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Introduct ion

Although several epidemiological studies show that the cutaneous genus beta

HPV types are present in non-melanoma sk in cancer (NMSC), their d irect

involvement in th is d isease is st i l l under debate. Mult ip le infect ions without a

prevalence of spec if ic HPV types have been detected in NMSC, in addit ion DNA of

genus beta HPVs are of ten found in healthy sk in. The character izat ion of the in

v itro propert ies of the vira l prote ins, E6 and E7, is a val id approach to predic t the

potent ia l carc inogenic ity in v ivo . In this thes is, we descr ibed a novel method to

determine the ef f ic iency of E7 protein in target ing the tumour suppressor prote in, a

key event in cel lu lar transformation induced by the mucosal high-r isk HPV types. In

addit ion, we have character ized the biological propert ies of E6 and E7 of mucosal

and cutaneous HPV types using in v i tro and in v ivo models.

The aff inity of E7 for pRb is a indicator for the carcinogenic potent ial of a

HPV type

The carc inogenic act iv i t y of HPV16 E7 is explained in part by its abi l i t y to

assoc iate wi th and induce degradat ion of pRb, the product of tumour suppressor

gene ret inoblastoma, which is a centra l regulator of cel l cyc le (Tommasino and

Jansen-�� ��� � ���� �� � ��� � ��� � ���� �� �� �� � ���� � �� ����� � ��� �� �� ���� �� � �� � ���� � � � ��� �

G1/S checkpoint and uncontro l led prol i ferat ion. Three amino ac ids located at

pos i t ion 22, 24 and 26 in HPV16 E7 form the core of the pRb-binding s i te, LXCXE

(Tommasino and Jansen-��� �� � ���� �� � � �� ����� �� � � ������� ��� � � ��� ���� � � �� � �� �� �

much lower af f in i t y than the LXCXE mot if has been ident i f ied in the C-terminal

region of HPV16 E7 (Patr ick et a l. , 1994). So far a l l ident i f ied high-r isk HPV types

can assoc iate wi th pRb with high ef f ic iency and target i t for degradat ion. In

addit ion, the E7 prote ins of low r isk HPV types 6 and 11 weakly interact wi th pRb

and have much less act iv i t y than HPV16 E7 in several in v it ro t ransformat ion

assays (Storey et a l., 1988; Munger et a l., 1989) . Therefore, the abi l i t y of E7 to

assoc iate with pRb appears to corre lated with i ts in v ivo carc inogenic act iv i t y.

We developed an in v i tro plate- b inding assay, which al lows quant i f icat ion of the

af f in i t y of d if ferent E7 prote ins for pRb (Chapter 2) , in contras t to other methods

such as yeast two- hybr id or GST-pul ldown assays. We also showed that th is assay

of fers the poss ib i l i t y to perform a simul taneous analysis of several prote ins and

can be eas i ly adapted to the analys is of other prote in- prote in interact ions.

We tested the assay us ing E7 prote ins f rom several HPV types, which have a

dif ferent pRb binding motif . The fact that HPV10 E7 has low af f in i ty for pRb,

whereas HPV16 and 38 E7 have high af f in i ty for pRb, corre lates with the pr imary
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structure of their pRb-binding mot if (Chapter 2). As the binding of E7 with pRb can

be ef f ic ient ly inhib i ted by compet i t ion with a short pept ide conta in ing the LXCXE

motif i t is c lear that th is domain is the main player in the interact ion of E7 with

pRb.

I t has been shown that mutat ions or delet ions in the core pRb-binding s ite

abol ish the abi l i t y of HPV16 E7 to assoc iate wi th pRb and to induce cel lu lar

transformat ion in v itro (Phelps et a l. , 1992) . Our data with the E7 proteins with a

dif ferent amino-ac id sequence at the pRb binding s ite show that indeed loss or

subst i tut ion of one of the amino-ac ids L, C or E a pos i t ions 22, 24 and 26

respect ive ly, leads to a reduct ion of af f in i ty for pRb. This is fur ther conf irmed by

the inabi l i t y of pept ides with a subst i tu t ion of the centra l C to A to ef f ic ient ly inhib i t

HPV16 E7-pRb interact ion. Interest ingly, a l though both HPV60 E7 and HPV48 E7

have a dif ferent amino-ac id instead of the C in their pRb binding motif , HPV60 E7

is able to assoc iate wi th a higher ef f ic iency to pRb than HPV48 E7. HPV60,

however , has a less conservat ive subst i tut ion (C->A) than the lat ter (C- >S) in the

pRb-binding domain. This would indicate that other E7 domains might play a ro le in

the assoc iat ion with pRb and that HPV48 E7 lacks these domains. I t is l ikely that,

as descr ibed for HPV16 E7, the other E7 prote ins also have the low af f in i t y pRb-

binding domain located at the C- terminal region. Further analysis of the C-terminal

region of the dif ferent E7 prote ins is required to support th is hypothes is .

Degradation of pRb and inact ivat ion of p53 are necessary for the
transforming activ ity of a high risk HPV type

Using the assay descr ibe above, we have determined the pRb binding af f in i t y of

E7 from HPV32, a benign mucosal type (Chapter 3). The E7 prote in of HPV type 32

displays a high af f in i ty for pRb, but , in contrast to HPV16 E7, is not able to induce

its degradat ion. Giar ré et al . have repor ted that degradat ion of the ret inoblastoma

protein by HPV16 E7 contr ibutes to an ef f ic ient overcoming of the cel l cyc le arrest

imposed by overexpress ion of the cyc l in-dependent k inase inhib itor p16 INK4a

(Giarré et al ., 2001). In agreement wi th these data, we have obse rved that HPV32

E7 does not promote G1/S progress ion in the presence of ectopic levels of p16INK4a

(Chapter 3) .

Although HPV32 E7 can successful ly t ransform immortal ized rodent f ibroblasts

(Caldeira et a l . , 2000), i t is not able to promote prol i ferat ion of pr imary human

f ibroblas ts. Thus, the abi l i t y of a spec if ic E7 to bind pRb with high af f in i t y does not

necessar i ly correlate with its in v itro t ransforming act ivi t y. Similar conc lus ions

were reached in previous studies us ing E7 from other HPV types (Ciccol in i et a l. ,

1994; Schmit t et a l ., 1994; Giarré et a l., 2001) . Several s tudies on HPV16 have

shown that the transforming act iv i t y of E7 is great ly increased in pr imary cel ls by
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the presence of E6 (Halbert et a l . , 1991; W atanabe et a l. , 1989). The E6 prote in

f rom the high r isk HPV type 16 is able to bind and degrade p53, and thereby

abrogate the p53-mediated apoptot ic and quiescent events (Mantovani and Banks,

2001). HPV32 E6 is unable to associate wi th p53 and promote i ts degradat ion. In

agreement , we observed that induct ion of cel lu lar stress by Act inomycin D led to

cel l cyc le arrest and apoptos is in cel ls express ing HPV32 E6, whi le HPV16 E6

POFs continued to pro l i ferate. These phenomena observed in HPV32 cel ls

correlates with high levels of p53 and the cell cyc le inhib i tor p21C I P 1 /W A F 1, a p53

transcr ipt ional target. Together , these data show that HPV32 E6 is not able to al ter

the funct ions of p53.

In agreement wi th their inabi l i t y to target pRb and p53, HPV32 E6 and E7 were

not able to immorta l ize pr imary human kerat inocytes. I t has been descr ibed that

the HPV32 induces benign les ions, which do not progress to mal ignancy (Syr janen

and Syr janen, 2000). Thus, our in v itro data corre late wi th the in v ivo benign

features of HPV32.

The genus beta HPV type 38; a high risk cutaneous HPV type?

Non-melanoma sk in cancer (NMSC) is the most common mal ignancy worldwide.

Several f ind ings from exper imenta l systems in v itro and in v ivo have shown that

u ltravio let l ight (UV) plays a direc t ro le in sk in carc inogenes is (Almahroos et a l. ,

2004; Hussein, 2005). In addit ion, a subgroup of the epithel io- tropic human

papi l lomaviruses that belong of the genus beta of the HPV phylogenet ic tree may

co-operate with UV in the development of NMSC (Pf iste r , 2003). The potent ia l

carc inogenic role of these HPV types was in it ial ly suggested by studies on

indiv iduals wi th a genet ic d isorder termed Epidermodysplas ia verruc iformis (EV).

The EV pat ients are suscept ib le to genus beta HPV infect ion and squamous cel l

carc inoma development (SCC). However, very l i t t le is s t i l l known about the

oncoprote ins of the EV HPV types. In it ia l s tudies on HPV5 and 8, the types most

f requent ly detected in EV pat ients, showed lower in v itro t ransforming act iv i t y of

their E6 and E7 compared with the oncoprote ins of the high- r isk mucosal HPV

types (I f tner et a l. , 1988, Yamashita et a l. , 1993). However , transgenic mice

express ing the enti re ear ly region of another EV HPV type, HPV8, under regulat ion

of a kerat in 14 (K14) promoter develop tumours spontaneous ly (Schaper et al . ,

2005).

Recent ly i t was shown that the EV HPV type 38 displays in v i tro t ransforming

propert ies (Caldeira et a l. , 2003). HPV38 E7 inact ivates pRb and induces loss of

G1/S trans it ion contro l wi th ef f ic iency s imilar to HPV16 E7. In addit ion, HPV38 E6

and E7 can immorta l ize pr imary human kerat inocytes that are natura l ly infec ted by

the virus, suggest ing a role of HPV38 in sk in carc inogenes is (Caldeira et a l. ,



General Discussion

91

2003). To conf irm the carc inogenic potent ia l of HPV38 in an in v ivo models , we

have generated transgenic mice express ing the HPV38 E6 and E7 genes under the

control of the bovine promoter- enhancer region homologous to the human K10

promoter (Bless ing et a l. , 1989). The transgenic animals, expressing HPV38 E6

and E7, display smal l hyperplast ic and dysplast ic areas on their sk in. In addit ion,

imunohis tochemistry revealed that cel ls in the epidermis were more prol i ferat ive. A

similar phenomenon was also observed in HPV16 E6/E7-Tg mice, in which E6 and

E7 express ion was under the contro l of the same promoter as in the HPV38 E6/E7

animals (Auewarakul et a l . , 1994). Despite the increased prol i ferat ion, the HPV38

E6/E7 animals , in contrast to HPV16 E6/E7-Tg mice, do not have a dif fuse increase

of epidermis th ickness. Thus, i t appears that HPV38 E6 and E7 proteins are less

ef f ic ient than HPV16 E6 and E7 in promot ing morphological a lterat ions of the

epidermis when expressed by the K10 promoter. As the E7 prote ins of HPV16 and

HPV38 in v i tro have s imilar ef f ic iency in degrading pRb and deregulat ing the G1/S

trans it ion (Caldeira et a l . 2003), other E6 and/or E7 intr ins ic proper t ies may be

respons ib le for the dif ference observed in the sk in of the transgenic mice. HPV16

E6, but not HPV38 E6, has a PDZ- binding motif a t the C- terminus, which mediates

interact ion with several PDZ partners, inc luding hDLG, hSCRIBBLE, MUPP1, and

MAGI (Mantovani et a l. , 2001) . Thus the dif ference between HPV16 and HPV38

transgenic mice may be expla ined by the inabi l i t y of HPV38 E6 to target these

cel lu lar prote ins. In agreement wi th th is hypothes is , i t has been previous ly shown

that Tg mice express ing an HPV16 E6 mutant that lacks the PDZ- binding mot if d id

not show any epithel ia l hyperplas ia, in contrast to mice express ing wi ld-type

HPV16 E6 (Nguyen et a l., 2003).

As UV exposure and espec ia l ly UVB is considered a r isk factor for the

development of sk in cancer (Lee et a l ., 2003) the interp lay between UVB and HPV

has to be cons idered in the development of sk in cancer. UV exposure can cause

DNA damage, leading to a rapid accumulat ion of p53 and cel l cyc le arrest. Indeed,

we observed a strong up- regulat ion of p53 and decrease of pro l i ferat ive cel ls in

non- transgenic animals upon UVB treatment . In terest ingly, we found that cultured

human kerat inocytes express ing HPV38 E6E7 and the kerat inocytes in the sk in of

HPV38 E6E7 transgenic animals have high levels of p53 before UVB treatment

(chapter 5 and data not shown) . Despite these high levels of p53, the cel ls in the

epidermis of transgenic mice and cultured kerat inocytes express ing E6 and E7 from

these HPV types appear to be unaf fected and cont inue to pro l i ferate. This indicates

that p53 funct ion has been impaired in cel ls express ing HPV38 E6E7. Indeed, we

show in Chapter 5 that HPV38 is able to al ter the p53 transcr ipt ional funct ions and

thus prevent apoptos is or cel l cyc le arrest . In addi t ion, the p53 regulated CDK

inhib itor p21WAF1, is not accumulated in the epidermis of HPV38 E6/E7 -Tg mice

before or af ter UVB treatment (Chapter 4) . This p21WAF1 down- regulat ion in HPV38
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E6/E7-Tg mice may be due to p53 inact ivat ion by the vira l proteins. Al ternat ive ly,

HPV38 E6 can repress p21WAF1 transcr ipt ion by alter ing p53- independent pathways,

as was shown for HPV16 E6 (Malanchi et a l. , 2002; 2004) .

I t has been proposed by Jackson et a l. (2000) that accumulat ion of the pro -

apoptot ic prote in Bak plays an important ro le in the induct ion of apoptos is in UV

damaged kerat inocytes. The E6 prote ins f rom several cutaneous HPV types can

bind and target Bak for degradat ion, a feature shared by the high- r isk mucosal HPV

types 16 and 18 (Thomas and Banks, 1998; 1999 Jackson et a l., 2000) , and thus

prevent Bak induced apoptos is. We show that transgenic mice express ing the E6

and E7 from HPV38 do not accumulate Bak upon UVB irradiat ion (Chapter 4) .

In summary, HPV38 E6 and E7 oncoprote ins appear to overcome any ant i-

pro l i ferat ive ef fects induced by UVB irradiat ion. These propert ies are benef ic ia l for

guaranteeing viral DNA repl icat ion in sun exposed cel ls and, more impor tant ly, i t

m ight lead to accumulat ion of DNA damage and fac i l i tate the development of sk in

cancer .

HPV 3� ��� �� ������� �� ��� ��� ����� ��������� ����������� ��

Although HPV38 E6 and E7 together are able to immorta l ize pr imary

kerat inocytes the mechanisms employed are c lear ly d if ferent f rom high-r isk

mucosal HPV types. The pr imary carc inogenic potent ia l of the E6 prote in of the

high- r isk HPV type 16 is cons idered to correlate wi th its abi l i ty to target and

degrade the tumor suppressor protein p53 (Schef fner et a l . , 1990). HPV38 E6

however , l ike the E6 proteins f rom HPV5 and 8 (Steger and Pf is ter 1992; Jackson

et a l., 2000) , does not induce degradat ion of p53 (Caldeira et a l. , 2004). Instead,

express ion of HPV38 E6 and E7 leads to stabi l izat ion of the cel lu lar prote in in

pr imary human kerat inocytes as wel l as in t ransgenic mice (Chapter 5). In tumour

cel ls , p53 mutat ions of ten result in protein stabi l izat ion. Therefore, to exc lude the

poss ib i l i t y that p53 stabi l isat ion observed in HPV38 kerat inocytes might a lso resul t

f rom an acc identa l mutat ion in the TP53 gene, we sequenced exons 2 to 9 and

conf irmed a wi ld -type sequence. The p53 accumulated in HPV38 E6E7 express ing

cel ls have a spec if ic phosphorylat ion pattern and appears to have impaired

transcr ipt ional funct ions. Accumulat ion of wi ld type p53 (Chapter 5) would normally

resul t in up-regulat ion of several cel lu lar genes and cel l cyc le arrest or apoptos is .

None of these events were observed in HPV38 kerat inocytes (Chapter 5) .

In terest ingly, th is form of p53 is able to selec t ive ly act ivate the transcr ipt ion of a

gene encoding �Np73, an isoform of the p53-re lated prote in p73 that inhib i ts the

capac ity of p53 to induce the transcr ipt ion of genes involved in growth suppress ion

and apoptos is. This up-regulat ion of p53 and �Np73 is direc t consequence of
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HPV38 E6 and E7 express ion. In fact , inh ib it ion of HPV38 E6 and E7 express ion by

shRNA leads to downregulat ion of both p53 and �Np73 (Chapter 5).

�Np73 has been shown to be able to antagonize the transact ivat ion funct ions of

p53 by compet ing with p53 and bind p53 respons ive elements in the promoters of

p53 respons ive genes (Mel ino et a l., 2002) . Indeed, in HPV38 E6E7 kerat inocytes,

ChIP analysis shows that �Np73 is able to bind the promoters of PiG3, a p53

respons ive pro-apoptot ic gene. Interest ingly, �Np73 down-regulat ion by an

ant isense ol igonuc leot ide leads to transcr ipt ion react ivat ion of p53-regulated genes

and apoptos is (Chapter 5) .

Clear ly, the ro le of �Np73 in alter ing the suppress ive ef fects of p53 in HPV38

E6/E7 cel ls is important for mal ignant conversion and protects the cel l against p53

mediated apoptos is . This hypothes is is suppor ted by the fact that �Np73 displays

in v i tro t ransforming act iv i t ies (Petrenko et a l., 2003) and is up- regulated in many

human cancers (Concin et al ., 2004; Zaika et a l. , 2002).

In summary these f indings i l lus trated a novel mechanism of HPV-mediated p53

inact ivat ion. However, many quest ions remain to be answered. I t is not c lear yet

how HPV38 E6 and/or E7 stabi l ise p53 and modulate i ts act iv i ty and why p53

spec if ica l ly transact ivate the expression of �Np73. Most l ikely the answers to these

quest ions l ie in the part icu lar s tatus of p53 upon stabi l izat ion by HPV38 E6 and E7,

which indeed s ignif icant ly d if fer f rom that of p53 upon stabi l izat ion in response to

DNA damage.

Cutaneous HPV types and their role in skin cancer

The causal ro le of HPV in sk in cancer has been under debate due to the dif f icu l ty

in ident i f ying a potent ial h igh- r isk cutaneous HPV types. The presence of mul t ip le

HPV types in any given sk in tumour and the weaker act iv i t y of the oncogenes E6

and E7 of the cutaneous HPV types in target ing p53 and pRb, respect ive ly, have

been major obstac les in the ident i f icat ion of a potent ia l cutaneous high r isk HPV

type. We and other groups have ident i f ied some HPV types from the Beta group

that can alter and inf luence the cel l cycle and thus contr ibute to the development

of cancers . In addi t ion, the data avai lable also show that the mechanism employed

by the cutaneous Beta HPV types for immorta l izat ion is dif ferent f rom the wel l

studied mucosal h igh r isk HPV types.

Indeed, s tudies on HPV les ions and sk in cancers indicated that the presence of

the viral genome may not be required in the later stages of carc inogenes is in these

tumours (Weissenborn et a l. , 2005) . This mode of act ion is c lear ly d if ferent f rom

that establ ished for mucosal high- r isk HPV in cervica l cancer , where E6 and E7
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express ion is constant ly required for maintenance of the neoplast ic phenotype of

the infec ted cel l .

As the sk in is a lso constant ly exposed to a number of s tresses and poss ib le

carc inogens i t is a lso probable that cutaneous HPV types co-operate with these

factors in the malignant convers ion of sk in cel ls . We have shown that HPV38 E6

and E7 alone are not as ef f ic ient as HPV16 E7 and E6 in induc ing morphological

a lterat ion, yet i t appears to co- operate bet ter wi th chemical carc inogens in the

induct ion of sk in cancers (Chapter 4) . In addit ion, our s tudy provides several l ines

of evidence that HPV38 can co-operate with UV in the induct ion of NMSC.

From our and other studies it is evident that infect ion with HPV increases the r isk

for development of sk incancer. The mechanism of transformat ion and other

addit ional fac tors play an impor tant ro le in the development of sk in cancer and a

new scenar io for the ro le of EV HPV in NMSC pathogenes is, such as a "hi t -and -

UV exposure
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Figure 1 Model for UV and HPV co-operation in the development of non-melanoma skin cancer.

A.Exposure of normal skin to UV leads to accumulation of DNA damages that in turn activate several defence

mechanisms. Cell-cycle arrest can be immediately induced in order to allow a cell to repair its damaged DNA

before subsequent replication. Alternatively, if the UV-induced DNA damage is too large to be repaired,

apoptotic cascades are activated to remove damaged cells from the proliferating pool of the epidermis. In a

small percentage of cases, UV exposure may results in accumulation of mutations in key genes encoding

tumour suppressors and/or oncoproteins leading to the establishment of neoplastic cells.

B.When UV-mediated DNA damage occurs in presence of HPV infection, cell cycle and apoptosis regulation is

corrupt by the viral oncoproteins E6 and E7 in order to guarantee the completion of the viral life cycle. These

virus-mediated events greatly increase the probability that skin infected cells will evolve towards malignancy. It

is possible that, after the establishment of a neoplastic cell, the presence of the viral E6 and E7 oncoproteins

is not necessary for the maintenance of the transformed phenotype. In addition, immunosuppression will allow

the persistence of viral infection increasing the probability of tumour formation.
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run" mechanism (Figure 1), needs to be cons idered. However , the development of

sk in cancer is a long and mult i-step procedure and addi t ional s tudies are required

to fu l ly understand the ro le of HPV and other factors in NMSC development.
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