern blot analysis of swnnw parformed by
gl

Do Villlars ef g/ (140) has ravanlod the prosence of HPYV DNA In 8 cases, DNA from one
Tumor hybridizoed with the HPV 2 probe and the remalning two cases showed poailivity for
MY 16 DNA, Several additional HPV DNA detection studies using elther Southern blot or
i sl hybridization technigues have bean parformed on ol carcinomas and the previelence
talan found, ranged from approximataly 2.5% to 50%, as summardzed in Table 1, Thase
ditferances may refloot the methads and probes usad, Stll, HPV 16 s prominent amongst
he positive oases, except for verrucous oral carcinomas containing PV 2,
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Also laryngeal carcinomas have further been studied for Im DNA (Table

1), This led to the establishment of a clear association belwesn MMV and verrucous
garcinomas of the larynx, which are characterized by a low [noldense (1-2% of all
parcinomas of the larynx). By Southern blot analysis at low stringency conditions, HPV 16-
ralntad DNA has been detected in all six verrucous carcinomas of the larynx studied by
Brandsma et al (149), Squamous cell carcinomas of the larynx have showed HPV
auourtence rates ranging from 2.7% to 12.9%, as determined by Southern blot or in situ
analyses, Brandsma et al, (142) have revealed indications for the presence of HPV 11-
and MPV 16~ related DNA in laryngeal squamous cell carcinomas, which is interesting and
may Indieate that still unknown, possibly novel HPV types could be specifically associated
with earainomas from this site. Kahn et al, (67) have isolated a novel HPV genotype (HPV
40) from a laryngeal carcinoma. However, the prevalence of this type appeared to be rather
low slnoe none of 41 additional laryngeal carcinomas tested, were found to contain HPV
an DNA (57).

Also the newly developed PCR method has been introduced to study HPV prevalence
in earcinomas from the oral cavity and larynx (144,146,151-155). In some studies an
Inerensed MPV positivity in carcinomas, but also in normal oral or laryngeal epithelium has
been found (146,151,155; see Table 1). However, reports of PCR-based HPV association
with these carcinomas should be viewed with caution, until they are confirmed by Southern
blot analysls, /n situ analysis or transcript analysis.

Due to the different methods and probes/primers used it is difficult to draw conclusions
from all these HPV datection studies performed. However, of interest is the study performed
by Brandsma af a/. (142) using the Southern blot hybridization method to determine the
noourrence of HPV DNA in squamous cell carcinomas at different anatomic sites within the
hend and neck region. Remarkable differences were observed and the highest occurrence
hie was found In carcinomas of the tonsil (29%), followed by the tongue (19%), pharynx
(10%) and larynx (5%). No HPV DNA was detected in carcinomas of the nose, mouth and
anophagus, This finding suggests that different anatomic sites within the upper aerodigestive
Irnct have different susceptibilities to HPV infection or HPV-mediated carcinogenesis. The
ooeurrence of HPV DNA in tonsillar carcinomas also has been reported by others.
Nisdabitek et al, (147) have demonstrated HPV 16 DNA in the neoplastic cells of 6 out of
20 tonslllar earcinomas by in situ hybridization. Furthermore, integrated HPV 6 DNA recently
hae beon detected in a tonsillar .carcinoma (156).

Al last, all data concerning HPV DNA prevalence in carcinomas of the upper aerodigestive
fract are summarized in Table 1,

The data obtained thus far suggest an association between HPV, predominantly of type
16 and a proportion of squamous cell carcinomas within the head and neck region.
Howavar, this relationship is not as clear as for HPV and cervical carcinomas and there
(8 stlll Insufficient information to support a possible etiological role for HPV in these
onreinomas, HPV DNA detection methods need further improvements to minimize the
possibility of missing any putatively unknown HPV type and expression studies should be
Incorporated to resclve the viral behaviour in lesions within this tract,
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6. Outline of this thesls

The preceding paragraph (ndiomtes that it s sill unclear which role HIPV plays i the
pathogenesis of squamous cell carcinomas within ihe upper nerodigestive ract, Therefora,
e study presented in this hesis was undertaken (o answar the question whether HPV can
e & candidate that s etiologleally Invalvad In carcinomas from this tract, One of the msjor
subjects deals with the daetaction of HPV DNA, A reliable and sensitive method to detect
most if notall members of the heterogeneous HPV group (s a prarequisite o make definitive
slatements about associations, ,

Due (o the relative low sensitivity of conventional HPV detection methods the firl
fuestion, that was raisad (s

Ghapter l: Can a PCA method be daveloped that allows the detection of o broad spectrum
0t sither mucosotropic or cutaneous HPV genotypes?

Two general primer pairs, selected from the conserved L1 reglon, which are highly
homolngauu o sequences of either mucosotropie or cutaneous HPVE, ware tasted i (he
PO for the detection of a broad spectrum of HPV ganotypes,

Desplite promising perspectives of the general primer-maediated PCR method describad
I ohapter 11, still some HPV types, showing an ambivalent tissue troplsm, fall 1o be
tatedted, This led to the following question:

Ghapter Ill; Can a PCR method be developed utilizing a single primer palr 16 detect bulh
musosetrople and cutaneous HPV genotypes?

A ningle general primer pair that was designed on basis of regions of amine aeld
aonmsrvation was tested in the PCR for its capabllity to detact both mueosolropla and
qdlﬂiﬂun HPV genotypes.

\

\Bugh the genaeral primer-mediated PCR assays proved 1o have greal value If

ng different HPVs, it was unknown to which extent the method could distingulsh

hulween ditferent HPV genotypes and exclude the possibility of detecting sequences from
#lfullr argin, This problem was considered in the next question.

Bhapter IV: Can the general primer-mediated PCR method be used both for HPY DNA
ianiifioation and HPV genotype differentiation?

This chapter describes the sequence analysis and comparison of general primers
tisted PCR products obtained from 22 HPV genotypes In order 1o determine an HPY

Banseneus sequence and a polymorphic region which together can ba used both fo

on of HPV spaclficity and for HPV genotype differantiation,



provide a source of putatively unknown HPV types that specifioally infeal sites within the
norodigestiva tract, Consaquently, the following question wan ralsed

Chapter V: Can HPV DNA be detected in oral hairy leukoplakia?

In this stucy both the general primer-mediated HPV PCR method and an EBV PCR
muthod were applied to find out whether both viruses are associated with oral hairy
loukoplakia,

Praliminary screening of head and neck carcinomas revealed a clear association between
HMPV DNA and tonsillar carcinomas, which resulted in the next question:

Chapter VI: Is HPV associated with tonsillar carcinomas in a way that support a possible
nllolagical involvement?

Hoth the presence of HPV DNA and HPV early region transcription was studied in tonsillar
oarclnomas to get more information about the viral involvement in these carcinomas.

In contrast to cervical carcinomas, HPV 33 appeared to be a major type present in
lonsillar carcinomas. The question described in chapter Vil deals with the manner in which
HPV 33 generates its E7 mRNAs.

Chapter VII: Does HPV 33 generate its E7 mRNA in a manner similar 1o the high risk types
PV 16 and HPV 187

HMPV 83 early region transcripts in a tonsillar carcinoma were mapped using RNA PCR
to discover properties that could be important for the oncogenic character of this virus.

In the cervical cancer model, viral DNA integration is supposed to be essential by
Irlggering an enhanced EB/E7 expression which is required for the maintenance of the
malignant phenotype. To find out the role of HPV DNA integration in tonsillar carcinomas
the next question was raised:

Chapter VIII: Is expression of E6/E7 mRNA in tonsillar carcinomas always correlated with
viral DNA Integration?

In this study the viral physical state in HPV 16 and HPV 33 containing tonsillar carcino-
mns was correlated with the qualitative aspect of E6/E7 mRNA expression.

Hosults obtained from previous chapters have revealed clear associations between
franscriptionally active HPV and the most frequently occurring carcinomas from the
arapharynx, namely tonsillar carcinomas. This led to the following question 1o be answered
in the General discussion:

Chapter IX: To which extent can HPV be an eticlogical factor In squamous oall aareinomas
from the upper aerodigestive tract?
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In s ahapler the technical anpects of HPV detection by POR and perspectives of
datanting novel MV typow spacifio for the upper aerodigestive tract will be disoussed, Tha
ullnlosl mapeots of HPY deteation (n leslons from this tract are also conaldered,
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Abstract

A rovel polymerase chain reaction (PCR) method was developed that permits the
datection of 11 different human papillomavirus (HPV) genolypes using two general
primer sots, By computer-assisted sequence analysis, two pairs of general primers
ware selected from the conserved L1 open reading frame and tested in the PCR on a
sot of cloned HPV genotypes. Experimental analysis showed that up to three
mismatches between primers and target DNA did not influence the efficiency of the
nssny. The use of these primers in the PCR enabled the detection of HPV genotypes
HPV-1a, -6, -8, -11, =18, 16, -18, -30, -31, 32 and -33, and was also succesfully
nppliad to well characterized cervical carcinoma cell lines and clinical samples. For the
HPV types tested sub-picogram amounts of cloned DNA could be detected after
goneral primer-mediated PCR and subsequent hybridization, The specificity of the
nmplification products was confirmed by blot hybridization procedures and Asal
rastriction enzyme digestion. The results indicate that this PCR method can be a
powerful tool for identifying novel HPV genotypes in dysplasias and sguamous cell
carcinomas suspected of having an HPV aetiology.

Introduction

During the last few years increasing efforts have been made to determine the role of
human papillomavirus (HPV) in malignant transformation of squamous cell epithelium. In
particular the finding that almost all carcinomas of the uterine cervix harbour specific
MPV genotypes (Dlrst et al., 1983; van den Brule et al, 1989), supports a causal
relationship between certain HPV types and squamous cell carcinoma of the genital
iraot and has contributed to a growing field of interest in HPV research. Moreover, a
ole for HPV in the development of carcinomas of the respiratory tract has been
supported as well (Loning et al., 1985: de Villiers at al., 1985; Kahn et al., 1986; Byrne
of ul,, 1987), Because several of these carcinomas were found to contain HPV related
[INA (Abramson et al., 1985; Brandsma et al., 1986; Stremlau et al., 1985; Brandsma et
al, 1080), it has been speculated that presently unidentified HPV types could be
spocifically associated with carcinomas of the respiratory tract.

In this study the capability of the polymerase chain reaction (PCR) (Saiki et al., 1988)
for the detection of a broad spectrum of HPV genotypes was investigated, in order to
obtain a powerful tool for the demonstration of unknown HPV types. Based on short
roglons of homology conserved amongst HPV genotypes whose complete seguences
have been determined, two pairs of general primers were designed that match the
game sequences in the L1 open reading frame (ORF). A model system of several
oloned HPV types (pHPVs) was employed to test these primer pairs in the PCR. With
this systern experimental conditions could be determined to amplify target DNA of the
examined HPV types 1a, 6, 8, 11, 13, 16, 18, 30, 31, 32, and 33. Furthermore the use
of one of the primer pairs in the PCR allowed the detection of different HPV genotypes
In cervical carcinoma cell lines and clinical specimens that are known to harbour HPV
ONA, The results indicate that the primer matched sequences are highly conserved
among & broad spectrum of HPV types, suggesting that analogous PCH products can
bo generated from other, unknown HPY genotypes. This general primar madiated PCR

s .

methad oan therafore be a powarful ool for the detection of presently unidentified HPY

Iypen i1 leslons of the respiratory traot,

Methods

Oull gultures, tissue specimens and HPV clones

The human coervieal cancer cell lines CaSkl, Ca<1 and Slha were obtained from the
Amarioan Type Culture Collection. Hela cell line 226 was obtained from Dr. IKH, Thian
(Motterdam, the Netherlands), CaSki/Siha and Ca-1/Hala are known to contain HPV
Iypen 16 and 18, respectively (Boshart et al, 1984; Schwarz ot al, 1985; Yee ef al
1008). Colls ware grown In Dulbecco's modifled Eagle medium supplemanted with 10‘&1‘
ontal oalf sarum, Aftar growth to near confluence cells were harvestad by trypainization
wanhiad with phosphate<buffered saline, spun down and subsecuently suspended n 1(IJ
MM Tels MCI, fmM EDTA pH7 5,

Tiwsus specimens of a laryngeal squamous cell hyperplasia and juveniie papllloma
wale snap-frozen and stored In liquid nitrogen untl use. Further processing and DNA
sulrantion was carrled out according to standard procedures (Walboomers of al,, 1080)
Ouivionl sorapes were processed as described by van den Brule ef al (1088), 'l'lnla
presence of HPY DNA In these samples was determined by Southern blot hybridization
Al PCR with HPV types 6-, 11-, 16~, 18-, and 33-spaecific primers, as praviously
dunorboad (Maelchars et al, 1989; van den Brule et al, 1989),

BNAS of several different HPV types, cloned in pBR322 or pUC1S (pHPVE) were
Lnad an targets In a model system for general primer diractad amplifieation, The cloned
PV types 6b, 11, 16, 18, and 30 were kindly provided by Drs. H. zur Hausen and |
Qinsmann (Meldelborg, FRG), HPY typa 81 by Dr. A, Lorincz (Gaitersburg, Md.) |||‘\r;
Iype 84 by Dr. G, Orth (Paris, France) and HPV types 1a, 2a, 8, 13, and 8:2 by {')Ir I
M. e Villers (Meldelbarg, FRG). I - AL

Pulymerase chain reaction

A alight modification of the PCR method describad by Saiki et al. (1968) was used,
Iﬂll POR was performed on 1 ng DNA of cloned pHPVs or 100 to 600 ng of cellular
BNA, In sddition dilutions of several pHPV DNAs mixed with 100 ng human placental
BNA or diluted Siha DNA were also subjected to PCR, in order to assess the sensitivity
Wl ihe assiy, The reaction mixture of 50 ul also contained 50 mM KCI, 10 mM Tris HECI
Ialal. 001 % (wWA) gelatin, 200 uM of each dNTP, MgCl, at betwean 1.6 and 10 mM
1 Uil of 8 thermostable DNA palymerase (Thermus aguaticus; Cetus) and 50 pmol u;
“lh primar of alther the GPS/6 or GP11A2 primer comblnation (Fig. 1), Tha mixture
WA bverlaid with several drops of paraffin oil and incubated for & min at 84°C for DNA
luration, followad by 40 cycles of amplification using a PCR processor (Bio-med
[noh oyele included o denaturation step to 84°C for 1 minute, an annealing ulu;;
O for 2 minutes and a chaln elongation step to 72°C for 1.8 minute, To ansure A
somp o extenasion of the amplified DNA, ench Individual elongation step was Inoressad
! ., o oand the final elongation stap was prolonged for another 4 min. Ta avold
ol .mninn by oloned pHPV DNA or PCR produots, different steps such as sample
[on and amplifioation  reaction wara perfarmed In alrelly separated  rooms.
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Gamples containing distilled water were included as negalive nontrols, none of which
showed n successful amplification. A total of 10 ul of the PG mixiures was finally
analyzod by agarose gel elecirophoresis,

Southern blot analysis of PCR products

Flactrophoretically separated DNA fragments were transferred onto nylon membranes
(GeneScreen Plus; Du Pont) by diffusion blotting in 0.5 N NaOH, 0.6 M NaCl. GP5/6-
of GP11/12-directed, HPV-specific PCR products were used as probes after *¥P-
labelling by the random priming method. Hybridization was performed at 65°C (Tm-
24°C, for high stringency analysis) or 65°C (Tm-33°C, for low stringency analysis) in
0.5 M sodium phosphate pH 7.4, 7% SDS, 1mM EDTA for 16 h. Subsequent washings
wore carried out at high (Tm) or low (Tm-33°C) stringency in 0.1xSSC (1xSS8C is 0.15
M sodium chloride and 0.015 M sodium citrate), 0.5% SDS at 65°C or 3xSSC, 0.5%
G086 al 56°C, respectively. Autoradiography was performed for 1 day at -70°C with
Kodak Royal X-omat film and intensifying screens.

Hestriction enzyme analysis

Analysis of PCR products by restriction endonuclease digestion was performed
diractly on a 10 pl sample of the reaction mixture, without prior purification and
resuspandation of the DNA in the recommended restriction buffer (Carman and Kidd,
1989), Two units of Rsal (Boehringer) were added and the digestion was allowed to
proceed for 2 h at 37°C. Digestion products were analyzed on composite gels
gonslsting of 3% NuSieve agarose (FMC Bioproducts) and 1% Type 1 agarose (Sigma)
I obtain adequate resolution of low M, DNA fragments.

Dot blot analysis

For dot blotting 1 ug pHPV DNA and pBR322 vector DNA was dotted onto nylon
membranes (GereScreenPlus; Du Pont). HPV specific amplification products of 140 to
{80 base pairs (bp) were used as probes. The fragments were electrophoretically
sopurated In low melting point agarose (Bio-Rad), excised from the gel and directly
lubellad by random primed labelling. Hybridization was performed under high stringency,
an tesoribed above, Subsequent washings were carried out al high stringency (Tm)
down to 0.1xSSC, 0.5% SDS at 65°C. Autoradiography was performed for 1 day at -
70'C with intensifying screens.

Computer analysis and primer synthesis

All matrix, hamology and restriction site analyses were executed with the Microgenie
soquence analysis program (GenBank (Release No. 54), Beckman) developed by
Quaen and Korn (1984). From the sequence data two sets of general primer sequences
wore selected that match the same regions within the L1 ORF of all sequenced HPV
types (Fig. 1), The primers were synthesized on a DNA synthesizer (Applied
fiosystems 880 A) by the methoxy-phosphoramidite method.

na A

Hosults

::lnl‘cllon of general HPV primer sequences within the conserved L1 open reading
L

Malrlx comparisen of the sequenced HPV typos 1a, 6B, 16 and 18 ravealed that the
fmost aonserved regions are looalized within the E1 and L1 ORFs (Gl and Danos
1006), As o consagquence general oligonuclactide sequeances that could be used for lhu;
tatection of multiple HPV genotypes (general primers), were sought in those ORFa
Altliough  the  overall  homelogy  between differant HPV  lsclates  allows oroau-l
hybridization between the Individual HPV genotypes under conditions of low stringenoy
(Tmea0'C), striking heterogenelty (s observed on the nucleotide level using the
nicuanee analysis program. This excluded the possibility of salecting linked 20 bp
Mmglons that are complately similar in all sequanced HPV types., However, two 20 bﬁ
asdusnces within the L1 ORF were found that are highly conserved but divargent
amangst the examined types. Based on these homologies, two pairs of ollgomers with
Inngih of 20 nucleotides were designed (names GPS5/6 and GP11/12) that are malrly
hamelagous to the corresponding region of the HPV types 6b, 11, 16, 18, 31, and :lﬁ!
[QP6/8; Flg. 1a) and HPV-1a, -5, and -8 (GP11/12; Fig. 1b), respectively. The
pligamar-rasembling sequences span a region of approximately 140 to 150 bp In all
Briimined MPV genomes (Table 1),

Applioation of general primers In the PCR on pHPV DNAs

With both primer pairs the PCR was performed under moderate stringency conditions
6 MM Mgas) on 1 ng DNA from several different pHPVs (Fig. 2). In addition 1o the
abiuanead HPV types 6b, 11, 16, 18, 31 and 33, the GP5/6 primer set yleldad 140 1o
180 bip PCR products with the presently unsequenced types 18, 30, and 32, The GIPS
Ml GP6 oligomers did not direct amplification of HPV-1a, -2a, and -8 DNA. In

~ Bnttast, with primer pair GP11/12 successful amplification resulting in a PCR fragment

| | wan cloarly detectable on the gel under UV after ethidium bromide stain

dmiliad o HPV-8 DNA. Although amplified DNA specific for HPV-1a appemri::?:fI ;:t?::
_‘rldillllon (not shown), lower stringency conditions of annealing were required o
il gel detectable quantities of a GP11/12 directed PCR product of HPV 1a (Fig, 8
e HPV1a/10 mM Mg++). Howaver, even under lower siringency conditions (10 mlv;
fu'ﬁ] fone of the primer pairs was found to direct amplification of a 140 o 160 bp
m fragment specific for HPV-2a (Fig. 2; not shown). Neither GP5/6 nor GP11/12
m flan o amplification of pBR322 DNA (Flg, 2), Indicating that the PCH proclucu;
waie MV spocific and were not the result of cross-reaction with veetor sequences, In
Aome inetances, co-amplified DNA of lower (40 to 45 bp) and higher M, was observed
# 0.0 lanes HPV-18, ~HPV 80 and ~HPV 32). The low M, DNA frrngmnntn could
L the ligation and amplification of the primers, whereas the fragments of higher M
MRS prasumably the result of primer annealing to additional target sequences within thnr

V (enome,

1o Investigate the number of mismatches o bo acceptable between primer
uances and targel DNA the PCH was performed under different stringency
Honditione by varying the Mg+ conoentration. For that purpose HPV genotypes that

ar



) Antisenke stewnd 1 ARACAATUACACCATOTATO-S" PG 30 -ACTAANTULCARATAARARL ' MIstnIches
Sense strand Gr% 6 TTTGTTACTOTGOTAGATAC -2 S-TOATTIACADTHTATTTT O 0
(1T U SR T TR NPT (215" ILARPRRPE + 4 v vh FIINS Ak s s !
Hivy : HPVE SRR GA B f ]
HEVGD HEVED  vvaieinan Asuionmanues 0 1
HEVE HPVE <1 AR TTCEC.C, (AL A, ] 10
HPVLY HEW11 ) 0
HPY1E HPV16 2 0
HPY LY HPV1B 0 1
HPV31 HPV3) o 2
HPY3D HPY33 a 2
(h Anti-sense strand ' ~AAATAGTGTCACCATCTGTT-5'  GP12 3'-ACTTTAAAGAAMATATAATG-5'  Mismatches
Sense strand GPLL §'-TTTATCACAGTGGTAGACAA=3" 5'-TGAAATTTCTTTTATATTAC-3'  GP11| GP12
HP¥1la ..oaTaee i TaGau e, HPVL1a e G.T 4 4
HPYS Lonviiivavanas R HPVE ... Acooas A..TC. .. 1 4
HPV6DL 6T, T, HPVED ... TT.ACAA.....T..T. 5 8
HPVE sl T, HEVE Loieeainse CLLoivs asas 2 3
HPY11 S N, HPVL1 ... .TT.ACAG.....T..T. 5 8
HPY16 G T. T HPYLE  ...TT.ACAG.....T..T, ¥ 8
HPV1E S S HPY18 .. TT.GCAG.....T..T. 5 8
HPV3L GLT LT 1130 DU - (0 17 ¥ WA S, T. 5 7
HPY33 B R HPV33 .. TC.ACAG...G.T..T. 5 ]

Flgure 1. Alignment of sequences from the primers GP5 (A) GP11 (B) and the complementary strands of
GG (A) and GP12 (B) with corresponding sequences of the sense sirand within the L1 ORF of the nine
ubquanced HPV types, Primer sequences are underlined. Dols represenl identical bases and mismaiched
bnsos areé indicated. The number of mismatches is given in the right-hand tables. The primers GP11 and
G2 maleh the same positions as GP5 and GPS, respectively. The nucleotide position of the first nucleolides
ol the GPS/GP6 matched sequences are as follows: HPV-1a: B420/6539; HPV-5: 6940/7074; HPV-6b:
0704/6083, HPV-8: 6871/7005; HPV-11: B749/6868; HPV-16: 6624/6746;, HPV-18: 6600/6725; HPV-31:
BhAR/6O64; HPV-33: B581/6700, Excepl for HPV-1a, nucleotide locations are numbered according to the
pubilishad soquonce data (HPV-5: Zachow et af., 1987; HPV-6b; Schwarz et al., 1983; HPV-8; Fuchs et al,
100, HPV-11; Dartmann et al, 1986; HPV-16: Seedorf et al, 1985; HPV-18: Cole and Danos, 1987; HPV-
i 6nldlhnruugh at al, 1989; HPV-33: Cole and Streeck, 1986). The numbering system of the reporied
PV i nusleolide sequence (Danos et al, 1982) was adapled according to the modified numbering of

Danon at al. (1089).

'y

Whow two (HPV-16 and -33), three (HPV 8), four (HPV 1a) or an unknown number
NW 80) of mismatches with one or both primers were subjected to PCR in the
presence of 1.5, 2.5, 3.5, and 10 mM MgCl, (Fig. 3). The figure shows that two and
three mismatches between primer and target DNA, localized more than four bases from
the 8" end, are accepted. Under conditions of both high and low stringency GP11/12
and GP5/6 reacted with HPV-8 and HPV- 16/ -33, respectively. With HPV-16
additional faint signals representing a slightly lower M, can be observed that decrease
al higher stringency conditions. It still has to be elucidated whether these fragments
result from uncompletely extended or ssDNA from the specific region, or from the co-
amplification of additional target sequences within the HPV-16 genome. Furthermore, it
wis ravealed that lower stringency conditions are required to accept four mismatches in
the case of HPV-1a and GP11/12. A 139 bp specific DNA fragment became visible on
gel only when the Mg++ concentration was raised to 10 mM. Waak signals, slightly

Increasing in intensity at lower stringency conditions, were also obtalned with HPV-30
ba 4 n

and the GPB/6 primer palr, Additionally, It appenred that low sttingency conditlons (10

MM Mged) of the annealing step resulted In an Increase of co-amplified  DNA
fragments,

Talile 1, SLos of DNA frngments of the saquonced HPV typas that aro spnnad by the G primer sl

m
Total length (bp) Langth of Msal restriction
i fragmants (bp)
;15|-|_P.V-1n 139 66
78!

_.'.' 0

HPV-5 154 20
3 125
CHPV-Gb 139 30

42
i G7

A 164 154
.

I HPV- 11 189 20
y 109
HPV-16 142 30

a2
_ 70
Y16 145 30
an
| 77
V-3 142 30
112

139 30

30
70

e lnlltlvlty of GP-directad PCR was dotermined by the examination of different
e tions of pHPV and Siha (HPV-16) DNA diluted in human placental DNA, Faor
| pHPVS that show up to three mismatches with one or both primers o detection
A8 dotermined after hybridization of the PCR products with a GP-amplifiad
gaus ONA probe, of 0.1 1o 1 fg DNA was found (Flg. 4, HPV<8 and -03), This
18 1o approximately seven to 70 viral genomes. In addition, as (itle as 10 pg
- DNA could be datectad after GPS/6 diracted amplification  (Flg, 4, Siha),
that Siha cells contain 1-10 coplas of HPV-16 DNA per Qenome and that a
cell containg about & py DNA, this implles that 2 1o 20 copies of HPV-16
deteoted, A dotection level of batween 10 fg and 1 pg pHPV DNA,
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gorresponding to 700 to 70000 viral coples was found with V<18 and HPV-00 (Flg,
4, HPY 80),

Analysis of PCR products

The type specificity of the PCR was determined by dot blot analysis, For this purpose
140 {0 150 bp PCR products, generated with the GP5/6 or GP11/12 primer set were
(golated, labelled and hybridized to a panel of dotted pHPV DNAS (Fig. 5). As can be
seon cloearly, the PCR products were type specific and did not originate from
gontaminations with other HPV types. Further analysis by Rsal restriction enzyme
digestion confirmed the specificity of the PCR. In Table 1 the sizes of Asal restriction
frugments are given for the predicted GP directed 140 10 150 bp PCR products of the
goquenced HPV types. Fig. 6 shows the result of Rsal digestion of the PCR products.
In some Instances it was obvious that the non-specific 40 to 45 bp PCR products,
which can be seen in Fig. 2, interfere with the restriction fragments derived from the
(40 to 150 bp products (Fig. 6, lanes HPV-18, HPV-30 and HPV-32). However,
desplte this interference the calculated sizes of specific restriction fragments from the
soquenced HPV types are in agreement with the expected sizes, as estimated from the
goguence data. From the PCR products of the unsequenced HPVs, restriction
fragments were obtained of approximately 73, 40 and 30 bp (HPV 13), 140 bp (HPV 30)
ard 110, 30 bp (HPV-32). This indicated that the HPV-13 product contains two Asal
gltes, the product of HPV-32 contains one Rsal site, whereas an Asal site is absent in
the HPV-30 fragment.

General primers in the PCR on cellular DNA

Maving established the optimal conditions of PCR with general primers, the method
win performed with the GP5/6 primer pair on DNAs of cervical cancer cell lines,
servicnl scrapes and laryngeal lesions that had heen well characterized by Southern
blot analysis and PCR with HPV type specific primers (van den Brule et al., 1989). In
{'lg. 78 the PCR products are shown after agarose gel electrophoresis. The presence of
addilonal bands was obvious in most cases. Furthermore, a clear distinction in the
dutection level between high and low copy numbers of a certain HPV type was
demonstrated. From DNA of the CaSki cell line, which contain more than 500 copies of
MPV-16 per cell, an HPV-specific PCR product was generated that appeared as a
strong band, clearly visible after electrophoresis. In contrast, the HPV product of the low
MPV copy number cell line Siha (one to 10 copies of HPV-16 per cell) appeared as a
wenk signal, In addition, more additional bands were obtained using Siha DNA as
targat, with a gel band pattern that was hardly distinguishable from that of human
placental DNA (not shown) or the cervical scrape (s1) that was negative for a broad
spectrum of HPVs, Identical results were obtained with the HPV-18-containing Hela
coll lina (10 to 50 copies of HPV-18 per cell) and C4-1 (one to five copies of HPV-18
por cell), and also with cervical scrape s2, laryngeal papilloma p1 and hyperplasia h1,
of which the latter two contain low quantities of HPV-6 DNA. HPV-spacific PCR
products were also generated from DNA of cervical scrapes containing HPV-33 (s8),
HPV-11 (84), HPV-16 (85) and HPV-18 (s6).
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without Interfarence of the additional bands (Fig. 7b), Saveral sumples yislded additional
hybridizing DNA fragments of higher M., As the HPV-nagative samjple (1) did not yiald
nny hybridizing DNA, It Is unlikely that these signnle appeared  from f cross.
hybridization 1o co~amplified cellular DNA.

HPY-13 HPY-30 HPV-3

Flgure 4. Sensitivity of GP amplification determinad with different concentrations of HPV-8, -30 and -23 (1
fng 1o 0.01 1g) and Siha (10 ng to 1 pg) DNA diluted in 100 ng human placental DNA, PCR was perfo_rf_"ned
wilh the GP11/12 (HPV-8) or the GP5/6 (HPV-30, -33 and Siha) primer pair. Moderate siringency conditions
of nnnealing (3.5 mM Mg++) were used, Hybridization of Southem blots was performed with GP PCR-
amplifled probes specific for a cerdain HPV type (HPV 16 for Siha DNA) under conditions of high slringency.
e amounts of targel DNA are indicated, In some instances corresponding viral copy numbers are also
inelentad on the left.
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Discussion

This study was Initiated to develop a convenient and sensitive mathad for the
detection of a broad spectrum of HPV genotypes. Because of |ts sensifivily, the recently
developed PCR (Salk et al,, 1988) |s rapidly becoming the preferrad means of detecting
MPY DNA In cervical scrapes and biopsy specimens (Melchers ef al, 1989; van den
Brule of al, 1989), Consequently, efforts were made to use the PCR for the detection of
varlous unrelated HPV genotypes at one time. This required the selection of primer
soguences that are conserved among a broad spectrum of HPV types. As only nine
PV typas have been completely sequenced so far, the extent of conservation of a
solected primer sequence could only be determined experimentally by subjecting a
large group of HPV genotypes to PGR. Two general primer sequences were found
within the L1 ORF that match perfectly to HPV 11 and did not differ for more than two
bases from the corresponding sequences of the HPV types 6b, 16, 18, 31 and 33.
Therefore these oligonucleotides (GP5 and GP6) were considered as general primers
for ganital HPVs. However, for the skin associated HPV types 1a, 5 and 8, both primers
appeared to be more heterogeneous (Fig. 1a), making it unlikely that these HPV
gonotypes would serve as targets for GP5/6 directed amplification. By changing some
bases within the GP5 and GP6 sequences, an additional primer pair was designed
(GP11/12) that match, with a maximum of four mispaired bases, to a higher degree 1o
the skin-associated types (Fig. 1b).

In addition to all known HPV DNA sequences, some unsequenced types were found
{o serve as templates to yield HPV-specific PCR products (Fig. 2), thereby confirming
the conserved nature of the selected primer sequences among a broad group of HPV
types, This finding suggests that additional HPV types could serve as template to yield
unmlogous PCR products from the seme region within the L1 ORF.

Furthermore it was empirically demonstrated that up to three mismatches between
primers and target DNA had no effect on the efficiency and sensitivity of the assay.
MV ganotypes that posess two (HPV-16 and -33) or three (HPV-8) bases mispairing
with @ne of the primers all showed a sensitive amplification directed by either GP5/6
(MPV-16 and -33) or GP11/12 (HPV 8) pair (Fig. 4). Therefore, both the lower
sensltivity of amplification and the faint amplification signals of HPV-30 were supposed
{o reflect the occurrence of at least three mismatches with one or both primers, possibly
I sombination with unfavourable positions of the incorrectly matched bases (Newton et
al., 1989), Lower stringency conditions were required to ensure the acceptance of four
mismatches, as is the case with HPV 1a and the GP11/12 primer pair (Fig. 1]. Since it
rosulted In a decreased efficiency and rather low sensitivity, it seems likely that the
prasence of more than four mismatches between primer and target DNA would not give
fee o a successful amplification by PCR. Although the sensitivity of amplification of
MPV-1a and -30 DNA appeared to be 700 to 70000 viral genomes, the GP-directed
POR method still enabled the detection of amounts of these HPVs that range between
0.036 and 3.5 copies per cell in 100 ng input DNA (20000 cells). Hence, this method
showod a better sensitivity than genomic Southern blot analysis and |6 also less
Juborious,

- g

It wan alvo demonstrated 0 the present study that the GRS/ primer palr allowed @
sucosssftul amplifioation of differant HPV targats in DNA from ocervioal scrapes, laryngeal
_'hlnply spocimens and cervieal cancer coll lines, However, many co-amplified cellular
DNA fragments ware pradominantly observed In PCR products of HPV nagative or low
Hopy number DNAs, This could be the result of the lack of competition for the primers
ainos limited or no specific targets were avallable 1o withdraw primers from nnnn-m:mﬂﬂnI
_@mtu. These co-amplified products made It necessary to confirm the presence of
MWV by hybridization and would probably cause problems In the (solation and
aharaoterization of an HPV-spacific amplification product from n low copy number
Aumple,  Therefore, for general primer-madiated PCR, low stringency annealing
sonditions (3.5 to 10 mM Mg+ at 40°C) are racommanded for initlal PCAe followad by
m,;l;: Inureasinlg tci“ the stringancy (by raising the annealing temperature or lowering
A Mg concentration) to reduce background untill
r_ﬂﬂ’o o g untill an optimal a.lgnnl 10 baokground
|' _.-Hﬂmology analysis betwean tha PCR products of the sequenced HPV typas reyvealed
N Niriking sequence homology ranging from 55,4% (between HPV 1a and HPY 11
oie) 1o B7.8% homology (between HPV-Gb and HPV-11 products), This Indicates
il [ow stringency conditions of Southern blot analysis should enable the detection of o
ﬂﬂlﬂ spectrum of HPV specific amplification products, as could be shown by using the
o 16 spocific PCR product as a probe to detect different amplified HPV sequences
-l eeliular DNA (Fig. 7b). Additional hybridizing fragments of highaer M, appenrad I all

jF' - ples containing HPV-18, the CaSki cell line and a cervical scrape containing HPV-
11, In part these signals could reflect a cross-hybridization to co-amplified HPV DNA,
piaraled from other regions within the HPV genome. Such co-amplified DNA has
tly demonstrated In PCR products from certain pHPV DNAs (in particular pHPV-
AL Fig. 2). Alternatively as CaSki DNA was shown to be the only HPV-16.
SUniRining target with additional hybridizing DNA, the aberrant fragments could also be
g as a consequenca of intagration events or rearrangements of the MPV gano-

P im the results |t can be concluded that the application of the selected primer |
I_____.l':i noes In the PCR opens new ways of detecting novel HPV genotypes I
_lullll and squamous cell carcinomas suspected to be due to HPV,

8 Added In proof. Since this manuscript was submitted for publication two

nal MPV types, namely HPV 45 (kindly provided by Dr. E.~M. deVillles after
e lon of Dr, KV, Shah) and HPV 61 (kindly provided by Dr, G, Nuove) have bean
Bted 10 GP mediated PCR. Both types have been found 1o renct sugoansfully with
W GFB/6 primer pair under moderate stringency conditions of primer annealing,
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Abstract

Gonserved amine acld sequences within the L1 open rending frama of the human
paplllomavicus (HPV) genome were used as a basis to design two degenerate primers
(GP17 and GP18) and one general probe (GPR22) which direct polymerase ghaln reaction
(PCH) amplification and subsequent detection of a 620 to 660 bp DNA fragment. The
aonsarved nature of the primers and probe was tested experimentally on a panel of 24
slonad HPV DNAs isolated from cutaneous and mucosal lesions, including HPV-2a and -
657, which are known 1o be associated with lesions at both anatomical sites. The sensitivity
of this POR test was at the level of genomic Southern blot analysis, indicating that HPV
Infactions producing high copy numbers can be detected. Positive results were obtained
with DNA extracted from clinical samples of genital and cutaneous origin.

During the last decade it has become clear that the human papillomavirus (HPV) group
I8 very heterogeneous at the DNA level. Based on liquid hybridization data, at leasl 60
difforert HPV genotypes have been identified and isolated from different lesions of
apithelial origin (de Villiers, 1989). The association of certain HPV types with malignancies
of the genital tract (Durst et al., 1983; Boshart et al., 1984), skin (Orth, 1987) and aero-
digestive tract (Kahn et al,, 1986: Lindeberg etal., 1988) has been documented. Moreover,
the Involvement of unknown HPV types in squamous cell lesions has been postulated (de
Villlars et al,, 1985; Kahn et al., 1886).

The present mode of isolating a new HPV type is based on the initial detection of HPV
DNA by low stringency Southern blot analysis, probing with an isolated HPV genotype
(Glssmann et al., 1982; Kahn et al,, 1986). This method, however, is hampered when
putative distantly related HPV types lack sufficient homology with the genotype used as a
probe, Polymerase chain reaction (PCR) amplification of part of the HPV genome would
averaeme this problem by generating a type specific DNA fragment that could be used as
i probe for high stringency analysis of genomic Southern blots and genomic libraries.
Maoently, a generalized PCR method for the detection of a broad spectrum of HPV
ganotypes using general or consensus primers has been introduced (Snijders at al., 1990;
Manos ot al,, 1989; Gregoire et al., 1989). The sequenced HPV genotypes do not show
nuoleotide sequence identity over alength of more than 12 bases (Gregoire et al., 1990),
o the primers or the method used have had to be adapted to ensure the detection of at

lsast a subset of the sequenced genotypes and related HPV DNAs. The difference at the
nueleotide level between the sequenced HPV types associated with cutaneous and
mucosal lesions has forced us to design two general primer pairs, one specific for
wsutaneous' HPV types and one for "mucosotropic’ HPV types (Snijders et al., 1990).
Mowever, the finding that some types, including the related types HPV-2a and HPV-57,
ghow both a cutaneous and mucosal tropism indicates that there are exceptions to the rule
{hat cutaneocus and mucosotropic HPVs form distinct groups (de Villiers af al., 1989; de
Villiers, 1989), The existence of additional HPV types showing such ambivalent tropism can
not be excluded and "cutaneous-like" HPV types present in mucosal lesions could be
missed by general primers selected for mucosotropic HPV types. In this study, a new,
generalized HPV PCR assay was developed which makes use of highly dagenerate
primers and a probe, containing more than one base at a certain position, that were

BRi5necl to/0ovar o poweible basn SorRENEERNORe0ding & oertain aming anid (Maskant
’ Ineky, 10068; Gould et al., 1000) consetved within the L1 open reading frame (ORF) of
PV types, associated with both cutaneous and mucosnl lesions,
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the animal papllomaviruses (PVe) bovine PV type 1 (BRVEY) Chaeh ot ol 1002), cottontall
rabibit PV (CRPV; Girl et al,, 1085), deer PV (DPV; Groft and Lanonster, 1008), Furopean
alk PV (EEPV, Ahola et al, 1986), and the partially sequenoed Micromys minutus PV
(MmPV; O'Banion et al., 1988) was carried out, The comparison raverlad regions in which
lterations oceurred predominantly at the third base of a codon without affecting the
ancoded amino acid. Therefore, to select conserved coding reglons we extended amino
neld comparison studies originally described by Danos et al. (1984) and Baker (1987) using
the additional sequence data.

Three short regions were found within the L1 ORF which exhibited amino acid
sonservation over at least six codons and could be used to design HPV-specific general
primers and an oligonucleotide probe. In the first region that was selected, all PVs share
the sequence Arg-Gly-Gin-Pro-Leu-Gly, whereas, with the exception of HPV-8, the
HPVs share the sequence Gly-Arg-Gly-Gin-Pro-Leu-Gly (Fig. 1a). In the second region
all PVa have the sequence GIn—Gly—His!MeUG!n—Asn—Asn-Gly, whereas the HPVs share
the sequence Gln-Gly-His-Asn-Asn-Gly, except HPV-1a which differs at position 3 (Fig.
1b). Comparison of sequences in the third region yielded a consensus for the PVs of Asp-
Gly~Asp—Met—X—Asp{G1u-ThrﬂIe—GIy—Pheﬁyr—Gly, and Asp-Gly-Asp-Met-Val/Ala/lle-
Asp/Glu-Thr/lle-Gly-Phe/Tyr-Gly for the HPVs, except HPV-16 which differs at position
6. Based on the sequence conservation in these regions of the HPVs a highly degenerate
forward primer GP17 (Fig. 1a), backward primer, GP18 (Fig. 1b) and general
ollgonuclectide probe, GPR22 (5'—ARGAYGGNGAYATGRYNGAYAYNGGNTWYGG-S'.
where YisCor T, RisAor G,WisAorT, and Nis AG.C or T), were designed; these
include most of the nucleotides of the sequenced HPVs and all additional codons
specifying amine acids conserved amongst the HPVs. The oligonuclectide probe GPR22
gpans nucleotides 6223 to 6253 of the HPV-16 genome (Seedarf et al., 1985) and
porresponding sequences of the equivalent region of all the PVs examined. To reduce the
dugren of degeneracy of the primers and probe, single nucleolide differences producing
a oodon different to those conserved in the majority of HPV types were not included.
Consagquently, GP17 shows one mismatch with the HPV-8 sequence (Fig. 1a), GP18 one
mismatch with the HPV-1a sequence (Fig. 1b) and GPR22 one mismatch with the HPV-16
uoguence, For the same reason, sequences that seemed to be specific for animal PVs
(0.9, amino acid position 3 of the GP18 sequence as shown in Fig. 1b) were also not
[feluded in primers and probe. As has been determined recently (Sommer and Tautz,
1989; Snijders ef al., 1990), sequences with limited mismatches can be used in the PCR,
allowing successful amplification of target DNA with only one or a few base differences. To
facilitate eventual cloning and to stabilize the primer-template complex (Mack and Sninsky,
1088), primers were extended at their 5' end with sequences containing the BamHl site.
The backward primer (GP18) appeared to be from the region used previously by Manos
at al, (1989) to select the MY11 primer; the forward primer (GP17) is about 624 to 660
nucleotides upstream of this region.

The general properties of the primers and probe were analysed using a panel of
raprasentative HPV types isolated from ditferent anatomical sites (de Villiers, 1989). Cloned
HPV DNA (1 ng) was subjected to PCR in a total volume of 50 ul containing 50 mM KCl,
10 mM Tris-HCI pHB8.3, 1.756 mM MgCl,, 0.001% (wiv) gelatine, 200 mM of anch dNTP,
1 unit Amplitag DNA polymerase (Cetus) and 50 pmol of primers GP17 and GP18, Forty

6@ e 0.

'wnlna of amplification were performed as desoribed previously (Snijders et al, 1000)
axeapt that the anneallng temparature was 8200 Thae resulting PCR products, visualized
ifler alectrophoresis on an 1,6% agarose gel, are shown in Flg, 20, Exeept for the HPV- 16
and HPV-30 clones, all the HPV olones examinad (pHPV<1a, <2n, -6, <6b, «7, <0, <11, «
10, =10, =28, ~01, ~032, «33, =08, 08, <41, =48, ~45, -46, -61, 06 and -l!':’] wr;m
nlgeessiully amplified resulting In a PCH produet ranging In size from about 600 1o 200 kp
For pHPV-16 (Seadort af al, 1086) and pHPV-30 (Kahn et al, 1986) the primers ek lhé
ploning site and therefore a 600 to 700 bp HPV-gpacific DNA fragment was not amplifed
Thin was confirmaed by further analysis which revealad that HPV-16 and HPV-80 DNA |r.1
nllnlpnl spacimens and HPV-16 DNA in cervical cell ines ware amplified succassfully (Flg
A); The specificity and generality was confirmed by the fact that no amplification slgral wm;

y ubitained with pBR322 vector DNA, whereas with BPV-1, whieh shows two mmnmml'lﬁn
with GP17 and three mismatches with GP18, a weak amplification signal was obtalned

(Flg, Do)
O 4 ™o e
t‘l o '{ (& - oo i S U W ERREDL]
EEEEEZEEER 2 ke sieiilifieig
!:::::::z:::::zx:::*E‘-’-%%m;;%&%%;bc'::
. e W s

uml.o::m:l!lmllir;ﬁt:f]GPIHGP tla--dlrnclnu PCA of cloned HPY ONAS by eloctrophorasis of 10 0l of e PR
g oul garose gol and staining with othidium bromide (a), or blotting and hybridization wilks (e
. np mD.I[,;Lm“ulglr::clﬁ]c::ﬁ:; w:;: Hngmsﬁzd on i Gono Assombler Plus syniheslzor (Pharmmcia) by e
o « Amplifie was tranaforred 1o o nylon membine (Biolmon, Gl
L m:h IT; ﬁlrgunion blotting n 0.6 N NaOH, 0.6 M NaGl The probe was mdiolabellad wilh l(y Py ATR unil:"p:
“:::u‘:h ..l:: F;hmu_m (Pharmacin) as proviously described (van dan Brule ot af, 1000), Hybieldbenfion was
R L e { n!.b M sodium phou.phn!n ."',"' 7, 7% SDS, 1 mM ERTA avarnight, Subsaguently, the filem
Mk R0 | f Tm our imes In xEEC (1XS6C 18 0,16 M sodium chioride and 0.016 M sodiirm aitiate), 068%
ol I'r.nr & min, Mlumdmml;mv wins for 4 b with Kodak Foyal X-Qmal Hlim sod ktenaltying “.”m“.
| 0 iubganomic olone 78 was used; the othar subelone, #/4, wis nagalive, For pHEVEAa subiolone
pusitive wharans subolone 2A was nogative, Lane M, pBRIEE DNA digasted with Miml : :

. tor blotting and hybridization with the &' end “P-labelled GPR22 probe, the products
;;_.‘I lypas axcopt HPV-38 and HPV-41 could be detected easily after a 4 h axpt;.murn

__lb and 8t for BPV-1), Aftar an overnight exposure mclear hybridizing slgnal also wis
Bined with HPV-08 and HPV-a1 (Fig, 3o and d). Therefore, (t appeared thal the primers
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and probe amplity and detect sequences from HPVs found rainly i sakin lesions (MPV=1m,

B, 7, =B, ~26, -8, -41 and -46), oral mucosa (HPV=10 and <88), geniial mucosa
(MPV=6, =11, =16, ~18, ~30, ~31, ~30, =30, =43, 46, <51 and ~66), and in hoth mucosal
and outaneous lesions (HPV-2a and -57). These include both so-called ancogenic and
non«oncogenic HPV types. The successful application to HPV-Q8, jsolated from a
malignant melanoma (Scheurlen et al,, 1986), and HPV=41, a distantly related type that
shows little homalogy to the other isclated types {Grimmel et al., 1988), Is also striking.
Moreover, it is worth noting that despite the presence of mismatches with both primers
@PV-1 DNA could be amplified. This finding is of importance if we assume that putative,
unknown HPV types could be related more closely to the animal PVs than to other HPV
lypas,

The sensitivity of the method was determined by testing serial dilutions of cloned HPV
DNA In 100 ng of human placental DNA. On the average the sensitivity appeared to be
about 7x10° (10 pg pHPV DNA), 7x10° (1 pg pHPY DNA), and 7x10° (0.1 pg pHPV DNA)
viral copies per sample in agarose gels, and after GPR22 hybridization with a 4 h and an
overnight exposure, respectively. However, for HPV-38 and HPV-41 DNA the sensitivity
pppeared to be slightly lower; approximately 7x10% (0.1 ng pHPV DNA) and 7x10° viral
goples per sample could be detected in agarose gels, and 7x10* copies per sample after
nn overnight exposure for HPV-38 (Fig. 3a and ¢) and HPV-41 (Fig. 3b and d),
respectively. These difference between gel and hybridization detection indicate that the
amplification step is critical for HPV-38, whereas the hybridization step is less efficient for
HPV-41, It can be concluded that the relatively low sensitivity of the method (7x10° to
7x10" viral copies in 100 ng DNA, dependent on the type, after an overnight exposure),
which |8 comparable to genomic Southern biot analysis, is probably due to the high
dagoeneracy of the primers, enhancing annealing to cellular DNA and affecting the efficiency
of amplification of HPV-specific target DNA.

Plgure 4 Tent of the sensilivily
ol e G 7GR &-directed PCR
(i 1o ) and PCR assay of BPV-
| BINA (& and 1), Serial dilutions
of tlonad HPV-28 (a and c) and
HPY-41 (b and d) DNA in 100
1y of human placental DNA, and
| ng BPV-1 DNA (e and f) were
yubjected to PCR. PCR products
wore analysed by agarose gel
wlactrophoresis (a, b and ) and
Southem blot hybridization with
GIPHE2 (o, d and 1) as described
for Fig, 2 Autoradiography was
ovarnight (e and d) or for 4 h (f).
Tho amount of cloned HPV DNA
wis 1.0 ng, 0.1 ng, 10 pg, 1.0 pg
and 0,1 pg (anes 1 10 &; a lo d).
Por BPV-1, the agarose gel
slgnal I8 so weak thal it can
hnrdly bo seen (e and f). G,
Distillad watar, M, pBR32Z DNA
tigantoad with Hirl,

()

Rd A

I.l For further analysls of the applioation of e genermiizad PCR, he method was used (o

It I8 nagative for the common genital HPY types -6, ~11, <16, <18, 81 and

tant 650 to 260 ng DNA from leslons from different sites and cervioal sorapes, some of
which had previously been found (o oontain HEYV DNA (Snijders ef al, I!;Illnjl whorass
alhers waere suspacted (o cantaln HPV DNA awing to kolloeytotie changes observed in
histologlenl sections (not shown), ONA from carvieal cancer call lines Siha (P 10)
Cabkl (HPV=16), Ca=1 (HPV<18), and Hela (HPV-18) was also examined, For munii
samples an HPV-spacific fragmant of batwaan 600 and 700 bp was amplified and wlr.nm
vinlble In agarose gels (Flg, 4a), The background smenrs probuably reflact the high
tageneracy of the primers allowing a certain degree of cross-annealing 1o cellular DNA
After a4 h exposure after hybridization to GPR22, all HPV-specific sequances aould ht-;
tetectad clearly, whereas no signal appeared with human placental (Hp) DNA (Flg. au';}
Aftar prolonged exposure of up to 2 days no interfering hybridization signal was uhtulnmll
with several independent Hp DNA isolates, indicating the high specificity of the o ll'llh.ll'lnlll'lll
ol thane primers and probe, The HPV=positive glinical samples ineluded twa skin warls
e mnd eus; cul was found to contain HPV-7 DNA but cub has not basn Iynmi. although

ul Bowen's di i a19), n case
won's disease of the hand containing HPV-16 (cuB), two papillomatous [aeyngenl

laniong riorm‘nning HPV-6 (p1 and h1), and cervical scrapes contalning HPV-6 (42), ~ 11
(84), <16 (85), ~18 (s6), =30 (87), =31 (88 and s9) or ~33 (83) DNA,

Flgure 4, GPIT/GRIN
diroctod — POR of  oliniosl
@) . ’ samples and call nes, DNA
— from the carvioal senoer cell
linos (Calkl, B, Hels il
Ca-1) mned s sl
winli oxtrnglad  on doniniioe
ontlior  (Walboomes  of Al
1000), Corvionl sormpos wars
progossad  ne  daspriibed by
van don Brale of sl (1080)
Eletropnormtic  analysis  (n)
and  GIPFEE  ybeldz mtiogn
anndyain () e Blown
Autoradiography wes for 4 h
Tha elinfenl sarmplon examinetd
neludad  Mros  OulRBEELIN
lanlons  (Gul, oul and oun),
Iwo of whioh wore wiris (ool
and oul) and one wWee nonee
of Bowen's diseass of he
I (euts), twa pagiioniatous
Inryngont laaions (1 Bnd Wi
and oarvionl  soiapes (el (o
0f), Lone M, pRRSEE DNA
Cigentacl with Ml Mp, horomn
plicaninl BNA
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mll nansitivity of this method s comparable with that of genomic Southerm blatting, so
ples must bo selected carefully for the GIP1Z/GRS primers 1o be applied reliably. The
B oan be of value as o fimt step 1o the molaton of new, distantly ralated HIPY typos



from lesions in whioh histelogically and/or immunohistalogionlly he prasence of cytopa-
thologleal changes (0.9. kollocytosis) and/or late viral capsid AntiGeNs oan e abserved and
n productive HPV Infaction is suspected. This has been substantiated In the skin lesions
described (Fig. 4, samples cul, cub and cuB) which fulfil thase requirements, Tharefore,
{hese "productive” primers may be useful for the investigation of papillomatous banign and
pra=malignant lesions of different organs.

In malignancies, however, other problems may arise, e.g. low HPV copy number per cell
and deletion or partial disruption of part of the L1 ORF in the primer matched regions
gnusad by Integration. In these situations general primers directed against the oncogenic
viral regions (i.e. E6 and E7 ORFs) would be more suitable for reliable assesment in this
Kkind of lesions. These regions, however, are very heterogeneous and primers with the
optimal general properties could not be selected. More biological data on the oncogenic
character of the E6 and E7 ORFs, and sequence alterations not affecting the loss of
oneogenic potential are necessary to design general oncogenic HPV-detecting primers.

in conclusion, this report has demonstrated that the use of degenerate primers and a
probe produced on the basis of amino acid conservations in the PCR has great value in
ihe detection of distantly related HPV types in productively infected tissue, independent of
anatomical site.
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Abstract

Wa recontly desoribed the detaction of still unsequenced HPV genotypes (HPV X) in
corvical smears (J, Glin, Microblol, 1990, 28: 2739-2743) using genaral primer mediated
polymarase chain reaction (GP-PCR). In this study HPV specificity of HPV X assigned
GP-PCR products was determined by sequence analyses. Therefore M13 bacteriophage
clones of PCR products derived from cloned unsequenced HPV genotypes 18, 32, 35, 43,
A4, 45, 51 and 56 were subjected to dideoxy sequencing. Analyses of the putative amino
nold sequences of these HPV types in addition to published HPV sequence data revealed
stratches of highly conserved amino acid residues present in all HPV types, resulting in a
PV amino acid consensus sequence.

Subsequently HPV X assigned PCR products found in premalignant cervical lesions (n
» ), carcinoma in sitv (n = 6) and invasive cancer (n = 6) were analyzed for their
nusleotide sequences. Sequence comparison with published HPV nucleotide sequences
and data obtained in this study revealed three times HPV 35, twice HPV 45, once HPV 51,
twloo HPV 56 and 6 different still unidentified HPV X sequences of which 3 types were
prasoent In 4 cases of carcinomas (in situ). Nucleotide sequences determined appeared o
bo unlgue after data bank search. Furthermore all HPV X isolates fulfilled the HPV amino
nold consensus sequence, thus confirming HPV specificity.

This study lllustrates the powerful use of GP-PCR in combination with sequence analysis
1o datermine HPV specificity and genotyping of PCR products derived from sequenced as
wall as unsequenced HPVs, including novel, not identified HPV types.

Introduction

Al prasent the heterogeneous family of human papillomaviruses (HPV) censists of more
than GO different epitheliotropic viruses found in cutaneous and mucosal lesions (9). Only
11 of the 27 mucosotropic HPV types reported to date, are thought to possess oncogenic
potentlal, Several HPV genotypes, i.e. HPV 16, 18, 33, 35, 56 and 58 have been isolated
from earcinomas of the uterine cervix (1, 3, 10, 19, 20, 22), HPV types 31, 39, 45, 51 and
62 have been associated with cervical cancer (2, 18, 23, 24, 26). Based on their
provalence rates in cervical carcinomas and on in vitro transforming capability (25), HPV
genotypes have been grouped into high risk (HPV 16, 18), intermediate risk (HPV 31, 33,
A8, 40, 45, 51, 52, 56, 58) and low risk (HPV 6, 11) for the development of cervical cancer
(12, 18, 20). The remainder of the 27 oral-anogenital HPV genotypes (9) have mainly been
found in hormal mucosa, benign lesions and low grade intraepithelial neoplasia, suggesting
that they belong to low or intermediate risk types. With respect to the broad spectrum of
fhe HPV family and the still ongoing isolation of new types, it is interesting to study whether
additional oncogenic HPV types are present in carcinomas of any origin. Squamous cell
ouroinomag of the cervix uteri can provide a valuable source of these types.

Tha recently described general primer mediated PCR (GP-PCR; 28, 30) has proven to
detact o broad spectrum of HPVs including unsequenced types (HPV X), using a single
palr of primers, With the applicance of this approach some unidentified HPV genotypes
have already been successfully detected in cervical scrapes (30, 31), To exclude the
detection of co-amplified cellular DNA, HPV specificity of GP-PCGH products was
detormined by expected size, additional hybridization (30, 31) and Asal restrlation mapping
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(20). In i atudy nuoleolide umed 1o confirm the spealfiolty and for
dentification of HPYV genolypes, Hased an the presence of both a conserved and @
polymorphic raglon, both specifiity and genatype of HPY could be determinad, Using this
approach 3 carcinoma-ansooitad HPY X and 8 HPY X present in carvical dysplasin were
dotacted, which could ba novel, still unidentified HPV types,

Materials and methods
HPV clones and clinical specimens

Cloned HPV types 6b, 11, 16, 18 and 30 were kindly provided by Drs M. zur Fausen
(Maldelberg, F.R.G.), HPV 31 by Dr A. Lorincz (Gaithersburg, MD, U.§A,), HPV &, 33 and
40 by Dr. G, Orth (Paris, France), HPV 45 by Dr K.V. Shah Baltimore, MD, U.SA,), HPV
B1 by Dr G. Nuovo (New York, NY, U.S.A)) and HPV types 1a, 2a, 8, 13 and 82 by Dr .~
M. do Villiers (Heidelberg, F.R.G.). Cloned HPV types 35, 43, 44 and 56 ware darivad from
Amarican Type Culture Collection (Rockville, U.S.A.).

Cervical scrapes were used for cytological classification and for HPV datection studies
{81). For the latter spatulas were placed in 5 ml phosphate-buffered saline (PRS) and
vigorously vortexed. In this way Pap IV (carcinoma in situ)~ and Pap V (invaslva annoer)
nssigned cell suspensions (n = 40) and scrapes with dysplastic cells (n « & noleglad
{roup) have been collected and stored at -40 °C.

Archival paraffin embedded invasive cervical carcinomas (n = 65) ware saflally
pactioned, The first and last sections were heamatoxylin eosin stained and histologienlly
aralyzed for the presence of neoplastic cells.

HPV detection

PV detection of cloned HPV types was perfarmed by PCR on purifiad DNA, Clifoal
gpacimens were pretreated before subjection to PCR. HPV was directly detected I aride
Qervical cell suspensions by the PCR as previously described (31), Briafly, 10 ul of
Buspended cells were frozen at -40 °C , thawed, boiled for 10 min, cooled on lae And
‘Wpinned down before adding the PCR components. In addition, HPV was datected In a
‘Bingle paraffin embedded section, which was deparaffinized by xylene and washad with 6
M ethanol. After the tissue was centrifuged and air dried, the pellet was suspanded In 60
il distilled water and frozen at -80 °C for at least 80 min. After thawing a 50 ul proteinase
K mix (10 mM TrisHCI pH 7.5, 1.5 mM MgCI2, 0.45 % Tween 20 and 60 pg/ml proteinase
K (Boehringer Mannheim, Mannheim, F.R.G.) was added and the mixture was incubnted
i 85 °C for 1 hour. Finally samples were treated at 100 “C for 10 min and centrifuged.
Jwanty ul of the supernatant was used in the PCR reaction,

Samples wera subjected to general primer mediated PCR (GP-PCR) follawad by lype
gpocific PCR (TS-PCR) in a total volume of 50 ul as previously described (30, 317 alko for
pflmlr saquences), Briefly, general primers GP 5/6 were usad in the PGH, whioh permits
he datection of the sequanced mucosotroplc HPV types 6, 11, 16, 18, 81 and 83, but A6
insoquenced HPY types (HPV X) at the subpicogram lavel (26). After low-atringency
uthern blot analyses with probes of HPV specific PGR products, the GP-PCH posltive
implos wore subjected to T§-PCR, A mixture of HPV 6, 16, 33 and HPV 11, 18, &
ifie "anti-contamination” primar sets (31) were used respectively to detect the



sequencad MPV genotypes, Samples which were positive by GIF-PON and negativa by
I65-PCH ware suspected of containing HPV X,

M13 cloning and sequencing

Samples containing oncogenic HPV X types were subjected 1o GP~PCA In 4-fold with
gonaral primers extended at the 5' end with an 8 nucleotide tail Including the BamHl
fostriotion site (BGPS: 5'- acggatccTTTGTTACTGTGGTAGATAC -38' and BGP6; 5'-
nogoalccGAAAAATAAACTGTAAATCA -3'). GP-PCR products were pooled, After addition
of 2 volumes ethanol/2M ammoniumacetate at room temperature, the PCR products were
sontrifuged at 10,000 g to get rid of the primers. The ends of PCR products were filled in
using 2 units Klenow DNA polymerase (Pharmacia, Uppsala, Sweden) according to
ntandard procedures (21). After Na—acetate/ethanol precipitation for 30 min at - 80 °C and
cantrifugation, the PCR products were digested by an excess of 40 units BamHI restriction
anzyme (Pharmacia) according to the manufacturer's instructions. Digested GP-PCR
products were subsequently ligated into the BamHI cloning site of M13 bacteriophage mp
18, Ligation reaction was performed with the total amount of GP-PCR products, 50 ng M13
DNA and 2 units T4 DNA ligase (Pharmacia) according to standard procedures (21)
overnight at 16 °C. Half of the ligation product was presented to CaCl,- competent cells
of Escherichia coli strain JM101 (21). HPV containing M13 clones were identified after a
plague [ift to a DNA binding nylon support (Biotrace, Gelman sciences, Ann Arbor, MI).
Fllters ware hybridized under conditions of low stringency (Tm -33 °C) with a mixture of
HPV 6, 11, 16, 18, 31 and 33 specific GP-PCR products as probe as previously described
(00). Subsequent washings were done at low sitringency and autoradicgraphy was
parformed with Kodac Royal X-omat film and intensifying screens overnight at - 80 °C.

Overnight 1 ml cultures of HPV containing M13 clones were pelleled and 800 ul of
supernatant was used for single stranded DNA purification (21). DNA was finally dissolved
In 10 ul bidest. Five ul of M13-HPV DNA was used for dideoxy sequencing by means of
17 polymerase sequencing kit (Pharmacia) and (a-"P)-dCTP according to manufacturer
instructions. Reaction products were analyzed after 8 % polyacrylamide gel electrophoresis
and autoradiography.

Results

Soquence analyses of PCR products derived from cloned HPVs

GP-PCR permits the detection of a broad spectrum of HPV types by the amplification
of npproximately 150 base pairs of the L1 region (29, 30) as shown in Figure 1A for cloned
genital HPVs, Additional hybridization under low stringency conditions using a cocktail
probe of HPV 6, 11, 16, 18, 31 and 33 specific GP-PCR products confirms HPV specificity
(Figure 18; reference 30). Samples which were positive by GP-PCR and negative by TS-
PCH were suspected of containing presently unsequenced HPV types assigned as HPV
X In this study. So the group of HPV X can consist of yet identified types, such as HPV 45
nnel 81, as well as still unidentified, novel HPV types. GP-PCR products derived from
plasmid clones of unsequenced HPV 18, 32, 35, 43, 44, 45, 51 and 56 ware cloned into
bugterlophage M13 and nucleotide sequences were determinad (Figure 2), Nuslaotide
gequences ware comparad to each other and to data bank (nformaien (Miere Ganle
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releans 6.0, Bockman, Darkaley, CA) MY X saquances were not identloal to sequenced
HMPV gonotypes (MPV 1, & 6, 6, 0, 11, 16, 10, 31, 20, 38, 47, 67 and 68, references are
listed in lagend to Flgurs 8, saquenced animal PV types (bovine PV (BPV) 1, 2 and 4,
gotton tall rabbit PV (CHPY), dasr Y (DY), suropean elk PV (EPV) and feline PV (FPY)
1) nor to other viral and cellular genes known to date,

HPV 11
HPV 16
HPV 18
HPV 31
HPV 32
HPV 33
HPV 39
HPV 45
HPV 51
pBR322
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Flgure 1. Datection of cloned HRY genolypes by genaral primar - madiatad PCH (GP-POGR), PG wis pafoimed
on difforent amounts of purified DNA, (a) GP-PCR producls after olectrophorasin on n 1.5 % agarose gel sl
slhidium bromide staining. () Southam blot analysis under low stringent hybridization soneditions wit kel e
POR products derived from cloned sequenced HPV types 6, 11, 16, 18, 31 and 23, Washos wore also performnid
under condltions of low stringency, M, pBR322 DNA digosted with Hinl,

In addition, the short stretches of nucleotide sequences fram GP-PCH products flanked
by both primers and equivalent regions of HPVs with published sequence dinta wers
translated to the putative amino acid sequence, which was numbered aeeording 1o he
position of the L1 start codon found in already sequenced HPV genotypes (7, 18).
Alignment of these amino acid sequences of cutanous and mucosotrople HPV types
(Flgure 3) raevealed the presence of strongly conserved amino acld residues at both ands
of the GP-PCR products, which allows the determination of a HPV consensus sequence,
I contrast, the internal region differing from 8 to 18 amino acld residuss n lengih was

Hound 1o be polymorphie,



~ Carcinoma (in situ) apaoimans (1 ) were analyzed by GP-PCR followad by 18-
POR (data not shown), This feveR dataotion of HPV X genotypes [n 12 cases (Pap
IV, 1= 6; Pap V, n « 1 and parafin embaddad corvioal carcinomas, n = 5), Athough his
wiudy alms to Invoestigate carcinama (i aitu)-assoclated HPV X typos, also 3 HPY X
‘ansigned PCR products prasant (n premalignant cervical lesions wore analyzed. HPY X
ansigned GP-PCR products were verlfied in Southern blot analyses with a probe mixiure

' GP-PCR products of cloned HPV types 6, 11, 16, 18, 31 and 33 undar stringent

gonditions (Tm) as previously deseribed (30), resulting in the disappearance of
Nybridization signals.
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(VI IAMALGEAGT  ARTAAGATOA  CTONITUNIC  AGICAUTACA TOATCTETTT - CAOAFACATA TAAGHUAIA  AATATAMME  MITAUATTE  ACATUTARAA GAATT
[PV A YALSUOTAY  ACTAAATOA  GTUTOTINC JACIOTANZA  ACIOAAUAGA. CATACAAUTE TACTAARYTT AAARTATE TALUEEATIE  AUAGOAATA

PV M ARUEUGTAOT  ACAAATATOT  CTOTOTOTTC  ToCTaTater e GIAGATATAA  AAATOACAAT  TITAAIGAAT ATTTAAIMRA NEHITGAAIAA  TA
1V CATTITADT  ACAAAITTTON COTTATOTO0  CTETACTOAC  CETACIOTON CCALTACATA  TUACAATOUA  AATITTTAAN AATACTIONY  OCATHTOGOAA  DAATA
0 TACOTALY  AUARAUATOA  CAATATOTHE  TUECACTACA CAUTOCOOTE  CUTCTACATA  TACTAGTOAA  CAATATAAGE ANTACATOCH  ACATUTTOAG  OAGT
AL TACYTOEADT  AETAATTTAA CATTATOTOE  CTCTACAGAA  AATCCTGTOC  CAAGTACATA TOACCETACT  AADTTTAADE  AUTATAGTAD ACATGTOOAG  GAATA
WAL TATUAGAMIT  ACAAATTTAA  CTATTAGCAC TOECACTGET  GOOOTTICOC  CAACATTTAC TOCAAGTAAG  TTTAAGEAAT  ATATTAGECA TUGGGANGAG  TA
1P M TALTATIAMET ACTAAUATUA  CTATTAGTAL TOCTACAGAA  CAGTTAAGTA TG ACT, IT A TTAGACATUT GGAGGAATA

Figure 2 Nuclaotide soquence of GP-PCR fragments derived from cloned, still unsequenced HPV types. Primer
notuancos ware excluded,
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Pigure 3 Pulativa amino acid sequence encoded by intemal DNA segments (excluding the primers) of GP-PCR

ﬂ:{l’uull or equivalont sequences of cutaneous HPV types (A) and mucosotropic HPV types (B), resulting in a

W ning nold consengus (CONS). HPV 2a and 57 are listed as mucosofropic types according 1o Hirsch-

.Wnlm_lf al, (8), Boxes indicate conserved regions among rucosotropic HPV types; — = amino acid residues

g iffarent from consorved raglons of mucosotropic types;the first nuceotide is nol underlined since It differs from
== nimal Pve; ¢« PV spocific amino acid conservatlon, including animal PVs; N = numbar of aming nold rosidues,
b [ahat puclaotide sequenca information utiad wis darived from referance 4 (HPV 18), b (MY 84), 6 (HPV 18),

a : vg. 11 (HPY B), 12 (HPV 81), 18 (HPV 2, 57), 16 (HPV 58), 17 (HPV 47), &7 (HIPV i), 84 (MY 39) and
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quancos after databank searches, Determined nuclectide sequences of oo-am
PP products of 80 10 120 basa pairs inlongth that derived from human placenta-




ahowad less homology than 40% with MPV darivad sequ . AUl the HPV

aming seld consensus,

Table 1. Summary of sequanced HPV-X associated with cervical carcinomn mid osrainammn i siu

Clinleal
sample

HPV genotypes
n 35 45 51

56 Xa Xc Xd

Corvix ca, 5 2 1 1

'PAP V 1 = -« = = 1 - =
'PAP IV N . 1 1
—

Langhis of sequences flanked by both general primers: HPV 56, 99 bp; HPV 35 and HPV 51, 102 bp; HPV 45,
106 By Xnoand Xe, 99 bp, and Xd, 102 bp.
AR IV and PAR V were histologically confirmed as carcinoma in situ (CIS) and invasive carcinoma, respeclively.

Discussion

Of only a fraction of the 60 HPV genotypes known to date the nucleotide sequence has
boon determined. Unsequenced HPVs (HPV X) including still unidentified types are
abundantly present in normal cells (2% HPV X; overall HPV prevalence rate of 3.5%) and
tysplastic lesions (20% HPV X; overall HPV prevalence of up to 80%) of the cervical
oplthalium as shown in a large screening cohort using GP/TS-PCR (32). This study has
foousaed on the presence of HPV X types in premalignant lesions and cervical carcinomas
(in site), an effort to identify all HPV genotypes with possible oncogenic potential. Cervical
enrcinoma (/n sity) - associated unsequenced HPV X types and some dysplasia-
nssocinted HPV X as detected by GP-PCR were further characterized. HPV specificity of
fhese GP-PCR products is normally confirmed on basis of their expected sizes and by
Southern blot analyses using HPV specific probes. However, additional nucleotide
soguance analysis is the most reliable approach to rule out the detection of cellular or viral
Iragments cross-hybridizing with the HPV probe. Direct sequencing of PCR products failed
[ our hands since this method needs large amounts of homogenous PCR products.
Therefore in this study GP-PCR products were cloned in M13 bacteriophage. At least three
M19 clones of each HPV X assigned PCR product were sequenced in both directions to
axclude reading errors of the Tag DNA polymerase (15). Although most M13 clones were
ldentienl, variations were sometimes found at the nuclectide level at 2-3 different locations.
This may Indicate the presence of strain variants of a particular HPV genotype as also
feauntly shown by Ho et al. (14).

Comparigon of putative amino acid sequences of the GP-PCR products and of published
PV sequences resulted in a siriking homology as indicated In Figure 3. Eleven
mugasotrople HPV genotypes and 4 cutaneous HPV types have been analyzed, All HPV
zw‘l fulltll to the amine acid consensus sequence as shown in Figure &, Tha musosotropic
HPVa contain the TRSTN - amino acid sequence at the &' part of the GP<PGR praduct,
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The sequenced outaneous HIV types anly differ from this conserved raglon at amino acid
position & (HPV 1, 6, B and A7) wl & (M) W A (underlined In Figure 3), HPY types 2 and
67 contain the mucosotroplo speciiie TRETN-sequance, which (s in agraement with their
racent assignation as mucosolropio typas (18), When the consensus is extended, it will be
gpocific for all PVe inaluding animal PV lypes (not shown). Amino acid residues marked by
peterisks in Figure 3 are strongly conserved among all papillomaviruses sequenced (Husfar,
Including the animal types BPY 1, 2 and 4, CRPV, DPV, EPV and FPV 1, Of additional
Interest is the conserved pentamer RHXEE at the 3' end of the GP=PCR produal, sinoe
this sequence is also reflected by a conservation at the nucleotide level, Glutamic neld ()
and histidine (H) are encoded by only two different triplets of nucleotides (GAG, GAA and
OAT, CAC respectively), which restrict the possible variation at the nuclootide laveal,
Mistidine has by now only shown to be encoded by triplet CAT (see also Figure 2), Thase
PV conserved regions were also found by Danos et al. (7), who previously camparad |1
goded protein sequences of CRPV, HPV 1a, HPV 6b and BPV 1, HPV consorved aming
nelds can be of great value in confirming HPV specifity of new nueleic acld saquencen
btained by PCR. Furthermore, these data confirm the conserved nature of the L1 GRE
spanned by the general primers used in this PCR assay (29), Besides a consensus
paquence to determine HPV spegificity, also a polymorphic region exists In the GP-PGH
fragments which allows HPV type differentiation.

Comparison of the determined nucleotide sequence of a small part of the strongly
‘gonserved L1 region of the carcinoma (in situ)-associated HPV X types with publishad
MPV sequence data and sequences of cloned HPV X obtained in this study, revealad HIPV
5, 45, 51, 56 and three additional still unidentified HPV genotypes (HPV Xa Xo Xd). Thass
i'potantial oncogenic HPV X as well as all dysplasia-assaciated HPV X analyzed (HPV Xf
) were unique in their sequence. Indeed, all these HPV types fulfilled the amino nold
‘gonsensus indicating HPV specificity (Figure 4). In addition a comparison was iiacle
between the determined sequences of HPV Xa, Xc, Xd, Xf-h and HPV 41 (L. Hirl, A,
Mirsch-Behnam and E.-M. de Viliers, submitted), and with preliminary HPV saquences
which have been determined in a systematic sequencing effort at Heidelborg (HIPV 4, 7,
0, 10, 12, 14, 15, 17, 19, 25, 30, 51, 52 and 53; H. Delius, unpublished). Tho HPV Xa L1
ORF sequence could be identified as HPV 52, leaving HPV types Xc, Xd, Xf, Xg and Xh
ullll unidentified.
~ Bequences of these new HPV X types showed more than &6 % homology wher
gompared with known sequenced mucosatropic HPVs, HPV type Xa (HPV 62) was highly
homologous (71-75%) to HPV 16 and HPVs of the 30's-group. HPV X¢ showed
Approximately 70 % homology with HPV types 16, 32 and 45. The observed homologies
of up to 75 % is less than those found when comparing GP-PCR saquences of different,
waoll established HPV types closely related, i.e. HPV 6b and 11 (84 %), HPV 2 and &7 (82
%), HPV 18 and 45 (80 %), and HPV 33 and 58 (86 %). This suggests that the HPV X
usslgned PCR products found have been derived from differant HPY types and do not
“i_.prlaent HPV strain variants. HPV typing based on diffarances found In short stretchos
ol §9 1o 114 nuclactides of these GP-PCR products seems therefore 1o be well possible,
8 |8 supported by the use of short sequences of L1 ORF (200 bp) In a phylogenetic
dy which revealad similar results using larger fragmants of L1 and other ORFs (33).




In this study It 18 shown that HPV Xe and Xd types did not M# .lg 16, 18, 81, 43,

a6, 40, 46, 51, 62, 56 and 58, known to be associated with oarviesl sanger. This means
that at least 2 HPV X genotypes, detected by GP-PCR, may rapresent HPV types, until
now not found in carcinomas, 1.e. new oncogenic HPV types, Additional sanfirmation of the
possible oncogenic potential of these HPV X types neads 1o be porformad by DNA in situ
hybridization studies which show their exclusive presence in carcinoma cells and not in the
surrounding normal or dysplastic cells. Complete cloning of these putative new oncogenic
HPV typas may be facilitated by using the specific GP-PCR products as probe to screen
the appropriate genomic library.

In eonelusion, the GP-PCR is & very useful technique to collect information concerning
the great sequence variation within this virus group. This method in combination with
poguence analysis is a rapid and efficient approach for HPV typing and detection of novel
MIPV types in carcinomas of the cervix uteri and other neoplastic tissues suspected for HPV
allology as well,
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Abstract

The presence of human paplllomavirus (HPV) and psteln-Bar vius (EBV) was
analyzed in 21 oral biopsy specimens of HIV-infected patients using (he polymerase chain
renction (PCH) method, Biopsies were catagorized as halry leukoplakia (HL) (n=12),
oundidiasis (n=3), oral warts (n=2), and clinically normal epithellum (n=4). For HPV
dutection a modified general primer mediated PCR method (GP-PCR), which detects a
brond spectrum of HPV genotypes at sub-picogram levels, was used. Human
paplliomavirus DNA was only found in two oral warls and was identified as HPV type 32.
Fpstoin-Barr virus DNA was detected in 16 biopsy specimens, including the 12 HLs, 2
onnes of candidiasis, and 2 samples of normal epithelium. Epstein-Barr virus positivity in
HL could be confirmed by Southern blot analysis and DNA in situ hybridization using
biotinylated DNA probes (bio-DISH). Epstein-Barr virus bio-DISH was also positive in one
sample of normal epithelium from a patient with HL. The results indicate that HL is strongly
associated with EBV and not with any of the common HPV types that react with general
HPV primers in the PCR. However the detection of EBV in normal oral epithelium by PCR
and blo-DISH suggests that the presence of this virus is not exclusively related to HL.

Introduction

Oral mucosal lesions frequently have been reported in patients infected with human
Immunodeficiency virus (HIV) (1,2). Some of these lesions have been linked to viral
infections. These Include oral warts (3) and oral hairy leukoplakia (HL) (4,5). The
assoclation of HL with specific viruses has been reported. However the presented data
show some discrepancies. The results of initial studies have suggested an assodiation of
ML with both a papillomavirus and a herpesvirus (4). The herpesvirus has been identified
nn Epstein-Barr virus (EBV) (5). It has now been suggested that an accurate diagnosis of
HL requires the demonstration of EBV in the epithelial cells of oral white lesions in HIV—
Infectad patients by DNA in situ hybridization using biotinylated DNA probes (bio-DISH)
(6). Recently Eversole et al. (7) described, in addition to EBY DNA, the pressnce of human
papillomavirus  (HPV) genus-specific antigen in 15% of the examined cases of HL.
Howaver In a single case HPV-16, ~18 or -related DNA sequences have been identified
by blo~DISH under low stringent conditions. For this reason the possibility of the presence
of distantly related HPV genotypes in HL can not be excluded. Other recent investigations
have failed to reveal evidence for the presence of HPY in HL (8,9,10). This possibly could
bo due to the procedures that have been applied for HPV detection. Most HPV detection
sludies have been performed using DNA hybridization procedures and have consequently
boen limited to the demonstration of only a small spectrum of HPV genotypes with a rather
low sansitivity (11),

As the result of advances in nucleic acid amplification technology (12,18), it is possible
16 dateat even one molecule of HPV DNA in clinical specimens using the polymerase chain
renction (PCR) (14, 16). Apart from its sensitivity, the method is advantageous because
It aliows the amplification of target DNA in formalin-fixed, paraffin-embedded tissue
soctions without the need for prior DNA purification (14). Recently a medified PCR method
fins beon introduced that permits the amplification of a broad spactrum of PV genotypes
atonoe (16,17,18,19) by use of consensus or general primers, homalogous (o sequences

.

of the conserved 111 and L1 a1 frame (ORF)(20). The applioation of this general
primer=mediatad POR method (GE-POR) would enable a more aocurate assessment of
the presence of holh seaqusnosd and yel unsequenced common or possibly novel HPY
types In oral lemong of MV nfeotad patients,

The presantad study alms to assess the presence of HPV by GP-PCH and FRV
genotypes In normal and patheloglesl oral mucosa of HIV-infacted patients and shaws (st
only EBV Is strongly assoalated but not exclusively related to HL. No association betwesn
HL and a broad spectrum of HPV genotypes was found,

Materials and methods
Patients, biopsy specimens and viral DNA clones

Between October 1986 and August 1989, oral biopsies were oblained from HIV-infadted
patients, attending the Departments of Internal Medicine and Oral & Maxlllofacial Surgery
and Oral Pathology. Two patients were at high-risk for HIV Infection but diel not gral
permission to be tested for HIV antibodies. Lesions were diagnosed according o crilafa
described by Schulten et af. (2). Of 19 biopsies taken from this patient group, 12 shoawed
histologic features consistent with HL, 3 biopsies were taken from whita lesions (hal
showed histologically candidiasis. These lesions initially disappeared after antifungal
treatment. Furthermore two biopsies were oral warls, while two were clinleally noermal
gingival specimens. The latter two gingival specimens were obtalned durlng toofh
extractions. Furthermore, two biopsies were taken during necropsy from an additionsl
patient, one from the gingiva and one from the tongue. Biopsies of oral lasions obtalned
from patients who did not belong to a high-risk group of HIV infection ware studied as
control specimens (including white sponge nevus and leukoplakia). Blopsias wors divided
and one part was fixed in 4% buffered formalin and embedded In paraffin. From 17
specimens, the other part was snap-frozen and stored in liquid nitrogen until use,

DNAs of several cloned HPV types (pHPVs) were tested in the PCR using genaral HPV
primers. The pHPVs 6b, 11, 16, 18, and 30 were provided by Drs, M. zur Hausen and L.
Gissmann (Heidelberg, FRG), pHPV 31 by Dr. A. Lorincz (Gaithersburg, MO), pHPV 40 by
Dr. G. Orth (Paris, France) and pHPVs 1a, 8, 13 and 32 by Dr. E~M. da Villlers
(Heidelberg, FRG). The cloned subgenomic BamHI W fragment of the large intarnal rapeat
region (IR1) of the EBV genome was purified from vector sequences by agaross el
electrophoresis and subsequently used as probe,

Primer synthesis and sequences

Primers were synthesized on a DNA synthesizer (Pharmacia/LKB Gone Assembler plus,
Pharmacia, Uppsala, Sweden) by the methoxy-phosphoramidite mathod, Genersl HIPY
primers specific for a wide range of mucosotropic (GP5/6) and cutaneous (GIP11/12) MRV
types were selectad and have been described In detall elsawhara (17), GPS and GRG
match to the same sequences in the conserved L1 ORF as GP11 and GP12 raspectively,
For EBY detection a single palr of primers (EBV primar A and primar B) selectad from he
BamHl W fragmant of the B 95-8 strain was used (Jiwa af al, submitted for publioation),
These primers are complamentary to the sense (EBV primer A) and anti-sense (FBV
primer B) DNA strand and sonsist of nucleotides 781800 (EBV primer A) and 10011020




(EBV primer B). Primor saquances wero; HPV GPS: B-TTTATTACTATAATAGATAC-3"
Py QP6! 5'-GAAAAATAP\ACTGTAAF\TCA-G': Mpy QP16
TﬁATCAChGTGGTAGACM-S': HMPV GP12: 5‘~GTMTATAAMGAMTWGA-3': EBV
primar Al 5'-CTCTGGTAGTGATTTGGCCC-S': and EBV  primer B 6'-
GTGMGTCACAMCMGCCC-S'.

Polymerase chain reaction

The PCR was performed on purified DNA of 17 snap-frozen tissue specimens and four
paraffin-embedded lissue sections. DNA was extracted from frozen tissue specimens as
dascribad by Walboomers et al. (1 1), Paraffin-embedded lissue sections were prepared
as described by Shibata et al. (14). A combination of two general primer (GP) pairs for
HPV detoction (GP5/6 and GP11/12) (17) was used. For EBV detection, a specific primer
got that recognizes at least 100 different EBV isolates (Jiwa et al., submitied) was used.
The HPV-specific primer pairs direct for the amplification of a DNA fragment of 140 to 150
basepairs (bp), whereas the EBV-specific primer pair allows the amplification of a 240 bp
fragment, The reaction mixture contained 1 ng of cloned HPV DNA, 10 to 50 ng purified
DNA of clinical samples or the product of a deparaffinized and washed lissue section, 50
mM KCI, 10 mM Tris HCI, pH 8.3, 0.01% (w/v) gelatin, 200 uM of each dNTP, 3.5 mM
MgCl, 60 pmol of each primer of either the GPs or the EBV-specific primer pair, and 1 U
of Tag polymerase (Thermus aquaticus, Amplitag; Cetus Corp., Emeryville, CA). The
mixlure was overlaid with 25 (i of paraffin oil to prevent evaporation and incubated for 5
minutes at 94°C for DNA denaturation. Subsequently 32 or 40 cycles of amplification were
porformed with purified DNAs and paraffin-embedded tissue sections, respectively, using
a PCR processor (Biomed, Theres, FRG). Each cycle included a denaturation step to 94°C
for 1 minute, an annealing step to 40°C (for the HPV GPs) or 55°C (for the EBV specific
primer pair) for 2 minutes, and a chain elongation step to 72°C for 1.5 minute. The final
slongation step was prolonged for another 4 minutes to ensure a complete primer
axtonsion of the amplified DNA fragments.

A fotal of 10 ul of the reaction products was analyzed on 2% agarose (Sigma Chemical
Co,, St Louis, MO) gels or composite gels consisting of 39 NuSieve agarose (FMC
Bloproducts, Rockland, ME) and 1% Type 1 agarose (Sigma). Subsequently the DNA was
iransferred by diffusion blotting onto nylon membranes (Biotrace, Gelman Sciences, Ann
Arbor, M1) in 0.5 N NaOH, 0.6 M NaCl. A mixture of GP-directed amplification products of
MPV types 1, 6, 8, 11, 13, 16, 18, 30, 31, 32, and 33 was “P-labelled by the random
priming method and used as cocktail probe for HPV detection by GP-mediated PCR. For
the specific detection of amplified EBYV sequences, the purified subgenomic BamHl W
fragment of EBV was used as probe. Hybridization was performed at 56°C (low stringency
for WPV detection) or 65°C (high siringency for EBV detection) in 0.5 M sodium phosphate,
pr 7.4, 7% 8PS, 1 mM EDTA for 16 hours. The filters were washed three times (for HPV
datoction) or once (for EBV detection) in 3xSSC (1xSSC is 0.15 M sodium chloride and
0,016 M sodium citrate)/0.5% 8DS at 56°C and 65°C, respectively, for 15 minutes, and (for
EBV detection) subsequently once in 0.5x85C/0.6% SDS at 65°C for 15 minutes, and
wice in 0,1x88C/0,6% SDS at 65°C for 15 minutes. Autoradiography WAS parformed for
1 day ot ~B0°C with Kodak Royal X-omat film (Kodak, Rochester, NY) and (ntensitying

soreens, Subsaquently for MV on additiona ( "
1o 0.6x860/0,6% HOH al OK'C were parformed., i

Dot blot analysis of PCR products

bl;:::mnopzplllomuvlrul positive amplification products were further analyzed by dot
memb?é.ne: (Bj.l‘c?t of clonad MPV DNA and pBR322 vector DNA was dotted onto nylon
Ul race). The amplified fragments of 140 to 150 bp were electrophoratically
ey w melting point agarose (Bio-Rad, Richmond, CA), excised from the gl

labelled by the randem priming method. Hybridization was performad at 65°C uﬁdl

washings were carried out down to 0.5x88C/0
! 5% 8§ f
performed as described above, D8 o B R

Southern blot analysis of restriction endonuclease digested cellular DNA

Soi?:amez? llissueh specimens were analyzed for the presence of EBV DNA by tha
ern blot method. Cellular DNA (100 ng to 1

. ' ug) was digested with Hamih

glﬁheirmacla) according to recommendations of the manufacturer and subsequently

ec rophpresed on an 1 % agarose gel. Dilutions of the BamHI W fragment of tha ERV

gz:;:\:fr:lzr: 1 ug hn_:lman placental DNA corresponding to about 20 and 200 EBV genoime

s per cell were included. In addition DNA from a leukoplaki
a subject not belonging to a high-risk i i o e ey T
. group for HIV infection and a white spange n
‘ “iBK BVLIR
were included. Blotting and hybridization conditions were as described abcfve ?Islnn ffies

EBV BamHI W probe f idizati i
P p or hybridization. Autoradiography was performed for O cays at -

DNA in situ hybridization

11TI;3 flfn(}::qtv :;ag.ir:entb of 1haMEBV genome was biotinylated by incorporation of biotin-
- , Gaithersburg, MD) in a nick translation assa '
. ersb AD y and purified by Sephate
G50 (Pharmacia) gel filtration. Biotin-11-dUTP-labelled probes, with a meanysiz; n:'gog
bp, were used throughout the experiments.
goD:q:\i?e: Fga%ﬁn—embedded sections were treated with 0.5% pepsin In 0.2 N HOI for
es. After rinsing i ' i . ‘
iy g in PBS, sections were dehydrated in graded alcohols aned alf
Drfﬁ:egglobg;d:.oz?tiar; (;t.as;oarrifd OI;I:hby dripping 10 to 20 ul hybridization mixture withaul
ied section, which then was covered with a i
for 1 hour in an humidified atmos Rliubpel
phere at 37°C. The hybridization mix
50% formamide, 10x Denhardt's (0.2% fi i
\ : coll, 0.2% BSA, 0.2% polyvinyl
SSC, 10% dexiran sulphate, and 250 et oy
S5C, ! ug/ml sheared salmon sperm DNA, Afl
in distilled water, the sections were deh ir dri Sl v
A ydrated and air dried again. Depending on (h
. . . . ' . ‘
ifatgeajz;gon. ;0 to 20 pl hybridization mixture, containing 2 ng/ul biotinylaled? DNA pr:)i;:
and mounted with a glass coverslip. Both DNA prob |
tissue section wero denaturated by heatin o B e e
i g at 95° to 100°C for 4 minutes, Than h
tion was carried out for 18 hours at 37°C | idifi o e T
in a humidified container., Aftar hybridl
. ) zalio
tlslsue gactions were subsaqguantly washed in 2xSSC (to loosen the covaralipu,]’ and O x ;I&:
minutes in 0% fermamide with 0.1x 88C at 37°C.
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For datection of tha blotinylated DNA hybride o straptavidinebiotinylaed  polyalkaline
phosphatase kit (BRL) was used; subseguently sections wara [noubsted with (1) PBS + 8%
BEA (30 minutes), (2) 0.4 pg/ml sireptavidin in PBS + 3% BSA for 1 hour, and (3) 0.2
pg/ml blotinylated polyalkaline phosphatase in PBS for 1 hour, After steps 2 and 8, sections
ware tharoughly washad with PBS. Alkaline phosphatase stalning was performed with
nitroblue tetrazolium (NBT) and 5-bromo~4-chloro-3-indolyl phosphate (BCIP) (0.33 and
D47 mg/ml 0.1 M Tris-HCI with 0.1 M NaC| and 50 mM MgCl, at pH 9.5) for 20 to 45
minutes,

HPV  Lypes

AEEEDRE IT T3 18 18 30'31 82 83 pB b oM

Flgare 1. HPV gonoeral primer-mediated PCR on 1 ng of cloned HPV or pBR322 DNA. PCR products are shown
wlar agarose gol electrophoreses, ethidium bromide staining and ultraviolet illumination, pB, pBR322 DNA; b,
distilled water, M, pBR322 DNA digested with Hinfl.

Results
HPV/EBV detection by PCR

To show the detection of a broad spectrum of HPV genotypes by GP-PCR a mixture of
ha primer palrs GP5/6 and GP11/12 was used in the PCR on a set of cloned HPV
genotypes (Figure 1), Cutaneous, genital, and oral HPV types yielded specific PCR
produats of the expected size (approximately 140 to 150 bp). The sensitivity of this method
nppearad (o be at the subpicogram level, as shown in reconstruction experiments and as
published previously (17).

In Figures 2a and b, the results of GP-PCR on clinical samples are shown, The
damonsiration of HPV sequences was limited to two oral warts of one HIV-infacted patient
(Flgure 2, lnnes 23 and 24). Human paplllomavirus positivity of these specimens was clear
after hybridization with the HPV cocklall probe (Figure 2b).
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a Figure 2, HPVY- (ab) mnd BBV (8)
PCR on clinlonl snmplas, PCGA produsis
are  shown afller  aghrose  gol
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staining, and ultraviolet  lamislion
(), as waoll as aflor  subsagusnl
blotting and hybridization (be) wilh ®
cocktall probe of  HPEVespaoliio

. amplification produets (b) and he BBV

b BamHl W fragment (d), rspooiivaly, n
The open circle in lnne 23 ndienion the
HFV-gpocifio amplification  produst
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patient withoul sign of MV feetion M,

s PERA22 DNA digostad with My ML,
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Cand
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Further characterization by dot blotting demonstrated that both warts contained HPV type
{32 DNA (not shown). A control specimen of a papillomatous lesion on the longue alsn
neored HPV positive by GP-PCR (Figure 2, lane p) and the HPV type was also (dentiied
ne HPV 32 by dot blot analysis. All 12 HL specimens (Figures 2a and b, lanes 2,4,0,10 and
16), three cases of candidiasls (Figures 2a and b, lanes 7,9 and 27) and alinleally normal
apithelium (Figures 20 and b, lanes 1 and 5) ware negative,

The EBV-PCH (Figures 20 and d) demonstratad a high prevalence of EBV DNA in oral
Blopsios from HIVainfectad patinnts, Of (he 21 biopsies axamined, a total of 16 speclmens
(76%) wore found (o contain BAV sequences, Of the 16 alinloally white (esions, 14 (99%)
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were found to contain EBV DNA, Including all 12 !Mm foaturos

sonsistent with HL (Figures 2¢ and d, lanes 2,3,6,10 and 16) and iwo oases of candidiasis
(Figures 2¢ and d, lanes 7 and 27), Furthermore two of fout blopsies of elinically normal
apithalium also were positive, A positive and & nagative sample are shown In Figures 2¢
and d (lanes 1 and 5). Seven controls, Including tWo cases of white sponge nevus and
three cages of leukoplakia were negative. The two HPV poslitive oral warls also were
negalive (data not shown).

caloulated after coreolinn M e of DNA (nput (Figure 9, lanes 2,8,10, and 11)
and the determination of 1he & iroma ratio of the sample,

mi12 345 ‘ 7 8 910 11 12 1311.522232?25& b
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Flgure 4, EBY dotection in oral tissue by Southern blot analysis of BamHI digested DNA. HL, lanes 2, 3, B, 10,
11, 12, 18, 14, 185, 26, and 28, Candidiasis, lanes 7, 9, and 27. Clinically normal epithelium, lanes 1, 4, and 5.
Laukoplakia, lane B, While sponge nevus, lane 22. The levels of the hybridizing BamHl G, BamHl W, and BamH|
¥ trgmants of the IR1 region of the EBV genome are indicated on the right. Furthermore lambda x Hindlll size
minrkars (m) are indicated, in addition to reconstructions of the BamHI W fragment diluted in 1 19 human placental
[INA corresponding to aboul 20 (a) and 200 (b} EBV genome equivalents per call.
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Figure 4. Histologic appearance (a,c; H&E) and ERBV demonstration by bio-DISH with tho BBV Hamil W prolis
{lh,d) of a HL biopsy (ab) and a clinically normal gingival biopsy {c,d) (original magnification x B0y,

DNA in situ hybridization

All biopsies were subjected to bio-DISH using the EBV BamHl W probe. All 12 ML
gpecimens scored positive for EBV DNA, which is consistent with rosults of the PCH and
Southern blot procedures. The location of EBV DNA in HL was [imitad 1o the upper most
gpinous cell layers of the epithelium (Figures 4a and b). In addition the clinically narmal
gingival epithelium with an EBV positivity by PCR, but not by Southarn blot analysis, wis
found to be EBV positive by bio-DISH (Figures 4¢ and d).

Al the clinical findings and the results of different DNA detection technigques are
summarized in Table 1.

Southern blot analysis

For Gouthern blot analysis the BamHl W fragment of the EBV genome was used as
probe, This fragment allows the detection of tandem repeated BamHI W fragments of about
4.1 kilobases (kb) and in addition two flanking BamHI fragments C and Y (Figure 3). All 11
ML specimens examined, were found positive for EBV DNA (Figure 3, lanes 2,3,6,10,11,-
12,19,14,15,26 and 28). The other oral lesions (candidiasis; Figure 3, lanes 7,9 and 27),
glinically normal epithelium (Figure 3, lanes 1,4 and 5) and two controls, a white sponge
nevus and leukoplakia (Figure 3, lanes 8 and 22) were negative. Comparison of the
hybridizing signals with those of the reconstructions (Figure 3, lanes a and b) revealed that
most HLs contain a copy number of EBYV DNA corresponding to approximataly 60 (lanes
6, 10, and 11) 10 200 (lanes 14, 26, and 26) EBV-DNA oquivalents per sall, This value was
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Table 1. MPV and BBV BNA detootion ki orl rucosa of HIV-Infactad palisnis

e e e B = B Sl
HPV HY

Virlable GP-PCR PCH* 50 blo~DISH
Malry laukoplakia (N=12) 012 12/12 11/11 12/12
Cundicinsis (N=3) 0/3 2/3 0/3 0/3
Waits (N=2) 2/2 02 ND 0/2
Normal ginglva (N=3) 0/3 113 0/2 1/3
Normal tongue (N=1) 0/1 i 0/1 0/1

—

L PO was porformad on paralfin-embedded tissue sections of one HL, two oral warts, and one clinically normal
(el
[* PGH, ganaral primer-mediated polymerase chain reaction; SB, Southern blot analysis; bio-DISH, DNA in situ/
hybiidization using biotinylated DNA probes; ND, not done.

Discussion

Initial studies on HL have suggested the association with both a papillomavirus and a
harpesvirus (4, 5). However the regular association of HL with an HPV genotype still has
not been demonstrated. A problem for HPV detection is the existence of a broad spectrum
of HPV types, of which 60 different types already have been isolated and characterized to
date (21), Until recently, the HPV-PCR required accurate sequence information and
consequently was applicable only to the nine HPV genotypes, of which the nucleotide
poguances have been determined. However, for a reliable assessment of the presence of
MPV in HL, It is desirable to apply a sensitive detection method that permits the detection
ol o broad spectrum of HPVs. To ensure the detection of multiple HPV types, a modified
POR method was applied, which is based on general primers that anneal under moderate
atringancy conditions to the highly conserved L1 ORF of many, including yet unsequenced
HPV genotypes (17,19). Initial studies with the two general primer pairs GP5/6 (selected
for mucasotropic HPVs) and GP11/12 (selected for cutaneous HPVs) revealed that this
method enables the detection of a broad spectrum of HPVs, including HPV types 1, 6, 8,
{1, 18, 16, 18, 80, 81,32, 33, 45, and 51 (17). In addition to the common HPV types 6,
11, 16, 18, 31, and 33, less common and yet unsequenced HPV types have been detected
i gervical scrapes by GP-PCR (19). Therefore the lack of GP-PCR positivity in the HL
spucimens suggests that HL is not regularly associated with a broad spectrum of HPV
lypos, However, that other HPV types that do not react with the GP pairs are preferentially
ausoclated with HL cannot be excluded,

The amplified DNA sequences in the two oral warts could be typed as HPV 32 specific.
HPV 82 arlginally was isolated from an oral focal epithelial hyperplasia (22) and has also
hoen found in oral warts of HIV-infected patients (3). The absence of common HPV types
in the other oral lesions examined is remarkable and unexpected, Maitland ef a/, (23) found
that HPV sequences, predominantly of HPV type 16, occurred in o high propartion (80%)
of blopales taken from areas of karatosis and lichen planus and even In A1% of unaffected

— .

oral muoonnl Blopsie i . | population. However, In the prasent study, special
pracautions such um physioal separation of the PCR actions and a sirong [aboratory
digelpline. wore used 1o praverl false positivity due to contamination (17, 18, 26),

The assoclation of ML with BBV has been well documented (5,7,8). However It his been
reported also (hat the prasence of EBV in oral tissue of HIV-infacted pationts s not strletly
imited to ML because EBV DNA hag also been demonstrated by /n situ hybridization In
clinically normal mucosa of the tongue and gingiva 8). Furthermore It has been reported
that a high proportion of HIV=infected patients are shedding EBV from the oropharyngoal
mucosa (6). Therefore the presence of EBV demonstrated by PCR could Indicate both
shedding of EBV from the oropharyngeal mucosa or EBV infection of the oral tissus
studied. Although the PCR revealed a high prevalence rate of EBV in oral tissues of HIV-
infected patients, a significant proportion of these samples was scored negative (Table 1),

In addition to PCR, the Southern blot method and bio=DISH methods wara applind for
areliable assessment of the EBV prevalence in oral tissue. It appeared that the EBY PCH
positivity of only the HL specimens could be confirmed by the Southern blot maethod. The
method revealed that EBV DNA is abundant in HL. These findings confirm data of Giraarn -
span et al. (5), supporting the idea that EBV is replicating in HL. Bio~DISH analysis with
a sensitivity (11) of approximately 25 EBV genome equivalents per cell using the Hamil
W probe led to an additional confirmation of the EBV positivity in the HL specimers.
Epstein-Barr virus DNA was localized mainly in a large amount of cells In he upper
spinous layer of the HL epithelium, which is consistent with data of previous studies (6 ,H).
In one additional clinically normal gingival specimen of a patient with HL, focal EBV signals
could be detected by bio-DISH. The relation between this site of EBV infaction and (e
coexisting HL is still unknown, Because it concerned a focal signal, the total EBV copy
number might have been too small to allow detection by the Southern blot mathod, The
Southern blot method, which has a greater sensitivity than the bio-DISH In dotecting
uniformly infected tissue (11), requires approximately 20,000 EBV genomes in 1 4q cellular
DNA (corresponding to an average of 0.1 viral genomes per cell) for a minimal detection.

The significance of the presence of low copy numbers of EBV DNA n tho ramaining
PCR positive biopsies is still unknown. Using the PCR, Sixbey and coworkers (24) could
make a clear distinction in the demenstration of two EBV strains (types A and B) In (hrost
washings. Although in throat washings of HIV-infected patients both EBV types could he
demonstrated, there were indications that HL consistently contains EBV type [ (#4).
Therefore the significance of oropharyngeal or oral EBV infection for the developmant of
HL could depend on the type of EBV.

We have shown definitively that in our patients HL was not associatad with common
HPV genotypes. However a strong association was found between EBV and HL, but this
agsociation was not exclusive.
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Abstract

The presence of human paplliomavirus (HPV) DNA was assessed (n blopsies of fonsillar
aurainomas (n=10) and cases of tonsllitls (n=7), serving as controls, by general primer-
maediated PCR (GP-PCR). All carcinomas appeared HPV posiive whereas ol cases of
tonalllitis were HPV negative. Additional type-specific PCR for HPV-6, <11, 16, -18, -31
nnd 83 revealed that four carcinomas contained HPV 16 DNA, four carcinomas contained
MPV 83 DNA and one carcinoma contained an HPV 16/33 double infection, False positivity
win oxeludad by additional Southern blot analysis of type-specific PCR positive samples
(nwd). Further characterization of GP-PCR products by sequence analysis revealed that
wo oarcinomas contained still unknown HPV genotypes, one carcinoma which also
sontained HPV 83 DNA and one carcinoma that was negative by type-specific PCR.
Applieation of RNA PCR revealed expression of HPV 16 or HPV 33 E7 encoding spliced
6 transcripts in all tonsillar carcinomas (n=4) examined. Additional nonradioactive RNA
In situ hybridization performed on three biopsies revealed the presence of HPV 16 or HPV
40 E7 transcripts exclusively localized within the carcinoma cells whereas stroma stained
negative, These findings strongly support a role for certain HPV types in the pathogenesis
of tonslllar carcinomas.

Introduction

To date increasing experimental data have emerged which support the concept that
gortaln human papillomavirus (HPV) types play an etiological role in human anogenital
ghneer, particularly carcinomas of the cervix (zur Hausen and Schneider, 1887). The
postulated interaction between HPV infections and chemical factors associated with
algarette smoking and alcohol consumption (zur Hausen, 1986) have suggested arole for
PV In the development of carcinomas within the upper aerodigestive tract as well (zur
Hausoen, 1989), HPV DNA has been detected in carcinomas of the oral cavity (Léning et
al,, 1086; de Villlers et al., 1985), tonsil (Brandsma and Abramson, 1988; Niedobitek et al.,
1900) and larynx (Brandsma et al,, 1986; Kahn et al, 1986). However, there is still
insuffiolent evidence to support strongly the hypothesis that there exists a causal
relationship between HPV infections and carcinomas from this tract. This is partly due to
teported HPV prevalence rates being variable and generally lower than those found in
genital carcinomas, Moreover, studies thus far have focussed primarily upon HPV genotype
dotection, thereby survying a limited field and leaving the involvement of viral properties
ke oxpression, especially of the transforming genes E6 and E7, an open question.

PV DNA detection studies have been hampered by the existence of more than 60
different HPV types (de Villiers, 1889), while practical limitations of conventional DNA
detaction mothods only allowed a small subset of them to be screened for with an optimal
sansitivity, Consequently, HPV types that do not react with specific hybridization probes
or primers could hava been missed in previous studies. Recently, we have developed a
genaral primer-mediated PCR method (GP-PCR) for the detection of a broad spectrum
of PV genotypes (Snijders et al, 1990), which appeared succesful In detecting both
known and still unidentified HPV genotypes in cervical scrapes (van don Brule et al, 1890).

8inee tonsillar carcinoma Is the most dominant oropharyngeal malignaney whish account
for about 76% of carcinomas of this raglon (G.B. Snow, parsonal communioation], we first

studiod (he HPV _ in type of carcinomas. The HPV GP-PCR method and
HPV typo-apeciiio PO R eembinaion with genomic Southarn blot analysis were armployed
for HPV detection, typing and eanfirmation, respectively. Furthermore, transoription of the
E7 opon reading frame (QHIF), sneeding a major transforming gene (Vousden ef al, 1068),
was examined using MYV MNA PCR and BNA in situ hybridization. The results strongly
support an active role for cartaln MPY types in the pathogenesis of tonsillar carcinomas.

Materials and methods
Clinical specimens and viral DNA clones

Of biopsy specimens of tonsillar carcinomas taken from ten patients, one part wis snap-«
frozen and stored in liquid nitrogen until use. A second part of the biopsies was fixad In 4%
buffered formalin and embedded in paraffin for histologic examination and evantually HNA
in situ hybridization, Six patients were male and four patients were female, The age of
patients ranged from 46 to 79 years and the mean age was 64 years. Fiva Garcinomas
were poorly differentiated, one was moderately differentiated, three wera waell differentiated
and one was an undifferentiated squamous cell carcinoma. In addition seven tansis
surgically removed for tonsillitis were snap-frozen and served as control specimaens,

DNA of HPV 16 cloned into the BamHI site of pBR322 (Durst et al., 1983) and of HPV
33 cloned into the Bgl Il site of pBR322 (Beaudenon et al., 1986) was purified from vaolar
sequences by agarose gel electrophoresis and subsequently used as probe.

Isolation of DNA and cytoplasmic RNA

Snap-frozen samples were serially sectioned (10-15 sections) on a cryostate, The firt
and last sections (5 um) were used for hematoxylin eosin (HE) staining 10 assess the
percentage of carcinoma cells present in these samples. The intermediate seclions were
used for DNA and RNA isolation. DNA was extracted as described by Walboomars ef al
(1988) and cytoplasmic RNA was isolated according to Gough (1988) as previously
described (van den Brule et al., 1991a), The integrity of RNA samples was determined by
agarose gel electrophoresis and only the samples that clearly showed the 285 and 188
ribosomal RNA fragments without any sign of degradation were taken into consideration
for RNA PCR analysis.

DNA polymerase chain reaction

The GP-PCR was performed as described previously with tha GPS (8%
TTTGTTACTGTGGTAGATAC-3)/GP6  (5'-GAAAAATAAACTGTAAATCA-DY)  primer
combination (Snijders et al, 1990). To allow subsequent cloning of PGH products for
gequence analysis, sequences containing the BamHI recognition site were addaed 1o the
5'-ends of GP5 and GP6, Type-specific PCR was carried out with cloning site flanking
primers as describad by van den Brule ot al. (1990) except that separated PCH ansnys
Instead of multiplex PCR were performed. Additional type-specific PCR was parfarmed
with an E6/E7 regien primer combination specific for HPV 16 (E6: nt 141 &%
CACAGTTATGCACAGAGICTG-8' and E7: nt 625 5'-TAATTGCTCATAACAG TAGAG- 1)
and HPV 83 (K0 il 144 BGCATGATTTTGTGCCAAGCAT-8' and E7 nt 68 8




T
TAATTACTCATAGOAGTATAG-DY), PO reaction mixtures ooriained 8016 100 ng purifiecd
DNA of elinieal samplos, 50 mM KCI, 10 mM Tris HCI, pH 8.0, 200 yM of sach dNTP, 1.6
mM MgCly, 80 pmol of each primer of either the GPs or typa-spaciila primer pairs, and 1
U of thermostabile DNA polymerase (Amplitaq; Cetus). Mixtures were incubated for 5
minutes at 94°C for BNA denaturation. Subsequently, 40 cycles of amplification were
parformed using a PCR processor (Biomed), Each cycle included a denaturation step to
04°0 for 1 minute, an annealing step to 40°C (for the HPV GPs) or §5°C (for the type-
spacific primer pairs) for 2 minutes and a chain elongation step to 72°C for 1.5 minute. The
final elongation step was prolonged for another 4 minutes. To avoid contamination by
oloned pHPY DNA or PCR products, different steps like sample preparation and
amplifieation reaction were performed in physically separated rooms and samples
gontaining distilled water were included as negative controls. Ten ul of the PCR mixtures
was finally analyzed by agarose gel electrophoresis. Subsequently, DNA fragments were
translerrad onto nylon membranes (GeneScreenPlus; Du Pont) by diffusion blotting in 0.5
N NaOH, 0.6 M NaCl. A mixture of GP5/6 directed PCR products derived from cloned
MPVe HPV-6, =11, =16, -18, -31 and -33 was used as probe for analysis of GP-PCR
products, For type-specific analysis specific oligonucleotide probes were used as
desaribed elsewhere (van den Brule et al., 1990). Hybridizations were performed at 55°C
I hybridization mixture containing 0.5 M sodium phosphate, pH 7.4, 7% SDS, 1 mM EDTA
for 16 hours, Subsequent washings were carried out in 3xSSC (1xSSC is 0.15 M sodium
phlorlde and 0,015 M sodium citrate), 0.5% SDS at 55°C. Autoradiography was performed
avarnight at -80°C with Kodak Royal X-omat film and intensifying screens.

Genomlc Southern blot analysis

Hestriction enzyme digestions were carried out according to recommendations of the
manufacturer (Pharmacia). DNAs were separated on 0.7% agarose gels and transferred
onto nylon membranes as described above. Hybridization was performed with HPV 16 or
PV 88 DNA at 66°C for 16 hours. The filters were washed two times in 3xSSC, 0.5%
808 for 16 minutes at 65°C, once in 0.5xSSC, 0.5% SDS at 65°C for 15 minutes and
wige In 0,1x88C, 0.5% SDS at 68°C for 15 minutes. Autoradiography was performed for
65 days at -80°C with Kodak Royal X-omat film and intensifying screens.

DNA sequencing

Soquencing of the GP-PCR products was carried out after cloning fragments into the
HamHl site of M18mp18/mp19 vector DNA. Af least three independent clones were
unalysed In order to reduce false sequence information that may be the result of
ineorporation errors by Tag DNA polymerase during PCR. Sequencing was performed
using the dideoxy chain termination reaction with a T7 polymerase sequencing kit
(Pharmacia) according to instructions of the manufacturer,

ANA polymerase chain reaction

RNA PCR was performed as described previously (van den Brule af al, 1091a; Chapter
Vil) using the HPV 16 or MPV 33 spacific E6/E7 primers, the E7 primers serving as
antisense primar used for first strand cDNA synthesis, Briefly, one sirand of 6ONA was
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synthesizad n & Mnl.mmamlnq 200 ng oytoplasmio ANA, 26 pmol

antisense primer, B0 MM Frin MO M B8, 60 mM KCI, 3 mM MgCly, 1 mM DTT, 1 mM of
each dNTP, 40 unite NNasR (Promega) and 7 units AMV raverso transoriplase (AT
Promega). The mixture was (noubated ot A42°C for 46 minutes, In addition renctions were
performed without AT added 1o allow distinction betwean final RNA PCR products and
products derived fram eventually gopurified DNA, Ultimately, & ul of the GDNA mixlure was
used for PCR., POR products were analysed on 1.5% agarose gels and specifiity was
determined by hybridization with cloned HPV 16 or HPV 33 DNA under stringent conditions
as described above.

Nonradioactive RNA in situ hybridization

RNA in situ hybridization (RISH) was performed as described by van den Brule ef al
(1991a) for detection of HPV 16 specific E7 mRNA, using B-actin RISH as quality aontral,
Sense and antisense RNAs generated from a SauBA-Pst fragment from the HPV 1617
ORF (nt 622-879; kindly provided by Dr. H. Smits, Dept of Virology, University of
Amsterdam) and a 156 bp Mspl-BamH| fragment from the &' part of the human fA-notin
¢DNA (Clontech Lab.) cloned into Gemini 4 (Promega) were used as probe, In nddition,
for detection of HPV 33 specific E6/E7 region mRNA a probe was genarated from the
amplified 236 bp HPV 33 E6* cDNA fragment (see Figure 4) which was cloned Into the
BamHI site of the pBluescript Il SK+ vector (Stratagene). This E6/E7 fragmant spans
splice junction between nts 231 and 509 within the E6 ORF (see Chapter VII). Biotinylated
sense and antisense RNA probes were generated according to Meltor et al, (1964) with
biotin-11-UTP (ENZO Biochemical) using T3 and T7 RNA polymerase (Promega),
respectively.

After successive steps of pre-treatment of the formalin fixed tissue saction, hybiridization
and staining (van den Brule et al., 1991a), images were ultimately visualized by eonfooal
laser scan microscopy with reflex contrast using a type Il laser scan microscopa with
synchronously scanned pinhole in the detector beam path, a servo-controllad
galvanometer scanner and a dual laser system (Ar, 488 nm; HeNe, 622 nm; Zolan),

Results
Detection of HPV DNA

The strategy followed in this study was to examine tonsillar biopsy specimens first of
the presence of HPV DNA by applying the GP-PCR method with the GPS/GPE primer palr
and subsequently to identify certain sequenced mucosotrople HPV  genotypas by
successive performance of PCR with primers specific for HPV-6,-11,~16,~18,~81 and ~H4,
The HPV PCR typing results are included in Table 1. All ten carcinoma blopsien examinad
revealed a hybridizing HPV specific GP-PCR fragment, as lllustrated for sever speolmens
In Figure 1A. The seven cases of tonsillitis, serving as non-malignant controls, uppenred
GP-PCR nagative, Amplification of B-globin sequences with primer palr PCOY/PCO4
(Saik of al, 1980) was accomplished with all samples, Indicating that the fallure 1o reaoc!
with GPS/GPE 18 not owing 1o Inpurities or degradation of targat DNA, Type-speoific PGH
using EG/E7 raglon primars myealed that four carcinomas contained MPV 16 DNA (Figure
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10, lanes 12, T6 and 17), four earcinomas contained HPY 88 DNA (Figume 16, lanes T6
and T8) and one carcinoma showed positivity both for HPV 16 and HIPV 48 (Figure 18 and
C, lune T4). These typing results were confirmed by PCR with aloning site flanking primers
laonlizad within the L1 (for HPV 16) or E1/E2 (for HPV 233) ORFy (nat shown), In case of
lwo carcinoma specimens, results of GP-PCR and type-specific PCR were not in
agreement, suggesting the presence of HPV types different from the common genital
MPVa, This concerns a carcinoma that was negative by type-speclific PCR (Figure 1, lane
T4 and a carcinoma showing a rather weak HPV 33 specific amplification signal in
gomparison with the GP-PCR signal, suggesting that this sample contains a double
Infeetion (Figure 1, lane T8). All samples were negative for the remaining mucosotropic
MPV typoes 6, 11, 18 and 31,

T2 T3 T4 T5 T6 T7 T8 T2 T3 T4 To TH T TH

A GP5/6
150 bp =

B HPVAG
505 bp = "

G MPyaa "
813 bp = l

Flgure 1. HPV PORA results of seven lonsillar carcinoma hiopsies. A) GP-PCR with the GPS/GP6 primer pair. B)
MV 16 apecific PGA with E6/ET primers. C) HPV 33 specilic PCR with EG/E7 primers. Agarose gel patterns are
ahowin on tha lell and results after Southern blot hybridization are shown on the right. Arrowheads peint to the
Il af HPV spacitic ampliffication products and sizes are indicaled.

Furtharmore, genormic Southern blot analysis was applied to confirm type-specific PCR
fomults, By this method HPV DNA of the carresponding type was detected in two out of
hree HPV 16 PCR positive cases and one out of two cases positive for HPV 33 DNA
PGH, as shown In Figure 2. Histologic examination revealed that the two carcinoma
spocimens which could not be confirmed by genomic Southern blot analysis contained a
mther small proportion (less than 10%) of carcinoma cells. In addition, Southern blot
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analysis allowad he detsotion of HPY 88 DNA but not HPV 16 DNA In the HPV 16/39
double infected onse, as delenmined by PCR (Table 1),

Table 1. HPV DNA and MNA dateolion & onaline careinomas by different technlgues

e e
HPV genotypa PCR Southern blot RNA PCR RISH
positive' positive” positive® positive"
HPV 16 4110 2/3° 141 1
HPV 33 3/10 1/2° 1/1 Al
HPV 16/33 1110 1118 1/1° 1/1"
HPV X 1110 nd nd nd
HPV X/33 1/10 nd 1/1° nl

'PCR data were based on results of GP- and type-specific PCR

“Samples containing sufficient DNA were subjected lo Soulham blol analysis
‘Samples containing undegraded RNA were subjected to RNA PCR

‘Samples positive for B-actin RISH were subjected to HPV RISH

“Southern blol nagalive biopsies contained less than 10% carcinoma cells per samplo
“Positive for HPV 33

nd, nol done

The praesence of still unknown HPVs in the two samples T3 and T8 waa confirmod by
cloning and DNA sequence analysis of their GP-PCR products. As shown In Flgure o,
deduced amino acid sequences of these GP-PCR fragments wara found to fullill tha HI*V
consensus sequence, recently determined on basis of sequence information of the L1
region flanked by the GP5 and GP6 primers from 22 HPV genotypes (saa Chaptar V),
Homology comparison revealed that the amplified sequences do not represant HPV- 1,
2a,-5,-6,-8,-11,-13,-16,-18,-31,-32,-33,-35,-39,-43 -44,-45 -47 ~561,-66 67 ~ 68 or
six still unidentified HPVs detected in cervical scrapes, indicating that they might reprasenl
novel HPV types.

Detection of HPV 16 and HPV 33 E7 encoding transcripts In tonsiliar carelnama
biopsies by RNA PCR

Both for HPV 16 (Smotkin et af.,, 1989) and HPV 38 (Chapter VII) tha putative 7/
mRNAs are bi- or poly~cistronic and contain an intron within the E6 ORF (E6* mENAS)
For HPV 16 two forms (designated as E6* | and EG*Il) have bean idantified whiah differ in
the splice acceptor site utilized, whereas for HPV 33 only one form (EG*) has Gesh
discoverad with E7 cading potantinl, Recently, It has bean shown that these mHNAs aasily
can be detected by ANA PCR with HPV 16« (Cornelissen et al, 1980; van den Brule ef
al, 1001a) and HPV 88 (Ghapter VI specific EG/ET primera flanking the E6 splioe sites,
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Four carainoman from which undegraded FRNA could be purified as determined by agarose
gl analysls wore analysed by E6/E7 RNA PCR (Table 1), Thase (Holude one HPV 16
positive speciman, tho MPV 16/33 double Infacted sample and two specimens sontaining
HIPV 33 DNA. The HPV 16 positive sample revealed two amplified cDNA fragments, 505
b and 323 bp In size (not shown), representing full length EG/E7 mANA and spliced E6*|
MANA (van den Brule et al., 1991a), respectively. No HPV 16 specific 6cDNA was amplified
fram the HPV 16/38 double infected sample. However, in addition to the two HPV 33
positive specimens, this sample appeared to contain HPV 33 E6*| mRNA, as reflected by
{he production of a 236 bp cDNA fragment (see Chapter VII), shown for two biopsies in
Flgure 4 (lanes Ta+ and T6+). In one HPV 33 positive case also the full length 513 bp
fragment was amplified (Figure 4, lane T6+). Since the reaction without reverse
{ransoriptase added also yielded a 513 bp PCR product (Figure 4, lane T6-) it is unclear
{0 which extent this fragment is derived from full length mRNA or from copurified DNA.
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Flgure 2 Gonomie Southern blol analysis with Ps T2 77 T6
ol wo HPV 16 oontadning carcinomas (T2 and T7) T !
wind one PV 32 containing carcinoma (T6). Sizes of
MY 18 and HPY 33 Psil fragments are indicated on
e [aft and rght, respeclively,
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Figure 3. Allgnmont of deduted aming acld sequences of GPS/GPG flanked L1 seguoncas armplified fom
gnrcinoma samples T3 and T8 wilh (he HPY consensus sequance (Shown in the middle) detammined on basis of
Information from 22 HPV ganolypes (gee Chaptar 1V), Malched amino acids aro indioated by dote, The riddie pai

of the sequence, consisting of & 10 13 amino acids Is polymorphic and was nol included i e alignment fas
nmine acids.

Figure 4. ANA PCH analysin of sumplas T4, T6

and a HPV 33 containing carvieal oarelinama (G)

serving as positive contral with tha PV 39
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added during the (el strand cONA Synthanis

step, Levels of full lengih fragmants (B18 )
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P ORF (236 bp), are indieated on the fdght M
pBRA22 ¥ Hinll skee markors,
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Nonradioactive RNA in situ hybridization

In order to investigate RNA quality for RNA in situ hybridization (RISH) analysis, samples
were prescreened by B-actin RISH, B-actin mRNA detection showed poailivity far one HITV
16 containing case, one HPV 33 containing case and the HPV 16/33 double infosted caue,
Therefore, for a spatial resolution of E7 transcripts these biopsies ware subjadtad 1o MY
RISH using sense and antlsense RNA probes specific for HPV 16 or HPV 83, No slgnsls
ware oblained with the sense probes used (not shown), As shown In Table 1, tha HIPV 16
antisense probe ylalded speaific signals in the HPV 16 containing cnge, but not in the PV
16/38 double (nfected oane, similar 1o the RNA PCR rasults, Howaver, with tha HPV 53
antisanse probe signale ware obtained inthe HPY 16/38 double infectad cnse and the HEY
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49 positive case, Signals wera axolusively localized In the aaralnama aelle whereas stroma
stalned negative, as shown for the latter cage by comparson of e e ltllinod m_mliun
(Flgure GA) with the convocal laser scan image of the hybridized seotian (Flgure GE).

i inls in biopsy specimen T6. A) Section after
Plaure B Nonradionctive RNA fn situ analysis of HPV 33 EG/ET transcripls in : 6. / ion af
I'm‘ll'nmmylln-- sosin slaining and light microscopy. Bar = 50um, B) Se;nal seclion following HNA in situ hytfmduf?tfr':
wilh the HPY 83 EG'I antisense probe. Visualization was by gold/silver enhancement staining and confocal lase

KON FiCroBeopY.

Discussion

A combination of the general primer-mediated and type-specific PCR methods allowed
ihe detection and typing of HPV DNA in ten biopsies of tonsillar carcinomas. In conltrast
lo soven cases of tonslllitis all carcinomas were found to contain HPV DNA as determined
by PCR. Type-specific analysis revealed that 5 cases contained HPV 16 DNA and 5,?39,'88
gontained HPV 33 DNA, including one HPV 16/33 double infection. In order to minimize
false positive results due to contamination with PCR products or cloned HPV DNA both
E6/E7 and cloning site flanking primers specific for HPV 16 or HPV 33 were employed,
which gave Identical results. The tonsillar carcinoma biopsies included two cases
gontaining a still unidentified HPV genotype. This was concluded frc|>m the GP5/GP6
diractad amplification of thus far unique sequences that hybridized with the probe and
fullflled the HPV amino acld consensus sequence. Since GP5/GP6 directed sequences
amplified from cellular DNA have failed to show any homology with thg IHPV consensus
(Chapter 1V) it Is justified to designate these products as HPV spec.lﬂc. As shown in
Chapter 1V, homologies of GP5/GP6 flanked L1 sequences between highly relgted HPV
fypos HPV 6 vé HPV 11 and HPV 18 vs HPV 45 were 84% and 80%, ras;pac.twely. The
highest obsarved homologies of the T3 and T8 products were 71% and 60% with HPV 45
and MPV-18, -31, -39, -45, respectively, suggesting that these produats represent
differant types rathar than subtypes of any of the HPVs that were Ineluded in the

T o

gomparison, Moleoullr alaning of these unknown HPV types is currantly i progress and
will offer the possibliity of future type-specific screening In lesions of tha upper
norodigestive traot,

Recantly, HPV 16 genotypes hive been demonstrated in oral specimens that did not
roact with the HPV 16 cloning site flanking primers as a result of an alteration in the L2<L1
region (Yeudall and Gampo, 1891), Our results Indicate that the HPV 16 and HPYV G0
genotypes present In the tonslilar carcinomas studied do not contalin major alterationg
affecting L1 sequences, which is supported by genomic Southern blot analysis showling the
typical HPV 16 and HPV 83 prototype Pst fragments (Figure 2).

Preliminary studies on carcinomas from other sites within the aaradigestive tract (Lo oral
cavity and larynx) revealed HPV prevalence rates which do nol exceed 30% (see Chnpler
1X). This indicates that this high HPV prevalence rate s not comman 1o carcinomas fam
the whole head and neck region but thusfar is specific for tonsillar carcinomas, Gompared
with cervical carcinomas a different distribution of HPV genotypes amongst tonsillar
carcinomas was evident, especially concerning HPV 33. In a similar study that racantly Fam
been performed on 50 cervical carcinomas collected from the same geographic reglon,
68% of cases were found to contain HPV 16 DNA, 10% showed positivity for HPV 18 DINA
and 16% of cases contained an HPV 16/18 double infection, whareas only & minority of
cases appeared to contain HPV 31 (4%) or HPV 33 (2%) DNA (van den Brule sf af,
1991b). Thus, HPV 33 can be of greater importance in carcinogenesis than has been
suggested on basis of its association with cervical cancer,

Using the genomic Southern blot technique Brandsma and Abramson (1606) have
detected HPV 16-related DNA in 2 out of 7 (29%) tonsillar carcinomas whereas all
samples were negative for HPV 11 and HPV 18 DNA. In a differant study Niadobitak af ol
(1991) have demonstrated the presence of HPV 16 DNA by in sity hybridization In the
tumour cells of 6 out of 28 (21%) biopsies of tonsillar carcinomas wheroas all sumples
were negative for HPV 6 and HPV 11 DNA. Moreover, both groups have not ravealed MY
positivity in control tonsil samples. The results obtained in this study are similar with
respect to the failure to detect HPV 6, HPV 11 or HPV 18 DNA in the carcinomas and the
documented absence of HPV DNA in the control samples. The different pravalanos rales
found, may reflect the detection methods used, the hybridization methods gonorally baing
not as sensitive as the PCR and having less universal properties than the GP-PGH
method. Since both groups have not specifically probed with HPV 33, a substantial amount
of HPV positivity could have been missed.

Based upon in vitro studies of HPV 16 and HPV 18 the E6 and E7 genes are considerad
the transforming genes (Barbosa et al., 1989; Hawley-Nelson ef al, 1989; Munger ef af,
1989) and their consistent expression has been demonstrated in cervical GArGINGMAK anel
cell lines derived from cervical carcinomas (Baker et al., 1987; Schneider-Ghdiocka and
Schwarz, 1986; Smotkin and Wettstein, 1986). We focussed on the delection of putalive
E7 transcripts which, due to intron sequences spliced out, easily can be detectad by HNA
PCR without interfarence of eventually copurified DNA. HPV specific EG* cDNA was
detected in all carcinomas examined. In the HPV 16/33 double infected biopsy only HPV
a3 E6* mANA could be demonstrated both with RNA PCR and RISH. Thusfar [t s unclear
whethar the fallure 1 detact HPV 16 E6* mRNA in this sample reflects the absence or
presence of minar quantities of sueh transcripts. It s worth noting that HPV 38 was found
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10 be the major type present in this specimen detectable

Bouthern blot
analysis. RISH analysis revealed that transcripts contalning E7 setUsnons are uxcluslvely
loonlized within the carcinoma cells, Similar data have been dosumented for cervical
gureinomas, showing the presence of HPV 16 E7 transcripte also limited to the carcinoma
gells (van den Brule et al, 1991a).

in this study we collected data that strongly support a role for HPV in the pathogenesis
of tonslllar squamous cell carcinomas: i) all carcinomas were found to contain HPV DNA
Ineluding high risk HPV types that also have been associated with cervical cancer. i)
sontrol tonsil samples were HPV negative. iii) HPV E7 mRNA was demonstrated in all
gareinomas examined. iiil) expression of E6/E7 sequences was found to be limited to the
parcinoma cells,

These findings open a way to identify novel HPV types of the aerodigestive tract and will
ghed new light upon the role of HPV in the development of carcinomas within this region.
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Abstract

HPV 89 apecific early region transcripts in a tonsillar carcinome ware analysed using the
ANA PCR moethod, A total of five cDNA species could be identified (neluding species with
6%, 6% and E6*IIl coding potential. As determined by 3' cDNA and mapping one E6*|
oDNA species was found to utilize a novel early region poly (A) site and was
palyadenylated at or near the putative initiation codon of the E1 ORF, Compared with the
HPV16 and HPV18 E6* mRNAs, the HPV33 E6*| and E6*Il species ulllize different splice
pooeptor sites, the latter being localized within the E7 ORF. Furthermore, HPV 33 E6*
mINAs were found to contain a short overlapping ORF resulting in alternative coding
potentiale If translation would start at an internal AUG codon within the E6 region. These
ranuilts Indieate that in addition to HPV 16 and HPV 18 also HPV 33 generates E6* mRNAs
whigh may serve as efficient mRNAs for E7. However, HPV 33 has the ability to generate
s putative E7 mANAs by the utilization of two early region poly (A) sites which offers the
pussibllity to express E7 in different ways.

Al lonst 60 different human papillomavirus (HPV) types have been identified, a subset
of whiloh (s assoclated with genital-mucosal lesions (7). Of these types, HPV 6 and HPV
11 are malnly found in benign condylomas and low grade dysplasias and are considered
law rlsk HPV types whereas the high risk types HPV 16 and HPV 18 are the major types
[nerensingly assoociated with high grade dysplasias and carcinomas of the uterine cervix
(4, 46), Additional high risk HPVs like HPV 31, HPV 33 and HPV 35 have been found in

“anly a minority of cervical carcinomas. In contrast, we have detected HPV 33 in a
substantinl proportion (5 out of 10 cases) of tonsillar carcinomas (see Chapter VI),
Mormover, the presence of HPV 33 specific transcripts has been demonstrated in the
nuoplastic cells by RNA in situ hybridization (see Chapter V1). These findings indicate that
[PV 38 can be of greater importance in carcinogenesis than previously has been
sugyested on the basis of its association with cervical cancer.

Transformation and iImmortalization functions of HPV 16 and HPV 18 (8, 21, 26, 27, 41)
have beon mapped to the E6 and E7 open reading frames (ORFs) (2, 16, 22), regions
whial nre consistently transcribed in cervical carcinomas and carcinoma derived cell lines
(1, 842, 43, 89). The importance of these genes has further been strengthened by the
abllities of thelr products to bind the p53 and retinoblastoma tumor suppressor gene
products, respectively (10, 23, 45). Comparative studies have revealed differences in
hialogloal motivities between the E6 and E7 genes of the low risk type HPV 6 and of the
high risk types HPV 16 and 18 (3, 13, 24) which may account for certain in vitro
Immortalization and transformation properties being limited to the high risk HPVs (26, 40).
The In vive oncogenic potential may also depend on the mechanism by which the E6 and
['7 anooding transcripts are generated and the expression of these genes is regulated (3,
a0). Pulative E7 mRNAs of HPV 16 and HPV 18 are bi- or poly-cistronic and contain an
Inlron within the E6 ORF (E6* mRNAs) (32, 39). Such spliced E6/E7 transcripts, two of
which have been identified for HPV 16 (E6* and E6*Il), failed to be present in HPV 6 and
MPV 11 containing condylomas (4, 38). Moreover, HPV 16 and HPV 18 can generate

“BO/ET encoding viral-cellular fusion transcripts (17, 29, 32, 37), a phenomanom which s
uneammon to the low risk HPVs, Knowledge about the mechanism by whish E6/E7 mRNAs

of additional high dek M WPV 93 are generated I8 necessary to find out which viral
foaturas are mont artloal 6 detarmining the in vive oncoganic potential, In this study we
applied the BNA polymermse chaln reaction (PCR) to analyse HPV 33 early region
transoripts present In a lonsliae carcinoma containing  both  extrachromaosomal  and
integrated PV 88 DNA (not showrn).

Primer selection and analysis of amplified cDNAs

Three sense primers (E6, E7a and E1a) and three antisense primers (E7b, E1b ard
E2/E4) were chosen in such a way to flank putative splice sites, as deduced from
transcriptional mapping data of HPV 11 (31) and HPV 16 (8, 39). Primer locations i
relation to the HPV 33 early region genome structure are depicted in Figura 1A and primer
sequences are shown in Table 1. Although we did not investigate the &' mHNA ands,
studies of HPV 186 that have established a major cap site (P97) for E6/E7 transcripts al or
near nucleotide (nt) position 97 (29, 37, 39), together with the high sequence homolagy
between HPV 16 (36) and HPV 33 (5) around this region (including TATA box sequencon)
suggest the existence of an equivalent major cap site for HPV 33, Indeed, all transcripls
detectable with the E6 sense primer also could be detected with a sense primer (nt 94, &'
GGTACTGCACGACTATGTTT-3") specific for this putative cap region (not shown),
Although the presence of cap sites further upstream of this region can not be excludad, this
finding justifies the inclusion of the putative E8 initiation codon which maps to nt 1080 when
determining the coding potentials of these transcripls.

Following the identification of HPV 16 and HPV 18 E6/E7 mRNAs, containing an Intron
within the E6 ORF (32, 39), sequence comparison data have revealed the prosanoe of
putative splice signals at equivalent positions within the E6 ORF of the ramalning
sequenced high risk mucosotropic HPVs (34). For HPV 33 the predicted splice donor and
acceptor sites of a putative E6* mRNA have been mapped to nt 281 and nt 414,
respectively. The use of primers E6 and E7a which flank these sites and span a raglon of
513 bp at the DNA level, revealed a single amplified cDNA fragment of 236 bp whorans
DNA PCR yielded the expected 513 bp fragment (Figure 2A). DNA sequence analysis of
the cDNA product allowed the identification of a splice junction connecting nt 231 1o nt 500
(Figure 3A) indicating that for this splice the donor site is identical but the acceplor site u
different from the predicted site. Also the acceptor site is not equivalent to tha HPV 10
E6*Il acceptor site (38), thus it concerns a novel splice junction. RNA PCR of an add(lonal
tonsillar carcinoma (not shown) and a cervical carcinoma (Figure 2A) yielded the same 206
bp fragment suggesting that these sites are natural splice sites common to HPV 38, Sinoa
we failed to detect a full-length 513 bp RNA PCR product it is assumed that unsplioed
E6/E7 mRNA, if present, must exist at very low levels within the cytoplasm.

Four cDNA species could be identified using the different HPV 33 specific primeor
combinations. Primer pair E6-E2/E4 allowed the detection of three cDNA spocios us
reflected by the production of PCR fragments of 714 bp, 438 bp and 328 bp (Figure 2,
The 714 bp fragment clearly presented as the major amplified product (not show)
indicating that the mRANA species represented by this fragment is abundant whern
comparad with the 488 bp and 328 bp species. Moreover, 498 bp and 430 bp amplified
cDNA fragments wara oblained with primer combinations E7a-E2/E4 and F1n-E2/E4,
respactively (Figure 20), DNA sequence determination revealad that the 714 bp EG-E2/E4
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Figure 2. HPY 33 RNA PCR analysis of a primary poorly differentiated tonsiilar squamous cell aaroinom
Gytoplasmic RNA was isolated according lo Gough (14). One slrand of cDNA was synthesizad In a linal mwaclion
volume of 50 il containing 200 ng cytoplasmic ANA, 25 pmol antisense primer, 50 mM Tris, MG pH 6.3, 60 mM
KCl, 3 mM MgCl, 1 mM DTT, 1 mM of each dNTP, 40 units RNasin (Promaga) and 7 units AMV ravarnn
transcriptase (RT; Promega). The mixture was incubated al 42°C for 45 minutes. In addition ranclions warns
performed without RT added to allow dislinclion between final RNA PCR producls and products darved from
eventually co-purified DNA. Five pl of the cDNA mixture was used for PCH. Bolh PCR on cONA and gunomio
DNA was parformed under identical conditions as prevously described for type specific PCA annlysin (48), To
determine 3 cDNA ends the method described by Frohman et al (11) was applied, PCR products ware anilysed
on 1,5% agarose gels. Southern blot analysis was carried oul (44) using the cloned HPV 33 DNA a8 prolio (A)
Comparison of EB-E7h directed PCR products derived from DNA and RNA of the lonsillar caroinoma nid &
cervical carcinoma containing HPY 33. The agarose gel pattern Is shown after efhidiurn bromide staining ()
Detection of RNA PCR products of the tonsillar carcinomna obtained with the E2/E4 antisonso primer, Thine PG
fragmenis originally oblained in a single PCR assay with the E6-E2/E4 primer pair wara olaotrophoralioaly
separated and isolated fractions were reamplified to facilitale subsequent sequencing (lanes 1 16 3), M: pRFaRR
DNA digested with Hinfl. (C) Southem blot analysis of the 3 end RNA PCR product genaratod by the - align
(dT)-adaptor primer combination. M: pBR322 DNA digested with Hinil.

fragment and most likely also the 498 bp E7a-E2/E4 fragment represent CONA Species i,
The remaining 438 bp (E6-E2/E4), 328 bp (E6-E2/E4) and 430 bp (E1a-E2/EA4) fragmenis
were found to represent cDNA species ¢, d and e, respectively. The splice patterns and
resulting cDNA structures are shown in Figures 1B and C. Species a and ¢ wara found 1o
contain at least three exons, the first two of which are joined via nt 231 to nt H08 (spacios
a; Figure 3A) and via nt 231 to nt 785 (species c; Figure 4B), In both species (he naoond
and third exon are joined by the same splice via nt 894 to nt 3351 (Figure 8D), Species
d and e consisl of at least two exons joined via nt 231 to nt 3351 (species d; Figure 4C)
or via nt 1316 to nt 3351 (species e; Figure 3E). Except for the first splice unotions of
species a and ¢, equivalent splice junctions have been mapped for HPV 16 (8). GRNA
species @ only could be detected with the E1a sense primer and failed to be amplified
using the E6 or E7a sense primers, This finding together with transcriptional mapping data
of HPV 11 and WPV 16 (B, 81) suggests the presence of a rap site for this transaript which
maps to tha &' portian of the E1 ORF,
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Plgure 3 cONA sequences which span the splice junctions, Sequencing of the amplified cDNA fragments was
parlad oul elther directly afler a-symmetric PCR (15) or after cloning the product into the EcoRI or EcoRl/BamHI
Bl of M1Bmp18/mp19 vector DNA. Sequencing was performed using the dideoxy chain termination reaction with
w17 polymerase sequencing kit (Pharmacia) according to instructions of the manufacturer. Mucleotide positions
ol mplios donor and acceplor sites are indicated. Intron sequences around the splice junclions are shown benealh
Wi batweon sequences of both exons, Panel A: E6* splice junction (species a and b), panel B: EG"ll splice
Jnetion (spoacles ¢, panel C; E6*Il splice junction (species d), panel D: E1/E4 splice junction (species a and c),
punel B E2-C splice junction (species e).

Identification of a novel poly (A) site by 3' cDNA end mapping

4 aDNA ands were analysed by the method described by Frohman et al. (11), combining
one of tha HPV 33 speclific sense primers with an oligo (dT)-adaptor primer set. The E6-
ndaptor primer combination revealed three hybridizing cDNA fragments, approximately
1100 bp, 900 bp and 500 bp in size (Figure 2C). Restriction enzyme analysis using Rsa
| mnd Sau 8A (not shown) suggests that the 1300 bp and 900 bp fragments are likely to
raprosont cONA species a and d, respectively, uninterrupted downstream of the E4 ORF
und utllizing the early region poly (A) motif which maps to nt 4176. Similar full-length cDNA
apocles have been mapped for HPV 16 (8, 29). The 500 bp fragment, however, is aberrant
17 mlze and could not be related to any of the transcripts identified thus far, DNA sequence
analyais of this product revealad that it concerned a new transcript spacios (spacies b; see
Figures 18 and ©) consisting of two exons, |oined via the same splice that was mapped
for the first exons of species a and terminated at a cleavage/poly (A) addition site 14 or 17

[ e

nts downstrenm C!M. \) slgnal at nt position 862 (Figure 6). This poly (A) sighal

completely overlaps 1he putalive termination codon of the EZ ORF (6).

Application of tha method with a sense primer (nt o660, O'-
ACCTATAGTGCATTTAAAG-S) which is complemantary to the E2/E4 primer and
consequantly anneals with 6DNA species a, ¢, d and e, revealed a hybridizing cONA
fragment of approximately 650 bp (not shown). The size of this product once Agaln
suggests the utilization of the poly (A) signal at nt 4176, and no Indications for the
presence of viral-cellular fusion transcripts were obtained.

Table 1. Specilication of primers used for RNA PCR

F———
Primer Sequence® Paosition
E6 5'-ggaattcGCATGATTTTGTGCCAAGCAT-3' 144164
E7a 5'-ggaaticTATACTGCTATGAGCAATTA-3' 636660
E7b 5'-ggaattcTAATTGCTCATAGCAGTATAG-3' BE6-040
Ea 5'-ggaaltcTGCACTAAAACGAAAGTTTGC-8' 11271147
Eib 5'-ggaattcATTTGCACCACGTCCTTGAGA-3' 27161005
E2/E4 5'-cgggatccCTTTTAAATGCACTATAGG-8 a588-8600

@n,; 5'-GACTCGAGGATCCTGCAGCCTTTTTTTTTTTTTITTT-8'
Adapto’®  5'-GACTCGAGGATCCTGCAGC-3'

* Sequences written in small characters ndicate sequences containing EcoR| or BamHl recognition sites
" Primers described by Frohman &t al. (11).

Coding potentials of cDNAs

The probable coding potentials of the identified cCDNA species are shown in Flgure 15
Species a and b may encode an E6*| protein (39). If translation would start from (ha E6
initiation codon at nt 109 localized in reading frame 1 (5), the first splice would shift
translation to reading frame 2 of the E6 region resulting in the termination at the UAA
codon which maps to nt 563. This codon lies 7 nts downstream of the tormination coeon
of the full-length E6 ORF and 8 nts upstream of the putative initiation codon of the 7
ORF. The second splice junction of species a and ¢ is equivalent to splice junations
previously mapped for HPV 1 (25), HPV 11 (31), HPV 16 (8) and HPV 18 (30) and allows
the ability to encode an E1°E4 fusion protein. However, the presence of an ndditianal
E1°E4 encoding message which, similar to that of other HPVs (8, 25, 81) contaln a oap
site within the E1 ORF can not be excluded. Additional ' cDNA end mapping I necessiry
to resolve the presence of this putative mRANA, Species ¢ differs from spacias a by the
utilization of & differant splice acceptor site to join the first and second exon and has he
potential 1o ancode a novel E6*II protein. Starting from the E6 AUG godon at nt 108 he
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splice would shift transiation to out of frame sequences of e L eaulting in the
addition of three amino aclds to the E6 C-terminus before reashing & termination codon
al nl 704, cDNA species d is equivalent to an HPV 16 message () and has coding
potential for an E6*Il protein. cDNA species e contains AUG coduns at nt positions 1276
and 1808, both of which are in frame for initiation of an E2-C protein (Garboxy tarminal
gomaln of E2) consisting of N-terminal sequences derived from the E1 ragion. Therefore,

if this species would proceed without any interruption beyond the E2 ORF it could encode
un E2-C protain,

A
Cc
G
Al
881
= 454
§'~ TGTGCACAACAATAAACATCATCTACAATGasaaaaaaaad....-3'

aaaaaa....-3'

l
884

T ¢S

!I?\m 4, ' und analysis of cDNA species b, Two cleavage/poly (A) addilion sites were found as shown for two
MID alones, The putative E7 tlermination codon (TAA), the pulative E1 initietion codon (ATG) and the poly (A)
nlginl (AATAAA) fre Indicated. Sequences of the poly (A) lail are shown by small characters.

Within the E6 region of the HPV 33 genome a second short overlapping ORF is present
in rending frame 2 which proceeds past the E6 splice donor site (5). Consequently,
ramoval of the first intron of species a to d generates new ORFs in addition to E6* resulting
i mlternative coding potentials if translation would start at the second AUG codon (nt 146)
within the E6 region (Figure 1C). For species a and b this offers the ability to encode a
protaln containing N-terminal sequences encoded by E6 region reading frame 2 and a C-
larminus consisting of ten amino acids encoded by E6 region reading frame 3 (E67ES°).
Similarly, specles o has additional coding potential for a protein containing a C-terminus
of 87 amino acids encoded by the E7 ORF (E7-C). Homology comparison with HPV 16
saguences revealad that this putative protein does not contaln KeqUances that are
supposed to be involvad in transformation and in the interaction with he relinoblastoma

i ‘
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gene product (24), Hawever, this putative protein contains a CXXH motlf at the N-terminus
and & CXXO molit sl the G-lerminus and consequently has the potential 1o form o hybrie
zine loop drawing the polypeptide ends together. Species d could have additional coding
potential for an alternative E2<C protein if not interrupted within the @' part of the E2 ORI,
This putative proteln would presumably initiate from the second out of frama AUCH aodan
of the E6 reglon, at nt position 146 and therefore, its N-torminus consiate of E6 instead of
E1 sequences,

If no further splicing or interruption would occur downstream of the E4 ORF the utllization
of the putative early region poly (A) site at nt 4176 would provide species a, 6, d and/or &
with additional coding potential for an E5 protein.

Albeit HPV 33 is only associated with a minority of cervical carcinomas, this type balongs
to the group of high risk HPV types and in vitro transforming activities similar (o that of
HPV 16 and HPV 18 have been demonstrated (40). Three HPV 33 spacific EG* franaoripts
could be demonstrated in the tonsillar carcinoma studied. Because the EG*II and B
acceptor sites map within the E7 ORF and E2/E4 ORFs, respectively, the EG*| spacies i
and b are thus far the only candidates to encode an HPV 33 E7 protein. Recont sludieg
have indicated that splicing out an intron within the E6 ORF most likely serves (o facilitnte
translation of the downstream E7 ORF rather than producing a biclogically active F6*
protein (28, 35). According to the scanning model for translation proposed by Kozak (18,
20) it has been suggested that splicing within the E6 ORF would provide a more effialant
reinitiation of translation at the E7 AUG codon by placing an E6* termination codon more
upstream of the termination codon of the unspliced E6 ORF resulting n a largar spacing
between both cistrons (38). Studies using different bicistronic mRANAs have ravoalad hat
the efficiency of translational reinitiation at the second cistron improves as the distancs
between the end of the first and the beginning of the second cistron increases (18),
However, In contrast to the HPV 16 and HPV 18 E6* mRNAs the HPV 33 EG* tarmination
codon is placed downstream of that of the unspliced E6 ORF, In closa vieinity of he
putative E7 AUG codon. This could mean that the HPV 33 specific EG*I mANAG are lans
efficient in expressing E7 proteins than the HPV 16 and HPV 18 counterparts, unloss &
different first cistron would be used. Indeed, a short overlapping ORF exists n thosn
mRNAs, with coding potential for an E6“E6° protein, that has a termination oadan
positioned at nt 540, that is 23 nts upstream of the E6" termination codon, SHIL I 1N
uncertain whether this ORF is expressed since its internal AUG codon lles 1 an
unfavourable sequence context to support translational initiation by the "leaky scanning”
mechanism (18). However, also the first AUG codon in the E6 ORF has lass than an ldeal
sequence context for efficient translation, according to the proposed scanning model,
Therefore, additional data are required to find out in which way the expression of the HPV
33 E7 ORF is regulated and if the alternative ORFs would be expressad, Il exprossed, foF
species a, b and ¢ this most likely would serve to affect the translation of downutramm|
ORFs rather than producing functional proteins since there exist no indications that oller
HPVs can encode similar proteins. In this context only cDNA species d may ancode o
novel functional E2-C protein. cDNA species ¢ contains a splice that places the terminstian
codon for the EG*NI ORF immediately beyond the splice acceplor site and in thin way
creatos an optimal target for the production of an E1°E4 fusion proteln sinee the putative
E1 AUG sodon lles (n & favourable sequence context for translational reinitiation (18). '
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Striking Is the identification of an EG*I/E7 transeript that ulilises & novel paly (A) site at
the ' and of the E7 ORF, Sequence analysis indicatad that MV b, MY 11, HPV 16,
HPV 18 and HPV 31 do not contain putative poly (A) signals In the equlvalent ragion
nuggesting that the presence of a second early region poly (A) site s not & general feature.
Consaquently, HPV 33 can express E7 via at least two early region mANAs,

I general in HPV 16 and HPV 18 containing carcinomas and cell lines derived from
onfoinomas, transcripts encoding a full-length EB protein have been demonstrated (17, 33,
47, 08), Howavar, quantities of such transcripts have been found to be relatively low (37,
a8), Low amounts of HPV 33 specific unspliced E6 mRNAs could have been missed
booause the method certainly favours the amplification of the shorter E6* cDNAs.
Mareavar, In cervical carcinomas and carcinoma derived cell lines containing HPV 16 or
HPV 10, the viral genome is often integrated into the host genome, usually interrupting
F1/E2 saquences and leaving the E6 and E7 ORFs undisrupted and transcriptionally active
by means of the generation of viral-cellular fusion transcripts (17, 29, 32, 37). The
caroinoma we investigated was found to contain both integrated and episomal HPV 33
DNA, which ls not unique since also a proportion of HPV 16 containing cervical carcinomas
have beon found to contain both viral forms (6, 12). Since we have no detailed information
with respect to integration site and possible head to tail arrangement of integrated HPV 33
DNA, It ls stlll unknown if the identified HPV 33 transcripts are derived from integrated or
aplsomal DNA. Although the method allowed the amplification of fragments more than 2
kb I size, we falled to detect viral-cellular fusion transcripts. However, this does not
Ineoensarlly mean that these transcripts are not present. Putative chimeric transcripts could
hive beon too large and/or exist at too low levels to allow a successful amplification in the
prosanon of the other transcripts. In & human keratinocyte cell line immortalized by HPV
10 0 chimerle transcript has been identified by cDNA cloning which contained a stretch of
onllular BNA of approximately 2.8 kb (29), indicating that chimeric HPV 33 transcripts may
axint that are too large for efficient PCR amplification. Alternatively, in an integrated state
HIPV 88 may generate (ts E6/E7 mRNA different from HPV 16 and HPV 18. If single copy
PV Integration oceurs, typically within the E1/E2 region, this results in the disconnection
af the E6/E7 reglon from the putative normal early region poly (A) site which is generally
Inoalizad downstream of the E5 ORF, For HPV 16 and HPV 18 this consequently means
that the generation of a chimeric mMRNA and the utilization of a cellular poly (A) site is
fegulrad o ensure the continued expression of the E6/E7 ORFs via a polyadenylated
MANA, For HPV 33 the continued expression of the E6/E7 ORFs would not necessarily
dapand on a cellular poly (A) site since the E6/E7 region provides its own poly (A) site.

In this study we demonstrated that in addition to HPV types 16 and 18 also the HPV 33
7 ORE (s encoded by spliced E6* messages. At least one E6* splice junction was also
found I an additional tonsillar carcinoma and a cervical carcinoma suggesting that this
mechanism to generate E7 mRNA is common to HPV 33 independent on the site of
Infeation, The property to generate E7 mRNAs by the utilization of two early region poly(A)
alten thus far seems specific for HPY 33 and may offer the possibllity to express E7 in
diffarant ways,
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Human papillomavirus type 16 and 33 E6/E7 region trans
tonsillar carcinomas can originate both from integr:
episomal HPV DNA
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Henri F.J. Schrijnemakers, Gordon B. Snow and Jan MM. Walboor




Abstract

This study was undertaken 1o find out whather HPV EO/E 7 ranmeription n tonsillar
parginomas s correlated with viral DNA integration, Therelore, lonslline sarcinomas
gontaining HPV 16 (n=2) and HPV 33 (n=2) DNA were analysad for the viral physical
slate and transcription of the E6/E7 region. Southern blot analysis, DNA PCR and,
avontually, two-dimensional gel electrophoresis revealed indications for the presence ot
only episomal DNA In the HPV 16 containing biopsies and only integrated DNA in one
PV 33 containing blopsy. The second HPV 33 containing carcinoma, of which one
blopsy nnd two resected tumor specimens were analyzed, showed a rather complex
physionl state profile. The biopsy of this tumor only contained episomal DNA, one
rasnctad tumor part only contained integrated DNA and the remaining tumor part
contained both integrated and episomal HPV 33 DNA. Independent of the viral physical
uinte, all biopsies and resected fumor parts tested, showed the presence of E6/E7
ltnnneripts, as determined by RNA PCR. The results indicate that E6/E7 transcripts in
tonslllar carcinomas can originate from integrated as well as episomal HPV DNA.

Introduction

A distinet subset of human papillomavirus (HPV) types, predominantly HPV 16 and
HPV 18, have been implicated in human anogenital cancer and are considered high risk
HPV types (zur Hausen and Schneider, 1987). Moreover, we recently have documented
i slrong associalion between predominantly HPV 16 and HPV 33 genotypes and
lonslllar carcinomas (see Chapter V).

Based on accumulating experimental data the E6 and E7 open reading frames
(ORFs) are supposed to be crucial for transforming properties of high risk HPVs
(Barbosa and Schlegel, 1989; Hawley-Nelson et al,, 1989; Munger et al, 1989), Of
these ORFs, the E?7 ORF encodes a major transforming gene (Storey et al., 1988;
Phaelps af al., 1988; Halbert et al., 1991). Interference with E6/E7 expression has shown
lo affect the tumorigenicity of cervical carcinoma cells and transformation of rodent cells
(von Knebel Doeberitz et al, 1988; Crook et al, 1989). Consequently, it has been
suggestad that HPV E6-E7 functions are essential both for initiation and maintenance
of the malignant phenotype (zur Hausen, 1981). Indeed, the E6/E7 region has been
found o be consistently transcribed in cervical carcinomas and cell lines derived from
oarvienl carcinomas (Baker et al,, 1987; Schwarz et al, 1985; Smotkin and Wettstein,
1086, van den Brule ef al,, 1991.), and also tonsillar carcinomas previously tested have
shown 1o contain E6-E7 region mRNA (Chapter VI).

In the proposed model of anogenital carcinogenesis by HPV, viral DNA integration
haws boen suggested to play an essential role, most likely by triggering a dysregulated
axprossion of E6-E7 genes (zur Hausen, 1991). Integration of viral DNA often has been
abmarved In HPY 16 and HPV 18 containing cervical carcinomas (Dirst et al., 1985;
Cullen of al, 1991) and cell lines derived from cervical carcinomas (Schwarz et al.,
1085; Awndy et al, 1987, Yee et al, 1985; Shirasawa aef al, 1887). In contrast,
pramalignant and benign cervical lesions predominantly contaln eplsomsl HPYV DNA
(Darst ot al, 1086; Lehn et al, 1988; Cullan ef al, 1001), HPV ONA Integration

ragularly ooours within the viral E1/E2 reglon (Schwarz ef al, ‘IH“ ot ak, 1087,
q14@
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Kong-Bung Choo sf al, 1087, Shirasawa ef al, 1080), thereby disrupting B2
oxprossion. Sinoe he MY B OREF encodes transeriptional modulator proteing (Fhalps
and Howley, 10087, Cripe e 4., 1087, Bernard et al, 1989; Romanczuk et a/, 1681) it
has been suggested that Integration -madiated disruption of E2 expression would
trigger an uncontralled exprassion of the transforming genes E6 and E7. Another evenl
often resulting from HMPV 16 or HPV 18 DNA integration is E6/E7 expression via virals
cellular fusion transeripts (Inagaki et al,, 1988; Schneider-Géadicke and Schwarz, 1006
Rohlfs et al., 1991; Smits et al., 1891).

This study was undertaken to find out whether transcription of E6/E7 sequences In
tonsillar carcinomas is also correlated with HPV DNA integration. The rasults Indicate
that E6/E7 region transcripts in HPV containing tonsillar carcinomas can originate bhoth
from integrated and episomal viral DNA templates.

Materials and methods
Clinical specimens and viral DNA clones

Biopsy specimens of four tonsillar carcinomas containing HPV 16 (n=2) or HPV 43
(n=2) were snap-frozen and stored in liquid nitrogen until use. From one carcinoma {he
biopsy was taken one month prior to surgical treatment and two matched spoecimens
taken from separated parts of the resected tumor also were snap-frozen and avallable
for HPV analysis.

DNA of HPV 16 cloned into the BamHI site of pBR322 and of HPV 33 clonad into (ha
Bgll site of pBR322 was purified from vector sequences by agarcse gel electrophoresis
and subsequently used as probe.

Isolation of DNA and cytoplasmic RNA

Snap-frozen samples were serially sectioned (10-15 sections) on a cryostate, The
first and last sections (5 um) were used for hematoxylin eosin (HE) staining to assoss
the percentage of carcinoma cells present in these samples. The intermediate sectiong
were used for DNA and eventually RNA isolation. DNA was extracted as describad by
Walboomers et al. (1988). Cytoplasmic RNA was isolated according to Gough (1088),
Briefly, tissue sections were suspended in 200 ul cold lysis buffer containing 10 mM
Tris.HCI pH 7.5, 0.15 M NaCl, 1.5 mM MgCl,, 0.65% NP-40 and vortexed vigorously,
Nuclei and remaining cell debris were removed by centrifugation at 800 g for & minutes,
The supernatant (cytoplasmic lysate) was transferred to a new tube containing 200 ul /
M urea, 1% SDS, 0.35 M NaGl, 10 mM EDTA, 10 mM Tris. HCI pH 7.6, exiracted wilh
phenol/chloroform and precipitated with 96% ethanol, The integrity of HNA samplos was
determined by agarose gel electrophoresis.

DNA polymerase chain reaction

DNA PCR was performed with combinations of HPV 16 or HPV 33 specific primars
located within differant parte of the HPV genome. Combinations of the following primers,
of which sequences are numbered according to the published sequence data (Seadorf
ot al, 1066; Cole and Sirasck, 1986), wore used In the PCR; Far HPV 16; E6: nt 141~
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100, E7: 0t 6A6-626; Bt nt 1114-1104; Evbr nt 27202700 BRI At 8000-3614;
Lia: nt 6026-6047; L1b: nt 6179-6160, For HPV 08; L) ni 140160 K71 nt 666-636;
Bl nt 1127-1147; E1b: nt 2416-2484; Etc: nt 27162008, B nt ROOB-R716; Eve:
nt 28702071 E2/E4; nl 3589-3570; Lia: nt 5806-6017, L1bi nt 66616642, PCR was
parformed as described by van den Brule et al. (1990) for type-spocifio apalysis. PCR
products were analysed by agarose gel electrophoresis —and after blotling by
hybridization with the cloned HPV 16 or HPV 33 probe.

Southern blot hybridization of one- and two-dimensional agarose gels

One-dimensional Southern blot analysis was carried out using 0.7% agarose gels.
Iwo-dimensional gel electrophoresis was performed as described by Wettstein and
Blevens (1982) using no-cut enzymes or undigested DNA. Agarose gels of 0.4% and
1.0% wore used for the first and second dimension, respectively. This assay allows
geparation of circular episomal DNA from linear DNA as the mobility of circular DNA
decronses more rapidly than that of linear DNA at increasing gel concentrations.
Separated DNAs were transferred onto nylon membranes (GeneScreen Plus, NEN-
DuPont) as described above. Cloned HPV 16 or HPY 33 DNA was used as probe after
VP Jabelling using an oligolabelling kit (Pharmacia). Hybridization was performed at
#5°C In 0.5 M sodium phosphate pH 7.4, 7% SDS and 1 mM EDTA four 16 hours, The
filers were washed two times in 3xSSC (1xSSC is 0.15 M sodium chloride and 0.015 M
sodium cltrate), 0.5% SDS for 15 minutes at 65°C, once in 0.5x88C, 0.5% SDS at
G6°C for 16 minutes and twice in 0.1xSSC, 05% SDS at 68°C for 15 minutes.
Autoradiography was performed for 5 days at -80°C with Kodak Royal X-omat film and
intensifying screens,

HNA polymerase chain reaction

MNA PCR was performed as described previously (van den Brule et al,, 1991). One
strand of cDNA was synthesized in a final reaction volume of 50 pl containing 200 ng
ayloplasmic RNA, 25 pmol antisense primer, 50 mM Tris.HCI pH 8.3, 60 mM KCI, 3 mM
MgCl,, 1 mM DTT, 1 mM of each dNTP, 40 units RNasin (Promega) and 7 units AMV
ravorse transcriptase (RT; Promega). The mixture was incubated at 42°C for 45
minutes and subsequently at 95°C for 5 minutes to inactivate the RT. In addition,
ranctions were performed without RT added to allow distinction between final RNA PCR
products and products derived from eventually co-purified DNA. Five ul of the cDNA
mixture was used for PCR in a volume of 50 ul containing a final concentration of 50
MM KCI, 10 mM Tris.HCI pH 8.3, 200 uM of each dNTP, 1.5 mM MgCl,, 50 pmol of
both sense and antisense primer and 1 unit thermal stable DNA polymerase (Amplitag;
Golus), Forty cycles of amplification were performed as previously described for type-
spucific PCA (van den Brule et al., 1990). HPV-specific primers used were as shown
above,

To determine ' cDNA ends the method described by Frohman et al. (1988) was
applied using a 85-base (dT),~adaptor primer (5'-GACTCGAGAATOCTACAGCC-
FITTTTTTTTTTTITTT-8) for first strand cDNA synthesis, In the subsequent PCR with

1o .

singla-sided spaoilioily (i primer was replaced by a 19 base adaptor primer lacking
the (dT) stretah and cambined with an HPV-specific primaer,

PCH products were analysed on 1.5% agarose gels, Southern Blot analysis was
carrled out A desoribed above using clened HPY 16 or HPV 33 DNA as probe,
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Figure 1. Southern blot analysis of lonsillar carcinoma samples, From one HPV 33 contninkig Gaicinomn
biopsy sample T8 (A) and the resacled tumor samples T6.1 (B) and T6.2 (C) were examined by hybridiation
with labelled HPV 33 DNA, Panel (C} also includes a reconslruction of human placenial DNA mixad wilh
cloned HPV 33 DNA at concentrations corresponding with 0.1, 1 and 10 genome equivalants par ooll, Hinoe
sample T6.2 contained approximaiely 50% carcinoma cells the estimated HPV 393 copy number was |
genome equivalent per carcinoma call. In each panel & x Hindlll size markers are indicated on the laft, Off

sized restriction fragments are indicated by arrowheads. Panel (D). Analysis of HPV 16 containing blopsios T8
and T7 hybridized with HPV 16 DNA.

Results

Comparative analysis of HPV 33 physical state and E6/E7 transcription In &
biopsy specimen and matched resected tumor specimens from the same tonslllar
carcinoma

From one HPV 33 containing tonsillar carcinoma both a biopsy specimen (clmnignmted
as T6) and two resected tumor specimens (T6.1 and T6,2) were avallable for combined
HPV DNA and RNA analysis. Histologic examination revealed that all three speacimers
were morphologleal Ildentical, consistent with poorly differentiated  squamous oell
carcinoma, Furthermore, all these samples consisted for approximately 850% of
carcinoma cells. Mesulis of HPY DNA and RNA studies are summarized in Table 1,
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Table 1. ONA i AINA ninlyiis on tonsliine eareinoms speclmens LR .
Iﬁ -\i__ -

Bpecimen  HPV  Southern 2.0 DNA il%d © Physlcal
typor blot* analysls PCA" PO lo
16! a3 protolype  episomal positive Eel eplsomal
To.1! KK} prototype episomal positive E6*I episomal
+ * -
aberrant integrated integrated
Tez2' as aberrant nd disruption E6*l integrated®
E2 ORF
Ta a3 aberrant nd disruption E6*| integrated®
E1 ORF
T2 18 prototype episomal positive E6*l + episomal
unspliced
i 16 prototype episomal positive nd episomal
C ———

‘lumnlu 16, T, and T6.2 are oblained from the same carcinoma

"Protolypn rostriction fragments are according to the published sequence data for HPV 16 (Seedorf ef al,
A0I0) and HPY 83 (Gole and Streeck, 1985)

"Posliivity Indiontos successiul reaction with all primer combinations used

‘Ganoarms ANA PCR dotection of transcripls with E7 coding potential

“Huggested on basis of Southem blot analysis and DNA PGR only

Hidsnot done

Standard Southern blot analysis of biopsy sample T6é using the single cut enzyme
Hghl and the multi-cut enzyme Pstil yielded the prototype HPV 33 fragments, an 8 kb
gl fragment and Pstl fragments of 4.6 kb, 2.0 kb and 1.2 kb (Figure 1A). Two-
dimensional analysis with BamHI, a no-cut enzyme for HPV 33, revealed the presence
of olroular HPV DNA in addition to linear fragments of approximately 8 kb and 16 kb in
ulze (Flgure 2A). The linear fragments also appeared after 2-D analysis of undigested
DNA (not shown) indicating that they represent linearized monomeric and dimeric
apmomal DNA rather than integrated HPV DNA. In contrast to the biopsy, resected
{umor specimen T6.1 yielded an off-sized 15 kb Bgfl fragment and an off-sized 6 kb
M fragmant In addition to the prolotype HPV 33 fragments (Figure 1 C), Two-
_' slonal analysis of sample T6.,1 showed the presence of linear HPV 33 DNA of

i

| kb In addition to the spots of circular DNA (Figure 2B). This finding points to the
nee of both integrated and episomal HPV 33 DNA in this sample, the Integrated
most likely giving rise to the off-sized restriction fragments, Apart from these, the

contalined approximately B0 ooples of HPV 33 DNA per carcinoma cell and sample T6,1
0.5 and 1 genome equivalents per carcinoma cell of integrated and eplsomal HPV 83
DNA, respoctively, The second resected tumor specimen T6.2 showed a restriotion
enzyme pattarn onsistent with the presence of integrated HPV 33 DNA exclusively and
the estimated copy number was 1 genome equivalent per carcinoma cell (Figure 1 G),
Analysis with Bgll revealed the off-sized 15 kb fragment only, whereas the protolype ]
kb fragment was missing. Moreover, the prototype 4.6 kb Psil fragment was replaced
by the off-sized 6 kb fragment. The missing 4.6 kb Psfl fragment conlains sequances
from the upper regulatory region to the E2/E4 ORFs. Although the lack of suffllent
DNA did not allow ultimate 2-D analysis of this sample, these findings, together with
BamHI analysis, which revealed a single 22 kb fragment (Figure 1 C), strongly support
the assumption that this specimen exclusively contained integrated HPV 93 DNA. This
was substantiated by DNA PCR analysis with different primer pairs encompassing (he
whole genomic region (Table 1). While samples T6 and T6.1 reacted with all primer
combinations employed, sample T6.2 failed to react with primers spanning the E2/E4
region and a disruption was mapped between nts 2870 and 3588,

,’, B Figure 2. 2-D analyals of samples TH
i (A, TEA (B), T2 (C) mnd T7 (B)
* A Samples T6 and T6.1 wara digastad
kb £ with BamHl and hybeidlzed wilh HIPV

231 94 66 44 33 DNA. Samples T2 and TF wein
ok digested with  Hindlll - and  hybidiged
with HPV 16 DNA, A % Ml sl
markers  arg indionted b addition 6
directions of eloatrophorasin i the fisl
(0.4%) and second (19%) dimonsion
Linear restriction fragrronis of B ki and
16 kb are indicated by arrowhondy
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To study EG/E7 region transcription, RNA PCR was applied on these samples. The
[oeation of PCR primers utilized in relation to the HPY 33 early region genome structure
I8 dapleted In Figure 8, Primer combinaticn E6/E7, spanning .a region of 513 bp at the
DNA lavel, revealed an amplified 236 bp cDNA fragment for all specimens from this
sureinoma (Figure 4A). This cDNA fragment represents putative HPV 33 E7 mRNAs
sontaining an intron within the E6 ORF (E6*I mRNAs), of which two species previously
have been mapped (Figure 3, species a and b; see Chapter VII). From biopsy sample
16 also the full length 513 bp fragment was amplified (Figure 4A, lane T6). However,
{his fragmaent also was generated in a separate reaction without reverse transcriptase
ntldnd (not shown) suggesting that it represents copurified DNA rather than unspliced
PO/ 7 mRNA, With the E6-E2/E4 primer pair, only samples Té and T6.1 revealed
amplfied cDNA fragments of 714 bp, 438 bp and 328 bp (Figure 4B), representing
GNA spocies a (E6*)), ¢ (E6*Il) and d (E6*II), respectively (Figure 3). The nature of
he £7 mANA from sample T6.2 was determined by 3' cDNA end mapping via RNA
PR with single-sided specificity, For this sample the E6-oligo (dT) primer combination
ravenlod a single hybridizing cDNA fragment, approximately 500 bp in size, whereas
sample 16,1 In addition revealed fragments of higher molecular weigth (Figure 4C), The
BOO bp fragment represents cDNA species b (Figure 3) that utilizes a second early

maglon poly (A) signal at nt 862 and has a coding potential limiled to E6* and E7
protaing (Chapter VI,
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Figure 4. RNA PCR on samples T6, T6.1 and T6.2 from the same HPV 33 containing fonsiling {‘.Illl:im]r‘lllﬂ. (A)
PCR wilh ES-E7 primer combination. Levels of full length 613 bp fragments and aplioad  E0%1 #96 o
fragments are mndicated by arrowheads. (B) PCR with HPYV 33 E6-ER2/E4 primer gombinntion, Agnrona gol
paltern of PCR products and hybridization analysis with an HPY 33 probe are indicalod on the latt mu} aht,
respectivaly. Levels of hybridizing cDNA fragments corresponding with cONA species o (714 bp), o (430 Il_m
and d (328 bp) (see Figure 3) are indicated by arrowheads. (C) Agarose gel patlem (lot) nnd hybldealion
analysis of RNA PCR products generated by the E6-oligo-(dT)-adaplor primer t:mphlnmkm Annwtm,uli
points to the level of the 500 bp cDNA fragment representing ¢cONA spoecies b (500 Flgura ), M, phiraee
DNA digested with Hinl.

HPV physical state and E6/E7 transcription in biopsies from different tonalllar
carcinomas

Biopsies obtained from three additional tonsillar carcinomas also were oxamined (o
E6/E7 franscription and viral physical state. This concerned ona HPV 84 aontalining
sample (sample T4) and two HPV 16 containing cases (samples T2 and 7], Al shown
in Table 1, RNA PCR with the HPV 33 and HPV 16 E6-E7 primar pairs raveuled the
presence of HPV 33 E6*| mRNA and of HPV 16 E6* (Smotkin et al, 1088) And
unspliced E6/E7 mRNA in samples T4 and T2, respectively, while degradation of FANA
within sample T7 did not allow HPV RNA analysis. By standard Southern blot analysis
sample T4 ravealed an off-sized 11 kb Bghl fragment. DNA PCR analysls of this
gample with diferent HPY 93 specific primer combinations revealed a disruption within
the E1 ORF whigh maps between nts 1136 and 2306 (Table 1). Although this s
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suggestive for Integration, the amount of DNA avallable did not suffioe for further
analysis 8o that no supporting evidence could be obtainad, The HPY 16 containing:
blopsies both revealed the prototype HPV 16 BamH! fragment of B kb and the prototype
WPV 16 Pgl pattern (Figure 1D, lanes T2 and T7). No off-sizad resiriction fragments
sould be detected in these samples. Two-dimensional analysis with Hindlll, a no-cut
anzyma for HPV 16, revealed the presence of circular HPV 16 DNA I both samples
(Flgure 2, panels C and D). Furthermore, these samples also showed linear DNA
fragments of 8 kb (samples T2 and T7) and 16 kb (sample T7) consistent with
(inwarized monomeric and dimeric episomal DNA. Histologic examination revealed that
pamples T2 and T7 contained approximately 70% and 50% carcinoma cells, indicating
hat the failure to detect clonally integrated DNA is not owing to the presence of low
parcentages of neoplastic cells. Two-dimensional analysis using a model system
gontaining 5 ug DNA of the Siha cell line (which contains one copy of integrated HPV
16 DNA per cell) mixed with 5 pg human placental DNA and cloned pHPV 16 DNA at a
topy number of 50 genome equivalents per cell allowed the detection of the integrated
MPV 16 DNA (not shown),

Discussion

Mecently, a strong association between certain HPV genotypes and tonsillar
gareinomas has been documented (Chapter V). HPV 16 and HPV 33 containing
blopsies of tonsillar carcinomas have been found to express putative E7 mRNAs which
gontaln an Intron within the E6 ORF. In addition, RNA in situ hybridization has
demonstrated the presence of E7 transcripts exclusively localized within the carcinoma
gulls, suggesting an etiological role for HPV in tonsillar carcinoma. This study was
undertaken to find out whether these E6/E7 mRNAs are expressed from integrated or
oplsomal HPV DNA. The viral physical state was studied by genomic Southern blot
analysis, DNA PCR and, if sufficient DNA was available, by additional 2-D analysis.

The HPV 83 containing carcinoma from which a biopsy and two resected tumor parts
wore obtained, showed a rather complex physical state profile reflected by subpop-
ulntlons of tumor cells containing episomal DNA and different subpopulations containing
integrated HPV 33 DNA. Biopsy specimen T6 from this tumor showed a profile
aonmlstent with the presence of episomal DNA. No evidence for the presence of clonally
integrated HPV 33 was obtained. Resected: tumor specimen T6.1 contained episomal as
woll as Integrated DNA, resected tumor specimen T6.2 contained integrated HPV 33
DNA exclusively. The off-sized restriction fragments of specimens T6.1 and T6.2 were
aqual In size suggesting that they represent the same integrated viral DNA status. PCR
data from sample T6.2 suggest that integration resulted in the interruption of the E2/E4
raglon, The reason for the heterogeneity observed in this carcinoma is still unknown.
One explanation could be that viral DNA integration, coupled with the loss of episomes,
had taken place at a late stage of tumor development SO that only a subpopulation of
enroinoma cells contained integrated HPV 33 DNA at the time of surgical treatment.
Allarnatively, viral DNA integration might have been an early evant followad by the loss
of Integrated DNA In some tumor cells.
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Indepandant of (e viral phiysionl state, expression of £7 ancoding MPV 08 E6
mANA was evident for all tmer cell populations ropresentod by the three different
spocimens obtuined from s oarcinoma, No evidence for the prasence of unsplioed
HPV 33 E6/E7 mANA with E6 coding potential could be obtained In this careinome,
This indicates that HPV 83 E6 mRANA, If present, oxists al very low levels, Since HPV
33 integration within this carcinoma probably resulted in the disconnection of upstream
E6/E7 sequances from the putative early region polyadenylation signal which mups 1ol
4176 we supposed that the integration event would affect the transcriptional patter,
Indeed, further comparison of early region transcripts between samples T6,1 and To.2
revealed that mRNAs encompassing most of the early region (Figure 3, spocies no and
d) were not generated from integrated HPV 33 DNA. In fact, the shorter E6*| spacies b,
which utilizes a polyadenylation signal at the 3' end of the E7 ORF, was the orly mANA
originating from integrated HPV 33 DNA that could be detected. This finding I8
consistent with data obtained from cervical carcinomas and cell lines containing HPV 16
and HPV 18 DNA, showing that transcription of E6/E7 region sequences I praferentially
selected or retained after viral DNA integration (Schneider-Gadicke et al, 1986; Inagakl
et al., 1988; Shirasawa et al., 1988; Broker et al., 1989), No evidence could be obitained
for the involvement of a cellular pelyadenylation signal In the transcription of E6/EY?
region sequences. It is likely that integrated HPV 33 DNA can generate E7 iranscripts
independent of cellular poly (A) signals due to the presence of a second early ragion
paly (A) motif. In contrast, HPV types 16 and 18 do not contain an aquivalent secorid
early region poly(A) signal and in a similar integrated state these types would raguire n
cellular poly (A) signal to provide their E7 expression via polyadenylated mHANA,

It should be noted, however, that this heterogeneous distribution of Intagrated and
episomal HPV DNA could reflect an uncommon rather than a general event, SHll this
finding suggests that tonsillar carcinoma cells can acquire E6/E7 transcript both from
integrated and episomal DNA. To lest this assumption, biopsies of threa additional
tonsillar carcinomas were analysed. Of these samples, only one HPV 33 cantalning
biopsy (T4) showed an aberrant Southern blot pattern. In conjunction with tha abnarmal
DNA PCR profile this is suggestive for the presence of integrated HPY DNA I this
sample. However, although a disruption was mapped within the E1 ORF, it gtill oan not
be excluded that this sample contained altered episomal HPV 83 forms rathar han
integrated HPV 33 DNA. Analysis of sample T4 by DNA PCR with single-sidad
specificity (Riley et al, 1990) to detect putative viral-cellular junctions 18 proseantly n
progress to find out whether the HPV DNA Is integrated,

The two HPV 16 containing tonsillar carcinoma biopsies revealed hybridization and
PCR results consisient with the presence of only episomal HPV 16 DNA in & alonnl
arrangement. Since in the model system of Siha and human placental DNA half a copy
per cell of integrated HPV 16 DNA could be demonstrated in the presence of BXceNs (
50 coples per cell) HPV 16 DNA, a clonal distribution of single copy Integratad HPY 16
DNA would have been detected in these biopsies.

The results obtained from this study imply that transeription of HPY 16 and HPY 84
E6/E7 mRANA In tonsllar carcinomas is not necessarily dependent on viral DNA
integration, Gonsaquently, the maintenance of the malignant phenotype of lonalllar
carcinomas does Nl seam 1o require integrated HPV DNA,
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Mecently, similar data have emorged with re.pact 10 oervionl careinomas, Also a
proportion of HPV 16 containing cervical carcinomas have heen found 1o contain
apisomal HPYV DNA only (Fuchs et al, 1989, Matsukura et al, 1000, Gullen et al,
1001), Furtharmore, Nasseri et al, (1991) have found that the presence of HPV 16 E2
snooding transcripts  does not affect the expression ovals of the E7 protein in
Immortalized cervical keratinocytes suggesting that E2 interruption triggered by
Integration |s not causually related to increased E7 expression. Still HPY  DNA
intagration could be important in carcinogenesis, However, it is likely that also wviral
Intragenomic modifications or changes in host cell gene expression affecting viral E6/E7
axpression may take place as alternative events to gain an equivalent effect from viral
oplaomaes, :
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Goeneral discussion

1, HPV DNA detection using general primers In the PCH

In this thesls two general primer-mediated PCR methods wara described. Of these
mathods, the GPS/GP6 mediated PCR shows the highest sensitivity and Is therefore the
mast appropriate assay for a first screening of clinical samples. For HPV typing, GP5/GP6
PCR positive samples have to be subjected to type-specific PCR with primers directed
ngalnat the sequenced HPV genotypes. If a given sample is negative by type-specific
PGH, the original GP5/GP6 PCR product has to be sequenced to find out whether the HPV
lypo dotectad is a novel type.

Due to Its greater universal properties, the GP17/GP18 PCR method has to be applied
10 APS/GIPG negative samples to screen for the presence of putative distantly related HPV
lypos, This technique can be of additional value since it generates a larger amplified
fragment that can be used either to select type-specific primers more easily or as a
sultable probe for additional type-specific hybridization.

However, it has to be kept in mind that to explore an etiological role of HPV additional
tehniques have to be applied. In particular HPV RNA-DNA in situ analysis is necessary
lo loealize HPV In the neoplastic cells.

2. Clinlenl aspects and future perspectives

The main question to be answered in this thesis is whether HPV is a candidate to be
ollologleally involved in carcinogenesis in the upper aerodigestive tract. The question can
be divided In two sections, i.e. the role of HPV in the pathogenesis of tonsillar carcinomas
and HPV in relation to other carcinomas of the upper digestive tract and the respiratory
trnet,

2.1, Tonslllar carcinomas

All tonslllar carcinomas tested, were found to contain HPV DNA. In addition, transcription
of the E6-E7 region was demonstrated and E6-E7 mRNAs were exclusively localized
within the neoplastic cells, These findings indicate an association which resembles the
pasoointion between HPV and cervical carcinomas. Consequently, HPV is likely to be
involved In the pathogenesis of tonsillar carcinomas as well. To determine the HPV
provalonce rate in nonmalignant tonsils, large numbers of samples from matched
Individuale, Ineluding clinically normal tonsils, have to be investigated.

2.2, Carclnomas from other sites within the upper digestive and respiratory tracts

The question whether HPV is involved in the genesis of squamous cell carcinoma of the
other sites In the air and upper food passages is more complicated. HPV DNA appeared
1o be present only in about 20% of these carcinomas (Table 1). However, the finding that
HPV 16 DNA, present in a carcinoma of the floor of the mouth, is transcriptionally active,
us detormined by HPV RNA-PCR and in situ analysis (Table 1), argues for a role of HPV
[ the pathogenesis of these carcinomas as well. The finding that HPY DNA is also found
f 1 out of 4 laryngeal hyperplasias with atypia, which are the precursar lesions of these
garcinomas (Table 1), supports this hypothesis, Moreovar, It racantly s besn found that

both human oral and tracheal aplihelal cells can be immaortalized by HPV 16 and HPV 18
(Park of al, 1901; Conrad et al, 1901; Sexton ot al, 1001), Indieating the oncogenio

potentlal of these viruses (n apithellum of both the upper digestive tract and the respiratory
fraet,

Table 1. HPV GPS/GPS PCA and HPV typing on biopsy specimens fram aites within the uppor digestive s
respiratory tracts'
e

Specimens HPV GP-PCR positive HPV type
SCC* tongue (n=9) 2 (22%) 1% HPV 83

1x HPYV X'
SCC buccal mucosa (n=5) 1 (20%) HPV 16
SCC floor of mouth (n=6) 1 (17%) HPY 16
SCC nose (n=3) 0 -
SCC tonsll (n=10) 10 (100%) ax HPV 16

Ox HPV 33

1x HPV 16/33
1% HPV X'
1x HPV X"/2a

Tonsillitis (n=7) 0 -
Papillomas larynx (n=2) 2° (100%) 2x HPV 6
Hyperplasia larynx (n=4)" 1 (25%) HPV 16
SCC larynx (n=12) 2 (17%) 1x HPV 11

1x HPY X'
SCC lung (n=15) 3 (20%) 1% HPV O

2x HPv X

T ——

'leicaﬂon of GP17/GP18 PCR and PCR with the E1 region primer pair GP 1/GP2 (van dan Drule ef ol 1000)
did not result in the detection of additional HPV positive cases
880 = Squamous cell carcinoma

’HPV X = Negative by PCR spacific for HPV 6, 11, 16, 18, 31 and 33

‘HPV 16 positive case also showed EG/E7 exprassion which was limiled 1o the neoplastic colls — ws detarming
by RNA PCR and RNA in situ hybridization

*Confirmed by genomic Southern blot analysis
“Determined by cloning and sequence analysis of the GP-PCR product
"Hyperplasias with atypia

There are sevaral explanations to be given for tha relative low HPV pravalence rate |1
these squamous call carclnomas, It is unlikely that these resulls reflect the prasence o
HPV types containing alterations in the primer matched reglons of the L1 ORF because
also the 1 region general primer pair GP1/GP2 and type-specific primers [noated



S —

R —
alnewhare (n the HPV gerome did not reveal additional PV posltivity (Table 1; Snijders,

P, unpublished results). The HPV positive squamous coll oarcinoman of the tongue,

laryhx and lung Include cases containing thus far unknown HPV sequences. Therefore,
charaoterization of the GPS/GPG PCR products of thesa samplos followad by molaecular
loning of these genotypes and further type-specific screening by PGR has to be carried
oul and will answer the question whether novel HPVs are preferentially associated with
{hese oarcinomas,

Alternatively, screening of these carcinomas for the presence of mutations in the tumor
suppressor genes p53 and pRb could give interesting information in view of recent findings
poneerning MPV-positive and HPV-negative cervical carcinoma cell lines. In particular
modiffontion of p63 functions, either by mutations or by interactions with viral encoded
aneogena products, has shown to be a commen genetic change in several human cancers
(Levine et al, 1991), Therefore, carcinomas lacking mutations of these tumor suppressor
ganes could be more Ikely to be associated with HPV. Hence, the significance of HPV in
purolnogenesis within the upper digestive and respiratory tracts has to be further
[nvestigated by comparative analysis of HPV positive and HPV negative carcinomas for the
presence of pS8 and pRb mutations.

Al last, It appears of interest to find out whether HPV infection in head and neck cancer
patients has any prognostic value for the development of second primary neoplasms within
{he same organ system, Also the significance of HPV present in premalignant lesions, e.g.
laryngoal hyperplasias, has to be further defined and HPV studies on these samples have
- o be extendad,
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Summary

This thesls describes studios which have been performed 1o sluoldute the relationship
setween human papllomaviruses (HPVs) and squamous cell garainomas of the head and
ok reglon.

Pravious studies on carvical cancer have revealed a strong assoclation between so-called
Algh fisk MPV types and cervical carcinomas. Additional investigation of these HPV types
Jas resulted In the discovery of oncogenic properties, suggesting that these HPVs are
pvalvad n the pathogenesis of cancer of the uterine cervix.

Chaptars 1l and 1l describe the development of methods which permit the detection of
i brond spectrum of HPV genotypes. The HPV group comprise more than 60 different types
und It was not predictable which of them could be associated with head and neck
parelnomas, Furthermore, itcould not be excluded that unknown, still unidentified HPV types
are spacifioally associated with these carcinomas. Consequently, attention was focussed
an the development of asensitive and universal method of detecting HPV. For this purpose
the recently developed polymerase chain reaction (PCR) was used. This method is able
to amplity specific viral DNA fragments in such a manner, that theoretically one HPV DNA
moleoule can be detected, The use of the PCR as a universal HPV detection method
requires the selection of primers which anneal to multiple HPV genotypes (general primers).
An anly @ limited number of HPV types have been sequenced, the general properties of
ganaral primers selected, have had to be determined experimentally by subjecting a large

-graup of HPY genotypes to PCR. In the study described in chapter I, two general primer

pulrs eppoared successful in detecting a broad spectrum of either mucosotropic (GP5/6)
of gutaneous (GP11/12) HPVs, Chapter Il describes the use of asingle general primer pair
(€4 17/18) (n the PCR, which was designed on basis of conserved amino acid sequence
In papllomayiruses, These degenerate primers reacted with all HPV genotypes that have
bean examined, including those associated with both mucosal and cutaneous lesions.
However, the use of this primer pair in the PCR showed a reduced sensitivity; so, samples
st bo selectad carefully before applying this method. The study described in chapter 1%
denls with the analysis of the GP5/6-PCR method which is described in chapter Il
Comparative sequence analysis of GP5/6-PCR products allowed the determination of an
MPV gonsensus sequence. In addition, a polymarphic region could be found within the
(/8- amplified viral region. Together, these regions can be used both for confirmation
of HPV spocificity and for HPV genotype differentiation.

In ahapter V the PCR was used to analyse the presence of HPV- and EBV-DNA in oral
biopsles, Including biopsies of hairy leukoplakias, of HIV-infected patients. The results
indioate that halry leukoplakia is strongly associated with EBV and not with any of the HPV
typas (hat react with general HPV primers in the PCR.

Chapter VI describes the use of the GP-PCR method to assess the presence of HPV
BNA In blopsies of tonsillar carcinomas. All carcinomas (n=10) appearad HPV positive by
QP PGA. Additional type-specific PCR revealed that four carcinomas contained HPV 16
BNA, three carcinomas contained HPV 33 DNA and one carcinoma contained an HPV

10/88 double Infection, Furthermore, two carcinomas contalnad sl unknown HPV
ganotypes (HPV X), one carcinoma which also sontainad HPV 43 DNA and ane oarcinoma
which was negative by type-specific PCR. False-positivity was axoluded by ndditional

Southern blot analysls of MPY 16 and HPY 83 POR posltive samples. Homology camparisor
of amplified sequences derlvad from the HPV X genotypes revealad thal these sequences
do not represent any of 28 HPV types Included in the comparison, Applieation of ANA PG
ravealad oxpression of MPV 16 or HPV 33 E7 encoding transcripts In all carcinomas
axamined and RNA /n gty analysis showed that these transeripts were axalusivaly loonliad
within the carcinoma cells,

Also HPV 33 specific early region transcripts were mapped in a tonsillar carGinoma
(chapter VII). By RNA PCR a total of five transcript species were identified which (neludes
spliced E6* species. As determined by 3' cDNA end mapping, one E6* spoacles was found
to utilize a second early region poly (A) signal.

The study described in chapter VIII deals with the question whether HPV E6/Er
transcription in tonsillar carcinomas is correlated with viral DNA integration. Tonslllar
carcinomas containing HPV 16 and HPV 33 were analysed for the viral physioal state and
transcription of the E6/E7 region. Independent of the viral physical state all samplos tested,
showed E6/E7 transcription indicating that E6/E7 transcripts in tonsillar careinomas Gan
originate from integrated as well as episomal HPY DNA,

The data collected in these studies suggest a role of HPV in the developmant of torsillar
carcinomas.
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Samenvatting

In dit proefsohrift worden studies beschreven die 1ol dooel hebben de relatie tussen
humane papillomavirussen (HPV's) en plavelselcelcarcinamen ult hat hoofd-halsgebled op
1o halderan,

Uit serder onderzoek naar baarmoedarhalskanker is gebleken dat bepaalde, zogenaamde
kwanndanrdige HPV typen zeer frequent voorkomen inbaarmoederhalscarcinomen, Verdere
studies naar deze virussen hebben geleid tot de ontdekking van oncogene eigenschappen,
wanrdoor het aannemelijk is dat deze virussen een rol spelen bij het onlstaan van
brarmoadarhalskanker.

e hoofdstukken 1l en 11l beschrijven de ontwikkeling van methodieken die het mogelijk
maken sen breed spectrum aan verschillende HPV typen aan te kunnen tonen. De HPV
grosp bestaat immers Uit meer dan 60 typen en het was op voorhand niet te traceren welke
var deze typen konden voorkomen in hoofd-halscarcinomen. Tevens kon de mogelijkheid
dut onbekende, nog niet geidentificeerde HPV typen voorkomen in deze carcinomen niet
worden ultgesloten, Derhalve werd ruime aandacht besteed aan de ontwikkeling van
gavoalige, universele HPV detektiemethoden. Hiervoor werd de recent ontwikkelde
polymaerase kettingreaktie (PCR) gebruikt. Deze methode isin staat om heel specifiek kleine
fragmanten van het virale erfelijke materiaal, het DNA, te vermeerderen. De mate waarin
daze vermeerdering plaatsvindt is dusdanig, dat theoretisch één HPV DNA molecuul kan
worden aangetoond, De moeilijkheid voor het gebruik van de PCR methode als universele
- MV detekiiemethode lag op het niveau van de selektie van geschikte algemene primers.
Primers zin korte, synthetische DNA moleculen die als "starters" fungeren voor de
varmeerderingsreaktie en bepalen welke DNA moleculen kunnen worden vermeerderd. De
basenvolgorde van een primer moet geheel of grotendeels overeenkomen met die van het
1o varmeerderen DNA molecuul, Aangezien van de meeste HPV typen geen basenvolgorde
bekend ls, moesten algemene HPV primers worden geselekteerd aan de hand van de
basenvalgorde van een beperkt aantal HPV's. Het universele karakier van deze primers
ward vervolgens proefondervindelijk vastgesteld door een breed panel aan HPV typen te
andarwerpen aan de PCR. In hoofdstuk |l wordt het succesvolle gebruik van twee algemene
primercombinaties (GP5/6 en GP11/12) beschreven, die het mogelijk maakten om HPV
typan voorkomend in respectievelijk afwilkingen van de slijmvliezen en huidafwijkingen aan
\o tonen, Hoofdstuk Il beschrijft het gebruik van 4én primercombinatie (GP17/18) die
rangoerde met alle HPV typen die zijn onderzocht. Inherent aan het gebruik van deze
primercombinatie Is echter een gereduceerde gevoeligheid zodat klinisch materiaal moet
worten voorgeselekteaerd alvorens een PCR met deze primers toe te passen. Hoofdstuk
IV behandelt de verdere uitwerking van de GP5/6-PCR methode zoals deze is beschreven
In hoofdstuk 1. Door de basenvolgorden van GP5/6-PCR produkten, afkomstig van
varsohillende HPV typen, te vergelijken, kon een HPV specifieke regio (consensus) alsmede
aon hetarogene reglo worden vastgesteld. Tesamen maken deze regio's het mogelijk om
sowal do virale herkomst van een GP-PCR produkt te bevestigen als ondarscheld te maken
tusson versohillenda HPV typen,

In het onderzoek beschreven in hoofdstuk V Is de PCH mathode gebrulkt om het
voorkomen van HPV- en EBV-DNA te bestuderen in orale woelsels, wanronder biopten
van hrige leukoplakle, van MIV-seropositiove patienten. Gean samenhang tussen harige

loukoplakie en de annwezigheld van HPV DNA kon worden aangetoond. Wel werd sen
sterke nasoolntie van harlge leukopinkie met EBV DNA sangetoond,

In hoofdstuk VI 16 hot gebruik van de GP-PCR methade beschraven om het voorkamen
van HPV te bestuderen In plaveiselcelcarcinomen van de tonsl (mmandal), Alle
tonsilcarcinomen die zijn onderzocht (nw10), vertoonden positivitelt voor HPV [INA, Typering
met behulp van HPV type-specifieke PCH analyse gaf aan dat het in 4 gavallen HPV 16
DNA betrof, terwijl 3 carcinomen HPV 33 DNA bevatten, Daarnaast werd eon HPV 16/HPYV
33 dubbelinfectie aangetoond alsmede een geval met aen HPV X/MHPV 33 dubbalinfecis
en een geval met HPV X DNA, waarbij X ean nog onbekend HPV type panduldt, Da
positiviteit voor HPV 16 en HPV 33, typen die ook voorkomen In basrmonderinlis-
carcinomen, kon in een aantal gevallen worden bevestigd met bahulp van ganomisohe
Southern blot hybridisatie. Nadere analyse van de PCR produkten afkomstig van do HPV
Xen leerde dat deze typen verschillen van 28 HPV typen die eerder kondan wordan
aangetoond met de GP-PCR methode en reeds waren gekarakteriseerd, Vardere analyse
van HPV 16 en HPV 33 bevattende carcinomen gaf aan dat deze typen RNA, coderend
voor de virale onco-eiwitten, tot expressie brengen en RNA in situ analyse heefl
aangetoond dat deze expressie beperkt is tot de carcinoomeellen.

Hoofdstuk VIl beschriift de analyse van transcripten uit het vroege gebled van HPV 44
in een tonsilcarcinoom, Dit leidde tot de identificatie van zogenaamde EG* MANA'S @
tevens werd een tweede polyadenyleringssignaal in het vroege gebied van HPV 33 ontdakt,

In hoofdstuk VIII werd bekeken of HPV 16 en HPV 38 transcripten in tonsilcarcinomean,
die coderen voor het E6-E7 gebied, afkomstig zijn van extrachromosomaal viraal DNA of
van viraal DNA dat is geintegreerd in het gastheer DNA. E6-E7 RNA kon waordan
aangetoond in zowel gevallen met geintegreerd DNA als gevallen met axtrachromaosomaal
DNA.

De resultaten verkregen uit bovengenoemde studies maken het aannamaelijk dat MRV
typen een rol spelen bij het ontstaan van tonsilcarcinoom,
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Ziekenhuis der Vrije Universiteit te Amsterdam, alwaar hij tijidelijk onderzoek verrichtte naar
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11.

Stellingen
behorende bij het proefschrift

Human papillomavirus and carcinomas of the upper aerodigestive tract

Het voorkomen van transcriptioneel actieve HPV typen in de neoplastische cellen
van tonsilcarcinomen maakt een causale relatie aannemelijk (dit proefschrifi).

Papillomavirussen zijn niet geassocieerd met harige leukoplakie (dit proefschrift).

De aanwezigheid van een splice-acceptor in het E6 open leesframe van HPV 33
die verschilt van de voorspelde acceptor, geeft aan dat voor de vaststelling van
feitelijke splice-plaatsen niet enkel de aanwezigheid van geconserveerde splice
consensus sequenties in aanmerking genomen mag worden, maar dat hiervoor
analyse van RNA of ¢cDNA vereist is (dit proefschrift).

De polymerase kettingreactie is niet alleen van waarde voor het aantonen van
reeds gekarakteriseerde HPV typen, maar kan ook waardevol zijn bij de ontdekking
van nog onbekende HPV typen (dit proefschrift). '

Het gevaar voor vals-positiviteit bij ondeskundig gebruik van de polymerase
kettingreactie zou extra moeten worden benadrukt door als alternatief PCR te lezen
als "Prevent Contamination Reaction".

De konklusie dat hybridiserende restrictiefragmenten van afwijkende lengte een
nieuw lid van een genfamilie vertegenwoordigen, mag niet worden gebaseerd op
het resultaat verkregen met slechts één restrictie-enzym (Meakin et al. (1985).
Mol. Cell. Biol. 5, 1408-1414).

Karakterisering van genen die geassocieerd zijn met translocaties gevonden in
maligniteiten kunnen leiden tot de isolatie van nieuwe cellulaire oncogenen (Fisher
et al. (1988). Br. J. Haematol. 71, 31-36).

Het frusterende maar tevens boeiende aspekt aan wetenschapsbeoefening is dat
de uitkomst van een experiment meer vragen kan opwekken dan beantwoorden.

De kreet "Steeds meer weten over steeds minder leidt tot alles weten over niets"
geeft aan dat een specialisatie niet te ver mag voeren daar anders het contact met
de realiteit verloren gaat.

De toenemende populariteit van de telefax kan ertoe leiden dat het huis van de
toskomst niet meer in het bezit is van een brievenbus.

De bevinding dat de werkplek op vier kilometer afstand van het huis sneller met
de fiets dan met de auto wordt bereikt, bevestigt het gegeven dat het Nederlandse
wegennet overvol is (eigen ervaring).

Peter Snijders, 28 februari 1992



