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Abstract 

Several types of human Papillomavirus (HPV) have been found to be associated with specific 

ben@ and prenialignant lesions of the oral cavity- Earlier reports have suggested that HPV might be 

involved in oral carcinogenesis. Although the causative role of HPV types 16 and 18 in uterine 

cervical cancer is weli established, the association between such "hi& nsk" HPV types and oral 

neoplastic lesions is les clear. Since a high prevalence of HPV-induced oral lesions is more cornmon 

in immun~~~rnpromised individuais, and since immunosuppression is suspected to play a role in the 

etiology of oral cancer, therefore the primary a h  of this study was to determine the prevalence of 

HPV type 16 E6 gene in oral neoplastic lesions in immunocompromised patients as compared with 

that of the imrnunocompetent individuals and to correlate the prevalence of this gene with the 

histopathologic features of epitheliai dysplasia and malignancy. In order to pursue these goals, an in 

situ reverse transcriptase-polyrnerase chab reaction (RT-PCR) assay was adopted to detect E6 

mRNA in ceiis corn oral epithelial exophytic lesions Experirnents were conducted to test the 

validity of the in situ RT-PCR method in parrafin-embedded sections. Samples showing positive 

cytoplasmic staining (mainly in the basal and parabasal layers of the epithelium) were found to be 

positive when tested by solution RT-PCR and Umminohistochemistry with E6 antibodies. The results 

of in sifu RT-PCR assay indicated that inrmunosuppressed patients are roughly 10 tirnes more Iikely 

to express the E6 gene than imrnunocompetent patients (92% vs 43%, p=0.0008). Moreover, 

patients with epithelial dysplasia are 16 times more likely to express E6 than patients showing no 

epitheiiai dysplasia (73% vs 34% p-0.001). When epithelial dysplasia was considered in conjunction 

with immunosuppression, it was found that in the premaiignant I rnafignant group a higher number 

of irnmunocompromised patients show E6 rnRNA than immunocompetent patients (93% vs 65%. 
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p4.088) .  Thus the data niggests that in the lesions of imrnunocornpromised patients, HPV 16 E6 

expression is more common and more frequently associated with epithelial dysplasia than in the 

immunocompetent individuals. 
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INTRODUCTION 

Oral Cancer Epidemiology and E tiology ; Overview 

Cancer is the major cause of death arnong North Americans. Cancers of the oral cavity 

represent a p p r o d e i y  3% of al1 cancers diagnosed yearly in United States and Canada (Nevine et 

al, 1995; NCIC 1996). The most common form of oral cancer is the quamous ceIl carcinoma (SCC) 

which affkts 350,000 people worldwide and more than 40,000 Canadians. It affects both men and 

women, but is most common in men &er age 40 (Boring et al., 1992). 

Ahhough 5-year S u T V i d  rates for oral cancer in the Western World have improved over the 

past decade due to increased awareness, earlier detection and improved treatment regirnens, the 

mortality rates due to invasive SCC remain relatively high- The overall5-year suNival rate is 54% 

in white males and 33% for black men and women. According to the most recent data released by 

the U. S. National Centre for Health Statistics (1 997, available on the Intemet, http://www.rex.nih) 

and National Cancer Institute of Canada (1997, http://-i.cancer.ca), there was a decrease of 

approd te ly  12% in overail mortality rates due to oral cancer. However, the incidence of SCC of 

the tongue, one of the oral cancers with the worst prognosis, actually increased by 8%. The 

mortality rate fiom oral cancer in some Third World countnes, such as some areas of India, is 

responsible for up to 500/0 of di the malignancies (Pindborg, 1984). A higher mortaiity rate has been 

reported in the populations of Hungary and Hong Kong, while in both Canada and United States this 

type of cancer accounts for 8,000 deaths per year ( Neville et al., 1995). 

The litentue abounds with information on possible environmental causative agents and their 

relationship to malignancies. Among these, tobacco and alcohol are the major c o n t n i o r s  to the 

development of oral cancer (Baker, 1993.). Also nutritional deficiencies, such as iron deficiency 
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anaemia, have been irnplicated in the development of oral cancer (Ahlbom, 1936). In addition, there 

is an inaeasing body of evidence suggesting that vhses  are etiological agents in the development 

of squamous cd carcinomas of the upper aerodigestive tract. Ofparticular importance are the HPV 

type 16 and 18, which have received considerable attention in the last two decades because of their 

strong association with ceNical carcinoma (Zur Hausen, 1996b). In spite of this, the causative role 

of these "high risk" HPV types in the development of oral squamous ce11 carcinoma remains to be 

elucidated. 

There is epidemiological evidence that immunosuppression in general, secondary to KIV 

infection in particuhr, may account for more frequent and persistent infections with the "hi& risic" 

HPV types. Tb, in ~WI, could lead to a more rapid progression fiom low grade neoplastic lesions 

to more achmced ones (rwiewed by Braun, 1994). However, the extent of HPV involvement in the 

progression of premalignant lesions into malignant ones is still not cleady understood. 



LITERATURE REVIEW 

General Properties of Papillomaviruses 

Taxonomy and Classification 

PapillomaWuses (PVs) are smail double-stmded circular DNA tumour vimses which are 

surrounded by an iwsohedral capsid composeci of 72 subunits (Klug and Finch, 1965). 

Papillomaviruses were onginally classifieci together with polyomavinis and simian vacuolating Wus 

(SV40) under the PapovaWidae M y  ( B e r ,  1984; Mehick, 1962) based on the simiiarities in the 

appearance of these Wuses under the electron microscope (EM). However, this taxonornic 

associarion was proven to be incorrect since papillorna and polyoma viruses have different genomic 

sizes and organization. Papillomavirus uses one coding DNA strand, whereas in poIyomavinis, 

separate strands code for vegetative fiinctions and structural proteins (Pfister and Fuchs, 1994). 

The classification of papillomaviruses was based on their hon range and DNA homology. 

Each virus is named &er the species fiom which it was £%st isolated, such as cotton tail rabbit 

papillomavirus (CRPV), bovine papillomavirus @PV), deer papillomavirus @PV) and human 

papillomavirus (WV). Subclessification of PVs nom the same species was possible due to the 

development of Southem Blot hybridktion and DNA cloning in the 1970s. PVs were then sub- 

classifiecl based on their DNA homology. Iftwo Herent isolates of the virus are found to share Iess 

than 50% homology, they are considered new types and designated a number in the order of 

discovery. However, if the homology is more than 50% they are considered subtypes, and if the 

homology is close to 1Wh they are considenxi variants of the sarne viral type (Pfiner, 1984; Pfister 

and Fuchs, 1987; Pfister et al., 1986). About seventy-seven distinct HPV genotypes have been 
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identifid to date with the genomic sequences of most of them behg fully characterized @e Ville- 

1994). These types were then categorized into several classes based on their ability to infect a 

parti& anatomic region The most welI characterized c h  includes those HPV types which infect 

the mucosal epithelium of the anogenital tract and oropharynx. This class of HPV was divided into 

two groups : "Low Risk" HPVs such as types 6 and II, which are found in benign lesions nich as 

warts (oral and genital), and "High Risk" HPVs nich as types 16, 18, 3 1, 33 and 35 which are 

fiequentiy found in premalignant and malignant lesions of the ceMx and oral cavity (reviewed by 

Mansur and Androphy, 1993). 

HPV Virion and DNA Structure; Regulatory Genes 

The vinon particle of HPV consists of a central double-stranded DNA core enclosed within 

a capsid protein which is cornposeci of 72 subunits, termed capsomers (Klug and Finch, 1965). The 

mahue paxticles do not have an envelope, which makes the Wus l e s  resistant to inactivation, freezing 

and dessication (Cobbs, 1990). The capsid proteins, encoded by the late genes L 1 and L2, are of two 

types, a major and a minor protein. The major protein h2s a moiecular weight of 54 KDa and the 

minor protein has a 76 KDa molecular weight @onnez et aL, 1994). The denatured major capsid 

protein serves as an immunogen for genus-specific antisera, while the minor capsid protein appears 

to be type-specific and suitable for immunohistochemicai typing of PVs (Pfister and Fuchs, 1987). 

The HPV genome consists of 7200 to 8000 base pairs of cirdar, double-stranded DNA. The 

virai DNA exhs  in combination with histones that are denved fkom the cellular pool of the natural 

host and condenses into nucleosomes (Gin and Danos, 1986). The genome is divided into two 

functional coding domains separateci by a non-coding region (Figure 1). The early or E region 

~ n s t i t u t e ~  about 45% of the viral genome and contains 8 open reading fiames (ORFs) that code for 
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6 to 7 proteins (El - E7). The late or L region comprises about 40% of the Wal genome and contains 

two large ORFs that code for the structural proteins (L1 and L2). Moreover, between the 5' end of 

the E region and the 3' end of the L region there is a non-coding DNA segment which comprises 15% 

of the genome. This segment contains many of the important viral regulatory elements. It is termed 

the " long control region" (LCR), the "non-coding region" (NCR) or the "upstrearn regulatoy 

region" (URR), ( reviewed by Danos et al., 1983; Lazo, 1988). The finction of most of the ORFs 

has been elucidated by using BPVl as a mode1 to study other papiilomavimses. 

El 

The BPV El gene product is a nuclear phosphoprotein with a molecular weight of 68 KDa 

which forms a complex with the 48 KDa E2 transcription factor (Wilson and Ludes-Meyers, 1 99 1 ). 

This gene, which is one of the most highiy conserved structures among the different types of 

papillomaviruses, seems to have important roles in the replication of certain vûal genes of a number 

of HPV types. It has been shown that a mutation in the El gene lads to an increase in the level of 

viral transcription and subsequent increase in the level of viral transforming activity (Lambert and 

Howley, 1988; Schiller et al., 1989). The increase in the transfomhg activity of the mutated E 1 is 

beiieved to be caused by the loss of the normal Function, Le. the capacity to complex with E2 and 

thus repressing the E2 transactivation of transcription fiom the early P89 promoter of the BPVl 

(Sander et d, 1993). Moreover, mutations in the El gene might result in the decrease or loss of its 

binding capacity for E2 and this in tum wiii result in the reduction or loss of the E2 repression 

activity. It has also been suggested that the increase in the immortalization capacity of HPV 16 was 

a result of mutation or deletions of the El gene (Romanczuk and Howley, 1992). The 

immortalitaton capacity howwer, depends on the efficiency of E6 and E7 expression from the P97 
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promoter which E 1 might repress (Munger et al., 1989; Hawley-Nelson et al., 1989; ScheEher et 

al-, 1994). The function of this gene remains to be elucidated. 

E2 

The E2 ORF encodes at l a s t  2 to 3 different proteins. These E2 proteins have major 

regdatory roles in viral transcription and replication through specific E2 binding to certain promoters 

(McBride et al., 1991). There are two different E2 proteins: the full length E2 which is believed to 

function as either a transactivator or repressor depending on the type of E2 binding site within the 

enhancedpromoter region (Bouvard et al., 1994), and the shorter f o m  of E2 protein which act as 

inhibitors of transcriptional transactivation of the fÙU length E2 protein. This inhibition is achieved 

by cornpetition for the DNA binding sites (McBride et al., 139 1). 

In the high risk HPVs, the expression of E6 and E7 genes cm be potentidy repressed by the 

E2 protein which binds to certain sites that are adjacent to the E6E7 promoten, and thus interféres 

"th the pre-initiation cornplex assernbly (Thieny and Yaniv, 1987; Bernard et al., 1989; Romanczuk 

et al., 1990). It was noted that a mutation in the E2 ORF of the HPV 16 DNA inneases the 

immortalization of the primary human keratinocytes ten-fold compared to the wild type HPV 16 

DNA (Romanczuk and Howiey, 1992). Deletion or disruption of the E2 gene is fi-equently observed 

in cervical cancer biopsies and most often occurs as a consequence of integration. In fact, a recent 

study by Vernon et ai. (1997) showed that disruption of the E2 gene in ceMcai cancer, as a resuit 

of KPV 16 DNA integration, was associated with significantly shortened disease-fiee sunival. 

Such abarations may account for the upreguiation of E6 and E7 ORFs (Schwartz el al., 1985). On 

the other hand, when wild type BPV E2 was introduced into ce11 lines denved nom ceMcai 

carcinomas, the expression of the resident HPV E6E7 genes and ce11 growth were inhibiteci (Hwang 
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et al., 1993). However, mutation of the E2-binding sites adjacent to the TATA box of the P97 

promoter can partially diminish EZ-mediated repression, suggesting that an additionai pathway may 

be involved in the regulation of this promoter (Romanczuk and Howley, 1992). 

ES 

The ES gene encodes the major transforming protein in BPV (Schiller el al., 1986) which 

consists of 83 amino acids, and it is strongly hydrophobic. However, the t ransfomhg act ivity of t he 

E5 protein in HPV is very weak (Pim et al., 1992). Recent reports indicate that HPV E5 protein 

represents a potential mediator in the immonaliration and transformation activities. It was shown that 

the E5 protein complexes with a variety of other trammembrane proteins such as the Epidemal 

Growth Factor Receptor (EGFR), platelet denved growth factor receptor (PDGFP), wlony 

stirnulating factor (CSF) and vesicuiar stornatitis virus glycoprotein (Hwang et al., 1 995). The ES 

protein, in conjundion with the epidermal growth factor receptor, can transform murine fibroblasts 

and keTatinocytes by slowing down the degradation of the recepton (Petti and Dimaio, 1994). This 

phenomenon has not been observed in human cells because the ES gene is frequently deleted in 

cervical cancer (Schwartz et al, 1985), thus supporthg the assurnption that the E5 gene is not 

necessq for the maintenance of malignant transformation. 

E6 and E7 

Dukg the last decade. it has been recognkd that E6E7 ORFs code for major transfonning 

proteins. The E6/E7 ORFs are under the control of a strong promoter, P97. From this promoter, 

three transcripts are generated: a full length unspliced transcript and two other transcripts that are 

produced as a result of alternative splicing, arbitrarily termed as E6*I and E6*II (Srnoticin et d, 

1989). This phenomenon was not found among the low-risk HPV types. The unspliced tnuiscript 
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which encodes the hl1 length E6 protein is less fiequently detected in ceMcal lesions and ce11 h e s  

than the other two transcripts. The two spliced transcripts of HPV-16 E6E7 ORFs share the same 

splice donor site at nucleotide (nt) 226, but have dEerent acceptor sites, at nt 409 and 526 

respectively (Cornelissen et al., 1990). The E6*I transcript is found to encode two proteins. a 

tmncated E6 protein and a fidi Iength E7 protein. On the other hand, the E6*II transcript is more 

Sikely to code for another tnincated E6 protein, since the termination codon for E6 is adjacent to the 

initiation codon for the E7 protein (Yamada et cd, 1 995). So far. linle is known about the biologicd 

significance of the tnincated E6 protein Furthemore, these ORFs have been demonstrated as 

necessary for transformation of rodent cells and immortalization of human keratinocytes derived 

from foreskin and the cemk (Bedell et al., 1987; Woodworth et al-, IWO). 

The E6 protein of the HPV 16 consists of 15 1 amino acids and four Cys -X - X - Cys motifs. 

These m o e  mediate zinc binding forming two Pnc finger structures (Kanda et al ,  1991). The E6 

protein of high risk HPVs have several biologicd properties. It acts in conjunction with E7 to 

irnmortalire human cels (Munger et al., 1989). Ifthis gene is introduced into specific types of human 

mammary cds,  it causes immortalization of these cells even in the absence of E7 (Band et al., 1 990; 

Wazer et al., 1995). A major observation related to the function of the E6 protein was its ability to 

bind to ceiiuiar p53 protein (Werness et al., 1990). and promote the degradation of p53 (Schefmer 

et al., 1993; Huibregtse et al., 1994). In nomial cells the level of p53 is low because of its rapid 

turnover (Reihsaus et al., 1990). However, if DNA damage occurs due to sun or carcinogens, the 

lwel of p53 rises and arrests the ceils in the G1 phase until repair cm be accomplished (Kuerbitz et 

al., 1992; LiWigstone et al., 1992). Ultimately, cells without fiinctioning p53 display genomic 

UIstability because they are not arrested appropriately in the G1 phase of the cell cycle (Livingstone 
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et aL, 1992). Mutations within the p53 gene are highly associated with turnorigenesis @folktein et 

aL, 1991). Four bctional domains have been identifieci within p53: a transactivation domain at its 

N-terminus (Fields and Jang, 1990), a DNA-binding domain at the center pavietich et al., 1993). 

nuclear localitation sequence at C- terminus (Shaulsky et al., IWO), and an oligomerization domain 

also at the C- terminus (Sturzbecher et al., 1992). E6 binds to p53 within two regions: the C- 

terminus and the core structure. Bind'ig to the core of pS3 is required for E6-mediated degradation. 

However, low risk and high risk HPVs can bind to the C- terminus region and these interactions do 

not induce degradation (Li and Coffino, 1996). Therefore, it appears that the prime cause of 

chromosomal instability and oncogenic activity in cens &@ed by the high risk HPV is due to the 

interaction of E6 with the core sequence of p53, and this presumabiy is one of the major risk factors 

in the progression of prernalignant lesions to rnalignant ones. 

The HPV 16 E7 protein, which has a halflife of one hour, is a zinc binding phosphoprotein 

with two Cys -X - X - Cys domains composed of 98 amino acids (Zur Hausen, 1996a). The E7 

protein of the high risk HPV shates some sirnilarities in funaion and in amino acid composition with 

the adenovirus (Ad) 12s ElA product (Phelps et al., 1988; Dyson et ai., 1992). E7 has severai 

known biologicd activities such as transactivation of the Ad E2 promoter (Phelps et al., 1988). 

stimulation of DNA synthesis (Watanabe et al., 1992) and cooperating with ros gene in the 

uansfomation of baby rat cells (Heck et al., 1 992; Phelps et al., 1 988; Matlashewski et al., 1 987). 

Most Unportantly, E7 complexes with the retinoblastoma susceptibility protein - pRB (Whyte et al., 

1988; Dymn et aL, 1989). PRB- binding of the high risk HPVs E7 is ten-fold higher than that of the 

low risk HPVs (Huibregtse et al., 1994). The pRB is a 105 KDa nuclear phosphoprotein which 

functions as a cellular growth regulator. It is qressed throughout the ceil cycle but its activity 
, 



10 

depends on its degree of phosphorylation. The non-phosphorylated state is found mainly in the G1 

stage of the cell cycle and during growth arrest (DeCaprio et al., 1988). When pRB is 

underphosphorylated it acts to restrict ce11 proliferation through binding to the transcription factor 

E2F (Shirodkar et d , 1 992). This complex cannot activate certain prornot ers which are significant 

in growth signalling. During phosphorylation of RB in the G1 I S phase, the RB releases its control 

of tell growth (Buchkovich et al., 1989). 

In vitro studies have shown that the transforming activity of the high risk HPV E7 gene is 

more potent than that of the E6 in both pnrnary and established cell line models (Mansur and 

Androphy, 1993). It was found that transfection of HPV 16 E7 into primary rodent cells resulted in 

their immortalization, but a second activated oncogene was required to induce fûli malignant 

transformation (Smotkh and Wettstein, 1987). The E7 protein was found to associate with pRB 

related proteins such as pl07 and p130, and with other cell-cycle related proteins such as protein 

kinase p33 (cdk2) and cyclin A (Dyson et aL, 1992). In breast tumor ce11 lines, it was noted that even 

in the absence of pRB, transactivation by HPV 17 E7 was stili occurring (Carlotti and Crawford, 

1993). Moreover, it was shown that mutations in the RB binding domain of E7, which inhibits the 

binding to RB, did not diminish the ability of the Wai DNA to irnrnortaiize the human keratinocytes 

(Jewers et al., 1992). This suggests that yet another RB-independent mechanism might be 

contributing to irnmortalhtion. 

LI, L2 and the Long Control Region 

L1 and L2 gens e n d e  the virai capsid proteins. These two genes are only expressed dunng 

the late phase of the viral life cycle when the Wal DNA has been ampiïfied sufficiently within the 

more differentiated epitheliai layers of the host . The LI and L2 proteins, with molecular weight of 
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55 KDa and 76 KDa respectively, are not detected in the undzerentiated basal layer of the HPV- 

infected lesions. It was also noticed that in advanced lesions including epitheiid dysplasia and 

carcinomas, L 1 and L2 0 R . s  are not expressed @ohm et al., 1993). This observation could be 

attributed to the possible loss of the EZ to L2 segment upon integration ( Schwartz et al., 1985). 

The long control region (LCR), which does not code for any Wai proteins, plays a crucial 

role in regulating viral gene-transcription. However, within this region several binding sites for a 

number of regdatory proteins have been identifid. One of these proteins is E2 , which acts as either 

a pans-activator or an encoded repressor. Furthemore, several binding sites for specific cellular 

transcription &ors have been identifmi. These factors, including NF- 1, SP- 1, AP- 1, KRF- 1, W- l 

and progesterone/gucocorticoid receptors, are believed to participate in the transcriptiona1 control 

of HPV oncogene expression (reviewexl by Hoppe-Seyler and Butz, 1994). A novel epithelial factor, 

Epoc l/SKrrla which appears to c b d y  activate the E6E7 promotor by binding to the viral LCR 

has been recently identified (Yukawa et al., 1996). Moreover, a study by Chen et al., (1997) 

demonstrated that in oral cancer the mutation in the LCR of HPV type 16 and 18 resulted in a 

significantly higher promoter activity than that of the quivalent wild-type LCRs. These findings 

suggest that mutations within the LCR in oral cancer could lead to hcreased expression of HPV- 

trmfomiing protehs, and thus they rnight be a step in the malignancy process. 



Figure 1. Genomic Map of HPV-16 

Schematic diagram of the HPV-16 genome displaying the early-region (E), the late-region (L), and 

the non-coding region (NCR) or the long control region &CR) which contains the early P97 

promoter upstream &om the E6 and E7 genes. 



Virus-Host Interaction 

PapillomaWuses specincally ù i f i  squamous epithelia (Howley and SchIege1,1988). The 

productive stage of the Mie cycle of the virus is closely associated with the hoa ce11 differentiation 

system (Howley, 1990; Pf~ster, 1987). It has been proposed that the viruses enter the basal cell layer 

through openings created by trauma to the epithelium (Meyers and Laimins, 1994). FoIlowing the 

infèction of the basal layer the viral genome is rnaintained in an episomd nate at a concentration of 

about 20-100 copies per cdl. As differentiation progresses and the celIs are pushed upward toward 

the suprabasai laye- the viral DNA is amplined to thousands of copies per ce11 (Reid and Campion, 

1988; Lambert, 1991). Late gene expression and capsid assembly occur at the same time as virai 

DNA amplincation (Meyers and Laimins, 1994). In flond Uifection, the active phase of the viral 

reproductive cyde takes place in the parabasal layers of the squamous epithelium. Thus, the mature 

viral particies are absent in the basal stem ceIl layer, but they are present in a higher titer in the upper 

strata. This suggests that specific epithelial factors that are produced sequentially during the 

diffetentiation of the keratinocytes rnay be required for maintainhg the various stages of the viral Iife 

cycle. in addition to having a narrow host range and specifkity for squamous epithelia, 

papillomaWuses have a preference for specifk anatomic sites. For example, HPVl is usuaiiy found 

in warts on the dorsal aspects of the fingers and hands or the soles of the foot, while HPV 16 was 

found to be mainly associateci with the anogenitai and oral regions (Reviewed by Miller and White, 

1996). 

One of the cornmon feâtures of HPV-Uiducecl lesions is the hyperplasia of the epidermis. This 

change is assumeci to ocw as a result of an a b n o d  metaboiism and proliferation of Uifected cells. 

In the low grade lesions, cells with large vacuoles surrounding dense nuclei (koilocytes) are often 



observed in the suprabasal layers. The presence of koilocytes is the main pathogonornic feature of 

HPV-aSSOciated lesions in &ch the vins resides as an episorne (Koss, 1987). However, the generd 

beliefis that m the advanced lesions, such as severe epithelial dysplasia and carcinoma of the ce* 

HPV DNA is usudy found integrated in the cellular DNA, and the entire epithelium exhibits an 

undifferentiated basai celi-like app ce. It is believed that integration of HPV DNA, as it occun 

in advanced lesions, can resu in the increased expression of viral E6 and E7 oncogenes through /i" 
altered mRNA stability ( Jeon and Lambert, 1995). However, it should be noted that continued 

expression of E6 and E7 appears to be a prerequisite for the maintenance of certain aspects of the 

maiignant phenotype such as anchorage-independent growth and tumorigenicity in nude rnice ( Von 

Knebel et aL, 1994 and 1992). In addition to the viral E6 and E7 induced tumongenicity, there is a 

large body of experimental evidence suggesting that rnaiignancy could be due partiaiiy to the 

integration of HPV DNA, partiailady that of type 16, within fhgile chromosomal sites, or in the 

vicinity of cemilar oncogenes, such as c-Myc. Theoretidy, by upreguiating c-Myc expression, HPV 

can stimulate mitosis in cancer cells in the presence of certain growth factors (Durst et al., 1985; 

Hori et  al., 1990; Callahan et al., 1992). Furthemore, it was suggested that HPV may act in 

synergism with activated ras oncogenes to stimulate ceil proliferation in ceMcal carcinomas and oral 

SCC ( DiPaolo et al., 1989; Anderson et al., 1994). 



Human Papillomavirus in the Oral Cavity 

Oral Manifestations of HPV Infections 

In the uterine ce* three forms of HPV infection can be clinically identified: latent HPV 

infeaon in which there are no abnomial clinical, cytological or hist ological manifestations but HP V 

DNA is detectable by molecular rneans; nibciinicd HPV infection which is detectable by colposcopy 

or microscopie examination of a biopsy ; and clinical HPV infection which is visible to the unaided 

eye (reviewed by Herrington, 1994). In addition, it is worth mentioning that in the latency period 

where there is no flond infection, there is v h a i l y  little or no viral mRNA expression. 

In the oral cavity, HPV-induced lesions grosdy appear as whitish or pink, cauliflower-like, 

with sharp borders or vemcoid SUTfàces. These lesions can be easily recognized with the naked eye. 

However, the diagnosis of HPV i n f i o n  cannot be easily made based on these appearances since 

non-HPV related lesions adubit a similar gross appearance (Chang et al., 1 99 1). For example, the 

lesions of vernicous carcinoma may present with sharp borden, while HPV-associated oral SCCs 

have more irregular and ill-defined rnargins. 

Under the light microscope, one of the morphologicai changes that is most commoniy 

associated with HPV infection is the presence of koilocytes or balloon cells with pyknotic nuclei. 

These ceiis are found in the intermediate layer of the epithelium They appear as celis with small 

hyperchrornatic, irregular nuclei surrounded by a distinct cytoplasmic clear zone or halo (Koss and 

Dufiee, 1356; Koss, 1989). The presence of koilocytes is regarded as one of the most important 

pathognomonic feature of an HPV-indu& lesion (DiPaolo et al., 1989; Syrjanen and Syrjanen, 

198 1). It should be noted that in the oral cavity koilocytes are distinct from vacuolized or bailoon 
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cds with normal nuclei. Such a distinction is significant since different types of vacuolized ceiis are 

commody found in a nimber of other non HPV-induced lesions. Another important morphological 

criterion for HPV infection is the presence of parakeratotic (dyskeratotic) ceiis, often found singly 

or in clusters (Syrjanen et al., 1983). 

G e n d y ,  benign oral HPV-induced lesions are classified into two morphological types. The 

first comprises papillomatous or epithelial exophytic lesions, including condyloma acurninatum, 

squamous papilloma and verruca dgaris (common wart). The second type comprises flat-surfaced 

dental lesions represented mainly by focal epithelial hyperplasia 

Oral squarnous papiiiorna is usuaily assockted with the soft palate, the dorsum and the lateral 

borders of the tongue and lower lip. It is a benign tumour that is commonly found in patients 30 to 

50 years of age. Most of these lesions are less than lcm in sire and have tinger-like projections 

covereâ by a squamous epithehm that is hypaiteratotic and acanthotic (Chang et al., 1991). Several 

studies have identified the HPVs in benign papillomatous lesions of humans (Frithiof and Wersall, 

1967; Loning et al., 1984; Madinier and Monteil, 1987) and of animals (Sundberg et al., 1985; 

Sundberg, 1 987; Campo et al., 1 980; Pnster and Meszaros, 1 980). It should be noted that HPV 6 and 

HPV 1 1 DNA were found in about 80% of these lesions (Naghashfar et al., 1985; Syjanen et al., 

1986, 1987). 

The oral condyloma acurninatum initially appean as a small, white or pink nodule. Ofteo, 

multiple nodules appear as crops simultaneously. These evenhially proliferate and fuse to fom a 

cauliflower-iike surface. These lesions display a stratified squarnous epitheiiurn with deep papillary 

folds. The rete ndges are thickened, and elongated with hyperparakeratosis and acanthosis, 

(thickening of the spinous layer) (Chang et al., 199 1). Although the dxerentiation of a condylorna 
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acuminatum from squamous papilloma is ofien difficult because of shared histologic features, as a 

generai mie a lesion is îabeiled as papilloma when pedunculated and as condyloma acuminatum when 

sessile (Swan et aL, 1981; Swnmers and Booth, 1974). The assoCiation of HPV with oral condyloma 

acuminatum was deariy indicated by the presence of HPV particles as tested by electron microscopy 

(Lutzner et d, 1982), and by the presence of HPV antigens when imrnunohistochemis~ was used 

(Syj*anen et aL, 1986, 1987). Furthemore, Southern blotthg revealed the presence of HPV 6 and 

11 DNA in about 85% of the Mons investigated (Syrjanen and Syj-anen, 1987; Eversole et al., 

1987). 

Among the skin lesions seen in children, vemca vulgaris (the common wart) is one of the 

most fkpent .  It appears as a firm, whitish, sessile epithelial exophytic lesion with hyperkeratinization 

of the superficial epithelium and elongated rete ridges which bend towards the center of the Iesion 

at the margins (Lutmer et aL, 1982). Cornmon warts are HPV-relateci and various types of HPV have 

been reported, among them the mucotropic types (HPV 6, 11 and 16 ) and the cutaneous types 

(HPV 1,2,4 and 7). HPV 2 and 4 have been detected more fiequentiy in the cutaneous vemca 

vulgaris (Syrjanen and Syrjarm, 1987; Abdla-Stortht et aL, 1986; Lutmer et al., 1982). It has been 

suggested that the terni oral wart should be lunited to lesions in which the cutaneous HPV types have 

also been identifieci, whiie the diagnosis of oral condylomata should be reserved for those with 

mucosal lesions, in which HPV types 6 and 1 1 can be demonstrated (Chang et al., 199 1). This 

distinction is necesSacy when tracing the source of HEV infection, as condylomata are oflen 

associated with genital infiion. 

One of the better chcterized benign lesions of the oral rnucosa is the focal epithelial 

hyperplasia 0, also known as H e ' s  disease, named so after the dentist who first descnied this 
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entity ( Archard et a1.,1965). FEH is common among Eskimos and Indians of North and South 

Amerka (Archard et al, 1965; Praetonus-Claussen, 1973), and occurs mainly in children less than 

18 years of age, and to a lesser extent in adults (Sawyer et aL, 1983). The lesion manifests itself as 

single or multiple, painless, soA projections ofthe oral mucosa in the lower lip, and may extend to 

the vermilion border (Archard et aL, 1965; Sawyer et aL, 1983). The histological feahires of this 

lesion include hyperplasia of the epithelium with hypedparakeratosis, acanthosis, elongation and 

anastomosis of the rete ndges. There may also be cytologie changes such as mitosoid nuclear 

degeneration, ~uziolarion, and koilocytosis (Sawyer et aL, 1983; Praetorius-Clausen, 1973; Archard 

et al., 1965). Koilocytosis is a characteristic feature of the cytopathic effect of HPV, frequently 

seai in these lesions. HPV 1 (Petu,ldt and Pfister, 1980). HPV 6 (De Villiers et al., 1986). HPV 13 

(Pfister et al., 1983) and HPV 32 (Beaudenon et al., 1987) have been identified in FEH Iesions . 

Since up to 90% of  biopsies from FEH have been found to contain either HPV 13 or 32 or both 

(Henke et al,, 1989; Garlick et al., 1989) and because these two types of HPV have been rarely 

deteaed in other oral lesions, t h 9  are considerd to be specific causative agents of FEH (Chang 

ef al., 1991). 



HPV in Premalignant and Malignant Oral Lesions 

The involvernent of an inféctious agent in the etiology of oral cancer has been suggested by 

sero-epiderniologicai -dies over a decade ago (Scully et al., 1985). Subsequently, these studies 

stimulateci considerable research into the detection of vimses in biopsies of oral epithzlial dysplasia 

and CarCiRomas . During this tirne, attention was foaised on advancing our understanding of the life 

cycle of Herpes Sirnplex type 1, Epstein Barr and HPVs in relation to cellular transformation in 

human keratinocytes in gaierai, and on the application of this knowledge to oral cancer in particular. 

S e v d  HPV DNA genotypes have been wlated h m  oral lesions (Miller et al., 1994; Chang 

et aL, 1991). The majority ofthese are the low nsk HPVs (6, 11, 13 and 32), primarily associated 

with ben@ papdlomatous lesions of the oral cavity (eg. squamous papilloma, condyloma 

a a m h t m ,  vanica wlgaris, and focal epithehi hyperplasia), and have little potentiai for rnalignant 

progression. On the other hand, preliminary studies have demonstrated that the " high nsk" HPV 

genotypes (16, 18, 31 and 33 which had been shown to have more potential for malignant 

tdonnafion) are fkquently associated with p d g n a n t  and malignant lesions including epithelial 

dysplasia and squamous ceU carcinoma of specific types and at specific sites of the oral cavity 

(Yeudaii et al., 1992: Syrjanen and Syrjanen, 1987; Chang et al., 1990). 

Oral predgnant lesions are defined as a morphologically altered tissue in which cancer is 

more likely to occur than in its normal counterpart. Aithough leukoplakia is considered a 

premalignant lesion, the terni leukoplakia is strictiy a clinical one and does not imply a specific 

histopathologic tissue alteration such as epithelial dysplasia (Neville et al., 1995). Epithelial 

dysplasia is not considered to be a clinical diagnostic term, but it represents a premaiignant condition 

that should always be treated as if it would progess to carcinoma (Summeriin, 1996). 
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The association between HPV infection and premaiignant and malignant anogenitd lesions Ïs weiI 

established (Zur Hausen and De ViIliers, 1994). However, the association between HPV infection 

and p d g n a n t  and rnalignant oral lesiîns is less clear, and wide variations exïst in the reports on 

the prevaience of HPV in oral epithelial lesions (Snijders et a/. , 1994). For example, Syrjanen et aL , 

( 1  988) found that 29% of the oral epithelial dysplasia contained HPV type 6.1 1,13,16,18 and 30 

DNA as compared to 17% as reported by Shroyer and Greer (1991). Funhermore, a subtype of 

epithelial dysplasia, termed koilocytic dysplasia (KD), which was first described by Fornatora et ai., 

(1996), was found to harbour HPV DNA in 81% of the cases. In mafignant Iesions such as SCC, 

78% of the biopsies were found to harbour HPV DNA (Woods et al., 1993). in another study, HPV 

DNA was detected in 42% of oral SCC taken from patients who chewed tobacco (Bdaram et al, 

1995). It is quite conceivable that synergistic actions with other initiating agents such as tobacco, 

alcohol, fimgal infections and wal infections such as Cytomegalovinis (CMV) are required. 



Methods of HPV Detection 

Severai methods, including electron rnicroscopy, immunohistochemistry, nucleic acid 

hybridization, polymerase chah reaaion (PCR) and in situ PCR, have been used to study HPV 

infections. Each of these has advantages and disadvantages, which are as follows. 

The utikation of electron microscopy is lirnited to the productive stage of HPV infection. 

Nevertheless, with this technique, PV particles 55 nm in size have been identified (Pfiaer, 1984; 

Pfister and Fuchs, 1987) and observed in a number of active oral squamous ce11 lesions (Syrjanen and 

Sy janen, 1987). In genital HPV infection, this method was found to be 10 to 50% sensitive, only 

when the lesions to be d y z e d  were pre-screened on the basis of clinical and cytologic cnteria of 

HPV i d d o n  (Ferenczy et al., 1 98 1 ; Roman and Fife, 1989). Nevertheless, electron microscopy 

revealed localization of the virus particles in the nuclei of koilocytes and dyskeratotic cells. 

Frozen sections, fixed tissue from oral biopsies and cytologic smears can be analysed by 

immunohistochemistry (Roman and Fife, 1989). but the applicability of this method is narrowed by 

the lack of avaiiability of specific antisera (reviewed by Chang et al., 199 1). It shouid be noted that 

the primary antisera have been prepared rnainly against specific antigens of the disrupted vinons. 

Furthennore, like electron mimscopy, the use of immunohistochemistry is limited to the productive 

stage of HPV infections, and false negative results may be seen in lesions where the viral DNA is 

present but the structural proteins are not expressed (Syjanen, 1986). 

The field of molecular biology has significantly contributed to the development of more 

sensitive methods for detecting and studying HPV infections. Southem blot, dot blot, reverse blot 

and sandwich hybridization have aU been employed on mass extracts of nucleic acids from whole 

tissues. m e r  tests such as in situ hybridization (ISH) and fluorescence in situ hybridization (FISH) 
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have been done directiy on tissue Sections and cytologie miears. 

PCR, a method with irnproved sensitivity for detecting HPV infections, involves the 

enzymatic amplification of specific DNA or RNA hgments (Saiki et al., 1985, 1988) following 

repeated cycles of heat denaturation of DNA anneding of the primers to their complernentary 

sequenceg and extension of the meaieci primers with DNA polymerase (Chang et al., 1991). This 

technique has been used extensively in clinical studies for the deteaion of HPV infections in the 

gaiital tract ( Shiiata et al., 1988; Chas et al., 1989; Syrjanen and Syrjanen, 1990). and in the oral 

cavity. In the latter situation, the technique was applied to DNA ex~acted f?om both fresh tissues 

(Maitland et al., 1987) and formalin-fixed, paraîXn-embedded biopsies (Chang et ai., 1990). 

In situ hybndization allows the localization of specific nucleic acid sequences at the 

individual ceil leva but the applicability of uiis technigue is narrowed by its detection sensitivity since 

its mRNA detectionthreshold levd is relativdy hi& ranghg fkom 10 to 20 copies per ce11 (reviewed 

by Komminoth and Long, 1993). However, when the above technique was combined with PCR, the 

detection of low copy numbers of mRNA was made possible with the cytologicaî localization 

provided by ISH. In in situ RT-PCR the mRNA is reverse transcribed into cDNA with reverse 

transcriptase, and the newly synthesized DNA is then subjected to PCR reaction directly over the 

cells. The amplined sequence cm be detected either indirectly by ISH or directiy in siru RT-PCR 

(Voipi et& 1996; Komminoth and Long, 1993). In the latter, the non-radioactively labelled dUTP, 

such as digoxigenin-dm, is directly incorporated into the PCR reaction and the labelled PCR 

products are detected immunohistochemicaily. The unique features of this molecule, including the 

hydrophobicity and being steroid-like, provided a stabilizing anchor for the dsDNA produas that 

couid have otherwise simply diffused away. On the other hand, in the indirect RT-PCR technique the 
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amplifieci nucleic acid can be detected by an ISH step in which labelled cDNA or RNA probes are 

used. 

To date, numerous groups have reported success in detecting a single copy of 

foreign DNA sequence with in situ PCR Most of these midies have focusseci on deteaion of viral 

DNA sequenus sich as H I V ,  HPV, MMTV, CMV and EBV in mode1 systems ( Becker et aL, 1996; 

Nuovo, 1994; Komminoth et d, 1992; Haase et d, 1990). However, to date only few studies have 

taken advantage of in situ PCR or in siru RT-PCR to examine the clinical aspects of the viral 

pathogenesis. 



HPV Infection in Immunosuppressed Individuais 

The development of cancer is a cornplex process encompassing severd factors. One of the 

factors that might play an important role in the development of malignancy is the integrity of the 

immune system. It is weii documenteci that immunosuppressed individuds have a higher propensity 

to develop dgnancies such as Kaposi's s m m a  (KS) and lymphomas. In the case of HIV-infected 

immunocompromised individuds, warts and other papillomatous Iesions caused by HPV are 

commonly seen (reviewed by Scuily, 1992; Greenspan et ai., 1990,1992; and Ficarra & Shillitoe, 

1992). HPV prwdence has been show to increase with the progression of immunosuppression 

(Chergwin et d, 1995). Infection with human imrnunodeficiency virus increases the nsk for 

HPV-associated anogeaital neoplasia in both women and men (Laga et al., 1992; Braun, 1994). 

Several studies have shown that the rates of detection of ceMcal and and HPV infection are higher 

among women and men with HIV infection than among their W-seronegative cornterparts 

(Northfelt and Pdefsky, 1992). It has been reported that the risk of anal cancer among homosexual 

patients with acquired imrnunodeficiency syndrome (AIDS) is almost 100 times as great as that 

among non-homossnial patients with AIDS (MeIbye et al, 1994). The high incidence of anal cancer 

among homosexual men was attributable to high rates of anal HPV infection (Sonnex et al. , 199 1). 

In W-sempoStive patients who develop AIDS, the muco-cutaneous manifestations are numerous, 

however, they are predominated by those caused by opportunistic infections. Among them are 

HPV-induced oral warts and other papillomatous lesions (Greenspan et al., 1988). These HPV- 

induced lesions have been d-kd as exhi'hiting verrucous and papillary architecture, white to red 

in colour, and were located on the lip, gingiva, palate, tongue and buccal mucosa. The keratinocytes 

in the lesions were atypid, with hyperchromatic nuclei and karyomegaiy, while the koilocytes were 



seen to extend into the upper layers (Regezi et al., 1994). 

Skin disorders mch as warts, keratoacanthornas and non-melanoma carcinomas were also 

seen in immunosuppressed individuals, especiaily in transplant patients who are on 

irnrnunosuppressive therapy (Penn, 199 1) . 

Some studies have Bcamined the relationship between HIV-immunodeficiency and increased 

HPV-indumi lesions, and have shown that immunodeficiency alone is not suffcient to explain the 

increase in the HPV-induced neoplasia. However, prelirninary studies have indicated that there is 

some interaction between HIV and HPV at the molecular level. The nature of such an interaction 

is not yet known, but possibly involves the HIV Tat protein and its capacity to tramactivate certain 

elements in the LCR of HPV, hence increasing HPV 16 and 18 E6 and E7 expression (Buonaguro 

et al., 1994; Tornesello et aL , 1993). 

In view of these reports, more research is needed to determine the premalignant nature of 

HPV-associated oral neoplastic lesions in both immunosuppressed and immunocompetent individuals. 



HYPOTHESES and OBJECTIVES 

In light of the previous reports, several problems remained to be addressed if one is to study 

the association of HPVs with prernalignant and maiignant lesions: 1) the study should be focussed 

on a particdar group of lesioas, in relation to a particular HPV type, 2) an appropriate sarnpIe size 

should be used, 3) CO-factors such as immunonippression should be considered, and 4) a sensitive 

technique to detect the HPV type in question should be employed. Our principal hypotheses, 

therefore, are: 1) a higher number of premaljgnant and malignant lesions show the presence of HPV 

type 16 E6 gene, as  compared with benign lesions, regardless of the immune status; 2) in 

irnmunosuppressed individuais, a higher number of prernalignant and malignant lesions show the 

presence of HPV type 16 E6 gene, as compared with similar lesions in immunocompetent individus;;. 

The main objective of this study was to test the above hypotheses by: 1) determinhg the 

prevalence of "high risk" HPV type 16 E6 gene in oral neoplastic lesions in immunocompromised 

individuais as compareci with immunocompetent individuals, and 2) correlating the prevaience of 

the E6 gene in the lesions with the hiaopathologic features of epithelial dysplasia and malignancy 

at the individual ce1 level. Consequently, we have targeted the E6 ORF of HPV type 16 for 

amplification because of its putative role in malignant transformation and high fiequency of 

integration into the host DNA in the advanced neoplastic lesions. 



MATERIALS and METHODS 

Collection of Specimens 

A collection of 80 specimens was included in this study. The specimens were taken from 

archivai materiai, i.e fonnalin-hed and paraffin-embedded blocks of surgical biopsies taken between 

1987 and 1997. The samples included epithelial exophytic papillary or verrucous lesions of the Iower 

lip, gingiva, soft and hard palate, tongue and buccal mucosa. Documentation regarding the immune 

status, including the HN status and CD4 lymphocytes counts were available for 42 patients. The 

specimens were wllected fiom the Oral Pathology Diagnostic SeMce, Faculty of Dentistry, 

University of Manitoba (Wiipeg, Canada), Oral Pathology Diagnostic SeMce, Faculty of Dentistry, 

University of California (Calfornia, USA) through Dr. Eversole, The Institute of StomatoIogy, 

University of Fiorence (Florence, Italy) through Dr. Ficarra, and Oral Pathology Diagnostic Service 

of the Eastman Dental Institute and Hospital (London, England) through Dr. Speight. 

Preparation of Sections 

The t h e s  had been fixed in 10% formalin (Appendix) prior to paraffin embedding. Using 

a microtome with a separate disposable blade and an RNase-fiee water bath, three to four 5 pm-thick 

sections were nit f?om each paranin block and mounted onto 3-aminopropyltriethoxysilme (Sigma)- 

coated glass slides. For eadi sample, at least one section was used for histopathologicd examination 

and at least three sections were used for HPV 16 detection by immunohistochernistry and in situ RT- 

PCR; 20 pm-thick sections were also ait fiom some of the samples for solution RT-PCR. 

Reassessrnent of Histopathological Diagnosis and Classification of Samples 

The sections selected for histopathologicd evaluation were stained with Hernatoxylin and 
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Eosin (H&E) according to routine produres. The original histopathological diagnoses of the 

lesions were confirmeci by at least two independent oral pathologists. For the purpose of this study, 

we selected only cases in which viral cytopathic effects were clearly present. Furthemore, the 

sarnples were classified into four categories according to: a) the general histopathological 

architecture of the lesion (which in most cases corresponded to the clinical diagnosis), and b) the 

"grade" or the severity of the neoplastic features ( Table 1) as follows: 

1. The benign group (nondysplastic), which included fia& condyloma acuminatum, verruca vulgaris 

and squamous papilloma; IL The severiy hyperplastic group, which Uicluded papillary lesions of the 

classid papilloma, condyloma and vermca types with severe epithelial hyperplasia in which the basal 

cds were seen to extend to at les t  one third of the entire thickness of the epithelium where normal 

mitoses, abnormal mitotic figures and mitosoid bodies were seen fiequently; III. The dysplastic 

group, including verrucous and papiiiary lesions with epithelial dysplasia, defined as having 

increased mitotic figures, basilar hyperplasia or cells with basdoid appearance and large 

hyperchromatic nuclei extendmg above one third of the epithelium, and dyskeratosis (Sumerlin, 

1996). This group also included carcinoma in situ in which the dysplastic features are seen to span 

the entire epitheiium; IV. The malignant group, which included vanicous and papiUary squamous ce11 

carcinoma in which sheets of malignant celis with polymorphic and hyperchromatic nuclei were seen 

to invizde the comective tissue. 

In Gmups I, III and N there was 100°/o concordance between our diagnoses and that of the 

original docurnented diagnoses. In group II, the lesions with severe epithelial hyperplasia were 

diagnosed in the original reports as either benign or having mild dysplasia. However, we did not 

attempt to m e r  subdivide the dysplastic group into "moderate" and "severe" dysplasia and 



carcinoma in situ. Nevertheless, witbin the sape of this study, group II lesions were grouped 

together with lesions in group III and the two groups were designated as premalignant since they 

exhibited altered cytomorphology indicative of premalignant neoplasia. 

The laboratory procedures were performed in a b h d  manner by assigning numbers to the 

specimens without the knowledge of the ciinical infoimation. The patients' names were not recorded 

in order to maintain their confidentiality, accordhg to the ethical standards accepted by the University 

of Manitoba Cornmittee on Research involving Human Subjects. 

Ce11 Culture 

Two human cervical carcinoma ceil lines, SHa and CaSki, derived flom HPV 16-infected 

tumors and known to carry HPV 16 sequences were obtained fiom the American Type Culture 

Collection (ATCC, Rockville, Maryland, Baltimore, USA). SiHa (ATCC HTB-35 ) has been 

reporteci to contain a low copy number of HPV 16, whereas CaSki (ATCC CRL-1 550) contains a 

higher number of copies (Wrede et al., 1991 ; Band et al., 1991). These ceil types were used as 

controls. AU ce11 lines were grown to confluency on 3-aminopropyltriethoxysilane (Sigma)-coated 

glass slides in RPMI 1640 medium with glutamine (Gibco B K ,  Burlington., Ontario,Canada) 

supplemerrfed with 100/o fetd bovine serum (Gi BRL) at 37" C in 5% CO,. The cells were washed 

in phosphate-buf5ered saline (pH 8.0) and were harvested by trypsinization (Appendb). In order to 

reproduce the processing conditions of the oral biopsy Specunens, a l l  cells were fixed in 10% buEered 

fonnaiin for at least four hours and embedded in p a d k  prior to M e r  processing for PCR. 



Table 1 

The number of cases in the four dserent groups of lesions shidied. 

Groups of Lesions Number of Cases 

Benign 

L Non-dysplastic 

Premalignr n t 

II. S everely Hyperplastic 

m. Dysplastic 

Maliguant 

IV. Squamous Cell Carcinoma 

Total 80 



In Situ RT-PCR 

To render the tissues more permeable, prior to RT-PCR , the tissue sections were treated for 

90 minutes and the control ceiis for 10 minutes with pepsin (2mg/rnl) at room temperature, then 

washed with s t d e  diethyl pyrocarbonate (DEPC, 1/10ûû)-treated water for 1 minute. The sections 

were hcubated overnight in 10 pl DNase solution consisting of 1 pl of DNase 1, 10 U/p1 of RNase- 

fiee (Boehringer & Mannheim, Laval, Quebec, Canada) and 1 pl of 10 x buffer (see appendix). Each 

d o n  was covered with an autoclaved parafilm cut to size and incubated in a humid chamber for 

12-24 hours at 37°C. Following incubation, the DNase solution was removed by washing the slides 

in DEPC water. These siides were rinsed in 10% ethanoi, and air dried. 

Reverse transaiptase was use- to synthesize cDNA using mRNA as a template. This reaction 

was camed out as d e s c r i i  by Nuovo, 1994 (Figure 2). Bnefly, the reverse transcriptase solution 

consisting of 2 pl MgCl, (25 mM), 0.5 pl RNase Inhibitor (40 U/pI), 1 pl 5 x RT buffer 

(Boehringer & Mannheim), 1 0 U of MMLV reverse transcriptase, 0.5 pl upstream p imer  (20 PM), 

and 1 pl each of dGTP, dCTP, dATP and dTTP ( 10 m M  stock solution, Perkin Eher Cetus, 

Missksauga, Ontario, Canada) was pipetted ont0 each section. On the control section the reverse 

transcriptase was omitted from the mixture. The slides with treated sections were incubated in a 

humid chamber at 42" C for 30 minutes. The RT mixture was then carefully removed fiom each 

section and replaced with PCR solution which consisteci of 2.5 ml 10 x PCR b d e r  II, 4.5 pI 

M g &  ( 2 5 m ,  4 dNTP soiution (1 .ZmM each), 1 pl each of HPV 16 E6 specïfïc upstream and 

downstream primers (20pm), 5'-ATGCACCAAAAGAGAGAACTGC-3' and 5'- 

TTACAGCTGGGTîTCTCTAC-3' respectively, 2% bovine serum albumin, and 10 pI of 
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digoxigenh dUTP ( Gene Ampli Taq Kit, Perkin-Elmer CW). In order to  confine the PCR mixture 

over the sections. coverslips were cut to sUe from gel support film (Bio-Rad Laboratones Ltd., 

Missssauga, Ontario, Canada ), held in place by a rim of mbber m e n t  and overlaid with a few drops 

of mineral 01 The siides were placed ont0 the thermocycler (Perkin- Elrner Cetus Instruments) 

preheated to 80" C. FoUowing an initial denaturing aep at 94" C for 3 minutes. the samples were 

subjected to 25 PCR cycles, each consisting of an annealing and extension step at 55" C for 2 

minutes, and a denaturing step at 94" C for 1 minute. 

Ma the completion of the PCR cycles, the coverslips were removed and the sections were 

washed with Tris buffer saline (TBS) (Appendix) for 5 minutes . The detection of digoxigenin 

incorporated into the PCR product was carried out with alkaline-phosphatase conjugated anti- 

digoxigenin antibody, which in the p-ce of nitroblue tetrazolium (NBT) and 5-bromo-4-chloro- 

3-indolylphosphate (BCIP) (Boeh~ger & Mannheim ) produces a purple-blue precipitate, hdicathg 

a positive reaction The nuclei were selectively counter-stained pale-pi& with nuclear fast red. 

Control Procedures 

To ascertain that the blue colour reaction was not due to spurious reactions, two control 

sections were used for each set of experiments. On the first section the reverse transcriptase enzyme 

was omitted f?om the miction mixture. On the second, the Taq polymerase was omitted to ensure 

that no amplified messages were detected. To verie that undegraded RNA was available for RT- 

PCR testing, a cellular mRNA of a human "housekeeping" gene was used as an intemal control, in 

parallei sections from some of the sarnples. nKse sections were subjected to RT-PCR using specific 

primers (Appendix) for the gtyddehyde-3-phosphate dehydrogenase gene (GAPDH). The primers 

were generousiy provided by Dr. J. Dodd, Department of Physiology, University of Manitoba. In 
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these control Sections, the reagents and the reaction conditions were set up as mentioned previously. 

Quantification of the CelIs Expressing E6 mRNA 

Quant5cation of the c e U  expressing E6 mRNA in the RT-PCR assay was made possible by 

the incorporation of non-radioactive label digoxigenin-dUTP. The number of cells udubiting the 

purple-blue cytoplasmic precipitate in experirnentai, as weli as in control sections were counted as 

foilows. A 200 pm square grid was aiperimposed over the sections and the cells were counted using 

a light microscope with 40x ocular eye piece (final magnification of 500 x). Counting of the Iabelled 

and unlabeIled ceh was pedionned throughout the entire thickness of the epithelium within the given 

section without Werentiating between the various layers, basal or superficial. To compare the ratios 

of labeiled ceiis versus unlabelled ceUs in sections of samples nom the four clinical groups studied, 

statistical anaiysis using the Student T-test, in conjunction with an analysis of variance, was 

performed on the collecteci data. 

Statistical Analysis; Cornparison of the number of samples showing E6 mRNA 

A sample was considered to be E6 positive in the in situ RT-PCR reaction when at least 50 

cellslvisual fieid ( at least 10x objective magnification) showed bot h cyto plasmic and nu cl ear staining, 

and when pardel control section from the same sarnple showed an overail staining. 

An statistical analyses were perfonnied in consultation with the Biostatistical Consulting Unit, 

University of Manitoba. To determine the strength of association between HPV 16 E6 expression 

and nenplasia, in the lesions denved from immunosuppressed patients, as compared to those of 

imrnunocompetent patients, the data were groupeci in a four way table (see Table 2). Mentel- 

Haenszel Chi-square anaiysis was then applied in conjunction with the caiculation of the overall 

homogeneity of odds ratios (relative nsk) within 95% confidence intervals, according to  the method 
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of Breslow and Day (1987). Calculations were performed in painvise cornparisons within the 

columns (eg. al1 premalignant and malignant lesions versus benign lesions in knmunocompromised 

group), and across the rows (eg. the immunocompromised versus imrnunocompetent group within 

the prernalignant and malignant lesions). DBerences between groups were considered significant at 

ps0.05. 

In Table 2, of the 24 biopsy sarnples grouped as "immunocornprornisedn, 21 were h m  

documented cases of HIV-infected patients, and the other two cases were from transplant patients 

who were on irnmunosuppressive medication. The cases from the HTV-infected group had CD4 

lymphocytes counts below 480 ceUs per cubic cm . This range is well within the cut off point of s 

500 ceiis per cubic cm , which is generdy considered as an indicator of Unmunosuppression. Of 

the 56 biopsy samples that were labelleci as "imrnunocompetent", 21 were nom documented cases 

of HIV-seronegative patients with CD4 lymphocytes coum above 500 cells per cubic cm, while the 

rest of the aises were fiom patients with undetemined HIV aatus. However, their clinicai histories 

were consistent with being imrnunocompetent. 



Solution RT-PCR 

Solution RT-PCR was perfoxmed with RNA extracted fiom parallel sections of some of the 

samples (Figure 3). This was done according to the method of Von Weizsacker et aL, 199 1. 

Twenty pm thick paraffui sections were cut on a microtome and placed in 1.5-ml polypropylene 

microcentrifiige tubes. The sections were deparanuiized with xylene at room temperature, and then 

washed twice with 1000/a alcohol to remove the xylene. The tissues were incubated for 6 hours at 60 

O C  in 100 pl of a lysis buffer containing 20 mM Tris - HCI (pH 8.0), 20 mM EDTA (pH %O), 2% 

sodium dodecyl nilnite and 500 pg/d proteinase K. Nucleic acids were then punfied, following two 

phenol extradons, by precipitating twice with 0.6 vol isopropanol(5 minutes each at 4 O C) in the 

presence of 0.3 M sodium acetate (NaAc), pH 5.3, and 20 pg of glycogen as carrier. Mer 

precipitation, the sarnples were centrifùged at 13,000 rpm (Biofuge 13 Baxter Scientific with fixed 

angle rotor) for 5 mirnites at 4 O C. The final supernatant was then carefùlly poured off and the pellets 

were air-dned in a sterile fume hood. 

The nucleic acid pellets were dissolved in 7 pl RNase-free water containing I pl of random 

hexamers (20 PM, Phamacia Biotech, Baif Diurfe, Quebec, Canada). This mixture was heated to 

95 O C for 1 minute and quenched on ice. The reverse transcriptase master mix consisting of 1 PI of 

10 x buffer (Gibco BRL), 1 pl dNTP-mDc (2.5mM ), 1 pl RNase inhibitor (40 units, Boehringer & 

Mannheim) and 0.7 pl of reverse tranScnptase (200 unitdpl, Gibco BRL) was added to the nucleic 

acid sarnples and incubated first for 1 hour at 42 O C, then for 2 minutes at 95 O C. The slides were 

stored oveniight at -20 O Cs pnor to the PCR step. 

Aliquots of 10 pl of the reverse transmied material were mixed with 38 pl of PCR mix 

which coosisted of 5 pl of 10 x Tris HCI buffer , 5 pl of 10x KC1,SpI of MgCI, (25 mM), 8 pl of 
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cNIP-mix (200 mM), 1 pl of upstream primer (20 PM>, 1 pl of downstream primer (20 pbf) and 13 

pl of DEPC water. One drop of minerd oil was added as an overlay to each tube to minimize 

evaporation of the PCR mixture. Foiiowing incubation for 5 minutes at 99 O C, the temperature was 

brought down to 80 O C, and 2 pl of Taq polymerase (0.5 unit/pl) was added to each sampIe. Thiny- 

five cycles of PCR were performed with the DNA denaturation step set at 94 " C for 1 minute, primer 

annealing at 50 O C for 2 minutes, and primer extension at 72 O C for 3 minutes. Thirty-five cycles 

of PCR were followed by a final single extension step at 72 O C for 10 minutes. 

The PCR products were precipitated overnight with 1000A isopropanol, then the resulting 

pellets were resuspended in 25 pl of TE buffer, pH 8, (see Appendix). ALiquots of 20 pl were run 

on 1.5% agarose gel containhg 0.5 pglml ethidium bromide (see Appendix) by using a r n i ~  gel 

electrophoresis system (Horizon- BRL). The gel was run for 1 hour at 80 V at room temperature. 

The bands were then visualized on a UV transilluminator (Johns Scientific) and photographed with 

a Polaroid (667 Kodak) camera through a 40.5 mm filter (Electrophoresis Orange, USA), using type 

DS 34 Polaroid 4x5 land h The mokcular weight of the amplification products was estimated by 

cornparison with a 123 bp ladder (Gibco BRL) run in parallel on the gel. 

Immunohistochemistry 

In addition to in situ RT-PCR, paraliel sections from a number of the same samples were 

tested for E6 protein expression by using monoclonal mouse antibodies derived &om the 

immunization of BALBk mice with an HPV-II E6-b galactosidase fusion protein and fusion of 

spleen ceh with NS-I mouse myeloma ceUs (Oncogene Research Products, Massachusetts, USA). 

These antiiodies were used with the avidin-biotin-perogdase cornplex (ABC) method of Hsu and 

Komp, 198 1, (Vectastain ABC Kit, Vector Laboratones). Bnefly, deparafkked sections were 
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treated for 30 min with 0.3% H2Q to block endogenous peroxidase activity. The sections were then 

incubated with normal mouse serum to block non-specific binding, and incubated for 30 min with 

the primary dibody, diiuted at 1 : 50 in PBS buffer. The sections were then treated with biotinyIated 

secondary anfibodies (dihrted 1 :20) at room temperature for 30 minutes, foilowed by incubation with 

avidin and biotinylated horseradish peroxidase cornplex. Control sections were t reated similarly, but 

the primary antibodies were ornitted. m e r  the colour reaction with diarninobenzidine tetra 

hydrochloride @BA), the sections were counterstained with Hematoxylin , and viewed under the 

light microscope. 

Electron Microscopy 

Selected blocks were deparaffinized in xyiene and postfixed in 1 % osmium tetroxide (see 

Appendix) for 3 hours at room temperature. The blocks were then dehydrated in graded 

concentrations of acetone (30% - 100%). Mer dehydration in 100% acetone, the blocks were 

infiltrateci with increasing concentrations of acetone/Epon mixtures (1 : 1, 1 :2, and 1 :3 ), then with 

100% Epon for 5 hours and embedded in the same resin. The moulds contai~ng the Epon and the 

tissue blocks were placed in a 60 O C oven for 48 hours to polyrnerize the Epon. Ultradiin sedons 

were ait on a Reichert OM U3 microtome and placed on 300 mesh wpper grids. The sections were 

then stained with 4% uranyl acetate (see Appendix) for 10 minutes and with lead citrate for 15 

minutes (Reynolds, 1963). The grids were viewed under a Phillips 300 electron microscope operated 

at 80 KV. 



In Situ RT-PCR Materials and Met hod 

1. Deparaffinization and digestion (tmglml pepsin) 

2. DNase treatment (overnight) 

3. synthesis using reverse transcriptase 

-- 

4. cDNA amplincation using E6 specific primers 

5. Detection of PCR product 

6. Visualization 

F i p n  2. In situ reverse transcriptase - poiymerase chah reaction 



Tube RT-PCR 

1. Depara ffiniza tion and digestion of tissues - 

O 2. mRNA extraction 

4. cDNA amplification using E6 specific p h e r s  

5. 1.5% agarose gel electrophoresis 

6. Visualization of the product under UV 

Figure 3. Solution reverse transcriptase - polymerase chah maion 



PCR Product 

Transctipts 

Figure 4. A schematic diagram of the HPV-16 genome showing the position of the 

primers and the redting PCR products. The arrows indicate primer annealhg 

sites, and the dotted lines indicate splice sites. 



RESULTS 

In Situ RT-PCR 

The number of samples in which the presence of N A  was found by in e 

RT-PCR using E6- specific prhers in various chical groups are presented in Table 2, and 

representative cases are shown in Figure 5. E6 mRNA was demonstrated in a total of 46 out of 80 

(5%) ksions investigated. In the immunocornpromised group, where the patients were either HIV- 

infècted or were on immunosuppressive medication as a result of transplants, the foUowing were 

found. In the benign category 9 out of 10 (90%) expressed E6 mRNq while 13 out of 14 patients 

(93%) in the prernalignant or rnaiignant category did so. In the imrnunocompetent group 2 out of 22 

(Ph) harboharboured the E6 mRNA in the benign category, while 22 out of 34 (65%) in the premalignant 

or malignant category expressed the E6 mRNk 

In most of the samples the E6 mRNA signal was seen mainly in the parabasal layer where the 

staining was mainly fori,fined to the cytoplasm (Figure SA). However, in some of the samples signais 

were observed in the basal layer where the aalliing was locdized to the cytoplasm (Figure SB). This 

expression of E6 in the basal layer has been interpreted as being due to the integration of HPV 16 

DNA. Occasional cells exhibiting staining for E6 were dso seen in the supedlciai comeal layers, 

maialy in areas of pafakeratosis. 

Control Procedures 

In the control sections, where the reverse transcriptase enzyme was omitted to ascertain that 

we were detecting the synthesized DNA rather than the genomic DNA, no sipals were detected 

( Figure 6A). SiHa cells, which are reported to contain 1 to 2 copies per ce1 of the integrated HPV 
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16 genome. were used as positive control. Strong signals were observed in the cytoplasm of these 

cek when in situ RT-PCR was performed ( Figure 6D). However, when the reverse transcriptase 

enzyme was omitted no signals were seen in these cells (Figure 6C). CaSKi cells were dso used as 

positive contds. These ceUs have been documented to  contain about 600 copies of the htegrated 

HPV 16 genome. When these cens were subjected to in siru PCR with E6-specific prirners, strong 

nuclear staining was seen (Figure 6B). In order to insure that specirnens with no  detectable E6 

mRNA were not due to the degradation of the total mRNq a cellular rnRNA of human house 

keeping gene (GAPDH) was amplified by in situ RT-PCR using GAPDH specifc pnmers. A blue 

precipitate was detected in the cytoplasm of the celis in the parabasal and superficial layers of the 

epithelium, thus indicating that the integrity of M A  was sufficiently preserved in the paraffin 

sections (Figure 7). 

Quantification of Cells expressing E6 mRNA 

The ratios of number of cells expressing the E6 gene to the total number of ceUs from the 

clinicai groups (Table 3) were compared. Within the immunocompetent benign group 19% of the 

cells expressed E6 gene as compared with 34% in the premalignant or malignant grou p. However, 

wkhh the imrminocompromised benign group 72% of the cells expressed E6 gene as compared with 

59% in the premalignant or malignant group. This indicates that immunocomprornised patients 

harbour more minscnptionally active virus as compared with the immunocompetent ones. 

Statistical Analysis 

In caldating the overd risk using the Mantd-Haenszel Chi-Square Analysis , the significant 
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differences between the groups were found to be as foliows: accounting for epitheiial dysplasia and 

sample sizes, immunosuppressed patients are 10 times more likely to express HPV-16 E6 than 

immunocompetent patients @ = 0.0008). However, when accounting for imrnunosuppression, 

patients with epithelial dysplasia are 16 times more likely to harbour the HPV- 16 E6 &A than 

patients showing no epitheiial dysplasia (p = 0.00 13). 

When comparisons are made between the premalignant or rnalignant and benign categones 

within individual columns in Table 2, the Unmunocompetent group is found to have a significantIy 

higher number of patients with epithelial dysplasia that show HPV-16 E6 mRNA (p = 0.0007). 

However, within the immunocompromised group the Merence was not significant. On the other 

hand, when comparisons are made within rows a significamly higher number of immunoc~rnpro~sed 

patients express E6 than immunocompetent patients in the benign category (p = 0.0008). Within the 

premaiignant / maiignant category a higher number of samples from imrnunocompromised patients 

express E6 than samples f?om immunocompetent individuais (p = 0.088). 



Table 2 

The nwnber of samples which tested positively for E6 gene of the Human Papillomavirus type 16 

in immunocompromised and immunocompetent individuais. 

Immunocompromised Immunocompeten t 

Benign 

Premalignant 

or Malignant 

Total (sarnples) 



Table 3 

The mean ratios of labelid cells over the total number of ceils in the various dinical groups. 

Groups Mean Ratio t (%) Std. Error 

Immunocornpetent 

Benign 

Immunocompetent 

Premalignant or Malignant 

Immunowmpromised 

Benign 

Immunowmprornised 

Premalignant or Malignant 

t labelted ceils / total number of cells 
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Solution RT-PCR 

The mRNA ~ttracted h m  tissues was transcnibed to cDNA ushg random hexarner primers, 

and then amplified by PCR using E6 specific primers. Out of the 12 selected sampIes that were 

positive for HPV 16 by in situ RT-PCR, 4 were s h o w  to harbour the E6 sequence by tube RT- 

PCR. The amplifiai &NA was visuahed on the gel as a band of approlrimately 430 bp 

corresponding to the expected size of the unspliced tmnscript of the E6 I E7 ORF (Figures 4 and 

8). Since no other bands were seen conesponding to the other two transcripts ORFs (E6'I and 

E6a), thdore ,  it clearly indicates that the band represents the viral E6 DNA and not the residuai 

cellular DNA This observation was consistent with that seen in the control SiHa ceIl iine. The 

observed band of 430 bp is about 40 bp off the documented size of 470 bp. This discrepancy is 

expectcd when using agarose gel. Ail the samples that were negative by in situ RT-PCR were also 

found to be negative by solution RT-PCR 

Immunohistochemistry 

Twenty-eight samples were evaluated for the presence of E6 protein using E6 specific 

monocIoml mibody. Among the 18 that were positive for the E6 protein by in situ RT-PCR 2 were 

strongly immunoreactive while the rest exhibited only weak st aining . However, the 1 O samples that 

were negative for the E6 protein by in siru RT-PCR were also found to be negative by 

immunohistochemistry. 

The signal (seen as a browii, d i f i e  cytoplasmic precipitate) was mainly Iocaiized to both 

the basai (Figure 9C) and parabasal (Figure 9B) layers of the epithelium. However, in the superficial 

corneal layer very weak signals were seen (Figure 9A). 



Electron Microscopy 

A total of 4 cases were selected to investigate the presence of HEW 16 particles in the basal, 

parabasai and superficial layers of the epithelium by electron microscopy. Among these 4 cases, 2 

were HPV positive as deterrnined by in situ RT-PCR and 2 were HPV negative as determined by the 

same method. 

In the HPV positive samples, intranuclear particles. characteristic of HPV infection, were 

seen in 4 s  of the parabasal and spinous layers (Figures 10 and 1 1). These electron dense particles 

varied in sizes fiom 38-58 nrn in diameter. The amount of glycogen in these ceils (Figures 1 1 and 12) 

was quite reduced fiom that seen in the control samples. The mitochondna were disrupted and 

conseqyedy in some cases were indiscemible (Figure 12). These changes were consistent with the 

Wal cytopathic effects. 

In dl oftheHPV negative sarnples. the HPV particles were absent from al1 the layers of the 

mucosa. Moreover, the mitochondna were intact and quite visible within the cytoplasm which was 

filled with glycogen p u l e s  (Figure 13). 



Figure 5 Light rnicrographs of sections kom a condyloma acuminatum of an 
immunocompromised patient. The sections were subjected to RT-PCR using E6 
specific primers. Note the positive cytoplasmic staining (arrows) o f  individual cells 
in the superficial (A) and parabasai (B) layers of the epithelium. (Original 
mamification. X 500). 



Figure 6 Light micrographs of various control sections used. (A), no signal is detected over a 
section from a tissue sample when RT-PCR was performed omitting the reverse 
transCnptase and the Taq polymerase. (B), strong nuclear staining is obsereved when 
in sihr PCR was performed on CaSKi cells. (C), no signal is detected over S M a  cells 
when treated as in A (D), note the strong cytoplasmic and nuclear staining over SiHa 
cells when nibjected to RT-PCR. (Original magrilfication A- X125; B, C and D- X 
500). 



Figure 7 A light micrograph of a section fi-om a condyloma acuminatum of an 
immunocornpromised patient, on which in situ RT-PCR was perforrned using 
GAPDH-specific pimers. Note the cytoplasmic staining (arrows) in the superficial 
and parabasal layers indicating the presence of GAPDH rnRNA. (Onginal 
magnification, X 500). 



Figure 8 Photograph of e t h i h  brornide-stained electrophoresis gel, viewed under UV light, 
showing the amplification products of solution RT-PCR tests performed on the 
clinical samples, panels B and C, as weli as on SHa,  panel 4 with E6-specific 
primers. In panel 4 the right lane shows a band of about 430 bp(iodicated by the 
arrow) corresponding to E6 ORF of the 123 pb ladder in the le& lane. In panels B and 
C similar bands were seen in the ri& Ianes. 



Figure 9 Light rnicrographs showing the distribution of E6 protein; sections of a condyloma 
acuminatum fiom an immunocompromised patient subjected to Unmunohistochemist~ 
with monoclonal antibodies. Note the signal (identified as a brown precipitate) is 
mainly localized to the parabasal and basai layers (B and C respectively), and a faint 
signal is also seen in the superficial corneal layer of the epithelium (A). (Original 
magnification, X 250). 



Figure 10. Electron rnicrograph o f  a ce11 in the spinous layer of the epithelium of a condyloma 
acuminatum fkom an immunocompromised patient. Note the presence of HPV-like 
particles (arrowheads) with a mean diarneter of 54 nm within the nucleus. ( X 
17,250). 



Figure 1 1. Electron micrograph of  a ce11 in the spinous layer of the epithelium of a condyloma 
acurninatum kom an irnmunocompromised patient. Note the presence of HPV-like 
particles (arrowheads) within the nucleus, and the scarcity of giycogen granules within 
the cytoplasm. ( X 1 1,850). 

Figure 12. Electron micrograph of a cell in the basal Iayer of the epithelium of a condyloma 
acuminatum fiom an immunocompromised patient. The nucleus is devoid of viral 
particles, and prlvcogen manules (arrowsl are rPA11mi f l  5 1 



Figure 13. Electron micrograph of a ce11 in the spinous layer of the oral mucosa fiom an 
immunocompetent patient. Note that the nucleus is spherical with a somewhat 
indented nuclear membrane. Within the cytoplasm there is an abundance of 
rnitochondria (m) and glycogen grandes (arrows). On the perip hery of the cells t here 
are numerous fibrillar extensions that connect to adjacent cells. (X 1 1 ,  850). 



Discussion 

Evidence fiom many studies points to the role of specific HPVs, particularly the "high nsk" 

types 16 and 18, in the development of malignant lesions. The role of KPV infection in 

carcinogenesis was clearly demonstrated in genital and cervical cancers. HPVs were detected in 

up to 90% of malignant anosenital lesions, rendering HPV infection as the main risk factor in the 

development of these cancers (Zur Hausen and De Villiers, 1994). Since the oral mucosai epithelium 

is histologically and embryologically similar t O that of genital tract, it would be reasonable to assume 

that HPV may also be a risk factor in the development of oral malignancy. Such an association has 

not been established previously in the oral cavity, although severai studies have attempted to 

establish the prevalence of HPV in oral squamous ce11 carcinoma. The results of previous 

epidemiological studies were inconclusive, due mainiy to the limited number of lesions examined in 

each study. However, when combined, previous studies suggest that arnong the varÏous HPV types 

detected in oral lesions, HPV type 16 appears to be more prevalent in oral epithelid dysplasia and 

S CC (reviewed by Miller and White, 1 996). 

Our studies have shown that HPV 16 DNA was expressed in 57% of the oral neoplastic 

(premalignant and malignant) lesions investigated. As far as the author is aware, there are no 

comparable studies in the fiterature to support or refute this finding, since many investigators did not 

look into the ûanscriptional activity of HPV 16. Instead, they focussed on detecting the HPV DNA 

only, for ample ,  a study by Ostwald et al (1994) detected HPV (16, 18,6 and 1 1) in 62% of the 

oral squamous ce11 carcinomas examined. In another study (Balaram et al., 1995), HPV 16 was 

detected in 42% of the oral cancer lesions taken fiom patients who habitually chewed Betel Quid and 
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cured tobacco leaves. In order to elucidate the role of HPV 16 in malignancy, one should look into 

the viral activity using the viral mRN& which rnight serve as a good indicator of prognostic risk in 

immunosuppressed individuals. Therefore, Our findings are more significant in that they are more 

indicative of viral activity in the host. 

If a role for HPV in the disease process is to be inferred frorn epidemiological audies, then 

one must look into the frequency of the virai detection in normal tissue relative to rhat in oral lesion. 

To this end, Jalal el al. (1992) have examined samples of normal oral mucosa of hedthy volunteers 

and found a surprisingly high ( 43%) occurrence of HPV 16 in the normal mucosa. This study, 

however, foaissed on d e t e h g  the virai DNA using late genes and failed to Iook into the expression 

of the &y viral gens which were shown to play a more relevant role in neoplasia. Moreover, other 

studies have indicated that the incidence of HPV in the normal oral mucosa is in fact higher in areas 

immediately adjacent to the overt lesions than in remote sights (reviewed by Miller and White, 

1996). 

The reported prevaience of HPV types 16 and 18 in oral lesions varied widely (Watts et al., 

1991; Shroyer and Greer, 1991; Shindoh, 1992; Woods et al., 1993; Mao et aL. 1996). In one, yet 

unsubstantiated study, tonsiIiar carcinoma was found to harbor HPV DNA in almost 100% of cases 

( Snijders et al., 1994). The wide range of reponed frequencies rnight be attributed to difFerences 

in 1) the methods used, and 2) the Wa sequences targeted for detection. Beside the large variations 

in the fkequency of HPV types found, further deficiencies in previous studies were 1) the small 

number of lesions araminecl in each study and 2) the lack of consideration given to the possibility of 

viral integration. The latter would be more important in view of the fact that episornai form of the 

*s, as opposed to the integrated form, might not be detectable in advanced lesions. Thus, many 



studies aimed at detecting the episomal fom in the oral lesions might have underestimated the 

significance of the role of HPV in the development of more advanced ( d g n a n t  ) lesions. However, 

we believe that in our study the relatively high HPV fiequency in premalignant and malipant lesions 

is accurate because ofthe high sensitivity of the RT-PCR reaction, the specificity of the primers used, 

and the aMilability of undegraded mRNA (as found in our controls with GAPDH-specific primers). 

In our shidy, the benign lesions, including condyloma acuminatum, vemca and papilloma, 

were found to express E6 gene abundantly in the parabasal and upper layen of the epithelium, as 

it was reported in benign cervical lesions (Durst et al., 1991 and Nuovo, 1994). In Our 

premaiignant and malignant samples, as well as in high grade cervical lesions, E6 mRNA was also 

detected in the basal layer, albeit in a fewer nurnber of cells. These observations are consistent with 

the view that in benign Iesions the levels of viral RNA and DNA are controlled by the extent of 

differentiation of celis within the epithelium, i.e. in low grade Iesions the transcnption of the early 

genes is ina& in highiy differentiated cells; but in more advanced lesions the interplay between 

cellular transcription factors and the recognition sites within the LCR of the virai DNA (which 

contain binding sites for these fàctors) is altered in such a way that expression is ultimately enhanced 

(Reviewed by Fuchs and Pfister, 1994). In our study, HPV E6 was detected not only in SCC but 

&O in dysplastic and severely hyperplastic lesions. Therefore, Our study suggests that viral infection 

might play a role, perhaps as a cofactor, in the early stages of the progression from the benign to the 

premalignant stage. 

In this study, the detection of HPV 16 by RT-PCR and hunohistochemistry was consistent 

with the demonstration by transmission electron microscopy of viral-like particles of 5 5 pm in 

diameter in the parabasal layers of the epithelium. The detection of the viral particles in this StraNm 
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of the epithelium may be acwunted for by the fact that in this layer L1 and L2 genes (encoding 

capsid p r o t h )  are bghly expressed (Durst et ai., 1992; Stoler et d, 1992). Conversely, in the basal 

layer, where the capsid proteins are not synthesized, viral particles were not detected. However, the 

absence of viral particles on the electron micrographs does not preclude the possibiiity of HPV- 

infection, or the existence of the viral genome in either the integrated or the episomd form. It was 

also observed that in the HPV-infected cells the glycogen granules were reduced and the 

mitochondria were dimpted. These observed changes are likely part of the viral cytopathic effects. 

The presence of E6 gene expression in some of our samples as detected by in siRr RT-PCR 

was confmned by using monoclonal E6 antibodies. However, the low level of detection (1 1%) by 

immwiohistochemistry can be attniuted to several factors. First, in malignant lesions not al1 the E6 

tmndpts  are translated into fidl length E6 protein ( Nlsson et al., 1996). It is also conceivabIe that 

fixation and processing of the tissues may have adverse effects on the epitope of the E6 protein. In 

fact, the antibodies that were used in this study are refatively new, and their binding eficieiciency has 

only been tested in vipo. Another point to consider is that the E6 protein, like the E7 protein has 

a shon half-iife and thus rapid degradation might reduce its detection by immunohistochemistry in 

Our samples. 

In this study, it was demonstrated that the imrnunocompromised group showed a higher 

number of samples expressing the E6 HPV gene than that found in the immunocornpetent group. 

These hdings were supporteci by the quantitative r d t s  at the individual ce1 IeveI. A higher number 

of cells expressed the E6 gene in the samples of the immnuocompromised group. Therefore, it 

appears that immunosuppression plays a signifiant role in the expression of E6 gene in oral 

neoplastic lesions. 



The prevdence of HPV in genital mucocutaneous lesions was s h o w  to increase with the 

progression of irnmunosuppression (Chergwin et aL, 1995). Immnuosuppression, as a resdt of HIV 

infection or treatment with hi&-dose or long-term irnmunosuppressive medication, clearly 

predisposes to HPV Uifkction HPV-induced oral lesions (papillomas) have been reported in both 

non-HIV immunosuppressed patients (Obalek, 1992) and HW irnmunosuppressed patients 

(Greenspan et al., 1988; Sy@en, 1989). Concems about the risk of developrnent of epitheliai 

malignancy in HPV-induced Iesions in immunosuppressed individuals have been reported recently 

(Regezi et al., 1994). Our data clearly indicates that HPV 16 E6 expression is more frequent in the 

orai lesions of immunosuppressed individuals (92%, p=0.008). To the best of our knowledge, such 

a h d h g  has not been demonstrated previously. However, the role of multiple infêctions with other 

HPV types, and with other vinises, has been considered. This was shown in a study by Volter et al 

(1 996) where the presence of HPV types 7 and 32 were demonstrated in 67% of the biopsies of 

benign oral lesions from HIV-Uifected patients. 



Conclusion 

This shidy has provideci M e r  insights into the epidemiology of HPV 16 and the dynamics 

of eariy gene acpression in premalignant and malignant oral intraepithelial lesions. Our data indicates 

that in the epithelial exophytic oral lesions of imrnunocomprornised patients, HPV 16 E6 expression 

is more common and more Eequently associated with epithelial dysplasia than in imrnunocomperent 

individuah, and that immunosuppression plays a significant role in the expression of E6 gene in oral 

neoplastic lesions. 

Our study and future prospective studies are relevant to the establishment of prognostic 

indicaton in immunosuppressed patients presenting with HPV-associated lesions. With the advent 

of new therapies in the management of immunosuppressed patients, e.g. anti-HIV drug therapies in 

AIDS, the life expectancy of patients with AIDS and that of organ transplant recipient is expected 

to be considerably higher. It is Wrely that in patients who live longer, more advanced HPV-associated 

lesions would be detected more frequently. It appears that HIV patients with multiple oral epitheliai 

exophytic lesions would have to be treated more aggressively than immunocompetent patients. 

Furthemore, the proposeci study is motivated by the promise of fùture treatment modalities based 

on anti-HPV vaccines (e.g. Domelly et aL, 1996) or by blocking the activity of oncogenes (Steele 

et aL, 1993). However, in order to establish a firmer association between HPV and the progression 

of oral cancer, prospective studies in a large patient population are required. The direct causative role 

of HPV 16 in the development of oral neop!&a rernains to be estabiished. Our study is the first to 

explore the d a t i o n  of oral neoplasia with a "high-risk" HPV infection at the individual cell Ievel 

using primers relevant to early virai genes. 
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Ap pendix 

4% Uranyl Acetate 

1% Osmium Tetroxide 

Osmium tetroxïde 
DistiUed water 

Reynold's Lead Citrate Stain 

tead citrate 1.33 grn 
Sodium citrate 1.76 gm 
Boiled and cooled distfied water 30 ml 

After shakllig the contents intennittently and vigorously for 30 minutes a heavy white precipitate 
wiU form. Add 8 ml of IN sodium hydroxide and dilute to 50 ml with the boiled and cooled 
distillecl water, mixing the contents by repeated inversion of the flask untii the precipitate is 
dissolveci (pH 12) 

Trizma base (Sigma) 121.1 gm 
Distilled water 800 ml 

Adjust pH to 8.0 with approximately 42 ml of concentrated HCl. BNig the volume to 1000 ml 
with disüled water. 

Tris-Acetate EDTA Buffer 50 X (Tm) 

T h  base (Sigma) 242 gm 
Glacial acetic acid 57.1 ml 
0.5 M EDTA 100 ml 

Bring the volume to 1000 ml with glas distiiied water, and dispense into 500 mi bonles 



Tris-Borate-EDTA 10 X (TBE) 

Trizma base (Sigma) 
Boric acid 
0.5 M EDTA (pH 8) 

Bring the volume to 1000 mi 

Tris-EDTA (TE) Buffer 

1 M Tris-HcI, PH 8.0 IO ml 
0.5 M EDTA 2 ml 

Bring the volume to 1000 ml with distilled water. Dispense into boales and autoclave for 15 
minutes. 

Trypsin 1 X (0.25%) 

10 X Txypsin (Fiow Laboratories) 1 0 ml 
1 M HEPES Buffer (Sigma) 1 ml 
Modifieci Hanks BSS 90 mi 

Adjua pH to 7.4 with 1 N sodium hydroxide, and keep refiigerated. 

Ethidium Bromide (10 mg/ml) 

Ethidium bromide 1 gm 
Distilled water 100 ml 

Keep refkigerated and protected from light.lJ% agarose gel (total volume 100 ml) 

vitra Pure DNA grade Agarose (Bio-Rad) 1.5 g 
IX TAE buEer 100 ml 

Bring to boil on a burner, intermpt occasionaly to swirl. Cool slightly, add 5 pl 10 mglml ethidium 
bromide and pour into gel tray. 

Glyceraidehyde-3-phosphate dehydrogenase (GAPDE) primer sequences 

Primer 1 CATCTCTGCCCCCTCTGCTGA 
Primer 2 GGATGACCTTGCCCACAGCCT 
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