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:.A  Ccomparative study ‘was made of the regulatory &lements
cnhhcenlpr_omngen) of human - papillomavirus (HPV) types 16,
18 and- 1. This was accomplished by inserfing “the honcoding
g region (ncr) fragment - of Jach viral type imm{iia;ely upstream

of the . chl heni (CAT)'| gene" in the

pSVIlCAT plasmid to test for 'pmmcltcr function and igto the

enhancerless pA10  CAT * plasmid “to | test . for ;“'nhnnccr_ function.,
", In ths memner, the - nonéoding/Tegens of HPV! 16 18 dnd. 11-

were- shM to canmin‘ cnhn‘ncerr and/or pr(':'mg‘ner .iunct.icn. ]EI

ve " were localied to ‘315 bp, 230 bp, and 213 bp' fragments,
* respectively. Cnmpari_s‘on of lhe_.: DNA ~ V:e‘quenee rhumn!ogies’ of )

the viral enhancers indicates that the HPV 16 and 18 enhancer

elements are  closer -in— sequence homulo‘y_”!han_fcid'%lfﬂl’vv-‘fﬁ

or 18 is to the HPV 11 enhancer. Enhancer activity of the ncr .

of these viruses wu_tu(e"d-forvapmﬁiuln in several cervical

and nonceryical cell lines. The sequenu; relatedness of' these

HPV ’ncr_s cor»resp(;nds‘ to the differences  in " -cell spel;iﬁciliel

observed - among the - HPV* 16, 18, and 11 enhancer .elements. '

HPV ‘16 and 18 enhancer activity, is .resticted o cervical

epithelial cells, “wheréas ‘the . HPV 11 enhancer appe‘an ‘1o be
ucl!vc. in a :videi range of cell lines. The conditional enhancer b
A § : 4 -

EmLer t e

5 = / .
addition, the  constitutive {‘enhancers of .HPV. 16, 18,  and 11. -

e L




3 repressed by thc 57,_’
pene produc! of ‘HPV 16., Tram-ncuvahon ﬁz is,' med:lmedl
thrungh the E2 bmdmg motif un HPV - enhancer plasmids with
Aa“hetemk\sgnux but not wnh a_ homuologous promoter. -
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CHAPTER'1
ey . . -
s INTRODUCTON

Pqpillomuv;mses are’ small donblé-slrsndéd DNA  viruses
which came“'benign epfgelial tumors or warts in humans  and
in a varety of animal species (a5, Hausen, ' 1977, Lancaster
and - Olson, 1;5) A subgroup of the ‘hum‘an'/papi[lcmavimses
(HPV - types - 6 - and 1) are associated, with benign * lesions 'of
extornal * genitalia while ‘the HPV tpes 16, 18 31, 33, and 35

are - known to be aSsociated with cervical lesions which ° can

' .prog “tb - mali ir _This  recent correlation
between  HPV types , 16 and 18 and - human _cervical carcingmas
has - spurred ‘a great. deal of interest ’ dy the molecular

biology : of . these vmna The initial = step in studying the
" moleculaf - genetics of these -viruses was achieved by cloning

-and sequencing DNA  isolated from  various papillomatous

the function and regulation of viral genes. In this thesis, I

have. ,made a comparative ,slud'y of “the -regulatory elements

" tissues. © S i igations - have mii.nly on

. 2 .
(enhancers/promoters)  found  in the noncoding regions  of - HPV ..
16, 18, and 11 °Special = emphasis ' has been placed on the cell
type  specificity of the HPV  enhanéer elements. This work also

‘ . deals ~with .the regylation  of enhancer and -pl;omoter elements

. HPV "16, 18 and 11 by cerain “virl (HPV 16)  gene




11 Genome organization of Papillomaviruses

r s
Papillomaviruses are _ classified as members of‘ the
papovavirus _ family along with the mouse & polyomavirus, thev
monkey | simian vacuolating virus 40 (SV40), aml'l lbc human BK
aandv IC viruses (Melnick, 1962; Melnick et al ' 1974). The
genomes of papillomaviruses consist. of% closed circular  double-
stranded DNA molecules which ‘;re considerably. larécr thian
‘!hat an polyomaviruses  (approximately ' 7900 " bp . versus
approximately 5250 bp). Furthermore, “the gennmcs uf the
papillomavirus _and . SV40/polyomavirus .groups bear virtually no
‘similnrily in ‘\(helr genetic ‘organization or sequence. ' In the
past, papxllommruses “have received little attention i;x ‘terms
. of * molecular. vn'ulogy due to -lack of host #cells - which will

s’pporl tlé propagation of ,lhese vnruses m cultur: Using

% DNA )l we ' are bepnmng to  understand
ho:w the papillom;vims genome is ofganized, expressed, and
regulaged : : , :

* DNA sequence - ‘data '*»gf ten different . papillomaviruses have
shown * a' notably | uniform - organization of " the viral genome.
) Most of the . majui‘ open . reading vfl\a‘mes (O_Ri’s; 1 putative )
protein  coding sequencu') are located in  similar positions and
all are . located on a single strand of viral DNA in the same

direr.lion.:_ Until receml.y, functional  analysis of - papillomavirus’




‘study of .

genes ‘was | Ingely .r‘eslriét.cd; 1o the -bovine
plplllomnviml type'-l (BPV 1)-encoded transc:iﬁu from
transformed rodent célls ‘and from productively infected cells
c'zf the viral-induced fibropapillomas in cattle (Baker and

Howley, 1987; . Engel et al, 1983; Heilman et al, 198

Nakabayashi -t al, 1983). " Viral genes involved in cell |

transformation and plasmid. replication have been mapped to a
BPV 1 fragment enmmpming 69 % nf the viral genome. This
early or E rcglan of BPV 1 contains exghz ORFs, namely El. to
E8 (Ducs 1983).  The remaining 31 %, »‘?L( the  viral
genome, referred to 'as the late region,. contain two largé

. QRFs, L1 and- ‘L2, which 'pmjle for the m"'o} structural

polypeptides of the virions (Orth aid Fawre, 1985  Pilacinski

et al, 1984). Five early ORFs (El, E2, E4, E6, and E7) and the
two  late “ORFEs appear' to have - equivalent elonnt:rpam in all
papﬂlomavn’nscs seqnenned to date. \

genome  organization, the papillomavnm;es have been classified

into 'ﬂvuee (gmilies‘ displaying tropisms ‘mostly for human
genitals  (eg. HPY. 6, 11,16, and' 18), skin (eg cottontail rabbit
papillomaﬁrus (CRPY] ~and, HPV 1 .and 8), ;nd animal
‘broblasts (g BPV 1 and  the - deer papjllomavirus; * Cole  and
Danos; ‘_1987). No gross differences . in v{the ) overall  genome
ior_gam'za!inn ‘.were, observed among the - genital HPVs.
Comparison of the genome olganiulic;n (see Figure 1), uf HPV
16 .(Seédorf ot gl 1985) to that of HPV 18 (Cole and Danos,




tnome . organtzation of -HPV' 16,

e

'rs, and 11,

This g's. a linear map of ?.he circular - HPV genome. ' The . map
is arranged in a standard | format with the  noncoding - region ¢
on the right and the emy\ region on the left. The early.(E)
and late (L) -region open i'eading’ frames (ORFs; putative
" protein cod;ng scqucnces),‘i shown for .each }’qad@g ﬁ:x'm:,'
are repres¥med by open lioxes. Thesd * ORFs- were identified .
by oohiparing HPV 16, lé‘, ahd 11 sequences  with o(‘he;-
papillomavirus', secjuences_ (Cole« Annd Danos, 1987;. Dartmann et,
al, 1986 Seedorf et al, 11935). The scale, in kilobases, is

- indicated" by ‘marks “ on the geriome maps ~and the. total length
5ok " « . ‘ cT
(in base pairs) is.shown on the right..

; o - o
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©1987) and HPV 11. (Dartmann et al, 1986) reveals. that the ﬂl
. . s’

ORF ‘of HPV 16 is split into two ORF_&, each of . which has , =

homology te portions, of , the E1 ORFs of the othery

papillomaviruses. This clone * of HPV™ 16 was isolated from ' a

genogu;v: library of oan invasive cervical carcinoma, thus
=

»
that this DNA may have been mutated before or

during its integration into the hostdechromosome(s) (Durst et
al, 1983, le'Zb). Analysis  of HPV 16 leA isolated from other
cervical _tumor - cells revealed an extra 'guanine at nugleotide
1138.indicating that in HPV 16 from most sources the' E1 ORF
is intact (Baker et al, 1987 Matsukura et o'ef, 1986). This
suggests that - the genome organizafion of HPV 16 (ie. the El

ORF) is similar to the other human genital papillomaviruses. It

.would seem that differences in tissue ‘tropism,  pathogenicity,

and  host range’ of these genital papillomaviruses may involve
changes in their regulatory sequences or subtle alteration in

the coding region sequences; both of which may modify viral

gene expression. K

12 Control régions of Pnpillomavhses
-

’All of the . ten papillomaviruses  sequenced to date have a°

single (from 454 bp for HPV 8 to 979 bp .for ‘HPV 1)

‘nonooding. region  (ncr) cxicnding between the stop codon of

L1 and “the first ATG 'co.dun of E6 At the late region end of

this - noncoding régiim‘ there. "is a purine <+  thymidine-rich




region (G_+ Terich for genitalgppapilomaviruses; A + Gerich for -,
skin papillon;avirusés and fi rbpabi]lomaviruses) "of variable
vle:gth (Cole ‘and Danos, 1987). This segment contains, in -all
papiliomaviruses, the polyadenyiation signal  for ﬁunscripts
from the late region (Amtmann and Saver, 1982; Chow et al
1987a; 1987b; Nasseri and Wettstein, 1984). In BPV 1,, this
region has-been " shown to harbor an origin of replication
referred to as the plasmid maintenance sequences or PMS-1
(Lusky and Bo;chan, 1984; Waldeck-- ¢t al, 1984) and a promoter
for the transcription ‘of the late genes (Bakcr and Howley, -
1987). The early region pro)drﬁnl ‘segment of the mnoncoding
region con’(ains' several repeats of the papillumavirus-éﬁgbific
‘scqucnc; (ACCQN.;CC:GT) positioned between (for genital
papillomaviruses) and immediately upstream (for all

papillomaviruses) of the typical )} p

(TATA and CAAT-like vboxes). In  human genital

papillomaviruses the middle segment of the ncr (upstream  of
ACCGN4CGGT) contains* a variable sequence of about 200 *bp_
long (Cole and Danos, 1987). Cole and Streek i1986) have
reported a 78 bp duplication in this region of HPV 33. Due ‘to
the size, position, and arrangement of they 78 bp répeats in
the HPV ?3 genome, .these authors s‘g.gest’ that the repeats
may function as’ enhancers of viral gene expression. Indeed,
enhancey activiy has been localized to this region in several
human genital' papillomaviruses - (Chow et al, 1987¢; Cripé et al
1987;‘ Rando ¢t al, 1986a; Swift - gt al, 1987; Thierry and Yaniv,

1

>
L]




)

“their protein p h izgd (.

LA i :

19.87; Thierry ¢t al ,19873)_. Immediately upstream of  this
enhancer  region i" other rei)eal of the . papi!lbmgvirﬁs-’
specific sequence, ACCGN4CGGT; (h‘ese highly  conserved
motifs are known to be involved ,in the transcriptional control’
of papillomaviruses (Haugen™ et al, 1987, Hirochika et a],‘ ‘198'8,
Spalholz et ﬂL 1987). ‘A]tllongh the early region proximal’
portion of the noncoding region s MEth conserved (&bedally
among  genital papillomaviruges), homology éludins have shown
that the ncr is one of the most * variable regions even amnﬁg

related i ‘uasa. h‘l‘hc possi iati

tissue  tropism and  these is-acting y (ies
enhancers) will be dicussed in later sections.
1.3 Papillomavirus protein I'nn(;ﬁnn

Al
-~

The BPV 1 transformed mouse CI27 and NIH 3T3 cells have
been useful in defining the functional organization of the viral
genome. For instance, cell transformation and _plasm‘id

replication  functions have been mapped to certain early ORFs

‘by in vitro dissection and mutagenesis of _BP{’ 1 DNA. Two

separate  transforming g‘enes, E5 and E6 were identified and

; phy et al, 1985
Burkhaidt et al, 1987, DiMaio et al, 198§; Nakabayashi et al,
1983 Sarver o al, 1986 Schiler et al, 1984, 1986 Yamg et al,
1985a).‘ ,Similar  studies. ha‘ve indicated that the El1 ORF of BPV

1 is essential for plasmid 'replica(ion and  maintenance (Lusky




°9

\
ORF ' was shown to be required - for stable plasmid maintenance

and for efficient transformation (Lusky and Botchan, 1985;"

"Rabson et’ gl 1986 Sarver ot gl 1984). Spalhok et al (1985)
rc‘ccvn_lly damh;strat‘cd that the full-length BPV 1 E2 ORF
encodes a transcriptional trans-activator that is involved in
viral gene expression. '}‘his ix.xdicatcs that. the role of thé E2
gene  product in Wid maintenance and transformation is
indirect; activation of the conditional enhancer element
(ACCGN4CGGT) leads to increased expression of critical viral

replication and  transformation genes (Rab;on “ect al, 1986 Yang

et "al, 1985b). i the X s portion of the
E2 ORF product has been shown to possess a repressor
function (Lambert et al, 1987; Cripe et al, 1987). A plasmid
expressing  the puiativev repressor = region inhibits cellular
transformation 'b},' BPV 1 DNA (Lambert et al ’1987). The
authors suggest that « this inhibition results from E2  repressor
m_ediate;‘l down-r:iulatioh of viral gene expression. No
identifiable function has been assigned to the E3, E4 or E8
ORFs using 'this m vitro transformation system  (Neary et al,
1987 ;' Schiller et al, 1986). ’

" Similarities he’(wee‘n papillomavirus g‘enome.y size and

organization have fostered the tendency to ascribe properties

d with a i  papi irus (ie. BPV 1) ,to all

viruses. In ,some situations the human and animal

‘papillomavirus "ORF  products seem to . share functional

and  Botchan, 1985, 1986). In addition, the integrity of the E2




10,

holﬁology. For instance, recent studies have assigned

ing and t i i to- p fram
the HPV 16 and 18 E6 and E2 ORFs (Bedell ¢t al 1987; Cripe
et al, 1987; Matlashewski ¢t al, 1987).- These functions are
similar to those identified for the analagous BPV 1 encoded
proteins (Spalholz et al, 1985, 1987; Yang et al 1985a).
Alternatively, the ES5 ORF, although important for
transformation by BPV 1, is not homologous to _the
corresponding ~ regions of other papillomaviruses except HPV

6b. Indeed, " some papillomaviruses do not have an equivalent to

the BPV 1 E5 ORF and for those that do it is not known . if

the E5 ORFs of these papillomaviruses encode protein

products.  Regulation of gen\e expression in  both human and

animal papillomaviruses appc‘ars to involve: differential
splicing, Aseleclio’n“ of ome of the two polyadenylation sites,
and/or differential selecl‘ion ‘of transcriptional start j siles. .
(promoters).  Preliminary studies suggest that this differential
mRNA transcription and processing vary among _{hcse
papillomaviruses. Therefore, further RNA and protein
characterization studies are required to fully understand the

life cycle of this medically important group of viruses.
1.4 Papillomaviruses and diseases’

Papillomaviruses have been identified in warts from many

animal  species. Animal papillomaviruses  induge three types  of

I




: ; i1 . ' .
 lesions: X (i) papillomas, - which* are ‘benign tumors derived from
the cpithelium; (2)  fibropapillomas, which contain in addition

* to épitl\elial-dcrivcd cells, fibrous ' connective tissue; and (3)

R ’ .
fibromas, which .consist mainly - of fibrous connective tissue .

oo

(Green, 1985; Lancaster and

i Olson, 1982). Three animal papillomaviruses have been °shown -

L3
»
, to be oncogenic in their natural host. These include the above .

mentioned  cottontail rabbit papillomavirus along with the
bovine  papillomavirus  type ‘4 (BPV 4) and the multimammate
mouse  papillomavirus  (MnPV). The cottontail rabbit (Shope)
papillomavirus  (CRPV)- was the- first oncogenic DNA virus to
be isolated and  characterized (Shope and Hurst, 1933). Shope's
subsequent  investigations ' provided a new  and ‘fascinnting model
R ‘of a' namraliy occurring  virus-induced , neoplasm  (Shope, 19.35)
in  which tumors either pcrsk(e\d as ~ benign papillomas, '
P regressed  completely, or progressed to . metasgasizing
carcinomas  (see  Kreider et al, 1980). Kidd and Rous  (1940)
also” provided evidence for the development* of carcinomas ,
under natum! conditions  in cmlo;uail rabbits. In-. 1978, ‘Ja.rr;u'
“and “his  colleagues r:‘:pnned 4the development  of BPV. 4-induced
;limcn!aw - tract and _urinary bladder " cancer in cattle. -In

addition, Muller and Gissmann . (1978) jreported that MnPV, ‘a

papillomavirus~ endemic in ‘the multimammmate mouse is

B associated with skin tumor formation. N i .

Few - papillomaviruses can  cross the ., host = barrier. However, -

several- - papillomaviruses . are . capable  of inducfng fibroblastic
B . ‘- . ' .

A
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tumors’ in hamsters and - of |ramfom1ing' the rodent  tissue

cu‘lf’ure cell lines C127 and NIH 3T3. This * subgroup ' includes
the  bovine papillomavim‘ses BPV 1 and ‘BPV_) 2, the sheep '
papillomavirus, and the deer papillomavirus. .

About 50’ types - of human papillomaviruses (HPVs) have " been
l:nolccularly cloned  from epithelial lesions. A qéw type s
defined as a virus isolate - exhibiting less than S50 % DNA
homology with known HPV types, as determined by DNA-DNA
hybridization under stringent conditions it liquid phase
(Coggin and zur Hausen, 1979). Also, for many of fthese  types
a specific pattern of . macroscopic and microscopic lesions has
been established. ‘

All " human papillumnvimsé’s‘ described to date .induce
epithelial  proliferations or __»;vgns. The clinical ,significance of .
warts is determined mostly by their location,. the infecting
virus type,- and by factors relafing to the host. A° wart on the
skin is most often a benign self«li;'niling tumor  which
regresses  after a .pen'od of time. Warts may ' occur at any
location on the Vskin, but certain sites are favored. Warts
morphology . is .also variable. 'Al.though the  correlation -,bet'.wecn
wart morphology and inf;:cting virus ‘type is ‘not clcé;,‘ .v
preferential aésnciu(iun Lof l‘-lPV 1 with deep plantar warls,l
HPV. 2 with common warts, and HPV 3 with flat skin wa;tg
has been demonstrated (Piistcr et al, 1980; Shah, 1985).

: It .is geﬁemlly believed  that infccl'ion\ with ‘some of the

vitus_ types, in~ combination with host ~and envifonmental
.- : ’ .
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. . - factors may lead to malignancy. - Presence of HPV DNA, RNA,
and/or . protein - in ' these. - lesions has lead to the belief that
_ there is a between and

" .
malignant - carcinomas. 'an “such clinical conditign is the
familial skin disorder plasi iformis (EV). . EV

is a genetic disease ch i by

Skin warts erising during chidhood and “by a high sk for
developing skin cancer later in Iife.. The development of skin
warts  into 'cam:ercus lesions is known to require sunlight
(ultraviolet light) as ‘a cofactor. HPV types 5 and 8 and rarely
other types “have  been reported to be associated © with  this
squamous .ca‘rcinoma, of the , skin, although patients -with EV
.eommonly reveal infections , with up to 15 additional types of
pspillomaviruses *(Kromsdorf- et * gl 1982, * 1983 Orth et al 1979,
. 1980 Osttow et ol 1982 Pfiser o al, 19811983 Yusudo gt
oot al, 1585). Cancers arlsing from  this ‘wndilion' represent m

le of i i between a  specific virus

infection and physical carcinogens  such as ultraviolet light
(reviewed by zur Hausen, 1987).
HPV antigens andor HPV DNA have been demonstmed in a

' high  proportion - of bcmgn (condylomas), premalignant’ - and.

malignant tumors of the cervix. This suggests that these

. veoplesia (Boshart ot al 1984 Dust gt ol 198% ' Gissmanri _ gt
" Coal 1983 Lancaster n ll. 1983): Sut'ncqu.endy, it has been

shown that specific HFV types- were associated with benign

v L Aok

i vmlsr.s may play a’ pivotal role in the pathogenesis of cervical




; o
and ‘malignant lesions, raising the ° possipility. that lhg virus *,

type may be an impoftant factor in malignant conveision. HPV

types 16 and 18 are ‘_prescnt in 70 to 8 % of :invasivc

squamous cancers of the cervix, - vulva, and penis and -in the

3 .

higher grades of cervical intraepithelial neoplasias (CIN 3;

Boshart et al, 1984; Durst et al, 1983; Pater ¢t al, 1986). In
3 ’

contrast, HPV t;pes 6 and 11 .are more often associated with

benign genital warts (Gissmann et al, 1983) .and also with
laryngeal (Gis:\iman.n et al, 1982, 1983)‘ and = nasal invc)r'
papillomas (Respler et al, 1987). The .condylomas usually rémain
static ~ or regress whereas the higher grade CIN lesions
virtually never regress and ‘a‘ certain  proportion  will e\(;ilve
int6 invasive lesions. ) . '

Studies of cells -that carry the 'HPV DNA are. rcvea;ling how
the virdses ‘may _contribute to cancer develop‘menl..,The
lihysﬂica] 'sm(e of HPV DNA in i gcnital‘ l?s.ions " has hfen 5
examined by Southern blot hyridization.. In condylomas,. HRV 6
and 11 DNAs are present c#(rachron’msomally, whereas, in
carcinomas,, HPV 16 and 18 -DNA are frequentfy found
covalently associated with the -host cellular DNA. -This suggests
that viral DNA has been integrated. into host _DNA. HPV 16
and 18 DNAs have been found integrated into the * chromosomal
DNA from severs] ‘cervical cell lines ~(Boshart et &l 1984
Pater and Pater, 1985 Schwarz et gl 1985 Yee oial- 1985).

Integration may. be one of the ~steps on. the road to

malignancy. This is supported by obsqwa_liqnﬁ that HPV DNA




exists

Extinnhroﬁmsomally in" precancerous | cerv‘ al - cells
shﬁv{ing early ‘si‘gns‘ of ' abnormality - (Crum et ol 1984; st gt
2l 1985; Pyter gt zl, 1986). B :
Integration . appears “ to occur . at , random sites in the host
genqme. -However, in’ thé cervical cell lines Hela and CH,
papillomavirus DNA is integrated in regions of the. human
genome  that are near the c;llular protooncogene  ¢-myc  (Durst
et gl 1987a). In both of these cdl lines, cmyc expression is
elevate'd: rclniv‘e’ to that in SiHar and SW756 cells, which do
fot exnibit integration of papilomaviis DNA in the  vaciity
of -c-myc. Funhenﬁorc, integration  of- thc‘ HPV  enhancer into

host chromosomes . has the ability to . alter the expression of

/the adjacent  cellular gené pap-1 i(Swift et al, 1987). The

relationship of this eclevated gene expression. and  progression

of HPV-associated genital tumors to malignancy is unclear.

of p ," irus DNA i i patterns _ has
consisteﬁtly» shown - disruption " of the early région thereby
joining  thg—-ORFs* B6, EJ, and "El to. dgwnslream host  cell
sequences (Schwara et al, 1985). HPV 16 and 18 RNA
g;ansm'pts have been defected in both tumors and ‘tumor cell
lines; (Baker et al, 1987; Schneider-Gadicke B;1d Schwarz, . 1986;
Schwarz . gt 'g], 1985; Smnt_kin and Wettstein, 195_6; Yee et al,

’1985). Schneider-Gadicke and ° Schwarz = (1986) have reported
“that ‘most or [even all of the HPV 18-positive mRNAs

transcribed in“,HPV 18-containing carcinoma cells are

'differcmi.ally spliced hybrid \ranscripl‘i that are composed of
. X .




. vty e s
terminal _viral . sequences . (E6, E7, andfor E1) and * 3terminal

host cell sequences. The 3'-terminal ~ host sequences - are

© different for each cell line. This suggests that "these - particular
host scqyen::es may not ‘play a role in tﬁmqﬁgencsis;r instead =
their role. may be to stabilize the TnRNAs coding - for the early
region viral proteins. These viral proteins ~may be xeq\‘lired 'fcr 1
'thb‘ ¢‘ of the i For HPV 16 and '
18, splicing generates a “new ORF, designated E6* (Schneider-

Gadicke * and ( Schwarz, 1986; Smotkin and Wettstein, 1986); HPV
6 .and 11, however, do not contain the rcquimd" splice donmor ___
‘and acceptor  sites  (Schneider-Gadicke and Schwarz, 1986). 5
HPV 18 [E6* polypeptides- have been detected in HeLa cell
extracts by monoclonal antibodies (Sneidcr-Gadicke, Kaul,
Gausgpohl, Schwarz, Frank, and Bastert, ir{ -abstracts  of _ papers
presepted at the Sixth International Pal;i]lomavirus >W0rk§hop,
'1987). It would seem’ ‘that this protein :hay be at least
partially responsible for the differential pattern of.
pathogenicity observed by the - fwo genital papillomavirus
groups (HPV 6/11 versus HPV 16/18).

Interestingly, the * E7 gefe product is the most abundant
protein in cell lines containing HPV 16 and 18 DNA (Seedorf
et - al, 1987; Smotkin and Wettstein, 1986). Also reported ' by
Seedorf "¢t al (1987) was the presence of the E6 and -E4 -gene
products .in HPV  16-containing cells and the .presenoe’ of * the .’
:_El-eﬁcoded gene product in HPV 18-containing- cells. The E7

protein - of BPV '1 is *involved in the maintenance of plasmids




while the BPV 1 carbcxytermmal E1 "ORF

product is | re for i Jn transformed .

mouse cel!s (Lusky and Botchan, 1985, 1986); the BPV. 1 amino

at high eopy numbcr

terminal E1 ORF cncodcs @ factor which acts as a modulator
of »vira]/DNAf repln:auon (Lusky and Botcha‘n, 1986;' Roi}cm
and Weintraub, i986). Some of these viral proteins may not be
required, “for ' initiation or mdintenance of transformatione .

However, the - localization of the transforming function of HPV

16 and 18 to proteins from the EG6/E7 region of the integrated t

papillomavirus genome (Bedell et al, 1987; Matlashewski et al
1987), does indicate a role of the HPV E6 and E7 proteins’ ‘in
transformation. .

% . ¥
The E6 -and . E7 pmiein sequences are .poorly conserved

among papillomaviruses. This may’ account for some or all . of

the observed variability in the ;ncogenic ﬁotential of the -
'Vs. However, the E6/E7 gene products do contain regularh

spaced (Cys-X-X-Cys) cysteine deublcls,' similar to repeated

units described in a number of eukaryotic -nucleic acid’ binding

proteins (Berg ¢t al, 1985 Thus an attractive poss'bility s

that the E6 and !%; ORFs encode nucleic  acid bmdmg proteins. i

Specific  binding - of the = E6/E7 .ORF pgene products to

chromosomal DNA may. be 'a' mechanism- by which HPV

mediated - transformation’ occurs. U i the

of viral gene expression and the regulatory roles - played by
these, viral proteins may shed light on the molecular

mechanisms of carcinogenesis by these viruses.

£
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15 lation of gene i
Defining  transcriptional regulatory signals represents - an
important step toward our understanding of - eukaryotic gene

expression. The transcriptional regulatory - signals generally

include (1) promoters, and gati y
clements at the DNA level, and (2) !mns-a:m'ng factors  which
interact with these DNA sequences to produce a negative and
positive  effect. A. promoter is generally comprised of cis-
acting sequences like the Goldberg/Hogness or K TATA box
(TATAATA) and one or Ynore ups-n-eam promoter °element (UPE)’
such as the CAAT box (GGCTCAATCT) or the GC - bok
"(GGGCGG). The ‘TATA box—and the UPEs are generally
required for accurate and. efficient initiation of - transcription
(Sassone-Corsi and Borrelli, 1986). *®

Enhancers  were originall)" identified in the DNA tumdr virus
Sv40 (Bnn!ﬁ?"g: al, 1981; M?reau et al, 1981). These cis-

acting DNA i ! transcription z.om
*

either, . homologous or .'heterologous promoters in an
orientation-independent manner (reviewed by Sassone-Corsi

and Bbrrelli, 1986; Serﬂing et al, - 1985a). However, the '

. between and UPEs is not always ' clear-
cut with ‘examples of each ‘type behaving * interchangeably.  For
example, the ‘immediate upstream region of the mouse

metallothionein  gene  which, when detached from its TATA box

and linked to & test géne, can act as an inducible enhancer




(Serfling ‘gt ' al, 1985b). In this thesis’ 'a. DNA' fragment ‘which [
stimulates * transcription from &  linked pfombter is referred 10

= as an enhancer. s o L b :
Negative regulatory ‘eloments (or silencers) . are cis-acting :
DNA of several cellular and

viral genes (Brand et al, 1955; Gorman et al, 1985 Nelson et
al, 1987; Rosen gt al, »19;5). Although not fully characterized,
some of thes_c negative regulatory elements have been reported
to repress gene expression in an ' orientation- and distance-
. independent manner (Baniahmad et al, 1987; Luimi[nsv et | al._‘ .
1986; Remmers ot gl, 1986). ’
Alfhough ™ enhancers ~ were identified seven years. ago (Banerji.,
_,;.,ﬂ_ al, 198i), ~the mechanism by which they aétivate
tmnscri].)tvion is. 'still unclear., There ris/ no extensive hnmulogy‘
among these elements, however a number of short individual
sequenceé motifs ‘or - core = sequences have been identified (a.nd
often repeated) in a number of enhancers. A plausible belief is
that the . interaction 'of cellular  trans-acting  protein  factors
with the core sequences is central to enhancer  function. In
fact, several lines of evidence indicate such protein/DNA
.‘iprcrnction. In vivo competition experiments pcrforxl;cd with 5
the” SV40  enhancer; xeveale(.i tha‘t "increasing amounts., of the
SV40 ¢ enhnnger (pSS/ZfNEO; SV40~ enhancer linked fo. the - NEO
gene)  decreased 'trnmcriptiun from  p§V2-CAT (SV:tO enhuxgoér,.
linked to  ‘the n i ¢ sferase. [CAT]  gene) s

indicating the presence of a limiting ‘amount of posiﬁve trans-
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acting | factors  (Mercola gt gl, - 1985;, Sassone-Corsi ot gl 1985
Scholer and Gruss, 1984; Wildeman et gal, 1984). Similar in yivo

experiments have indicated the‘ presence of a negative
{ - ! 5 - £
regulatory * factor(s) in  undifferentiasted EC cells which binds ) !
s At % 2
to viral enhancers (SV40' and MSV) .and negatively regulates

gene expression (Gorman et al, 1985). In ~ addition, jn vitro 5

.expcriments such as DNasel footprinting, .gel retardation,

dimethyl - sulfate g i and, i y

have provided evidence for such interactions. Further results

from competition experiments suggest that the SV40 enhancer §
(comprised of many core sequences) and factors that bind to®
it, seem - to be ihvclvet‘i in the establishment’ of stable

'transcriplional complexes - (Wang and ' Calame, 1986). A

qui of s pecific i between the enhancer,

UPEs and the TATA box for initiation from the _SV40 early
_promoter has been shown (Takahashi et al 1986). This
suggests that initiation of transcription may require the
furmati;m of protein/protein interactions -involving the DNA i

sequences from the enhancery and promoter region (see below).

Mark Ptashng, in an’ excellent review based on his work, .
attempted m'explain several models put forth to elucidate the \

mechanism  of enhancer function in transcriptional regulatioh.

In one such model (looping) Ptashne maintains that . proteins
. T

bound at widely separated sites act to regulate transcription

by contacting “one another, with the intervening DNA  looping

or binding to " dllow the protein/protein interaction.  If looping - i
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repressor  binding), positive ‘and negative control might occur
by 'brcteins \binding to “the complex or loop, thereby increasing
or the i of o i jon  with

the promoter (Ptashne, 1986). '

The SV40 enhancer has been shown to act in a wici\mvariety
\

of tissues and hosts. Many Other viral and cellular enhancers
.slmw a strict host an@" cell-type spef:iﬁcity. The
immunoglobulin  heavy chain (IgH) enhancer was the first
genetic element -identified to be expressed in a tissue spegiﬁc

manner (Banerji " et al, 1983; Gilles et al, 1983). Tissue-specific

expression of cellular genes has been proposed to result from

interactions between cell-spcific trans-acting factors with the

h 1 For i a B 1l-specific  protein
factor which binds to the octamer motif of the immunoglobulin
heavy chain gene enhancer, has been implicated in the tissue-

specific i of i bulin  genes (Rosales et al,

1987). Other. studies suggest that immunoglobulin promoter and
intragenic  sequences are also capable of mediating cell-
specific expression, independent of enhancer sequ'cncss
(Calame, 1985; Foster et al, 1985; Grosschedl and Baltimore,

1985). In fact, a sequence identical to the enhancer » octamer

sequence (ATGCAAT) is found upstream of the RNA' start site

of the immunoglobulin heavy and light ' chain genes. Earlier
reports identified more species of factors that recognize these

octamer motifs. One factor is present in all cells. whereas the

proves - to beba general l;henomenon (discussed maix:iy' for x
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other has been found only in B and T l‘ymphocytu‘(]al_:dolf ‘st
al 1986 Staudt et al 1986) Interestingly, Imler et .al (1986)

have , shown “that tissue-specific expression of the

immunoglobulin gene is at least in part controlled by negative

regulation in  nonlymphoid cells. The situation observed for the

of i i 1l-specific p i supports

v
the . modular i of ti pecifi gene P In’

this model, general and/or cell specific factors interact with ——

core q or ll-specific  motifs and in  effect
positively or negatively regulate gene expression leading to
|issue-§pecific transcription (reviewed© by Voss' et -ak. 1986).

The cell-specific factors® mentioned above may be confined to

cells of a specific tissue or Js stage. Al

as observed with the kappa chain gene enhancer, - these faclors‘

\w\ be present in many cell types in an inactive form and

have to be modified in some way (c.g. phosghowlatidn) before

they can bind specifically to 'the tissue-specific enhancer
.

(reviewed by Dynan, 1987;'Maniatis et al, 1987).
1.6 Statement on the research problem

Human  papillomavirus types 16 and 18 are associated with
the majority (70 to 80 %) of tumor and tumor cells of the
cefvix, whereas HPV 11 is associated predominantly ‘wilh

benign * anogenital warts. This strongly suggests a diiferemiél

role. for - these viruses in the of




 However, because of the lm;k of a tissue culture system ' that
can support the replication- of the HPVs, it is not well
understood  how  the gen;mcs of ‘these viruses are ‘expressed or
régulatad. Tt 'is, however, important® to study the gene
regulation of HPVs that are associated with carcinomas of the
’cervix in" order to increase‘ our understanding of the molecular
mechanisms of carcinogenesis by these viruses. ’
This investigation of . HPV 16, 18, and 11 transcriptional
regulation " was possible due to 4lhe avai]ébility of the pSV-
CAT (the bacterial ichloramph“eniwl acely‘hmnsierase gene
driven " by the "SV4D early promoter)  expression  vector  system
" (Gormen et ' al 1982). This technology provided a quick * and

simple assay of and p function: T
of the HPV non;:oding region/CAT  plasmids into “cell lines
derived from _ccrvilcal carcinoma  ¢ells (ie.. C33A, Hela, and
SiHa) generated an jn vitro system capable of providing
valua;ble i::formation on HPV gene regulation.

The objectives of this invesh'guu‘on‘ were:

1. To initiate 2 comparative study of and to characterize the
sequem,:e.s necessary for enhancet and promoter function of *
HPV 16, 18, and 11, ‘

2. To determine whether HPV enhancers and/or promdlers are
"expressed in a céll-specific manner. .
3 To ' further characterize th; regulatory  function  associated
" with the -early gene praducts of HPV 16 by studying how

these lgene products  regulate the enhancers and- promoters of
o N







2.1 Materials

J

Restriction were i " from  New England

Biolabs, R h L ies (BRL) or Boehringer

Mannheim. T4 DNA Ligase was purchased from BRL, Calf
reverse

intestinal ~ phosphatase (CP) from Boehringer-Mannheim
transcriptase  from  Life  Sciénces, and S1 nuclease from BRL.
. The foacti [Y4¢ pheni was P a: fjom Du
Pont while the acetyl coenzyme A, - lithium . was  obtained" f%@

th;n;acia P-L  Biochemicals. Flow Laboratories supplied the
tissue culture medium (Bulbeccc's Modified Media; - DME),
penicillin-streptomycin  (Pen-Strep), phosphate  buffered saline
(PBS) and “the trypsin-EDTA, while Bocknek Laboratories
supplied the fetal bovine serum (FBS). The T4 ligase S5x -premix
and some of v the restriction endonuclease, (10x  REact) buffers
v;'erc obtaired  from  BRL. The remaining restriction enzyme
buffers' and the  reverse transcripfase premix  were l'mﬂde
according to the: recipe from + the company. TheQCP 10x
premix  was. made according to Maniatis -(1982). The 10x S}
nuclease  premix .conmincd 50 mM NaOAc (pH 4.5), 150 mM
NaCl, 3 mM inClz' thi Hamada, personal | communic‘ation).
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The . plasmids -pSV2-CAT,pSVO.CAT, and pAIO.CAT were = kindly
provided by B. Howard while the HPV - 11, 16, and 18 plasmids
were obtained from L. Gissmanh and H. zur Hausen.

2.2 Recombinant vectors

@
Plasmid pSV2-CAT (Gorman et al, 1982 Figure 2), containing
SV40 regulatory sequences (promoter < and enhancer) which
control  the expression of the . linked bacterial - chloramphenicol

acetyltransferase  [CAT] gene, was used as the positive control.

The negative controls . were °~  pSVO-CAT and pAméAT; these .

‘plasmids are \ the vectors from which all HPV/CAT constructs
were derived. The pSVO-CAT plasmid s rived from pSV2-

CAT by the removal . of the entire cer and promoter
< 4

N ’ &
region“ (the PvullHindlll fragment of pSV2-CAT, Figure 2) of
SV40 “{(Gorman ef al .1982); -whereas, pPAIO-CAT is missing the

SV40  enhancer ‘sequences but retains the SV40 promoter

(Figure 2). The plasmid, pA10-CAT, containing the 2I-bp.

repeated  sequences and Goldberg-Hogness box coupled to CAT
was generated by joining the Sphl/BamH (bAT-:untaining)
fxggmem of -a pBR322 derivative plasmid With the Sphl /BamHi
fragment * of | pSVZ-CAT (Laimins o gl 1982). The Sphi site
was not regenerated, therefore a . Bglll linker .wns inserted _in
this sil‘e for  cloning ﬁhrposes' (Figure ~2). The CAT gene in
pAl&CAT will be active only if the inserted HPV DNA
fi i since the SV40




Figre 2. Physical . map of ‘the CAT recombinant ~plasmids:
PSV2:CAT, pSVO-CAT, and AIO.CAT. - ! .

v

p§V2-GAT‘ c‘oﬁl&tuins the ?llowing functional elements
(coumerclockwise from 12 o’clock on the _ci'rct‘la‘r map): the

AmpR 'éistron, the origin of replication from pBR322, the
SV40 early promoter region, the chloramphenicol
acetyltransferase  (CAT) g gend sequences, the SV40, small t

' antigen intron, and the SV40. early region polyaden&laticn
addition  site. -The ' SV40  regulatory region  (Pvull/HindIII) i; \
indicla'ted as two- boxes representing  the 21 ;Jp repeats and

two larger boxes representing -the 72, bp - repeats, while the

dow SV40 q are " rep by a double
line."’l:h‘e plasmid, pSVO-CAT was constructed by deleting the -
SV40  early —regionv (the  Pvull/Hindlll * fragment) frpm pSV2-
CAT and religating the plasmid after ‘the addition of HindIII
linkers (Gé[ma‘n et 5]_, 1982). = The plésr‘nid pA10-CAT,
.carrying the 21 bp repeated sgquences was geherated by
joining ~ the Sphl/BamHI fragment from a pBR322 derivative
plasmid with the Sphl/BamHI, fragment from pSV2-CAT  after
the addition of BgllI linkers (Laimins et al, 1982).

&l
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P is P For - assaying HPV' pn')moter

activity, - the HPV-pSVO-CAT plasmids "in reverse - orientation
were used as negative  controls since pSVO-CAT" gave high

background in some cell lines. This _high  background, which

’
has  also been observed by others, is probably due to cryptic
promoter activity from pBR322 sequences. .

23 HPV nnneodln.g reglnn_ constructs o

To analyze the potential transcriptional enhancer elements’

contained . within the noncoding region (ner)’ of HPV 16, 18

and ‘11, a Jlarge fragment corresponding to . the ncr of each
Virus - was cloned - into the plasmid = pAI0-CAT. ~This vector has-
a single Bglll site for insertion of 'ﬁmgmems to test for
enhancer  activity - (Figwe 2). To screen for the papillomavirus
promoter  (along .with  the . enhancer) seq’ncnces, the  ncr
fragments were also cloned into pSVO-CAT, which contains &
single l:lindlll site for insertionr of putative promoter

'/t,rngmnms. The HPV 16, 18, and 11 ncr fragment were

< sepirsted’ from the -vial coding region and pBR3Z2 DNA by

cleavage with -an appropriate  restriction endonuclease iol!awed
" by reverse lmhscr(plase or S1 n“uclea‘se ueatmént. The. " reverse -
transcriptase  enzyme . was used  to fil in the termini of DNA.
fragments  with  protruding 5‘ ends. Cleavage by ) particular
restriction  enzymes (l.el. Pstl) - created recessed 3’ ends; Sl

nuclease was used in these instances to remove the single
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strand tails from the DNA fragments thus producing blun
ends. Next, the blunt-ended fragments were: subjected to

electrophoresis  together with a marker for size - delermination.

The appi;upria\.le isize ﬁgmems' were ckcised from the ag;nue

(or polyauy!‘a’ﬁ:ide) gels ;nd subsequently isolated by

. lution.  The DNA was applied onto DES2

columns, washed with 1 x TE (Tris-EDTA), eluted by 5. M
[ “

NaCl, and - recovered by ethanol precipitation.  Vectors  were

prepared for ligation of the inserts as follows: plasmid vectors

pA10-CAT ‘and pSVO-CAT were digested with “Bg]ll and Hindll]_,‘

respectively, treated with reverse  transcriptase -and

ssubsequently  with  calf intestinal phosphatase (CIP). CIP’

treatment  was rcquired" to remove the < terminal 5’ phosphates
from .the Yends of the vector DNA such that the ]e_vel nf’self-
ligation is  diminished. Ligation of the vectors and inserts was,
in most cases, performed in 2 15 upL mai‘on overnight at 16
C. The ligsted DNA was then transfected into bacterial. HB101
competent cells and plated “on Ampicillin LB \plals - (Maniatis
et al 1982). The desied recombinant clone was .selected by
using a modification of the Bimboim and Doly (1979) method

for small scale DNA i S i was,

by restriction endonuclease digestion of this plasmid DNA
followed ‘by analysis on agarose ,or acrylamide ge“ls.
Recombinant pla!miéls were  propagated in HB101 cells using’ M9
" minimal media. After overnight amplification in the presence
of X 170 ug of chloramphenicol - per mL,  plasmid DNA was
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extracted using the lysis by alkah technique and  purified “by
centrifigation to equilibrium .in cesium cl_lloiidg-elhidium
bromide density gradients. These lar‘ge -ar.ﬂe plasmid ,
preparation procedures are outlined in Maniatis et*al (1982). A -
To . screen . for papiltomavirus enhancer and  promoter

1 large ining . the ing  regions “of

HPV 16, 18 and 11 (Figure 3) were insenez‘:l into the CAT
vectors, pA10-CAT and pSVO-CAT. The BamHI fragment (6‘929,
to 119; Cole’ and Dﬁnos, 1987) uf‘ the HPV 18 noncading regioft
was .S1 nuclease - treated and inserted into the Bglll  site ' of
- pA10-CAT, resulting in . the onstructs p8 . (+;  positive
orientation rcl’ative ‘to 'CAT) and p9 (5 negative ori‘entau'cr;'
relatiie ‘o CAT) and imo the Hindl sit¢ of pSVOCAT to
generate p29 (+) and pT-13 (). The HPV 11 ncr/CAT plasmids
were constructed by inserting the S1 nuclease treated
Dralll/SfaNI . fragment (7486 to i14; Dartmann et gl 1986) into
pAlD-CAT to generxite p6 (+)-and p5 () and into pSVO-CAT to
generate 'p2 “ (+) and pl4 (). The Il-IPV 16 © BamHI/Avall
fragment (6150 to 112; Seedorf et gl 1985) was treated with
reverse tran§criptase and ligated into pA10-CAT to produce,
plasn'u‘ds" p7 (+) and p4 ‘() and into pSVO-CAT to give pis (+)
- and p17° (-). The HPV-ncr-CAT constructs are " outlined in
.FigureQ(p 56). ’




By .
Flgnre: 3. Rest’rlc_tlon :ndunncle.‘se mlp’! of the noncoding
regions of HPV 16, 18, and 1.

+ The' diagram pre;ents a linear restricion map of the
noncoding region and surrounding _L1 and E6 open reading
frames. The  restriction enzymes are: A, Accl; Av, Avall; B,
BamHI; Bb, Bb:/l; Bs, BssHI; D, Dralll;, Hp, HphL; N, Ndel;
R, Rsal; S, Saul; Sf, SfaNI; Sp, Sphl; Ss, Sspl. The numbers

written  vertically from top to boftom represent recognition

site" (base pairs) for the various restriction enzymes

(abbreviated above).'

\







2.4 HPV enhancer constructs

The. PAIO-CAT vector was used to, locdie the smallest HPV .
DNA fragment with enhanc;r activity. The 'V 18 BamHI ncr
fragment was digested with Accl at )nucl:mide 7766 -to
generate’ two fragments (B‘amHlAch and  Accl/BamH). The
BamHI/Accl (837 bp) fragment was isolated, blunt-ended by
reverse transcriptase 'and inserted into ’the Bglll site of pAl0-
CAT to give the constructs pT-46 (+Figwe 10, p 61) ‘and pT-4
(). The HPV. 18 plasmid DNA was digested with SfaNI and
Accl and treated with S1 nuclease; a 347 bp fraghent (7419 to
7766) which contains an E2 i)inding domain  sequence was
isolated  and inserted into pA10-CAT to give pT-11, (+;Fiéum 6,
p 42 and Figue 10, p 61) and pT-2 (sFigure 6, p A2). The
BamHI/Accl fragment mentioned above was digested to
completion with- Rsal to give four fragments. These blunt-
ended fragments were inserledl ‘into pA10-CAT, and the
Pplasmids pT-§1 (+) and pT-18 () contéining the 230 bp Rsal
fragment (7508 to 7738) were isolated (Figure 10, p 61).

The HPV 11. enhancer plasmid was derived from p6 ¢+). This
Dralll/SfaNI-pA10-CAT  plasmid (Figure 4) was digested .with
.Saul, ﬁllcd' in by, reverse transcriptase and then  digested with
BamHI to generate two fragments ﬁth sizes 2007 bp and 4183
bp.  Similarly, pA10-CAT was digested with Bglll, followed .by
_treatment  with reverse transcriptase  and BamHI  digestion to

»
give two fragments "with sizes' 1832 bp and' 3799 bp.  The p6




igure 4. Comstruction ‘of ‘a- CAT/recombinant pilumlﬂ

T carrying the ~HPV 11 enhancer upstream of e SV40

* promoter. i
» g

The plasmid pT-‘2S carrying the HPV 11 | enhancer
. (represented by the thick solid line) upstream of the SV40
21 bp repeats and Goldberg/FMogness box was generated by
joining the Saul/BamHI t'ra;mcnt of p6 (the HPV 11
ner/pA10-CAT ‘plasmid) with  the Bglll/BamHI fragment of
PAI10-CAT.

©
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and pAIOCAT derived fragments were isolated and” the 1832
bp pAIO-C.AT fragment (containing CAT sequences) was ligated
0 the 4183 bp p6 fragment (containing pBR322 and HPV 11

.

[Dralll/Saul] q ) to g the
plasmid pT-25 (+). The plasmid pT-25 differs from p6 in that
the Saul to SfaNI fragment ini the p q

has been removed (Figure 4). Plasmid, pT-25 was digested to
wmplc(idn with Ndel and the 4110 bp fragment containing 213
bp (7657 to 7870) of the HPV 11 ncr and most of the pAl0-
CAT uquencgs .was isolated and self-ligated to genmerate . pT-1
(+; Figure 11, p 65).

The HPV 16 BamHI/Avall fragment was digested to

completion with Hphl to give three fragments. The middle 1340
‘bp fragment was S1 nuclease treated and inserted into pAl0-

CAT to give the ~enhancer glasmid pT-50 (+) (Figure 12; p 67).
Plasmids pT-3 and pT-69 are derivatives of pT-50 (Figure 5).
Plasmid pT-3 (+) was obtained by subjecting pT-50 to partial
digesti‘nn with, Sspl since there are lwo Sspl sites in the HPV
16 Hphl fragment (at 6551 and at 7224) and many sites in
pA10-CAT. The DNA was then digested with Sall and ° flush-
ended by reverse anseri The fi ini HPV

16 sequences ~from 7224 to 7778 along with most of the
upstream  sequencks  of pA’lO—CA’l‘ was * isolated and  self-ligated
to prod:lce pT;S, Similarly, the pT-69 (+) construct was
obtained by digenin.g pT-50 with Sphl. and Sall. The l‘ragl:lenl
containing HPV 16 DNA from 7463 to 7778 (315 bp) and most




Figure 5. Schematic ~diagram of HPV -16 " enhancer plnxmld‘

constructions. P

HPV 16 enhancer subfragments were constructed

removing  upstream ing region frg (rep

by

by thick solid lines) from the HPV 16*"enhancer plasmid,
50. The resuiting constructs, pT-69 and pT-3, contain
SphI/Hphl and the Ssp/Hphl enhancer fragments of HPV

respectively, inserted - in the Bglll site of the enhancerless

4

plasmid pA10-CAT.

&
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of pA10-CAT was blunt-ended by S1 nuclease treatment . and
self-ligated to generate pT-69. A - restriction enzyme map claf
the noncoding regions of HPV 16,. 18, and 11 is given in
Figure 3'(p 32).

.
25 Construction of plasmids to test the effect of progressive

deletions on the enhancer activity of HPV 18

The plasmid pT-39 (+) was constructed by insertion of the
BamHI/Avall (6929 to 56) fragment (blunt-ended by reverse
transcriptase) into the Bglll site of ﬁAlO—CAT. Similarly, the
BamHI/Bbvl (6929 to 7837) - fragment was treated with reverse
transcriptase  (resulting in an endpoint at 7854) and inserted
into pA10-CAT to generate the plasmid pT-33 (+').: The
positions of Avall and Bbvl in the noncoding region of HPV
18 are shown in Figure 3 (p 32) and in Figure 16 (p 98).

2.6 Consfructs containing the SV40 and HPV 18 enhancers

.
upstream of and downstream from the CAT gene

The 342 Isp Pwill/HindIll  fragment of pSV2-CAT = containing
the enhancer and promoter of SV40 (Figure 2, ;; 27) was filled
in “by reverse transcriptase and inssned into the Xbal (blunt-
ended by reverse transcriptase) site of pAl10-CAT to give
plasmids pT-51 (+; positive rclimc‘ to the direction of CAT




transcription) and’ pT-42  (-;Figure 6). Similarly, the §1

nucléase treated + 347 . bp SfaNI/Accl fragment of HPV 18 was
inserted into the Xbal site of PA10-CAT to - generate pT-53 (+)
a:ﬁi pT-52 (-;Figubrc: 6). Plasmids pT-11 (+) and pT-2 (),
mentioned earlier, have this 347 bp fragment inserted into the
Bglll site of pA10-CAT (Figure 6).

2.7 }mtr\wtion of plasmids to analyze sequences required
for promoter function of HPV 18

The HPV-ncr~p$V0-CAT plasmid, p29, was sybjected to
partial BssHII digestion since there are twq BssHII sites' in the
HPV 18 BamHI ncr fragment (af nucleotides - 7572 and 108;
Figure 3, p 32). The DNA was then digested to completion
with Ndel generating - four ‘fxagmens of sizes 694 bp, 1084 bp,
4460 bp and 4853 bp. The ends were modified by treatment
with re‘verse transcriptase  and  the largest fragment (4853 bp)
was subsequently isolated and self-ligated' to give pT-29
(Figure 7).  Plasmid pT-éQ has both enhancer and promoter
(7572 to /119) in the same orientation. Plasmid pT-4, which

contains & single BssHII site at nucleotide 7572 (HPV DNA),

was digested to completion with this enzyme, blunt-ended with
—=

reverse ' and q digested. with BamHI

p .
Similarly, p29 ' was- digested with Accl, filled in by reverse
transcri;‘:(ns;:. and then digested with BamHI. The resulting

fragments of pT-4 and_ p29 were run separately on agarose

’




Figure 6. Strategy for ' of

he SVA0 wad (EHNV 18 enhancers adjacent to and  distant
from the SV40 promoter. :

. .

The HPV 18 347 bp (SfaNI/Accl) enhancer fragment was
inserted upstream and downstream -of the CAT ~ gene gt the
Bglll qnd Xbal sites, respectively. Similarly the SV40
Pvull/HindIll fragment was' removed from the pSV2-CAT
plasmid and inserted downstream v_:)f the CAT gene in the
Xbal site (pT-42 and pT-51). The arrows -represent the
direction of the HPV ‘and sSV40 t@\_{:nccr frngmen{sl A, Accl;
Hi, HindIIL; Pv, Pvull; Sf, SfaNI.
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Plasmid p29” is a HPV 18 nulpSVO—éA‘l“ construct in  which
lhe’.HPV 18 enhancer and promoter are represented by two
thick arrows. The HPV 18 enhancer and promoter are in the
same -orientation as the coupled CAT gene in p29 (BamH[;
6929 to 119) and in pT-29 (BssHI/BamHL = 7572 .to 119). *
However, the pT-28 and pT-37 constructs have the HPV 18
enhancer -(BssH/Accl; 7572 to 7766). in the opposite
ori:nml@‘f‘ relative  to the HPV  promoter and SV40
promoter, respectively. Plasmid pT-4 has the HPV 18
BamHI/Accl fragment (6929 to 119) inserted upstream of  the

CAT gene (in the opposite oﬁenmtfon).
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gels. The pBR322 DNA segment together with HPV  enhancer
sequences of pT-4 (393 bp) and the CAT DNA together with
the HPV lpromoter sequences of p29 (1844 bp) were
clectroeluted and ligated to generate pT-28 (Figure 7). Also,
the same pT-4 fragment was ligated to a pAlO-CAT fragment

v to ¥ give pT-37 (Figure 7). This- pA10-CAT  fragment was

fom a Bgl/BamHl digestion with the Bglll ends (but

AR

not the BamHI ends) filled /m by reverse transcriptase

* treatment.

28 Construction of plasmids eximssing the HPV 16 E2 and E7
gene products

Plasmid pD—; (501 to 4334; Figwre 14, p 82) coniains intact
E7, El, E2 E4 and ES ORFs (pD-2 contains only part of E7
501 to 700 are missing; Figure 14, p 82) driven by the SV40
early promoter and wuses its own polyadenylation signal. These .
plasmids were constructed by subjecting HPV 16 plasmid DNA i
to partial digestion with Hpall. The DNA was then digesied to”
completion - with ~Saul. (The Hpall/Saul 3833 bp (pD-7) and the
3634 bp (pD-2) fragments -were isolated, blum-e:nded -with
reverse ;tnmcriptasc, and’ cloned into a pSV2-NEO ‘t_:'lerivative
(similnr to pSV2-CAT shown in Figure 2, p 27). Tl';is " pSV2-
NEO derivative ~was obtained by modifying pSV2-NEO
(Southern  and ﬁerg. 1982) by replacing pBR322 seql;ences }vith ‘.
PML (Nakshatri, Pater end = Pater, unpublished). This plasmid,
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pSVZNEO-pML, wes digested with Hindll and EcoRI, treated . %
s 3

- with reverse transcriptase and the fragment containing the

SV40 early promoter (342 bp) plus pML (650 to 4360; - Sutcliffe,

1979) was isolated and ligated with each’ of the above

mentioned HPV 16 DNA fragments.

Deletion mutants of E2 were constructed as follows.
Plasmids pT-57 and pT-48 (pD-7 and pD-2 derivatives,
respectively; Figure 14, p 82) were constructed by digesting
cach of the pD-2 and pD-7 plasmids. with Ndél which cleaves
HPV 16 DNA at nucleotide 3126 and 3761 and pML DNA at
2296. The resulting fragments were filled in by reverse
transcriptase and  the largest fragments were réliga!ed
together. The ¥ pT-57 and pT-48 cdnslructs_are missing 635 bp‘
of the ORF with the downstream sequences out of frame.
Th=s=4 Jyﬂslmm are  also missing the E4" ORF.- The plasmid
pT-20 contains .a 4 bp deletion generated by S1 nuclease
treatment of the BstXI site (2891). This 4 -bp deletion places
the remainder of E2 out of frame. These plasmids are outlined.
in Figure 14, p 82).. ’
>A brief de;cﬁplion of the plasmids wused in this study s

given in Appendix A (p 154).
3

29 Cell culture and transfection

bAfrican green monke& kidney CV-1 cells were maintained in

Dulbecco’s  modified .Eagle’s medium . (DME) with 10 % fetal




bovine  serum A and uupplemenled with  Pen-Strep (5000 TU/mL
penicillin; 5000 MCY/mL streptomycin). The human cervical cell
lines C33A, SiHa and Hela and the rhabdomyosarcoma cell

line, A204 were obtained from the American Type Culture
Collection and 'grown in the same medium as described above.
The cells were passed by aspirating the medium from the cells
and washing the cells twice with 10 mL PBS (pposphale
buffered saline without Ca or Mg). The cells were then
incubated in 15 to 20 mL of trypsinnEDTA for approximately
15 minutes at' 37 OC and then resuspended |n DME plus ‘10 %
FBS. The appropriate amount "of cell'medium mixture  was
added to 10 mL of the same medium. For transfection
experiments, cells were seeded at equal density such that all
plates contained approximately the same number. Cells, (60 to
70 % confluency) were fed with fresh medium 3 hours prior to
the addition of DNA. DNA transfections® were performed by
calcium phosphate coprecipitation (Gorman et al, 1982). Five
hundre¢ microlitres of a CaCly/DNA solution were bubbled
slowly into 500 pL g‘fl 2 x HBS (028 M 'NaChj 005 M HEPES;
28 mM NapHPOp, pH 7.1). This fine, cloudy precipitate was
" then carefully adficd evenly ta‘ the cells. For most éxperimen!s
a total of 20 ug of DNA was used per 100 mm dish (10 pg of '
test plasmid plus 10 pug of pUC 19 plasmid DNA). For
exp:rimen}s with  plasmids 'cxpressing the early ~genes of _HPV
16, a total of 25 pg was used (5 wg of test plasmid plus' 20
“g of plasmid expressing E2 andfor E7 ORF or -pUC 19 plasmid




DNA as control) Four hours after transfection . the cells were

carefully washed with serum-free medium and subsequently
exposed to glycerol (15 ml of 15 % glycerol in 1 x HBS) for 2
. n;imnes. The cells were then washed twice with °serum-free
. medium and incubated in DME plus 10 % FBS for 48 hours.
B i e

2.10 CAT assays -

Using i DNA . and cloning it -

has been possible to ligaté regulatory sequences upstream from
a pgene which is readily expressed and has an easily assayable
product.a Such a wvector system, developed by‘ Gorman and  her
colleagues  (1982), Tutilizes the ability of SV40 regulatory . and
other regulatory sequences (such .as HPV) to control the
F expression of the bacterial chlcl"amphenicol acetyltransferase

The CAT vector system, used in this ‘study to

: (CAT) g

measure ;);r‘omo!er and/or enhancer function in mammalian
tissue  culture cells, was chpsen for several reasons. First,;
absence of endogendus CAT enzymatic activities from
mammalian  cells, engures thdt 'the assay is easily interpreted;
secfmd‘, the assay simple, rapid, sensitive, and reproducible.
The transfected cell were harvested to assay the CAT
activily by washing me\".‘plales carefully "‘three  times with 2
mLs of PBS (without Ca/Mg); the cells were then allowed to
-sit at room temperature for 5 minut:s. in‘l mL per plate 'of
.Tris-EDTA-NaCl (004 M Tris HC, pH 74, 1 mM EDTA; 015 M

.




‘NaCl). The cells were scraped .f-mm the plate with a rubber
policeman and pelleted by micmfuéing for 2 minutes at 4 OC:-
The pellet was then frozen .at -70 ©OC until ready to assay:
The frozen cells were thawed on ice’ and the pellet  dispersed
by vortexing in 100 pL (for C33A, D14, CI27 or 1438
extracts) or in SO L (fox’ SiHa, Hela, " A204, and CV-1
extracts) of 025 M Tris HC, pH 78. Cells were disrupted by
Tepeated fr:eziné and  thawing: eppendorf tubes confaining - the
dispersed  pellets were immersed in liquid Ny for S minutes
then thawed in a waterbath- set at room temperature for five
minutes. "rhis cycle  was .repeated three times to disrupt the
cells. The cell debris was pelleted (5 minutes in a microfuge ’
at 4 OC) and the supernatant was transferred to a new tube.
One-tenth (10 pL) of the @33A (ID14, CI127 and 143B) extract
-or lh‘ree-;emhs (15 L) of the CV-1, SiHa, Hela and -A204
extracts - was added to 1 pL of [14C]. chloramphenicol (50
mCi/mMole)™and 4 uL of 4 mM acctyl‘ Coenzyme A. The tl:lbes
were incubated at 37 OC for 60 minutes before the addition of
ethyl acetate, an organic solvent which extracts = the
chloramphenicol from the other reactants. The extract was

dried in a speed vacuum and resuspended in, 15 uL of ethyl

Tacetate. The sample was spotted on - silica ® gel thin layer

chromatography  plates. A and forms  of

chloramphepicol were ' separated ascending by  thin layer-
chromatography  (TLC) in chloroform:methanol (95:5). The TLC
plate was treated with Omnifluor enhance spray to increase

-




51,
. ., s

sensitivity and was exposed overnight ‘against XAR-5 Kodak
film at -70 OC. After autoradiography, quantification of the
enzyme reaction products was achieved i)y liquid  scintillation

of the. and

excised from the chromatography plate. Data are expressed as

the percent i of i to its

form (% CAT activity).
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CHAPTER 3

RESULTS

A transient expression system was used to. screen the
noncoding region of HPV 16, 18, and 11 for enhancer and
promoter  activity. The test plasmids were constructed by

inserting the ncr fragments of intergst from }iP/V 16, 18 or 11

upstream of the bacterial chlor ic acetyltr
(CAT) gene. These recombinant clones were  transfected  into
cells and the amount of CAT activity produced by edch
plasmid was determined. :

-~
3.1 Analysis of HPV-ncr/CAT reco;nblnant plasmids  for
enhancer and promoter activity T :

A computer  search was executed and  this sear::h‘ indicated
Vlhe . presence  of a putative HPV  promoter in the downstream
~region of the HPV 136, 18, and 11 ncr. Alignment of sequences
located in this region of HPV 16, 18, and 11 revealed the
presence of sequences similar to the promoter consensus
sequences, TATAATTA and GGCTCAATCT (Figure ‘8).
Suspccling‘ the presence of a pmm‘clcr, 1 assayed for promoter
activity  in lh; "woncoding region of HPV" 16, 18, and 11. In
HPV 11 experiments, the ‘559‘ bp Dralll/SfaNI (7486 to 114) ncr

fragment was cloned into pSVQMCAT. The positive orientation

1




Figure 8. Alighment and cm;lbnrhnn ‘of the
noncoding region lgquen&l of HPV 16, 18, and 11.

_downstream
.

“The following consensus sequences were  written G{n the  basis
of the sequence ' homology between the noncoding regions of
HPV 16, 18, and 11:"(1)' CAAT, potential CAAT box; (2)
TATA, potential 'TATA box; (3) ACCGN4CGGT, E2 binding
site. These sequences of the HPV 16, 18, and 11 noncoding
regions (nuclemidesl! to 100), obtained from previous
réports, were entered into a computer file and aligned with

one another using a NUCALN program.
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HPV 16 ' i
VERSUS
HPV 18 ’
VERSUS
HPV 11 y
S

10 40
ACTACAATAATTCATGTATAAAACTAAGGGCGTAACCGAAATCGGTTGA ACC

CONSENSUS:

. ==-ACAAT T-TA AAAAA ACCGAAA-CGGT----ACC

80
GAAACCGGTT AGTATAAAAGCAGACATTTTATGCACCAAAAGAGAACT HPV 16

GAAAACGGTG TA'I‘ATAAAAGATGTGAGAAACACACCACAA HPV 18

~

GAAAACGGTTATATATAAACCAGCCC AAAAAATTAGCAGACGAGGCAT HPV 11
CONSENSUS : <

GAAA-CGGT-~--TATAAA----=-====oommoooommon




pSVO-CAT  construct; which measures HPV 11  promoter
activity, gave 10-30 times more activity than the negative
i p2 and pl4; Figure 9). Similarly
in HPV 18, the CAT activity of the 11 Kb BamHIpSVO-CAT

positive  orientation  construct (p29) was significantly higher

than the activity measured for the opposite orientation plnsniid
(pT-13; Figure 9A). However, with the 1866 Kb BamHUAvall
fragment (6150 to 112) of HPV 16, little if any promoter
(enhancer) activity was detected in the transfected C33A
(Table I) or SiHa cells (Figure 9).

Next, enhar;cer activity was examined -by inserting the 1.1
Kb BamH (692§ to 119) fragment of HPV 18 upstream of the
SV40 promoter (pAl10-CAT) *in both orientations. The negative
orientation pla'smid (p9) gave  values near that of the negative
control (pA10-CAT), whereas the positive orientation plasmid
(p8) gave weak but reproducible enhancer activity (Figure 9B).

The HPV 11 noncoding region was also found to function as
an enhancer when placed up of the g "(swo)

promoter. . However, - unlike the BamHI HPV 18 enhancer-

comainﬁng fragment  this 559 Bp sequence was  orientation-
independent (compare p5 and p6; Figure 9B). On average, the
HPV 11 promoter and enhancer gave significantly ﬁiéhcr CAT
enzymatic activities. The HPV 11 promoter had twice as much
CAT activity as the HPV 18 promoter (compare p2 “and p29;
Figure 9A) and the enhancer of HPV i1 wag six times
stronger than the HPV 18 enhancer (compare p6 and p8;




AT

Figure 9. Examination of ‘the HPV_ 16, 1!; and 11 non;aodln_l
regions for enhancer \md pmmo!cr"CAT activity.
.

(A) pSVO-CAT promoter/enhancer _ series. (B) PA10{CAT
enhancer series. HPV 11 .and 18 re‘sults are from
transfected C33A  cells while those fc.;r HPV 16 are from
SiHa cell&‘ The arrow indicates that the ncr fragment has
been placed in the negative orientation relative to  the- CAT
gene., The pA10-CAT and pSV2-CAT plasmids were used as
negative and positive controls, respectively. Most _extracts
from pSV2-CAT lr\ansfected C33A cells were diluted “to give
a value within the linear range. The percent CAT activity
was® then corrected .by multiplying by the dilution factor.
The HPV 11 series of experiments had pAl10-CAT and pSV2-
CAT  enzymatic “levels of 09 and 3610 percent, .respectively
for experiment 1 (1) and 1.1 and 3306 percent, . respectively
for experiment 2 (2). The HPV 18 series had pAl10-CAT and
pSV2-CAT enzymatic levels 0.4 and - 1J8.0 percent,
respectively for experiment 1 and 0.6 and X%.O percent,
respectively for experiment 2. For the HPV %6 series pAl0-
CAT and pSV2-CAT values were 05 and 138 percent,
respectively  for experiment 1 and 0.4 and 160 percert,

for i 2. Transfecti and CAT assays

were as described in Materials and Methods. Data are
expressed as the percent i of 1
its acetylated form (% CAT ~ activity). Av, - Avall; B, BamHI;

D,Dralll; Sf, SfaNI

to

“
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PSVO-CAT PLASMIDS

HPV 11

914 114 S 7486
- st D
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D st
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Table I Testing of the HPV 16 promoter and enhancer
in C33A

Plasmids % CAT Activity
——e
T 2
PAIO-CAT 03 03
pSV2-CAT 1454 1485
P 7o 0.1
plsa 09’ 1.0
pa2 04 0.4
Lp@ T 08 0.9
pT-50b 13 .15
pT-3b ' . 14 17
pT-69P 05 0.4

a
These plasmids are as described in Figure 9, p 56.
b
These plasmids are as described in Figure 12 ,p 67.




Figure 9B). i ’

3.2 Characterization of 1 in the y
region of HPV 16, 18, and 11

To localize the enhancer element of HPV 16, 18, and 11,
CAT plasmids containing subfragments of the ncr region were
constructed.  The upstream 837 bp of the HPV 18 noncoding
region' (pT-46) gave about ten times more enhancer activity
than the fragment (p8) which retained the early region
proximal 210 bp sequence (Figure 10). In addition, deletion of
~sequences from the upstream portion of the ' noncoding . region
was found to slightly diminish CAT activity (compare = pT-46
and pT-11; Figure 10). i ori i d d

was observed when the 837 'bp (pT-46) and 347 bp (pT-11)
fragments of HPV 18 were cloned in the opposite orientation
relative to the CAT ‘gene (pT-4 and pT-2, respectively; Table

II). However, the 230 bp Rsal fragment, generated‘ enhancer
activity in an orientation independent manner (compare pT-81
and pT-18; Figure 10); this is in agreement . with a previous
study by Swift et al, 1987. ’

The results from CAT assays given in Figure 9A and 9B
indicate that the DraIiI/SfaNl 559 bp fragment from the
noncoding region of HPV 11 DNA contained all the elements -
necessary for promoter and enhancer function. Removal of 175

bp _l‘rfsm‘ the downstream portibon of this 559 bp fragment




* Figure 10. Localization of the HPV 18 enhancer.

-

/ .

Various  restriction fragments of HPV 18 ‘were cloned-- into
the PA10-CAT vector, as described in the  Materials . ;nd
Methods. Plasmids pSV2-CAT and pA10-CAT were
T as controls into’ C33A and gave 1740 and 06
percent CAT  &ctivity, * respectively for experiment 1. The
CAT : assay values for experiment 2+ were 1740 for pSV2-CAT
and 0.5 percent for ﬁAlO-CAT. A, Accl; B, BamHI, RRsal;
Sf, SfaNL
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pT-46

pT-11

pT-81

pT-18

X
6929 Py )
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6929 7766
B A
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7508 7738 —
R R
7738 ¢ 7508
R

R

119

% CAT ACTIVITY

4.4

40.4

19.3

23.3

19.5

60.5

43.5

32.0

34.0
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Table "IL of the of the

HPV 18 noncoding region enhancer

Plasoid APV 18 Fraguent % CAT Activity :

FATOCAT - T

PSV2.CAT - 8082

P9 BamHI (119 to 6929) 65

8 . BamHI (6929 to 119) 104

pT-4 """ Accl/BamHI (7766 to 6929) 44

pT-46 'BamHI/Accl (6929 to 7766) 5288

pT-2 AccUSTaN (7766 to 7419) 18
522

pT-11 SfaNIl/Accl. (7419 to 7766)

a
The percent of CAT activity (in C33A) is above that of

the linear range, resulting in an underestimation of
relative CAT activity,
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. enhanced CAT activity (compare p6 and pT-25 Figure 11). By :

g . examining  differént subfragments for CAT activity, the

enhancer of HPV 11 was localized to a 213 bp Ndel/Saul (7657
to 7870) fragment. Again, removal of sequences from  the
upstream  portion of °‘the HPV. noncoding region re;ulled in a
lowering of CAT activity. F
Similarly, each of the HPV  16ncr/CAT- recombinant plasmids
~ were transfected into SiHa cells and ~ assayed for CAT activity.
No significant levels of CAT  activity above that® of the
negative  control, pA10-CAT, we:‘»e ,detected in cells transfected
with the HPV 16nct/CAT  plasmids (Figure 9A and 9B). To
test whether removal .of 238 bp from the downstream portion  *
of the BamHI/Avall fragment would result in detectable
enhancer activity, 1 constructed _ plasmid pT-50. This plasmid,
v also missing 288 bp from the upstream portion of the ncr, *
when transfected was found to enhance the CAT activity by
up to 25 fold (compare p7 and pT-50; Figure 12). The
enhancer activity of pT-S0 and ‘another plasmid  retaining  the
554 bp fragment (SspU/Hphl; 7224 o 7718) of the-HPV 16 nor
< (pT-3) was relatively weak (compared to pSV2-CAT) but . .
reproducible. The HPV 16 enhancer was further localized to a
315 bp Sphl/Hphl fragment (pT-69; Figure 12). The activity of
sthe enhancer fragments seem to diminish as {the upstream
sequences are removed. This was similar to the situation

observed in HPV 18 and 11 enhancer subfragments. ) %

A



5 - A .
"Figure 11 L of the HPV 11 element.

The HPV 11 enhancer pAl10-CAT constructs (p6, pT-25, and
FT-/]\r as‘ described “in-  Materials -and Methods), the
enhancerless pA10-CAT vector, and the enhancer-positive
pSV2-CAT clones were transfected into C33A cells. CAT
d enzymes” levels  for pAlO—C-AT and pSVZ-CA'IL were 03  and
716.0 - percent, respectively for' experiment 1 and 03 and
7130 percent,  respectively for experiment 2. D, Dralll;, N
Neel; S, Saul; §f, SfaNL. ) .
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Figure 12. L of the HPV 16 enh \

The ' plasmids were constructed as. described in “Materials and
Methods.  The pSV2CAT and pAIO-CAT plasmids, . when
transfected into  SiHa cclls, gave- CAT assay values of 446
and- 08 ' percent, respectively for experiment 1 and 354 and
A 10 percent, respectively for experiment 2. Av, Avall; B,
BaraHl; Hp, Hphl; Sp, Sphf; Ss, Sspl. ’
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, Papillomaviruses 'have a highly restricted host range and
..gmw Iytically only in differentiated keratinocytes of epithelia
(Broker” and Botchan,. 1986). . To check whether enhancer
activity can be correlated with cell type specificity, lhe. HPV
16, 18, and 11 ncr enhancer constructs were transfected into a
range of host/cell types. The results shown in +Table I
. indicate that the HPV 11 enhancer appears to function in a
‘widerl rahge of cell ‘typcs"as compared to the -enhancers of
HPV 16 and 18. The HPV 16 and 18 enhancers were restricted
in  activity to cell lines derived from human ;:ervical
carcinomas. The HPV 16 and 18 enhancer constructs were not
active in the human fibroblast cell line, 143B or in the human
rimbdomynsnrcoma cell line, A204. The nonhuthan cell . lines,
CV-1, a monke I.ddncy derivative, and the mouse fibroblast
C127  also >ga negntm results for these regulatory elements.
- Interestingly, the HPV 16 and 18 enhancers were also inactive
(n' the CI127/BPV 1 transformed cell line, ID14. Therefore, it
..;voul& appear that most of the epithelium-derived cervical cell
' iine; contpin  the factors necessary to support HPV  enhancer
'acﬁvify.- This - also correlates  with lhc‘ strict  tissue  tropism  of
these viruses. On the coptrary, the HPV 11 enhancer appeared
to 'be active in both ;:ervical and bnon-cervical cells  alike.

Correlation  of 'the cell-type specificity of the HPV 11

enhancer with " its IIQ§ tropism is discussed [later.




Table 1L Cell type specifity of the HPV 16, 18, and 11
enhancers .

Cell lines o Abilxapw su|

HPV 11 HPV 18 HPV 16
Cervical carcinoma
Hela (ls)‘b + +b +b '
ME180 (18) + ; +b Y
MS751 (18) * + + »
SiHa (16) + + &
CaSKi (16) v+ - +
C33A () ) + + S
Human fibroblast
143B () ND® - .
lA-l;un;a?_)rhabdomyosarooma = X A
g\l;f‘lk _)ludney ’ +b - 2
gfﬁc(fbmblam & _— . i
D14 (BPV 1) ND¢ " w =

1'h= numbers in the brackets indicate the HPV type
lntegmed in the cell line; (-) indicates there is no
'V DNA: present in these cell lines. This
|nformullcn was taken from revnuus studies éBmhan ot
al, 1983; Pater and Pater, 1985; Yee gt aj,\ 85).

& These CAT activities are just ubcweﬁmcl;groundv
c

ND: not determined. o
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Further comparison of the HPV 16, 18 and 1 cell specific

also  involved ing the HPV/CAT
constructs into  three cervical = carcinoma cell lines -(HelLa, SiHa
and C33A) md one noncervical -cell line (A204). The HPV 11
enhancer was stronger- than HPV 18 and 16 in all the cell
lines examined. In, A204, a no‘x’x-cervical cell line, ' the HPV 16
and 18 ncr/CAT constructs gave no enhancer activity; it was
the same as that of - pAI0-CAT while the HPV 11/CAT plasmids’
gave CAT, enzymatic activites much higher than that of the
negative control (pA10-CAT). In fact, the enhancer aElivity of
HPV ‘11 was 40 % of pSV2-CAT activity. The relative strengths
of the enhancer elements from the oncogenic viruses, Hﬁ 16
and’ 18, varied depending upon ‘the cell type. HPV 18 enhancer
activity was higher than HPV 16 in C33A ° cell, whereas in
SiHa the reverse was true (lanes e and f versus lanes g and h;
Figure 13A and 138); f

In those cell types for which the level of HPV 16 ang/or 18
enhancer activity was above background, 4an increase in
activity was] observed - with the removal of approximalc.ly 200
bp  containing the putative  promoter region.  For, instance, in
C33A the CAT activily obtained evilh the HPV 18 \\C\"’pAl&
CAT (p8) ‘cmAn truct  was 101 percent,  whereas _ that obtained
with  pT-46 was 480 percent’ (Figure 13B). A similar tendency
was ‘found when the HPV 16/CAT _recombinnm plasmids  Wwere
transfected into  SiHa cells and Hela cells (compare p7 and

pT-50; 'Fig\llr.e 13A) " and to a lesser extent when the \HPV‘
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enhancers.

Autoradiogram of CAT assays . from . transfection experiments
' in: (A) Hela and SiHa cells; and in: (B) A204 and C33A
cells. The extract from C33A cells transfected with pSV2-
éAT was diluted by 10 l‘old.’ Plasmids were: a) pAl10-CAT;
b) ‘PSV2CAT; the HPV 11 constructs, c) p6 and d) -pT-25;
the HPV 18 constructs, e) p8 and f) pT-46; lille “HPV 16
cnnstrucls..g) p7 and h) pT-50. Numbers at the bottom of
each nut’oradiogram are percent CAT activity. CM,

AcCM,

ke otz o
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5
‘11/CAT constructs were tested in C33A (compare p6 and pT-
25; Figure 13B). This difference in enhancer activity - prompted

_me to check whether the removal -of the’ promoter . sequences .

(ie. " TATA box) alone "can bring about this increase or if
other . upstream sequences act (degatively to repress this
' activity. © )

This was determined by exxf lining .(he Fffcct of progressive -
removal of downstream scqu:nc:‘s from the ner of HPV 18
(Table IV). We used HPV 18 for these -analyses since p8 had
generated a  significant increase in  activity, with removal of
the downstream 210 bp fragmcni (Figure 10, p  61). When a
shorter HPV 18 fragment (BamHI/Avall) was tested, the CAT
activity increased  slightly (compare . p8 and pT-39; Table ).
The . region removed from ‘the BamHI/Avall fragment contains a
TATA box which might have interfered with the distal SV40
promoter  (Wasylyk _et al, 1983; Hirochika et al, 1987). Removal
of a further 60 bp from the dowpstream portion of the
BamHI/Avall fragment also increased . the CAT activity

significantly (compare pT-39 and pT-33; Table 1IV). The

.fragmem BamHI/Accl was also tested apd the activity  was

found to increase further with removal of \the 88 bp Acc/Bbv

fragment  (compare * pT-33 and pT-46; Table IV). Data presented

in  Table IV “suggests that a negative regulatory element may
.

be present in this 88 bp fragment. . ’
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Table IV. Examination of - the en’ect‘ of  progressive -
deletions on the enhancers of HPV 18 in C33A

Plasmids K % CAT Activity

1 2
PATO-CAT 03 03
PSV2-CAT i 7160 7130 |
8 (BamHI; 6929 to 119) 152 175
pT-39  (BamHIAvall; 6929 to 56) .22 Faa
pT-33  (BamHIBbvL; 6929 to 78373 452 469
pT-46  (BamHIAccl; 6929 to 7766) 503 570

The Bbvl site is at nucleotide 7837, however treatment
with reverse transcriptase results in an endpoint at
nucleotide 7854 (Figure 16, p 98).

°
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34 - Examination of the position and ”orientation dependence of
‘
the HPV 18 enhancer

Next, the pos‘iu'on and orientation , dependence of the HPV
18 ephancer was examined by placing the 347 bp ncr
subfragment downstream _c!’ the C;\T gene. Insertion of the' 347
bp HPV 18 enhancer (SfaNI/Accl) fragment into the ‘Xbal site
of pAl10-CAT in either orientation (Figure 6, p 42)
dramatically ~decreased the ability of the 347 bp . HPV 18
fragment to enhance transcription from the CAT gene
(compare pT-52 and pT-11; Table V). Interestingly,” placing of
the SV40 regulatory sequences downstream 'of; the CAT gene
also  greatly dimim’shﬂ its  activity (see pSVZTéAT and  pT-42,
Table V). The orientation  effect of the HPV  18/Xbal
(downstream)/pA10-CAT  constructs  (cagnpare pT-52 and  pT-53;
Table V) was similar to that observed with the HPV 18/Bglll
(upstream)/pA10-CAT  constructs (compare pT-2 and pT-11;
Table V); the greatest activity was observed bwhen the
enhancer (the Accl border) was placed nearest to the SV40

promoter (cither upstream or dowristream).

3.5 Analysis of scquences required for HPV 18  promoter
function
. N

.

Promoters are required unidirecti y for and

efficient  transcription, whereas  enhancers | increase  the rate  of




Table V. Examination of the effect of position and °
orientation on the HPV 18 enhancer ) I

Plasmid® % CAT Activity

PATO-CAT \ 06 T4 - .
pSV2.CAT * 344.0¢ gogd, '

pT-42 ; 55 6.1

pT-s1 11 16

pT-52 o N 119 © 96 ¢

pT-53 . LS 15 o
pT2 . - us, .

pT-11 : 78.0b 52.2b

a . % 2
For a description of these plasmids see Figure 6, p 42. .
b

The perccﬁl of CAT activity (in C33A) is above that
the linear range, resulting in an, underestimation of
relative CAT activity., - ‘

c -
This pSV2-CAT extract was diluted to 1/10 relative to the
others. 5 . 8 -

N
' |
Q
<
. @ &
i e
.
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.
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' independent  manner , (revie\;ed by, Meniatis et al ,1‘987)., //LI.V_’ i
‘anem;;ted to identify “the * minimal * sequen‘ces required -for HPV ™

“HPV 18 11 Kb BamHI fragmeni (p29) “was further localized to

al 404 bp BeHIBamHI (7572 to 119) fragient (pT-2%; Figure

Since  these plasmids have both the enhancer and the’ p‘rcmo’te{

memotcr function:. The * results - showe;'l ihat sequences ~from the
-promoter  function (comp:;re T-29 and pT-28, Table VI).

pA10-CAT generated a negative orientation construct (pT:37)

2 n o “ N

transcription _ from \‘ ked .pr € in

18 promoter function. .~ The ephancel‘j/P;éiiTmer activity of , the -
- X i

7, p 44). The BamHI and BssHI/BamHI ﬁapner;\s. gave CAT

activities. of similar val\‘xes~ (compare p29 and pT-29, Table VI).
-

in the same orientation, . the enhancer fragment (BssHII/Accl)

of HPV 18 was . placed in the negative orientation relative’ to

the HPV promoter, (pT-28; Figure - 7, p 44). This would indicate— )

whether P , q were required for

HPV 18 enhancer were ' required unidirectionally i’oxj HPV 18
Insertion of this BssHIV/Accl grent ;imo- the. . BglII . site “.of

which, ."when assay-ed for CAT activity, .clearly indicated that

this fragment by -itself is capable cf\ enhancer function in the

negative pﬁcn(iﬁon\relative .to a he\tgmlogous promoter  (Table
B > \, %

. . : .




i g ) 'l‘uble‘ VI Anllysh of sequenqn required _ for

BV T

pmmcer mn
Plasmid - "% CAT Acuvny
v ? ¢ s Z
_ pATO-CAT 06 14
) g i
pSV2-CAT 296.0 89.82
pT-13 . 01 10
- ‘] .
T p29b 170 140
B . pTagd . 170 210
pT R ) 10 . 09
p'r-37b St ¥ - 149

pSV2 -CAT. (C33A) extract fmm expenmem 2 was mot -
duuted 1/10) ‘as_in experiment- 1. The percent activity
for pSV2-CAT, (2) is above lhal cf the; linear range, /
_ tesulting in an underestimation of relatiVe activity.

b
2 For a description of these plasmids seq Figure 7, p 44.
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scomplex _interaction - of viral - cis-acting eclements with viral and

ot cellular mms acting  factors. —Cisvacling " elements located in' -
the ncmmdmg eregions  of HPV 16, 18, and 11 lmve been slluwn'
* to respond to trans-activating fm:tors encoded by the BPV 1
and HPV E2 ORFs _(Phelps and lio\wl_:y, 1987; ;-lirochx'ka et al
A} ‘1987; _Thierry ‘arﬂ‘_ Yaniv, 1987) A Tepressor function - has a!m’a

~shown ~to be associated ’tﬁ the carboxytermuﬁl. regmn of the
BPV 1 and HPV 16. E2 gene products ' (Lambcn _: al, 1987
Cripe _ et ‘-al, 1987). ITo *“further characterize the xegnlamxy

function associated . with the early region of HPV:, most  of

the carly genes (E7, El, E2 E4,-and ES) of HPV 16 werc

expressed wnder the control of the ecarly promoter of SVAD
(pD-7). Cotransfection of the HPV 16, 18, and 11 ° ner/CAT
< & -constructs  with  this early rcgion-exp;cssing plasmid. (pD-7)
resulted in an increase in CAT ncumy As shown in  Figure
vvvvv 14, the HPV 16 ¢énhancer -was trans-activated by 7 fold, the
HPV .11 enhancer by slxghtly less than 5' fold, while the HPV

18 was i " from 048  percent to

_for the HPV' 18 enhancer than for the HPV' 16 and- 11
‘enhancers.. A chdon -of, 635 from the E2 gene (3126 -to. ;761)

N

IMMle‘nhdol d the BPV l‘, 18, and ll Vulhm‘by

'neubnmlofvwgene'u'i;r&innisbe&vedmim)om-

—077 perocnt. These results suggest that the relative -amount .of °
Bt . .
trans-activation by the HPV 16 early ORF product(s) is lower *

-
5
3
)

ERE e




cells lwith Sly.g of

Cotransfections were in - CV-1 ‘CAT
plasmids along with 20 pg"of cach of. the indicated HPV 16
i. early ;egmrn plasmuth or 20 pg "of pUC 19 as comtrol - Ako, .
S g of ‘pSV2CAT or PAIOCAT was transfected with 20 pg .
of pUC 19 into these —CV1 monkey " ey celb and gave
the . enzyme 1cnvmes of 339 and 01 perccnt. rcspecuvely

CAT .or HPV,

16 eurly region *  expression . plasmids. -are-

described in Materials\ and  Methods, - P]asmids‘ ued - were:

HPV 16 p%; HPV -1, p6; HPV 18 p8 The map of HPV 16 ’

ORFs aligns - with the sahd hm which  represent HPV 1§ : . ‘

.seﬁuences present  in the five —HPV 16 . early i'egim; B

cxpression  plasmids. Dashed’ linds indicate the  déletions and :

* the triangle depicts a 4 bp_deletion. Pow @ ' v e
; z




. . ";A'I;A‘AA AATAAA 7903 * kit
) : %CAT ACTIVITY
r ) =1
. HPV'18 . HPV-11  HPV 18
iy 5 b e g
4334 111,15 4,00 . 077 4,
U saut |7 2 G |
azs_ sre1 4334 | g0 033 0:20 -
Ndel * Ndet Saul | ., - N
: __7%4 | 5.40 1886 2.63
z 4 Hpa 1l : . ?au 1
. 4 bp | 2891 ! -
pT-20 7% __doleion) Y 248341 032 0.30 0.28"
P Hpa Il . -Bst XI saud [ )
pT-as R e we 433 g ag ‘118 0.24
“Hpa 1 R | Ndo 1 Nde1' Saul -
i | pucte | 017 086 | ‘048




abolished this - Klran:-dctiilation, indiputlhg ‘that - the ~E3 ge‘n'e{_ ‘

oduct: is - fesponsible, for. ‘this ‘stimulation of . the HPV

. cnhancers (see pT; 7  Figue _14). " Thi€ has” aso beén "sugg’esteti
by Phelps and Huwlex. (1987) and’ by Cripe ﬂ al . (1987). “This . X
delcuon mutant (pT-57), when cotrangfected .. wnh “each- of the

‘enhancer “plasmids give a value- at - or .near ot.hﬂt_ observed for

,' those - cotransfected ~ with . pUC 19, indicating that the E7,. El,
.nnd iES ORF products rweie‘ insufficigng“‘ for (h'e above - N
- sﬁn;\daﬁom. Plasmid pD-2, containing ‘a 200"bp .‘ deleu’on at th;
terminal _end “of 7 E7. (501 to 700), sumu!ated _the HPV |
” enhancers- to  a. level (of  CAT - activity) 3. to 5 fold higher than
‘that - obsérved in  pD-7. 1 jons;  this -~ indicates the

oyl

64 'ptesencn of a rcpressor in* the E7 ORF (Fi'gure 14) A - plasmid -
»,
ccnlammg ‘deletions in both ‘the E2 and E7 ORFs (p'I‘48) did

‘not tivate  the i 'Th'us p “the remammg

‘mtm El and E5.° ORF products were insufficient for . the
‘——-—-“'Tbs'ervca frans-activation. pT-48 and_ pT-57

above) plasmids are’ also mlssmg the *E4 ORF, therefore  to i '

further  localize the trans-acting function to the - E2 ORF, ‘\

another .- deletion - mutant plhsn"nid» was cunszruc(cd * The. -plasmid P

~ pT20 ‘was gencraﬁd by placmg a  frameshift mumnon in the

" -amino lenmn,al . poption of the,Ez gene at the BstXI site (2891)
@ " of pD-2; this frameshift mutatmn shmlld . only affect the"

translation . of ‘the E2 = ORF. Con'ansfcctmn _z;rp:rimcnis 'of, the

. HPV enhancer/CAT comstructs - with this deletion  mutant
. ol .
dted " cc ive . evi that ~ the HPV 16 E2 ' gene
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- .verify  trans-regulation | by cach of the E2 and E7 ORFs the’

trans-activation  of the enhancer by the EZ ORF | and

¥ . sl .
. demonstrated - above, these ORFs do, 'nol" ‘encode pmducu whlch

. are i , in tra ivati or t ,.' © of vn'al .

pmdun along is rupon:ihle for the abserved u-nns-achvanon. ;:
Comparison of the trans-acting functions . of pD-7 md pD-2 e 3
has- designated a repressor function to., the E7 ORF. To - further .-

P it vere . with  two constructs, . one
expresing' thé_ E2 ORF (pD2), fhe other xpressing the! E7
ORF -(pT-57). The Tesults presented. in Table VII clearly

repressmn nf this'  activity , hy the. E7 ORF. Thes& plasmlds ‘alsc
contain _ the El ES5, and in pD-2 the E4 ORFs ver,. as

gene fun;:tion' Plasmld pT-48, conlammg deletions - in bolh i the !
E2 and E7 ORFs. was' used as 4 :umrol m.thm npenmcn(s
to demonstrate that the negative effect of EX _from: pT-57 s
not due to other - HPV “'16 sequences. The data . in VTahle. vi

from a modi’ﬁa mRNA transcribed from the pD-2 plasmid.

1 Ndc‘IIISauI)' of these E2  binding* mom‘s (Figure '.17,>p, 10?),
‘were  cotransfected ‘with _either- the [E2 = expressing plasmid, pD- o

also rule out the possibility lhal the r‘esulu in Figure 14
might be due to cis effects’ fmm the E7 delcmm. For example,
the deletign  might have altered the stability of or translation

The hani: of transr

i’ gulati was
determine  whether the HPV' 16_E2¢ andjor E7 involved the E2
binding motif,  ACCGN4CGGT. HPV. 11 .enhancer plasmfw
four (p6; Dralll/SfaNI), one ~(pT-25; Drum/SauI) or none (pT- |

to




Table VIL. .2 tra ;
"16,-18, and. 11 enhancers
Plasmids,

T WV 6 IV IV -

- pDZ F pTA oS4 304 a7
+ pD2 + pT-57 cas 18 .18 32
2 . = i &
Loy e - 18 108. ' 16

 CAT agsays were performed as dcsm'bed in lhe Rcsults un
extracts ‘from CV-1. cells transfected with 5 of
.enhancer tglasmld lus either 20 pg of pUG 19 or 10 lﬁ o(

' each’ of 16 ear‘]y=re?on expression plasmids. The
CAT enzymatic { levels were 46 rcent for pSV2-CAT and*
0.6 percent for ' pA10-CAT. T. constructs for HPV 16, °
11, and. 18 enhancers wer€ p7 p6, and p8, respectively. The :
umbers are an average of -duplicate transfection
experiments. . .
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V2,nt'.heE|2udE7expmmng.ph;mid.pD-7'ﬂ:emulu“
_ (Table vm),‘}ndmemuammuonbymeazonf
mqmmeﬁzbmdmgmni(wmpanmcﬁramnyﬂps
and pT-25 to that of pT-1 when cotnmfu(ed with pD-2). A
similar obser.\‘aucn < has. been Amad;e by others (Cnpe et al
1987 Hangen o 8l 1987 sl}anmtz et al, 1987). Colmnsféction'
of the *pSV2:CAT plasmid with the E2  expressing plasmid
‘resnlu'in lit“de if any increase .in CAT activity. < However, less
than . half the activity is obtained with" pSV2-CAT _when
‘colmnsfec(e‘d with‘ the E7~expressing plasmid ' s comp;red ‘lo
the activity Jnf pSVZCAT«when transfected . with pUC 19 alone
- ory with. lh_c[ pT-t‘B dele}mn ‘mutant plasmid (Table 'IX). I( s
important 10| .nole_ that repression - Of pSV2-CAT by . the E7
gene product does mot directly favolve an E2 binding * motif
since such sequenéamndt present in pSV2-CAT.

3.7 Trans-activation by the E2 gene  product is nginted.
through a heter gous but not a o

The | translactivating function of “the E2. genc, . &s described.

sbove, 'was examined wing the HPV 16 18 dnd 11 nponcoding
"region’ in an_ enhancer conﬁgqratinn\ (ie. the HPV . enhancer
frngmeriu ar¢  under the : control of ‘qhe‘ S‘}M) eafly - promoter;

Plasmlds p7 - p8, ¥ and ' p6, * m:‘peédér)ely, Figure  14). )I ,n\ex!
exami cd lhT _ effect " of - cotransfection with plasmid pD-2 on

the | activity | of - constructs containing the ,HPV. ncrs in a




VI dt&lﬂﬂldlnlmﬁl‘wrmr
activation by Ez.:upmd-a [

Pitsmd  Number of E2 mots __)%CATAumty

3 N ook - m
% 7 132 77 101
pT-25 - . 1.. ¥ s 170 93
pT-1 & 0. .- . |14 .93 5.1

Cotranstection_into CV-1. cells was_as. :‘hscn“bed ‘in gg\ue 2 2 =
~ 14, The pSV2-CAT plasmids gave CAT activities of . (not S gy &
diluted) and 0.3 percent, respectively. | t .

. - [, : v
RO )
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Table IX. Effect of E2 and E7 gene products

on the SV40

n:nll‘wryrsequenees i
g Plasmids ' — % CAT Activi
§ . T 1 2
5 b .
pSV2-CAT + pUC 19 256 206 -
PSV2-CAT + pT-48 ’ 254 .. 207
PSV2-CAT + pT-57 ; 110 16
. PSV2-CAT + pD2 - 262 -

Fiye micrograms of pA10-CAT was cotransfected alon¥ with 20
L «  pg”f pUC 19 plasmid DNA to give CAT activity values of 0.5 £k
. - and 06 in -1 cells. ‘Similarg, 5 pg of pSV2-CAT was
- cotransfected with’ 20° ug of pUC 19 or HPV 16 early region . o
5 ‘expression plasmjds (listed above). .
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© 'HPV'"16, 18 and 11 promoters '{plumidx- pls, p29, and p2-

respectively) was - *not ivated” by - i with

pD-2_ (Figure * 15). »l"-"mgm‘em; wntxixﬁxig' the HPV enhancer
.ém':l the upstream -E2 . binding motif, ACCGN4CGGT,  were
“. inserted into the PAIO-CAT plasmid (pT-50 for HPV 16, pT-46
: for HPV 18{ and p:I'-ZS for HPV 11) and the resulting

when were trans-activated by the E2

gene  product (Figure 15). These rcsl;lts ‘reafﬁm the above
observation that* one B2 binding motif is sufficient for E2-
mediated trans-activation. Similar activation ratios . are
" pbtained  whgn -the HPV ner enhancer plaSrmﬁ" (p7,. p8, and pé6)
anci the HPV. deletion’ mutant cnha‘ncer plasmids  (pT-50, ﬁT—46,
and ‘pT.-ZS, respectively) are compared in. cotransfection

 experiments.




Figure * 15, ‘l‘he trlu-qdlnh d the phneu- phlmﬂllﬂ
ml‘,ll,lﬂlllbyﬁemﬁﬂwm

“The "a_nd P planmds of HPV 16, -
18 ‘and 1i were tramsfected into CVAl cels in tho absence
() or presence (+) of pD-2 as described in Figure 14.

.
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DISCUSSION

The studies described in this thesis were undertaken to

furthey an i of the i of human genital

papillomavirus (HPV 16, 18, and 11) gene expression. The

objectives of this- study were (1) to identify the cis-acting

1 (i.e. P ) y for the HR¥
noncoding region promoter functiop and (2) determine
whether viral and cellular factors were involved regulating | -

expression from these lslz:qm:nce.s. The data presem" in this
study demonstrate’ that a transcriptional - promoter and/or
enhancer exists within the noncoding region of lHPV 16, 18,
and 1{. These. enhancer  elements * were also” sln:vvt\me to * be
respansi:l; to the negative and- posilive‘ viral facttt;ls encoded
by the HPV .16 E7 and E2 ORFs. The constitutive enhancers of
HPV 16, 18, and 11 have been localized to 315, 230, and _213

bp pectively.  Compari of the DNA sequence
homologies  of the viral -&nhancen indifale that * the.HPV 16
and 18 enhancer eclements are closer in sequence homology
than' either HPV 16 or 18 is! to the HPV 11 enhancer (see

below). The sequence relatedness of these HPV  noncoding .

regions corresponds to the diflerenc:js in  cell specificilié;
observed” among the HPV ' 16, 18, and 11 enhancer elemen's.

The restriction of HPV 16 and 18 enhancer  function to
T o "




cervical cpithelial cells is contrasted ‘to 'the relatively broad
cellype” expression of the HPY 1, enhancer. This allows  for _
correlation  of enhancer specificity to the differential tissue
tropism  and palhugeniqftx observed | between the human

nononcogenic (HPV _11) ’and, oncogenic (HPV 16 and 18) genital

papillomaviruses.
o 4L ] “of and activity in  the
& B noncodinﬁ regions of HPV 16, 18, and 11

Promoters are defined as cis-dcting elements which are
required ' immediately upstréam of -and in—the same orientation

(positiv:j, as linked génes to * allow transcription,  while
i

enhancers . are , oriehtation-i d pend (s Corsi  and
Borrelli, 1986). Comparison of the noncdding region” }eq,uenc&
"of HPV 16, 18, :and. 11 ‘indicated the presence of pruinc(er_-likc

3 i
.sequences near the amino-terminal portion of E6 (Figure 8 p

53). Previous studies™ of SV40 and BPV 1 have localized

enhancer and promoter functions ups!rc'nm- of the early genes

¢ of . these viruses (Ahola et al, 1987, Benoist and Chambon,
1981; Sﬁalﬂolz et al, "1985). [Initial identification. of enhancer

‘and promoter. activity in the HPV noncoding  region involved

subcloning* a fragment from the HPV 16 am‘i@ls genome  which -

have sequences ‘that overlap - with thé' L1 and E6 ORFs.
« : \

_Whereas, ‘the enhancer and <p'romoter of HPV '11' was initially

localized to. a . relatively small 559 bp fragment which has " its




. . 95" .
upstream  border at 7486 (the L1 stop codod is at 7274). The
results” demonstrited Ahat the ncr fragments of §PV 11 amd 18
contain enhancer " and” promoter/ f:mcﬁon‘ (sec Figure 9, p 56).
The HPV. 11- and 18 . positve ori ’ '
. generated siéniﬁunt aclivity- relative  to lh‘at -of * the * negative

icts, the of a i

3 kP

promoter in”” these noncoding* regions. The resence  of
! (i 2 g 2

enhdncer elements upstream of the promoter was established

by examining the ncr/pA10-CAT constructs of HPV 11 and 18. )

The HPV ‘1.6 ner /1 fragment little  or
no enhancer or °promoter aclivity‘ m all cell lines tested (ie.
in C33A and SiHa cervical cell lines). This result -is consistent
with previous studies. The majgr S cap site of HPV 16 E6-E7

mihitripts has been mapped to - nucleotide 97 " in cervical

carcinoma  “cells  (Smotkin deWem'em} 1986). When Cripe . ¢
al (1987) placed the HPV 16 promoter upstream of the HSVal
-thymidine ~ kinase (tk) gene, transcripts v;ere generated in  both
SiHa and HeLa cells. However, When - this same - group examined
P97 promoter - activity in the cnqﬁatic CAT rassay, the
activity was very’ low “in both corvical cell lincs. Although the

discrepancy bserved * in Cripe et al (1987) may be .due to ap

t-of -fi i at the upstream AUG, the
low level of HPV 16 promoter activity in this study ocurred in
spitt of an inframe E6 ATG positioned upstream of the CAT

gene. It is . possible .that HPV 16 enhancer/promoter al:ii\?ity\ is

not favored in these systems. : . L

gl W



.42 Cilrmﬂnﬂm of the ;
HPV 16, 18, and 11 = IS
The noncoding region enhancer gctnsmwu of HPV
gave very low enhancer activity relative to that

. the HPV 11 necr construct. Interestingly,

approximately 200 bp ’E_mm the dom‘s&m portion
16 _and 18 noncoding region fragment increased
activity by 10 fold for HPV 18 and by 20 to 25

16 and 18
genérated by
removal  of *
of the HPV
the enhancer

fold for HPV

16, Although the HPV 11 enhancer activity increased by about

2 fold with removal of the E6 .o_xil'q}:l\ 175 bp

Vfragment. this

increase in  enhancer activity is -‘likely a characteristic largely
specific to  the H?V 16 and 18 enhancers. In fact, it appears -
from the results. of deletion mutagenesis of the HPV . 16° (Cripe

¥ <
such a removal .of early region -proximal sequences

A
et al, 1987) and HPV 18 . (Swift et al, 1987) enhancers that *

leads to an

increase  in  enhancer activity. A similar increase in activity’

with removal of promoter proximal sequences has been
observed by Hirochika et al (1987) with the HPV 1 enhancer.
One “possible ’explnnation‘ is that  this vrcgioni contains - promoter §

sequences (ie. TATA., box) which interfere with

transcription

from the distal SV40 r. bition  of

or "enhancer damping’,, has been ‘reported” to

transcriptional unit .being monitered (Kadesh and

activity,

occur  when

promoter  sequence§ are igsined .betwecn an “enhancer and - the

Berg, 1986;

Wasylyk et -gl 1983). Another possibility is that there are




negative regulatory, . elements in” the _downstream portion . of the
noncoding = region; rcmov;l _of .these " elements iﬁéraases
v .enhm;o:x: activity. In case of HPV 16 and 18, the increase. in
Qc!ivi!y was 10 l(; 25" fold with ‘ren{pval: of E6 proximal
sequences, whereas the im;rease' in HPV :11 was only 2 fold.
“This sligh; increase in. HPV 11 enhancer activity may be d,ue
to the removal of the TATA box from -the downstream segment
“of the ncr fragment. Howevér, the. very ls'ngc increase in HPV
16 and 18 enhant;er activity wuulq indicate that a mechanism
such as suppression via a negative regulatory - element i;_
operating. There are two short ’ stretches  of 'hnmoloﬁy * found
approximately .10 bp downstrcar.n‘ of the ephancer in HPV 16
and 18 (Figure 716). However,  in HPV 'u the: homology ., was
J‘ai’gely re;strictcd to the upstream EZ binding mmx;f,
ACCGN4CGGT (Figure— 16). Hente, the 88 - bp ﬂ"agmehl,
V(AééI/Bb\"I) of , HPV . 18 along 'with the analogous HPV_ 16 ncr”
fragment -may contain s:qucn}:cs that act as n‘cgativ::
regulatory  elements  that function to  negatively xegulatc. HPV _

16 and 18 enhancer activity. |

Yet another possibility is that decreasing‘ the rﬂistance
between the HPV enhancg and ‘.the SV40 promoter  somehow
leads to . an increase in activity. A+ progressive removal |- of -E6
proximal™ sequences * from the. enhancer fmgmex;n :;i V18,
resulted in a progressive increase in activity.’ In ay/study by
Swift e .al (1987 the HPV 18 enhancer was [shown . to

activate the SV40 early promoter from a distance of ° 20 Kb.




Alignment of - thé ‘reglnn' located - immediately
from the eghancers of HPV 16, 18, and 11.

: "dqwnimm

T ‘ _
*'The major 'regions- of homology ‘are the -9 and’ 14 bp
\

_clements of ‘HPV 16 ~and " 18 (underlined). " The'. Bbvl

|
recognition sit¢ for HPV 18 is  underlined, ‘while /uhe Bbvl
N . .

p after . tfé with reverse | transcriptase  is

-xgpi'escmed as  an ueri(_:k [*), The E2 binding motifs,
AC(;GN,;CGG.T, (degenerate in  HPV , 16 and 18) have been
und'c;lin:d. ' The HPV 18 region is from 7760 to ' 7854,
. whereas the sequence used for HPV 11 is from 7816 to 7903.




HPV 18 TCTGTCTACCCTTAACATGAACTATAATATGACTAAGCTGTG

HPV 17 J C'I‘AGCTGAACATTTTTGTACCCTTAGTATATTATGCACAATA

HPV 16 - Tcacccncwcumucnc GTG'I‘AAAGGTTAGT—
7800 <
7820 7830 7840 7850 860
HPV 16 CATACATTGTTCATTTGTAAAACTGCACAT -ur‘r‘su"m'rccc-r

HPV 16 CA’I‘ACA’I’TGT’I‘CATTTGTAAAACTGCACATGGGTGTGTGCAAACCGATTTTGGGTT
30 850 860




~

'
‘However, “since the ..HPV' 18 "enhancer studied by this’ group
was integrated ~ into ‘the host chromosomes,. jt s mot directly _
comparable to the results . of ‘the present study. The current
investigation - suggests that the distance located between the
\HPV enhancer and SV40 promoter _ affects the efficiency of
enhancer ' function. Further studies such as site directed or
“linker scanning -mutdgenesis are required to distinquis\‘
between above possibilities. ' g\
dealimtion of the constitutive enhancers of .HPV 16, 18,
and 11 ‘to”315, 230, and " 213 bp fragment.g,,(re;pectii/ely, also |

. involved " the removal of . late region ‘pm:dn;nl sequences  from

‘the ~ndncndi1:ng region  fragments (Figure ﬁ). Thwe. upstream|'
segments contain (1) - the '_caxt;oxyt'erminal portion of ‘the L1
ORF (except for the HPV il,ﬁagmémj, (2 the GT-rich reg'on\
found in all '_humnnr genital '];apillomavir\ls ,nunc;oding regions, |

"(3) puative polyadenylaion signals for the late 'genes, and (4) |

one of the. E2 binding motif sequences, = ACCGN4CGGT (Cole
and Danos, 1987; Dartmann et al, 1986 Seedorf et al, 1985). :
The  results show that removal of this upstream sggménl

the activity from the HPV
g region i In a previous = study a- second
enhancer element was i t the . gous p

portion of the HPV Gvc ner (a varia\t .of HPV 6 isolated . from
a verrucous carcinoma; R\nn;it; ﬂ' al, 19§6a). However, no
ligniﬁl:ant.ac!ivily was¢ detected when such regions of HPV 16
(6150 to 7463) and HPV 18 (7119 to 7508) were examined for
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The diagram repr‘esenu a linear restriction map’ of the
A ~ i 3

noncoding  region ‘and the M Ll’_and E6 open

reading frames. The constitutive enhancers of HPV 16, 18,
and 11 are shown within the brackets [] as 315 bp, 230 bp,
and 213 bp. Filled boxes shuw the  positions of the E2 motif;’
open bokes correspond to degenera(e versxons The
restrictiori enzymes are A, Au]' Av, Avall; B, BamHl; D,
Dralll Hy Hphl; N, Ndel R, Rsal; §, Snul Sp, Sphl.
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enhancer function (Cn';ic et al, 1987; Swift ¢t al, 1987). . 7.
This decrease in enhancer activity - may result .from removal of
upstream -ncr,-sequences. Tt is possible that the HPV enhancer

is made up -‘of the several modular elements, some of which
& v

e %s.are not  able to function independently as enhancer elements.
Iff»‘ this ' situation the upstream reginn’ would contain  sequences

that function  to augment enf¥ncer activity only when  placed
of the

enhancer elgments. In fact, two
sequence  motifs having complete or almost complete homology
with the SV40 c(;rc sequence, GTGGATATATG, are found
upstream” of thg HPV 18 enhancer at Amn:fu;tide, 7490 and 7350.
] i from the’ n of HPV

Removal of ner » seq

18 does not result in a -decrease in enhancer activity when the' i

enhancer is placed in front of the homologous (HPV 18) .

promoter (Table VI, p 78). These: data suggest that the

g 3 1
upstream  ncr ~ sequences may be important for HPV  enhancer
(but ‘not promoter) funclion.jHchver, at least for HPV 16 and =5
18, independent constitutive”” emhancer elements are not present

win this region. Gius and his colleagués (1988) have recently

5 located an enhancer (IE6) approximately 500 bp upstream  of
the'» E6 cap site of HPV 18 Since this enhancer s dependent
upcn‘ the viral E6 gene product for function, I :an * predict

"that at least for HPV 11 and 18 (examined in HPV negative.
’C33A cells) the .enhancer activity - observed in the present

) ‘study is not due to E6-mediated ‘activation. ) ~

: _In the present, study the HPV 18 constitutive 230 bp




enhalscc'r was shown toRbe orientation-independent  (see  also,

- Swift ¢t al, 1987). However, the ncr 11 Kb (BamHI) and the

87 bp (BamHUAccl) and the 347 bp (SfaNI/Accl) fragments of
HPV 18 activated the SV40 enhancerless promoter in an
orientation-dependent manner (Table II, p 61)...This
“phenomenon may‘ be due to the surrounding viral” sequences
somellow "“causing orientation-dependent regulation of

transcriptional  activity. This orientation-dependence may be

by a di lated effect—The ~location of the 230
bp -enhancer towards the downstream pnniuy of the inserted
fragment | indicates that there may be a "distance” cffeqq
operating in‘ the L1 Kb, 837 bp, and 347 bp fragments but not

the 230 " bp enhancer fragment (see diagram below),

‘Futhermore, the central positioning of the 213 bp constitutive

enhancer in the 559 bp HPV 11 ncr fragment seems to have

orientation-indep activity without  interference

from any dist: lated It s, probable

that the - length of the viral sequence between ;he HPV
enhancer and the SV40 promoter may be able to influence
orientation independence of the enhancer. This possibility is
favored  when examining the  diagram Yshown - below with the

constitutive  enhancer  of HPV 1148 represented by  ([#][*])

and the surrounding viral sequences indicated by the dotted
line (). by




ORIENTATION -

Y 4 INDEPENDENCE
HPV 11 ki
559 bp e [ BB R H ] YES
213 bp ’ {HaER#H] -
L 8
, HPV 18
P < — By NO
837 bp [rreeen) NO
347 bp e [Fensere] N6
230 bp [#eraren] YES
- Y\
“ -

The results presented in Table V (p 78)" indicate that_.the
HPV . 18 347 bp enhancer can function when located
downstream  from the CAT gene. However, the level of
enhancer activity was less than in the constructs m which the
347 bp enhancer fmgl‘ncnt' was  placed . upstream’ to the CAT
gene. The SV40 340 bp enhancer and promoter region fragment v
(Pvull/HindIll; Figure 2, p 27) was ‘also placed downstream of
the YCAT gene in'an al!cmp( to pl;oduce an internal  controft
ft;l this experimen& The  ability .of- the SV40  enhancer to
stimulate * CAT activity was drastically reduced (by greater

than 60 éold) when placed - downstream from the - gene (Table*

.V, p 78). Earlier studies have reported ther ability of the Nz

) )




| B
enhancer (72 bp xcpeLts) to activate plasmid pBR322
"suhsﬁf!l!e" start si(és (Nﬁgr.cau et al, 1981; Wasylyk ¢t - al

. 1983). This effect is. [referred to as ‘"enhancer damping"

(Kadesh and * Berg, 1786; Wasylyk, 1983). The decrease observed

. in’ activity when th: HPV 18 enhancer fragment was placed

downstream from the pgene may also be due to “enhancer
d;imping". Alternatively, this decrease in activity may be due
to the larger distance “between the enhancer and the upstream
promoter  increasing  as the | enhgncer is placed downstream. In
fact, the copstructs with the enhancer placed . nearest ~ to the
downstream’  portion of . ,the , gene (éT-SZ) do eseem to generate
the highest enzymatic CAT activity.
. ‘ |

43 P ’ are réunred unidirectionally

for HPV 18 promoter function! W

i
By are  required immediately

3 P q
upstream  of v‘s_f'and in the same orientation as the l\inkcd gene,
while enhancers activate transcription in an oriemation—.
independent manrierThe 1.1 Kb (BamHI) fragment of HPV 18
w;s shown to functio’n as an active promoter when placed in

the same. orientation Jas ~that of the linked gene (p29), The

minimal -sequences required for HPV 18 promoter- function were
»’localiud to the 404] bp ‘(BssHIY/BamHI) downstream portion of
the 1.1 ‘Kl; ner, hééznent (pT-29). The CAT act;vity generated
by both HPV. 18 j“pmmowr constructs, ~ p29 and pT-29, were




idem'ical, suggesting  that E:gio‘ns upstream of the BssHII.
(7572) site were not required for transcription from the,
homologous HPV 18 promoter. To identify the smallest
sequence required for promoter function, the BssHIJAccl 164
bp enhancer fragment was inserted in the opposite orientation,

relative to that of the P qt . (210
bp) to generate pT-28 (Figure 7, p 44). The CAT activity of
this construct (pT-28) was negligible (close to that of the
negative control) suggesting that some or all of the upstream
164 bp enhancer sequences are required in the positive
orientation for HPV 18 promoter functim;. As stated above,
the 164 bp bnha;|oer fragment and the HPV 18 promoter  do
not function when the (164 bp) .fmgmenl is .in _the opposite
orientation, whereas this 164 bp '”:nh-am:er fragment  activates a
-hel;:rologous pmmo\‘e'l even in the negative orientation (Tal_:le
VI, ,p 80) This indicated l‘hax the promoter sequences nve}lap
with the enhancer sequences. 7 )
A recent investigation has  also localized the HPV 18
promoter/enhancer  function to a 400 bp fragment compn’si;g
the early - tegion proximal portion of the ncr (Thierry and
Yaniv, 1987). When this same group cloned the E6 proximal
240 bp pmméter fragment (Rsal/BamHI) of HPRV 18 «Figure 17,
p 101) downstream 'uf the SV40 'enhunce( the); obtained
activity. This suggests that the 240 bp downstream segment of
“thé HPV 18 ner s suﬁicie'n( to act as a promoter  -when
ted by a r. It s possible that the
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extra 28 bp RsalAccl (7738 to 7166) included -ip the.. 240 bp
. promoter fraginent (Real/BamHI; see Figwe 17, § 101) coniain
important sequences required for = promoter function; this 28 bp
. region. is absent from- the .210 bp (AccUBamHE; see Figure 17,
p 101) promoter fragment used in this study.. Therefore, the

. ~—~HPV 18 promoter did not function, perhaps due to” the -
» i »

requirement of this extra 28 bp upstream of and in the same -
orientation as the 210 bp Accl/BamHI p g

Another possibility is that the SV40 (heterologous) enhancer
used by Thierry and Yaniv (1987) does not require promoter
sequences upstream of this ‘Rsa-l (7738) site. However, it is
o pos&lc that  activation by the homologous HPV 18 enhancer
requires  promoter - sequences from '(he enhancer region (in  the
"same orientation) to enable promoter function.

. ‘
. 44 Cell type specificity ‘and sequenct rehudnm of m’ HPV

16, 18, and 11 enhancers
s

. As mentioned earlier, HPV !y-pes 16 and 18 are associated
with “cervical neoplasia, whereas HPV 11 has been largely
is;lated from papillomx‘as of the head and- neck region and also
from Dbenign lesions of the external / genitalia. It was of
interest to determine whether the pathology of the lesion or

the fissue tropism Of the infecting. virus might be related to,

the r (enh promoters)  which  control

gulatory
early gene expression. The identification of duplications in  the
- & ' b




regulatory  regions of HPV 11 and 6b variants isolated . from
highly aggressive lesions would se'en‘l. to supp(‘:rt. this
possibility. ~ These varients were isolated from a " nasal inverting
papilloma  (HPV 11r; Respler et al, 1987), from a highiy
aggressive  vermicous  carcifoma  (HPV  Gv, Rando e g, 1986b),
and from a ?uschked.nwenstein tumor (HPV  6d, Bbshart- and
zur Hausen, 1986). These duplications resulted in° a much
higher expression of - the CAT gene d;’iven. by the regulatory
regions from the variants HPV 11r and HPV 6vC (Pater et al
1988; Rando et gl,. 1937’:1).  Additional ~ enhageer  elements may
be advangaﬁcous for the expression of specific early viral
genes and could possihly. contribute to the  aggressiveness  of
the lesion or to its carcinogenic progression. Further, a recent ’
E report by Byrne et al (1987) indicates fhat malignant
conversion of lung papillomatous lesions am‘i subsequent
metastasis  ito lymph .nodes involves the _duplicafion of the
HPV 11 ner. Thus it appears that changes in oncogenicity .
might be correlated with changes in the regulétory elements
affecting gene expression. One goal‘vof the present study has
’been to determine 'whellher the tissue tropism exhibited by the
genital HPVs may be associated with the (sequence ,and .
functional) relatedness of the regulatory e'lemems of the,
prototype genital HPVs (16, 18, and 11).

I searched for homn‘logy among the enhancer sequences of
these mscs Sitte HPV 16 and 18 are oncogenic- and show
somewhat similar tissue tropism, while . HPV li is  nononcogeric

. i . 3




3 . 110 K N
. and 'uhm' different  tissue tropism, ' I gsked wilpther HPV. 16

and 1_8»'simte a common - sequénce in- their regulatory region -

which is different in HPV 11 Comparative anily;is of the
sequences of HPV 16 and 18 revealed” a 60 bp region near the
downstream end of ;he .enhancer fragment having
approximdtely 83 % homology (Figure 18 see also Swift et al
198%). Between, the oncogenic HPV 16 and 18 and the
nonon_cbgenic HPV 11 the only homology was a ’ 11 bp stretch,
ATTTTTGGCTT, ' found - within this 60 bp sequence ( see
Figures 19 and 20; for HPV 18 the sequence was
ATTTTAGTTTG). This’ 11 bp sequence is also found in HPV 6b
(Schwarz ef al, 1983), .and with a single. change in HPV 33
(Cole and Sireeck, 1986), Whereas _se\;en of the 11' bp,
TTTTTGG, are also found -in the: noncoding. region of BPV 1
Cripe - et al .(1987) have  also. 18calized the enhance.r of’ HPV 16

to - 224 bp which includes the abbreviated octamer‘motif,
o .

TTTGGCTT.  These authors note that the presence of this *

octamer motif in all sequenced genital HPVs and postulate
that the keratinocyte-dependent -expression .of genital
papillomaviruese “may be attributed to this sequence. Indeed,
the inverted consensus sequence, AAPuCCAAA, is found in the

vacinity of the TATA box of several bovine, human, and

murine  epidermal  cytokeratin genes and of the humdn

involucrin gene (Blessing et al, 1987). .
This sequence alone -does - not 'appear to regulate tissue

tropism. Eight or nine of the 11 bp -are found it the
4




“Figure 18, Nncleo‘ide ;ijqmenl of  the HPY ,/ 16 ~and - 18

g i » 3 .
enhancer regions. E

The region found between the brackets [ IS a 59 bp stretch
of 8 % hon;ology between HPV 16 and 18. The HPV-specific a
element of HPV 16, AﬁTTTGGCﬂ, is underlined as i: the
closely related sequence found, in HPV 18 (ATTTTAGTTTG).
The 230 bp region of the HPV 18 ephancer has been
indicated by * the presence  of two Rsal sites -at 7508 and
773_8’. The enhancer region of HPV 16 and 18 is preceded by
the E2 binding motif (underlined). ‘




HPV 16 .
VERSUS

HPV 18

- -
7450 7460 70 7480 7490 7500
CAACCGAATTCGGTTGCATGCTTTTTGGCACAAI\ATGTGTTT‘I‘T'K‘TAAATAGTTCTATGT

CAACCGATTTCGGT‘TGCC— - —TTTGGCTTATGTCTGTGGTTTTCTGC ACAATACAGTAC

Rsal

7510
CAGCAACTATGGT’P’!‘AAACTTGTACGTTTCCTGCTTGCCATGCGTGCCAAATCCCTGT’I‘T

GCTGGCACTATTGCAAAATTTAATCTTTTGGGCACTGCT———‘-—r~—~‘—7-CCTACAT
753 7550

TCCTGACCTGCACTGCTTGCCAACCATTCCAT’I‘GTTTTTTACACTGCACTATGTGCAACT
ATTT ACAAT ll:bl.bLl:v\..l-. TCTTTGGCGCAT ATAAGGCGCACCT%GTATTAGTCATTT
7560 7570 7580 7590 10
07 1648 650 7660 *
ACTGM’A‘CACTM‘G‘Q\CATTGTGTCATATAAAATAAATCACTATGCGCCAACGCCTTACA

’l‘CCTGTCQLGGTGCGCTACAACAATTGCTTGCATAACTATATCCACTCCCTAAGTAATAA
76

90 7700 7710 7720 7730 17740
TACCGCTGTTAGGCACBTATTTTTGGCTTGTTTTAACTAACCTAATTGCATATTTGGCAT

AACTGCTTTTAGGCACATATTTTAGTTTGTTTTTACTTAAGGTAATTGCATACTTGGCTT

7750 770
AAGGTTTAAACTTCTAAGGCCAACTAAATGT

: »GTACAACTACTTTCATGTCCAACAT‘I‘C'I’G

~ 7740 Cy
.
Rsal .




 Fiy *19. . Nucleotide alignmeént of the enhancer  sequences -
of HFV 16 and 1L :

The E2 binding motif, ACCGN4CGGT, is underliied, as is the
HPV-specific motif, ATTTTTGGCTT. '

~




HPV 11

" vERsUS : e

HPV 16

CAACCGTTTTCGGTTGCCCTTACATACACTTACCTCAAATTTGTTATAACGTGT ------
CAACCGAATTCGGTTGCATGCTTTTTGGCACAAAATGTGTTTTTTTAAATAGTTCTATGT
7460 7470 7480 7490 _ 750&

7650 7660 7670 7680-
———————————— TTTGTACTAATCCCATATGTTGTGTGOCAAGGTACATATTCCCCTGCC

CAGCAACTATGGTTTAAAC'l"!‘GTACGT‘TTCQ’TGC'I‘TGCCATGCGTGCCAAATCCCTGTTT
510 20 30 154

7700 7710 7720 7730
AAm Au_ T qu.l,AACAACACALL lbl:LLAbuLl.LvL .u-.ATGAC'I‘AATGTACAATA

'.l'CCTGACCTGCACTGCTTGCCAACCATTCCATTGTTTTTTACACTGCACTATGTGCAA T
620

. © 7850 7860
TATGCACAATACCCACAAAATGAGTAAC -

TATTTGGCATAAGGTTTAAACTTCTAAGGCCAACTAAATGT
7740 7750 7760 7770




Figure. 20, Alignment of , the HPV ‘11 and 18 enhnn&r
<

séquences.

The E2 binding motif, -ACCGN4CGGT, is underlined as is the
HPV-specific element, ATTTTTGGCTT. This motif ‘is
represented by ATTTTAGTTTG in HPV 18.
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HPV 11 - b
VERSUS »
HPV 18

7600 7610
CAACCGTT’!‘TCGGTTGCCCTTACAT‘ 7

CAACCGRTTTCGGTTGCCTTTGGCTTATGTCTGTGGTTTTCTGCAC AA’!‘ACAGTACGCTG
60 7417 0 80. 490 75 7510
Rsal

7650
-—--TTTGTACTAATCCCATA 2

- CACTTACCTCAAATTTGTTATAACGTGT

GCACTATTGCAAAATTTAATCTTTTGGGCACWCTCCTACATATTTTGAACAATTGGCGC
7520 75 7560

770!
TGTTGTGTGCCAAGGTACATATTCCCCTGCCAAGTA’I‘CTTGCCAACAACAEACCTGGCCA

GCC'l‘CT’!‘TGGCGCATATAAGGCGCACCTGGTATTAGTCATTTTCCTGTCCAGGT&CGCTA
580 00

7730 7740 N 7750 7760
A ‘TAAACCTGTCGGTTTGTACAA

GGCCGC AT .mixvrmnr

7690.

7790 - .780
TGTTGTGGATTGCAGCCAAAGGT-TAAAAGCAT

7810
TGGCTTCTAGCTGAACATTTTTGT

AT TTAGTTTGTTTT']'ACTTMG CTAATT
" . 7700 7710 772

30 7840 7850 786 .
ACCCTTAGTATATTATGCACAATACCCACAMATGAGTAAC :

GCATACTTGGCTTGTACAACTACTTTCATGTCCAACATTCTG
730; 7760

RsaI

i
k



’ regu’latoxy and - late regions of A the papd;mvin;s, BK  which - has

-a different 'tmpism than that of papillomavirus '(Seif‘ gz al,

. 1979). This 11 bp sequence i also found” in pBR322 (Sutcliffe,
*1979). MSwih et al (1987) obsémd two  functional domains ‘in

the_ enhancer regions of HPV 18 both having full enhancer
-acti‘rity in Held cells. Huwe*‘ler,"‘é)‘nly one of the domains
contains the 11 bp sequence. — . ,

As  mentioned above, the HPV .16, 18, and 1T ithancer

activity  exhibited cell-type specificity (Table *III, - p 70; Figure
" 13, p 72). The HPV 1) enhancer had consistently higher
activity ~and appeared to be- active in a wider range of . cell ’
/\typus' than the HPV 16 and 18 enhancers (see Table IIL, p 70;
Figure 13, p 72). _Thii is probably - due to transcriptional
éomﬂ?l whfch is less stringent in HPV 11 than in HPV 16 and
.18. The bhigh lcvci‘ 9{ . variability = observed i between  the .
sequences 'of the HPV 11 enhancer and' the HPV 16 and 18
enhancers may be a‘;socimc,d with the observed = differénces in

cell-type  specificities and enhancer strength (Figures 13, p 72;

B Figures 19 and 20). wRecently Chow et al (1987c) located the
enhancer region of HPV 11 to a 140 bp sequence '(?730 to
7870). i 9 ing the GT, Sph, and P

motifs (Zenke et al, 1986)' and the recognition sequenée for -
N_CTF (NF-l). Jwere. found in the HPV. 11 enhancer (Chow et gL
1987c; , Hitochika et al, 1988). Comparison of these sequences
in ‘HPV 11 (ie. ,the’ir presence and. their position)  with thé

HPV 16 and 18 enhancer sequences reveals  no significant *




. homology. The presence or absence of - these various -motifs in
a  specific ' pattern ;rmy_ allow ~expression * of the HPV. 11
enhancer in a wider i'ange of cell types. 2 ,

HPV 16 and ' 18 are gencm;ly restricted  to  ofie  particular
type of lesion m _lhe genital area, while  HPV 11 shows
pathology  distinct from that of HPV 16 and 18 in the genital
area and is also wunique in its ability to grow ia the upper

-
I igati of HPV. 16 and 18 enhancers

pi y tract.
indicated that the activity is generally restricted to human
epithelial cells derived from  cervical carci;mmas (Table I, p
70; I-“igure‘lS, p 72 see also Cripe et al, 1987 Swif: et ‘,a_l,
1987; “Thierry et al, 1987b). However, the relative strengths of
the HPV 16 'and 18 enharicers vary depending upon cell type
(Figure 13, p 72). This means that even though the early
region proximal ‘segment of the HPV 16 and 18 ncrs share
significarit homology (see Figure 8, p 53), other enhancer
elements present in the upstrcax:n segment of both HPV 16 and

18 could contribute to the differential activity of these

h Ce i programs were used in this

study to identify HPV sequences having homology with a

number of g q

t‘hcse are  shared
among different sets of ‘enha‘ncers. The HPV 16 “enhancer (7450
to 7778) contains sequences resembling the SV40 . ‘“core"
element, GTGGATATATG, the Sph 1 motif (AAGCATGCA) and '

the ‘reccgnilicn sequence for AP1 (TGACTCA; TPA-responsive
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clement) and IGNFA (ATTTGCAT) factors (Figure ~21; . Angel ot
al, 1987 Lee ot al 1987, 1987b; Sen and Baltimore, 1986;
Zenke ¢ al, 1986). This region also has sequences similar to
clements found in the polyoma ‘A2 (TCCACCCA) and polyoma ’

alpha (GTCAGTTA) enhancers. In contrast, the HPV

enhancer was found to contain sequences that
=

il
(TCAATTAGTCA) and TC (TCCCCAT)
recognition  sequence for AP3 (TGTGGTTG)

»

motifs  and

18

resemble the P

the

(Figure 22; Zenke

et al, 1986; Johnson et al, 1987). Sequences siﬁnilar to elements

found within the SV40 and HPRT enhancers

(CCAGGCTCC;

Melton et al, 1984) and to the 'recngni(ion sequence for the

IgNFA lfac(or (Sen "and Baltimore, i986) were also present in

the HPV 18 enhancer. However, there

were no  similarities

between “the HPV 16 and 18 enhancer motifs as -‘revealed by
this study except for the IgNFA recognition

found within the 60 bp region of the HPV

enhancegs.  Recent i igatis have

sequence which is

copies. of the GT- or Sph-. motifs can

with cell-type specificity (Ondek gt al,

16 and

18

that  multiple -

function as enhancers
1987; Schirm et al,

1987). ' Results from these studies along

with the present

investigation  indicate that enhancers of differing

specificities/activities can’ be assembled
sequence motifs by combining them
(Schirm . et al, 1987). The seq;lcncc
HPV 16 and 18 enhancers do deem

from

.in

relatedness *petween

to

many individual

different  patterns

correlate  gwith

observed P 3 ifi-ci!y. 3

-the |

the
the

cell-




Figure 21 Sequence of the HPV 16

) enhancer lhmvlil
homology to variotis SVA0 and polyoma motifs. )

The AP1 and IgNFA ogniti e are
to the HPV 16 enhancer. Sequences ,similar to the " Sph motif

‘core” element of SV40 and to the polyoma alpha and
A2 elements are . indicated. The E2 binding motif and HPV-

and

-specific elements of HPV 16 are underlined.




HPV 16 ) K
VERSUS &

ENHANCER ELEMENTS < .

450 747 490 500
ACCGAA’I‘TCGGTTGCATGCTTTT‘TGGCACAAAATGTGTTTTTTTAAATAGTTCTATGTCA =

AAGCATGCA il GTCA
'E2-binding Sph "
motif Motif s
7510 753 T
GCAACTATGGTTTAAACTTGTACGTTTCCTGCTTGCCATGCGTGCCAAATCCCTGTTTTC .
GTTA 5 s
polyoma ) &
alpha
elemént
7580 7590 7600 ‘7610 7620 >
CTGACCTGCACTGCTTGCCAACCATTCCAT'I‘GTTTTTTACACTGCACTATGTGCAACTAC
® TCCACCCA C
polyoma
A-
element
7660 7670 7680

TGAATCACTATGTACATTGT TCATATAAAATAA}\TCACTATGCGCCAACGCCTTACATA

TGACTCA T
AP1

recognition -

sequence

7690 77 720 730
CCGCTGTTAGGCACATATTT’I‘TGGCTTGTTTTAACTAACCTAATTGCATATTTGGCATAA

X, GTGGATTG {
HPV-specific ‘\"core" .
motif element ¥ recognition
g sequence
7750 . 176 77 ’
GGTTTAAACTTCTAAGGCCAACTAAATGTC
5L
% 5 4



Flll;yé 22. “Sequence of  the: HPV 18 enhancer showing
homology to various SV40 enhdncer elements.

- The AP3 and lgNi'-‘A recognition.  sequences are  similar to
’ ;'notits found in the HPV 18 enyanc'er. In addition, 3Sequences
similar to the PC and TC motifs of SV40 and the
_CC;}GGCTCC motif of SV40 and ) of the hypoxanthine
. phosphoribosyltransferase  (HPRTY ‘genes ar: displayed
underneath the HPV 18 enhancer sequence. The E2 binding
motif and the HPV-specific element of HPV 18 are

. underlined.




WbV 18
VERSUS

ENHANCER ELEMENTS

7460 7470 7480 7490 00 7510
ACCGATTTCGGTTGC CTT‘TGGCTTATGTCTG’Z‘GG'TTTTCTGC:\CAATACAGTACGCTGGC

E2-binding - TGTGGTTTG Rsal
motif ' 'AP3
recognition
sequence

752 7530 7540 7550 7560 7570
ACTATTGCAAAATTTAATCTTTTGGGCACTGCTCCTACATATTTTGAACAATTGGCGCGC
7580 7590 \ 7600; 7610 7620 763
CTCTTTGGCGCA’I‘ATAAGGCGCACCTGGTATTAGTCATTTTCCTGTCCAGGTGCGCTACA

: . TCAATTAGTC ceaceemee
* P motif ' SVA0/HPRT
A\ 3 elementt

7640 7850 7660, 7670 7680 7690
ACAATTGCTTGCATAACTATATCCACTCCCTAAGTAATAAAACTGCTTTTAGGCACATAT

TCCCCAT
TC motif

7700 7710 7720 7730 7740
TTTAGTTTGTTTTTACTTAAGCTAATTGCATACTTGGCTTGTAC .

HPV-specific
~ motif

Rsal

recognition
sequence
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type  specificity , of the - HPV enhanceu’ observed - for . similar
cervical cell lnes coud be . associated with the . presence . of
diﬂeréilt mou‘f:s in the e}!mm:cr regions of these viruses. :

, ' Tx C /
4.5 Trans.regulation by the HPV 16 E2 gene product

As  stated  ealier, gene‘ expression by many viruses s
controlled not only by cisacting elements, but also in _trans
byy the gsne products Oof the' same virus. Results from ?hc
present  study demonstrate  that the HPV 16, 18, and 11
enhancers are  trans-activated by the .HPV 16 E2 gene  product.
, This is in  agreement » with previous observations  that  trans-
activation by the E2 gene product of eiter  HPV. 16 (Cripe. et
al, 1987; Phelps and Howley, 1987), HPV 1, HPV 11, HPV 18
(Hirochik; ¢t a 1987, or BPV 1 (Spalholz et al, 1985, 1987)
was required . o detet HPV enhancer function in CV-1 and
cervical carcinoma cells (Cripe et al, 1987 Thiérry and  Yaniv,
1987). CV-1 ;:clb were chosen for th.e prcscn} studies because
the constititive' activiy of the HPV enhancers is relatively
low in this cell tline. The level of activation seems tév be
greater - for the HPV 11 and HPV 16 enhancers - curn;pnred to
that of 'HPV 18 (Figue 14, p 82). This is consistent with the
trend obseved by Hiochika o ol (1987) who obséved thai
the E2 4ge;|e prpducts of HPV 1, HPV 11, and BPV 1 activate
the' HPV 18 enhancer to a small extent or, not at all in CV-1

cells and that the HPV 11 E2 gene product stimulates both
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HPV 11 ad HPV 16 enhawers o a greater extent Thee
enhancer  regions of papillomaviuses contain multiple  copies of
the palindrome, ACCGN4CGGT, which has been .shown t; “be
requied for E2 lrms-;clhaﬁon and for E2 protein bingiiué. in
vitto (Androphy ¢ al, 1987; Haugen et g, 1987 Hirochika et
(-;_l. 1988; Moskaluk and Bastia, 1987; Sl;au\olz et al,, 1987).
Comparison of the HPV indi

g region i

the ?reser.mc of three of these motifs’ in HPV 16 and 8’,
whereas  there are four, o&s in HPV 1. The fourth copy
found in l-iPV 11, immediately downst'ream from the ' enhancer,
has been replaced in, the HPV 16 ' and 18 rnoncoding o region
with = degenerate .veréions (see  Figure 16, p '9/8). Recent
evidence \suggests that the degenerate version . ﬁrcsent" in CHPV" _ .
16, ACQGNsCGGT, is not a target for E2° binding (I-hmchikag;‘
ak 1988{ this is due to the stringent requ‘remem‘ of 6
" nucleotides  (instead ;f ¥7) between the two dalves of the
palindfome, ACC and GGT, for in vitro binding to occur. The
report " by ‘Hirochik‘a ‘et al (1988)‘ also suggests ~ that ~ the
sequence of these six central nucleotides may influence  the
strength of association with *the E2 protein. Thus, ‘the HPV 18
degcnemt;, mot‘if, ACCGN4AGGT, probably- has a lower 'ﬁfﬁnity
than the ACCGN4CGGT ‘motifs. - Positions . of the other  thrée
motifs, one upsteam of the = enhancer nr;d' the Vnmerr two
repeats  between |ﬁe CAAT-like box and TATA box of the " E6_

promoter, are  conserved among * the three viral typcs: “When

the four central nucleotides -of the E2 binding motifs . of " mpv
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16, 18 and 11 are compared, pattens that may explain :the;
high “E2  gene pn;ginct activation of i-lPV 16 and - 11 relative ‘to’
that of HPV 18 were not found.. In fact, the bindiné‘ motifs  of
HPV 11 and 18 are sligl11i'y more similar than those. of HPV 16
are to 11. This suggests that activation of lhe' HPV  enhancer
by the E2 gene product involes more than the interaction of
the E2 proein with ~ the ACCGN4CGGT motif. It is  possible
that  the sequence of the nucleotides immediately “outside of
and/ox -the distal;ce between the various 1=:z mo(ii‘s may
influence  the  affinity (;f E2 potein ' binding and _subsequently
E2-mediated trans-activation. :

While resuls of the current study fslviqw that  the pres‘cnc‘e
of .oy one E2 binding - motif -in addition to viral eénhancer -

is i for -t ivation, whereas the E2-

dependent amivt;tion of  transcription " from  the BPV 1 ne has
‘been reported to require at least ome (but  preferably ~two)
motifs at each end. of the element (Spalholz g[. al, 1987). This
suggests. that some cooperation between the two ends is
Evolv’cd i the R nc’(ivation mechansm. It 8 possible that the

higher level of activation observed with the ncr plasmids  (p6,

.pl, and p8) may' be due to boepeﬁ/tion among the three (or

four in HPV l_i) E2 binding motifs. Indeed, insertion - of one’
copy of the ACCGN4CGGT . motif (without wviral enhancer
sequences). upstream  of  the SV40 promoter  was ~ insufficient to
confer E2-dependent activation: Significant activation does

occur \7&[} multiple copies (8 >  2) of the E2 motif are




present (Hirochika ¢t al, 988))' Fragments contammg one or,
multiple E2 binding motif(s). along with viral' enhancer
sequences are activatd by the E} gee product. These results
suggest that - this' E2-d pend
influenced by the constitutive  eabancer. Indeed, recent reports
indicate that nne‘ copy of the E2 binding site has E2-

trans-r i may be

dependent enhancer activity only when it is in the presence of

the - constitutive enhancer (Hirochika et al, 1988). The present’

investigation ~and  others, (Cripe et al, 1987; Hirochika et al,

1988) show  that the constitutive enhancer ‘' alone is ‘insu[ﬂcicnt

to. confer E2-dep ivati Collectively, the results

suggest that the differential ~ E2-dependent acli;/a(ion cof the
HPV 16, 18, and 11 regulatory regions ;:ay involve ~cooperative
inferaction of the E2 binding protein(s) with other “
trapscriptional  factors which bind to elements pr&nt in  the
dﬁctuﬁvc enhancer. i .

The results show that the E2 gee produgf can trans-
activate when the p}omoler is heterologous (ie. SV40 early
promoter) but not homologous (ie. HPV promoters). This could
be due -to  repressi of by the E2

product. There is evidence from studies by others to sup\po'h\

this. . For instance, Lambert - et al (1987) have .identified a
Tepressor ‘fun.c(ion to the carboxyterminal portion of the. ?P\l
1 E2."expressing - plasmid. Furthermore, Thierry and. Yaniv
(1987)  have réponed the repression -of transcription t.'mm the
HPV 18 PI105 promoter by cotransfecting with ‘a BPV' 1 E2

w




\
R R .
expx:assing plasmid. The same -BPV. 1 E2 expressing plasmid was

0

found td trans-activate expression from -the BPV 1 P89
pmmotér and from the enhancer of. HPV 18 placed upstream of
the SV4) promoter (Spalholz et ‘al, 1987; Thierry + and, Yaniv,
1987). It is difficull from the present stdy to pinpoint a
repressor  function to the E2 pene ‘product due to‘ the low
constitutive  enhancer activity in  CV-1 cells. The resulgs
certainly support the differential function of HPV 16 E2 gene
product when HPV 16, 18, and 11 ‘enhancers  are “expressed
from homologous promoters as  opposed to heterologous
promoters. ' Comparative analysis  of the sequences npsircaln the
BPV 1" E6 'ORF with those of the genital. . HPVs tevealed’ " that
in BP*/ 1 the E2 binding mmifs’ are fond greater fhan 130 bp
upstream  of  the major -~ promoter (ie. E6 pmm;xter, Figure 23).
On the contrary, in HPV 16, 18 and 11 two E2 binding sites
are « present between the TATA " and CAAT-like consensus
sequences that precede the major start site for the early
" transcripts  of ’lhcse viruses (see Figure 23; Pater et al, 1988;
Thierry et al, 1987b; Smotkin and Wetistein, 1986).. As
sgecplatéd by Thierry and Yahiv (1987); the binding of
mult‘iyle E2 protein molecules might sterically interfere «with
»ﬂle‘fomali‘on of an active, transcriptignal complex. It is not .
yet known which of the E2 gene products (full length -~ .or the
C-terminal * products) are  responsible  for this repression. oth
thev full - length “and the CHerminal E2 products of BPV 1, HPV
16, and HPV 11 have been shown to require E2 binding @bﬁ&




Figure 23. General . organization ;)fr the papillomavirus  control
region. : ' )

Thé dotted lines represent sequences missing ﬁ'Ol‘;l particular
viruses. The potential ATG for the E6 ORF is represented
by the arrow. The letters T and A/T indicate the posiﬁons
of TATA. ‘boxes and A/T rich regions, respectively; the
' CAAT-ike boxes' are. represerited by the letter C. Filled
boxes show ~the positions of the . E2 binding mmifs;' open
/;boxes correspond  to .degenerate  versions. Thc sequences  for
BPV 1 (Chen et al, 1982), HPV 8 (Fuchs et al, 1986), HPV
6b (Schwarz et al; 1983), HPV 11 Qttmam et al 1986) and
HPV .33 (Cole and - Streck,’ 1987), 18 (Cole and Danos,
1987) and HPV 16 (Seedorf et al, 1985)‘ were  obtained from
previous reports.
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for - their action. Thus, it is .pcssible that DNA- binding by the
intact andfor the C-terminal E2 gene products are sufficient

2 .

*to repress HPV expression by steric hindrance.
4.6 Thns-npmssion by the HPV 16 E7 gene product

N .
The E7 ORF of HPV 16 encodes a trans-regulating product

7 ~

which was found ‘to repress trans-activation mediated by the

E2 gene product (Figure 14, p 82, Table VIL p 86) ‘While it is

difficult  from this present study  to determine the exact

of 't pressi by - the E7 gene product, the
repression of pSV2-CAT by the E7 gene product (see Table IX,
p 89) ~ suggests tha‘t repression by this gene may not be
‘mcdimed .thmugh the EZ' binding motif. The E7 gene :n'oducl
may be a general inhibitor of transcription. This would

account for the negative i of the Sv40

early promoter  present in pSVZ»CAT.l However, it is possible
that the E7 pgene product may have twol_separale ﬁlnéﬁons,’
one which generally represses enhancer a::livity, and another
which represses ‘ Eﬁ-mediated transcription (HP_\’-s;;ecific
activity). To this end, the E7 gene product may interact
directly or indirectly with the E2 gene product and interfere
with  the lrnnsjact'ivnlion domain of the protein. Al(crna!i'vcly,‘
the E7 protein® may -interfere with the binding properties  of
the E2 gen‘e proéuct. A.anhe‘r‘ dcle(ijion analysis studies are

required (1) to determine which - cis-acting sequences (ie. the




E2  binding motif) if any, are required fotﬂ this ° trans-
repxjessim and (2) to determine if dhn reprlfulonA of E2
’activaticn or binding functions are involved in the traps-
repression by the i57 gene  product. In panicu];r, experiments
on cells expressing higher <HPV . constitutive ~enhancer activity
are  necessary —to  examine the mechanism(s) of the E7 gene

product repressor function. -
47 Viral gene regulation in HPV infection and cancer

Collectively, the reslilts suggest a possible explanation for
the staws and expreision of integated HPV DNA in cevical
carcinomas and of ‘the extrachromosomal status of HPV DNA
in benign warts or prccanm&x_s lesions. It has been suggested
that  transcription of the potential transforming gene(s) of the
- HPV 16 E6/ET region (Bedell et® al, 1987, Matlashewski et al,
1987) is tightly regulated in benigﬁ warts Or  precancerous
lesions _ where ‘Hle DNAs are, replicating episomally (Cripe et
al, 1987). Thls rcgula(idn may be mediated by the binding of

the full-length E2 -trans-activator and/or ° the short E2

p gene prod to the P E2  binding  motifs
(ACCGN4CGGT) located between the CAAT-like box anq TATA
box of the /86 ’ promoter  (Figure ‘23). As d‘iscus;ed ?reviuusly,
this  binding  could  function to repress HPV  E6/ET expression
by steric hindrance. This E2 gene product(s) * nloé\g with

celular  factors -(which bind to. HPV enhancer motifs) may also




function to regulate other HPV promoters. In  addition, any
expession of th E7 ORF would result in a protein whose

function is to repress [E2-activati This i may or

may not involve interference with the binding of the full
length E2 gene product to the upstream E2 motifs.

Examination of the physical state of integrated HPV DNA
reveals  that  although different regions of the HPV genome
were integrated in  cervical carcinoma cell lines, the early
region including the E6 and E7 ORFs/ncr  are  conserved in
all/most  cell lines (Baker et al, 1987; Pater and Pater, 1985;
Sthwarz et al, 1985; Shirasawa et al 1988; Yee et al ?935).
These reports also indicate that integration wusually occurs
within the E1 ORF, the E2 ORF, or both. The disruption of
the E2 ORF by integration should interfere with trans-
regulaion by the E2 ORF product(s) Therefore, it would seem
that disruption of\ this gene may play a role Cin. malignant
progression  becaus of the deregulation  of 'EGIE7 OR.F
expression. Indeed, jral  transcripts  in  cervical carcinoma  cells
appear to be primarify from the “E6 and E7 ORFs (Baker gt al,
1987; Sneideg-Gniicke and Schwarz, 1986; Smotkin  and
‘Wettstein, 1986). Thus, due to the deregulation of E2-;nedin!cd

transcriptional  control in ccrvica}\ cells, integrated viral

p are | iv by cellular  transcriptional

factors alone  (implicated in this study) or are enhanced by
‘

cellular  ci ing regulatory clements. Furt\\ermc}c.

the -agressiveness of lesions containing duplications of (or
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within)  the’ «virpl : transcriptional - enhancers _may be . explained
by #the increased affinity ﬁ;r cell factors leading to an
increase in  expression from  the E6/E7 ‘ORFs. In  addition,
splicing of the HPV sequences to adjacent human DNA and the
use of cellular polyadenylation sites may function to increase
the stability of E6/E7-encoding mRNA transcripts. Thus, it
would seem that integration of - HPV DNA is pivotal in
producing' a switch in the viral transcriptional -pattern which -
may -be an important _aspect in progression of cervical lesions
‘to malignancy. In fact, studies on H}‘/V-mediated
transformation  suggest that transformation  of I_?:at-l cells by
an’ EG/E7 expressing construct is in  most ‘cases more efficient
than that observed with the entire viral genome (Bedell et al,
1987). The integration of the HPV . gcnumc may also play a
role -in cevical carcinogenesis via the HPV  enhancer-induced”
nctiyation of adjacent oncogenes (Durst et al, 19873{ Swift et
al, 1987).

The recently reported homology between the oncogene c-
jun  and the transcriptional  factor AP-1 has provided the
strongest basis to date  for the bel;ef that . transcriptional
factors can furction direcl{y as  oncoproteins (Bohmann ¢t al,
1987‘;. Varmus, -1987; Short, 1987). Furthermore; the repressor
function of the ‘Efa gene product of adenovirus is tightly

ashciated with the transforming ability of this gene (Lillie ¥

“al, 1986). ~ Similarly, it is possible that viral-induced

- .
‘transcriptional  repression. and/or activation plays a central
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role in EG6/E7-mrediated tramsformation of HPV infected
cervical cells. Several pieces z;f evidence support this  proposal.
First, the proteins encoded by the E6 and E7 ORFs contain a
common cysteine doublet (Cys-X: s; X= any amino, acid)
repeated at regular- intervals alouj:ie s;:qncnce (Danos et al,

1984; Danos and Yaniv, 1987). Sequences of the form Cys-X-X-
= Cys-X(13)-Cys-X-X-Cys have also been found in the
adenovirus Ela gene products (Berg, 1986). A number of
eukaryotic nucleic acid binding proteins have recently been
shown to contain si;-nilar repeated units which are believed to
sequester an atom of heavy metal, thereby forming a loop or
"finger" with the ability to interact with DNA or RNA (Berg,
1986).

ith transcriptional ~ regulation js * so well accepted ‘that the

ingly, the iati of the ‘"finger" structure

resence” of this motif i§ considered  diagnostic of a new ’
transcriptional  factor  (Evans and  Hollenberg, ‘ 1988). Second,
the E7 gene product of HPV 16 and the adenovirus Ela .gene
prdduct(s) share considerable functional homology. For
instance, the Ela gene product of adenovirus can repress the
enhancer function cfl HPV 18 (Swift et al, 1987; Thierry et al,
G 1987b), while as reported = here, - the E7 gene product can
répress HPV-specific transcription. In  addition, the E7- gene
product is known to skimula&'e ,wexpression  from  the -adenovirus
"E2 . gené (Phell)'s; Yee and Howley, in abstracts - of papers
presented at the Sixth International Workshop, 1987).

Similarly, the Ela protein(s) function to activate the rate of




A

)
s

16§ A
i_trans&ipvinn from  several sdenuvinls: early genes (Betk et al
197§; Jones and S!xenk, 1979). In addition,. results of !hc.
present study indicate that- “the Early promoter of SV40 is also
repressed by the E7 ORF o‘f HPV 16.‘ Repression of the early
promoter of SV40 by the Ela gene ‘product s also  well »
documented  (Borrelli et gl.‘ 1984; Velcick and  Ziff, 1985).
Interestingly, a sequence closely related to the consensus
scquen;:c (GTGGTATG) “in the SV40 enhancer “elements is also

found in the enhancers of HPV 16, 18, and 11. It remains to

, be seen whether the repressor function of the E7 ORF of HPV

<16 is mediated through this consensus sequence.

Localization of a trans-acting function to the -E6 .gene
product of HPV| 18 and an E6-inducible enhancer to the HPV
.18 noncoding region (Gius' et al, 1988) provides additional

in

evidence for the i of
cervical cur‘cindgenesis.l The genc’- products from the - E6/E7
region of HPV 16 and 18 are sufficient to induce
transformation of rat cells (Bedell et al, 1987; Matlashewski et
al, 198;1). ‘These data, taken together, s’uggcs! that  the
oncogenic effect of the HPV ,E6}E7 proleins may work through
transcriptional  repression/activation of cellular .genes involved
in growth regulation. - '

4.8 Future studies -

Results  presented in  this thesis suggest - further "studies  that




N~ .
may shed light on the molecular mechanism(s) of viral (HPV)
transcriptional regulation.

‘(1) Site and deletion mutagenesis of the HPV ner should be

performed to determine: — .

(a) whether or not there is a negative regulatory element
downstream of the HPV 16 and 18 oons:imlive enhancer.

(b) the enhancer sequences which are required for HPV

promoter function.

(c) the enhancer \motifs (short DNA sequences) required for

constitutive enhancer funclion.

(2) Cell-specific  enhanci activity is known to involve the
interaction of cellular transcriptional factors with enhancer .
motifs. Future studies Should attempt to .determine whether
there are ubiquitous and cell-specific factors binding to the
HPV enhancer an/or the putative negative regulatory element.

(3) The i of E7 i ¥ i may involve

binding of the E7 gene product to a sequence present in the
HPV ncr.  Alternatively, this repression may at via ar® indirect
pathway. To investigate whether or not __t‘he E7 gene product
b‘inds to a sequence(s) within the HPV  noncoding regign,
experiments using techniques such as gel 're‘tnrdn!inn and

DNase I footpfinting should be considered.
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APPENDIX A

A brief description of the plasmids constructed in this study:

PLXSMID VECTOR (SITE) HPV TYPE

2

p4

pS
pé
p7
p8

P9

pl4
. pls

p17

PSVO-CAT (HindIiI)
PAI10-CAT (Bglll)

pA\I(‘)-CAT (Bgllh)
PA10-CAT (Bglll)
PA10-CAT (Bglll)
PAI0-CAT (Bgll)

PAI0-CAT (Bglll
PSVO-CAT (HindIIl)

* pSVO-CAT (HindIII)

PSVO-CAT (HindIIT)
PSVO-CAT (HindIIT)
pSV2- pMLP

.
pSV2- pMLD

% b
PAI0-CAT (Bglll)

PA10-CAT (Bglll)

PA10-CAT (Bglll)

- pAI10-CAT (Bglll)

PAI0-CAT (Bglll)

1
16

1

1
18
16
18

18

FRAGMENT?
DrallSaNI  (+)
(7486 to 114)
BamHIAvall ()
(6150 to 112)
DrallI/SfaNI &)
DrallSfaNI  (+)
BamHI/Avall  (+)
BamHngHl (+)
(6929 to 119)
BamHI/BamHI ()
DralII/Sf;NI )
BamHI/Avall  (+)
BamHI/Avall )
- BamHI/BamHI  (+)
T, o
ik @
Ndel/Saul +)
(7657 to 7870)
SfaNI/Acel ©
(7419 to 7766)
?%2“4{ e l777:;) ®
BamHIAccl (9
(6929 to 7766)
SfaNI/Accl +)
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4

PLASMID VECTOR (SITE) HPV TYPE FRAGMENT?

pT-13
pT-18

pT-20 |

pT-25

PSVO-CAT (Hindlll)
PAI0-CAT (Bglil)

pSV2- pMLD
pAI10-CAT (Bgill)
PSVO-CAT (Hindlll)

PSVO-CAT (Hindlll)’
PA10-CAT (Bglll)

PAI0-CAT (Bgill)

PAL0-CAT (Bglll)

PAIO-CAT (Xbal) .

PAL0-CAT (Bglll)
pSV2- pMLb

PA10-CAT (Bglil)

PAI10-CAT (Xbal)
PAI10-CAT (Xbal)
PAI10-CAT (Xbal)
pSV2- pMLb

PA10-CAT (Bglll)

PA10-CAT (Bglll)

BamHI/BamHI ©),

Rsal/Rsal (O]
(7508 to 7738)
Hpall/Saul® +
@b to 41334) )
Dralll/Saul ),

(7486 1o 7870)

BssHII/BamHI (/+)d
(7572 to 119)

BssHII/BamHI +)

BamHI/Bbvl (+)
(6929 to 7837)

BssHII/Accl ©)
(7572 to 7766)

BamHI/Avall (+)
(6929. 1o 56)

Pvull/HindIlI -)
(see Figure 2, p 278-

BamH1/Accl (+)

ooy @
Hphl/Hphl (+)
(6438 to 7778)

Pvull/Hind1ll (+)
StaNI/Accl OF
SfaNI/Accl v .(+)

Hpall/SaNIE - (+
(5311 to 4334) i

Sphi/Hphl
(‘;4‘6{!‘ "::'7778) )

Rsal/Rsal +)

b e oo



#
:

a
The. HPV sites i in
Figure 3, p 6'32. 8,(+) l.lld () repxucnlmy':: oriqmaaﬁr:nm;fmlhe
. fragment.
b -~
The vector obtained digesting -~ pSV2-NEO-
pM]. with IFI and EooRl (fom:y in apupugoximalﬂy the
i PSV2-CAT ~ [Figure 2,

27] g HdeVBnRI sns wr.re ﬁlled ‘in by treatment wi
reverse  transcriptase. The Hpall/Saul -fragments were _then
cloned into this vector with the SV40 regulatory region and
the HPV 16 ORFs in the same orientation. .

c
There is a 4 l;& eletion in the HPV 16 sequences (Hpall/Saul
fragment) at the BstXI site (2891).

d . .
The BssHII/Accl (7572 to 7766) fragment is in the opposite

. orientation  relative  to  CAT, wherens the  Accl/BamHI agment

|s in the positive.
»
There is a deletion of 635 bp in the HPV 16 sequences
(Hpall/Saul fragment) at the Ndel sites 3126 and 3761.

e
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