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ABSTRACT

Hcpatiﬁs B virus (.HI‘.WJ infection resulting in integration of the viggl DNA into host
fiver cell DNA is associated with the development of hepatoeeliular carcinomi
(HCC). This is indicated by epidemivlogical trends, molecular studics ¢ nd studics of
animal models infected with viruses closely related 0 HBV. However, -littlc is
known about the mechanism by which the integrated HBV DNA induces HCC
despite continuing analysis of the integrated HBY DINA and its su'm:»unding cetlular
sequences. The Tong/HCC cell line, a cell line established from a HCC of a 59 year
old italian male, has five integrated HBY seguences which to date have not been
cloned and sequenced. n this study, DNA from the TongMCC cell line was isolated
and used to create a gepamic DNA library vsing Lambda gt ], An initial lbrary tire
of 1 x 10° pf/m! was obtained, To inerease the titre, the library was amplified and
showed a fina! titre of 6.8 x 10 pfu/m] with 93% recombinants, The Tong/HCC cell
line genomic library was screened for the presence of HBY DNA sequences with a
probe consisting of the entire HBV genome (3.2 kb), 18 pusiti\;e recombinants were
detected, 10 of which were isolated and reserected. Another aspoct to this study
jinvolved detecting the presence of HBsAg scouences, compietely or partially
expressed s o fusion protin, using a monoclonal antibody mised against serum
HBsAg, This was performed afler the third screen. Five pervent of the HBY DNA,
positive recombinants reacted with the antibody. This work was performed so that
in future studics the five integrated HBY DNA sequences and the flanking cellular

DNA it the TengTCC gell Tine could be sequenced and analysed further.
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HBY or heterokogous vitases. The X gene product also has a prowein hinase activity
and can phosphorstate serine and threonine residues on both the X - eheaded protein

as well as other substrates such as histone and cosein (We ot al.. 194,

Anuther functionally impottant element that has been identified in the hepatitis B
vitus genome i two |1 bp direet repent sequences (87 TTCACCTOTGC )
designated DRI and DR2, They are approsimately 228 bp apart and play a eritical
role in virat DNA replication. The 5' end of the ) strand lies within DR] and the
8 end of the S¢r) strand is 2t the 3' bouaday of DRI as s'.:ct';_ it Figore 1.1

{(Molnar-Kimber ot al.. 1980 Seeger ot al.. 1986,

Research bas revenled that the HBV genottie has 3 RNA polymerase ™ dependent
pramoters, namels the resutlace gene promoter, SPIL the sueface gene pratwster,
SPLUL and the core promwoter, CP (CCattateo o ol TU83; Rall et al. 1983; Laub and

Trelnin, 1987 Yaginuma and Kuoike, [989),

Also preseitt are two tissue specific snbancers (lamee] and Sidiqui, 1980, Shaal o«
ke FORS; Yoo, TURY), a ghucocottivoid-responsive sepukitory element {Tur-Naspa,
TO80} and te conserved hesanucheatide, TATANAL which plays a role in the correet
polyadenylation and processing of HEV RNA franseripis [timﬂ:m and  Varmus,

1987,
[, Replivation of HBY
The unuseal replivation siratep of HBV was tiest deternined in DHBY (Summers

kel Muson, PR Mason et ol TO823 and fater condinmed B HBY (Blum et al,,

FOR4; Miller ot al., 1984 Will etal, 19873 B dilfors vihat ot other PINA vivases



the § region afone code for pelypeptides of 38 008 daltons, 31 000 dabtons amd

14 000 dalions respeetively.

There are five antigenic specificitios found on the HEsAp paticles, A group speeille
determinnnt (a) s shared by all lsAg preperations, Twe mairs of subtype
determinants (dy and wry are present and for the most part they e mutually
exclusive, Kight HI3sAg subtypes have been identified: ayw,, ayw. ayw., syw,. ayt.

adr, ndw, and adw, {Courauee ot al., 1976),

133, The P pene

This ORI uvcrluﬁs ¢eh of the others and codes information contained within the
other three fiames of the genome, 1t specifies a virion-associdted DNA polymerase
or reverse transcriptase, important in the replication of the vitus (Sherker and
Mation, 1991 A teeminal protein, whicli is bound to the 3' end of the minus strand,
i encaded by the 5 nd of the P ORF (Busch et ai. 198R) Tt functions as a primer
for the synthesis of the vieus minus strand from the RNA pregenome (Lien et al,
10835; Seeger ot al., 1986 Will ot al.. 1987, Another protein eheaded by this region
is RNase H (Toh ot al, 1985 Bastenschlaper ot al, 199 Chang ot al., 19903 which
degrades afl but the mose 8 region of the RNA pregenomie during replication (Will

ot al., T98%),

134, The X geae

The X ORF got its name because #s gene produet and Tonction were completely
unknown for several years 1t is gow known ke encode a tansactiviling protein
which hus trans<activg properties that allow it 1 modulate the level of transeription
of several host (Fwo and Schloemer, 1987 Twu and Schloemer, 1989 or viral

(Spanday and Eee, TI88; Twa and Robinson, 19X regulittory sequences, either from
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1.3, The genetle orpunlzation of HBV

HBV has the smallest pepome of all known virusc.q. affecting man. It is
diagrammatically represented in Figure 1.1, 1t is o cireular, partially double stranded
(ds} DNA molecule with a single Is'trnndcd réginn of variable length. The long (L)
or minus () Steand hay o fixed fength of approximately 3 200 bp-and is nicked ot
around 225 bp from the 5 end of the plus strand. The short (8} or plus (+) strand
has a varigble length ranging from 1700 ~ 2800 nucleotides in different _moleculcs.-
The circular structure is maintained by the base-paiving of the 5' ends of the two
strands. A protein is covalently attached to the 5' end of the fong DNA strand

(Cierlich and Robinson, 1980) and iy refersed to as the terminal proteln,

There are four major open reading frames (ORFs) which reside on the long strand,

the C'. 8§, ' and X ORYs,

L3.1, The C gene

The C ORF includes o short pre-C' sequence and codes for a major viral core or
nucteacapsid palypeptide of 22 000 daltons, A fruneated form of this ¢ gene praduct
displiying ¢ antigen (eAg) cpitopes, and not the cure epitopes, is found in sera

thuing aetive viral replication,

1.3.2. The § gene

The 8 ORE includes the pee-81, pre-82 and § regions, It speeifies viral surface
antigen reactive polypeptides it the vitfon envelope and in the incomplete viral
forms which we found i the serum and liver of infected individuals, The
glycosylated and nonsplycosylated forms of three polypeptides are cncoded by this

repion, The entive ORF (pre-H1, pre-S2 and 8 region), the pre-82 and § region, and
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At first the sarrow Dost minge (humans and Righer primates) of HBRY as well as s
inability to he propagated in enliared cells made these virses difficult o study. The
developent of workable animal madels of BV infection and the onpoing ads anees
it moleculor genctics has provided insigh* o+ ¢ molecula siucture of this virus,

its replivation sttutegy amd s oneopenic potential.
1.2, Biology of HUBY infection

lfl.'-&pusuré of an adult 1o HBY results in an seate infoction lasting up to 20 weeks
with subscquent development of protective antibody against the vires (Robinson,
19843, During infection e vivus ad il unligchs are lound i the blood and body
Ruids with high amouits of vbal mtipens and aucheic ackds in the Byer. The most
abundant formis of vius particles i the blood at this time ate sphurical or
flamentons  and are defective, confaining only  the vital emvelope amd no
nugleocapsidd (Sherker amd Marion, 1991), Nermaldly, infection with BBV results in
¢ modemtely severe illness with hepatoeelulae injury and inflammation (Redeker,
1978), Howeser, some individuals experience mild or oo liver injury  despite
extensive hepatic infection. This varation has heen atributed ta diffesecs in the

host immune response to vitdly infected cells (Dudley et al, 1972),

S o infected inddividuals do noat sesobs e primary inlection but deyelop persistent,
usually lite long, hepatic infection (e, 1982, Thotgd o minonity, these HBY

cutricrs un a teservoir from which inlection is spread o other indis iduals.

Mortality from T3V infection usualfy resthts rom chioie vither than acute infection
(WHO, 19801 Severe chironie THIBY infection frequentty leitds o prensature death

from fiver fithire, but is more importanily associated with HOC,



i

(Hhcl.' etiofogical tastors of THCC include aflatoxin contamingtion of foods {(Munoz
ad Bosch, 1987 Lisker-Melngn of ab, TO89) Hver circhesis where the association
is recognised but not wderstood {Simuzness, 1978, Blumbery and London, 1981),
toleco smaoking (Trichopoalos o af, 19800 Lane o al., 1982 Munoz and Rosch,
1987, exeessive alevhol contsutigption { Tuyns, 19R0; Yu, ot al., [9R3; Uardelt ot al,
1984 the use of sex hormunes (Niek and Uerman, [978), certain parasitic
intbstminns.. for example schistosominsiy (Nakashima et of., 1975; Abe et al,, 1993),
exposure fo the radioactive clement thorstat {Hu_ltilhru,. 1976), infection with the
hepatitis {7 virus tNaito o al. 19903, the use of pharmacological doses of :inahuliu

steroids ws well as vavious metabolic fiver diseases (Disker=Melman ot al,, 198,

Human 1O is a complex and multitactorial disease that is linked ® many sgents
amd conditions,  Patients with HCC may be exposed simmBancously (o multiple
etiological Gietors, depending on their living conditions, which may vary between

eotntries or vver a single peographical kati,
L1, The lMepatltis B Vieus

The hepatitis B virus was st distingished fhom other hepatitis - indicing: vingses
ir 1965 (Bhambery ef al. 1965). Criginally, it was thoupbt e anigue and not a
niember of wny recogrised vitus proup. Howeser, selaed viruses ave singe been
discovered i eastern wonndchuchs {Hum-mm ef ab. 1978 Beechey ground squittels
(rfation ot al, 1980) and Pebin ducks (Mason e al, P9RD), These vinses e
classified as Depadnaviridae (Gust et al, 1986 amd Bave similar  antiyenic,
altmstructoral, modecudar and bolopical featores, Chronie liver disease and 1CC
have, however, only been abserved ininfeeted woodchuehs (Sutimers et al,, 1975

Popper of al, 1981,
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Hepatoeelhular caveinoma (HOCH is the meost fregquent midispian namowy of tie liver,
Workdwide, HCC is the seventh most comman oo of caneer i mades and the ninth
in_ fomales (Parkin of ak. 1984, The frequeney of HOCC varies witﬁ Tespect o
gengraphical location. It is the most reeunent nalignant tintour ':mmng mitley in
Western, Middic and Bastern Alrica and second awst recurtent tumour among males
in Southern Alvica and Southeast Asia. HEOU is not as provalem fo Ching and rare
in most patts of ;’\nicrica. Futope, Northern Attics and Eastern Asiz {Robinson,

1984; Parkin et al., 1984,

Hepuatocelular carcinoma is almost always in aui advanued sfage when (st detected
and the progtiosis is poor a5 few p;uibms survive beyond o year (Kew, 987
Surgery alone can prolong survival but only 1% of paticnts are suitable Tor this
therapy,  Chemothetapy gives pour tesults aml liver wansphntation has been
ahandoned owing ke the freguent recurrence of the wnsour in the vansplanted liver

{Edwards and Bouehier, 1991,

The oveurrence of HOU inereases with age. although T1CC Tas been fonmd in 3
patient a8 yuunp as cight months (Wu ot al., T987L In most cases the tumour s

detected betwoen sinty and vighty years of ape (Kew., [980),

Chronie hepatitis 13 vings (HBV) infection Bias cmerged as e most impartant cause
aof HECC wenddwide, Althouph severs! vieeines are sow nvailable o prevent HBY
inlectivn, there ave over 230 million chrotiie varviers of HBY aml ne elfective cure.
At estiniated E=2 nullion deaths due 10 severe hepatitis, cirdosis or bepmioeelintar
varcinoma are stteibuted o 13V intection cach vear (World Héalth Orvganization,

J9U).
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w indueed HOC

L.5A.2 Chromosomal translocations

Chramusomal translocatiots could result in cruvial getes being brogght under control
of host regulatory sequences thus alteving their expression, Integration of HBY DNA
has been associated with the tianstocation o' fost chm.mm..-s (Hino et al, 1986
Tokino ¢t al, 19873 for example. sn BV intepration in an HCC was determinied
to be danked on one side by sequetives Trom chromosome 17 and on the other side
by sequenees from chromosame 18 tino e ok, 1986), No Limetiona! alteration in
elromasomal expression has yet been attiibured o these tamslogations and Timited
data is available ax most investigators hiave tended to fogus on the regions adiacent

to the integrated virus.

1833 Ch. mosoma) rearrangements and deletions

In many eancers the development of malipmancy has been awsociated with the
deletion vt mutation of a tumece suppressor gene (OMkis of al., 984 Cavanee et al,,
1985; Hagsen ot al., 1985, Koufus ot al., 1983). Integrations of 1TRY e vannected
with wicro- and mactodeletions and rearrangements of ceflular DNA, Restiiction
fnpment kength polymorphism (RELPY stodies of buman tiver tumours hive reveaked
sipnilicant alicle Tusses from regions uf chronwwomes 4, Sg. T, 13q. Hog and 17p,
This suggests an important fole for the inactivation of wmour seppressar genes thit
reside on dese specific ehrsmosomal tepions in the development of HOC, Genes
whose altered expression might affect tumour progaessint fusswion and Metastasis
are also eandidares For a role in e tansbonnation process. The presenes off
mutations in the tuntone suppressar goire pS3 govated on chromuosoiae 17P) s well
documented amd recently, o eduction o hentizvgosity of the Becadberin ecll

adhesion gene CGoeatized on T was discovered i 8" hepatocellulie cateinomas
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The long fatency Between DBV injection il the development of $1CC as well as
the inability of 1BV to transform hepatoeytes in vitro (Skerker and Marion, 19913
cannot be explained by classic mechanisms of imcogenests as HBV does not contain
a direedy transforming oneogene {Tiollais ¢t al., 1985, Ganen and Varmus, 1987,

Sherker and Marion, 1991) as found in tetroviruses,

Proto-omeagenes eellufar oncogenes) are believed o encode tightly . repulated
proteing whose expression plays an impottant role in cell growth. Alterations in their
expression Is believed to be an important eause o many malignaneics and may result
from a qualitative cliange in the eoding rc;_.-inh of the pene or 3 quantitative vhangye
in the cxpression of an uh;:ltcrml gene product (Weinberg, 1988; Fausto and Shank,
1987}, Mechanismy by which this mav ogeur m?;ludc insertional mutbgenesis, gene
splification, ¢hromesamal - transloeations,  chromosomal  remangements  and
tlclctitms as well as the tansactivation of importing host reguiaory genes, Speeifie
vhromosomal glterations have been discovered in sume HBVerelated HCCs that may
w televant fo the molecular hasis of hepatocacinogencsis and are  ammarized

Inclow,

1.5.3,1 Insertional mutagenesis

Integrated, often extensively retrranged TV DNA. could directly activids cellular
proto-oncopenes by providing promoters and enbances that woull inerease the
expression of adjaeent genes, Althuugh this mechanisin has been shown te necar
{Dgjean of al., 1986; Mooy of ob. 1YRe; Ochiva ot al.. 1986 de The ot al., 1987:
Rogler vt al,. 1987 Benbrook et al,, 1988; Brand of al., 1988 Hsu ot al., 1988 Zhou
ef al.. TORR: Wang ot al, 1990 Graef of al.. 1990, direet insertional activation ot
velluler onvoger o8 has not been observed in the vast -majority of hepadnavis -

associated tumowrs studied dms far and benee does not explain the majority of HBY
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Recent restriction-fiagment-length polymaphism (RELP) studies of human liver
wmours have revealed significam alele Josses frog megioas ot chiromosome 4
(Bewow et ab, 1989 Zhanp o al, (9 Sg Bgnnori eCak, 1991), Tp (Wang et
al. [9RR: Fujimori ot ab., 1991 g (Wang et al., TUSR), '!hq {(Tsuda et al., l‘ﬁ)l};
.?.hamg et al., 199, Fujimori ot al., 1991, Slagle ot ail., 1993) and 17p (Fugimaori et
”.I!.L. 1997; Slagle et al, 1991 Scomone of al, 1992} In addition to deletion,
signiﬁcunt rearrangenent of cellular flanking  sequences and integrated  viral
 sequences has also been observed (Twist ot al.. FIR 1L Aejean ctal, TYR3; Roike ot
al., l‘)ﬁ];_l{n_shy et al., 1983; Koch et al., 19840: Koeh ot all, T98Hy Ou and Rutter,

1985 Ziemer o ab., 1985, Mizusawa ot al,. 1URS)

The only aspevi of hepadnavirus imcp.mt_iun that appears ponrandom is the freguoent
wie of sequenees in o near the DR's ay revombination sites, The integrated viral
IDNA fn HCC is usually so extensively rearranged that it is dilfienlt o tictlilcc the
stuetire ol the viros-cell DNA junction, however 18 out of 30 inteprants stu.dictl
have at least one junction within the short sieeteh betweent the beginning of DRT and
the end of DR2 Shedker and Marion, 1991 A nonspeeific mechanism of infeprition

could ocenr in addition W that involving DR and DR2,
153, HRRV as an oncogenle virus

The overwhelming epidemioluical evidence Tinking HHY W the developtieny of
heputocellufar careinena and the (inding of ineprated viial sequenees in fumenr
genomes of patichts with HOU supgzests a tole for BV in oneogenesis, However,
2 speeifie visl uncugunié mechanisit has hot been shown fir HIRY in the

development of most HCCs i spite of extensive tesearch in many lahorataries,
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and characterised from at least 15 diffierent tumours or cell lines {Dejean et al., 1983;
Shaul g al., 1984: Koch et al., 1984a; Mizusaws ot pl.. 1983; Yaginuma ¢f pl., 1985;
Ziemer ¢t al, 1985, Choo ¢l al., 1986; Hino ot al,, 1986y Nagaya ¢t pl. 1987;
Matsumoto ¢ al., 1988; Zhou ot ;11_.., 1988, to.namc buta féw}. The data analyzed so

far indicates the following:

'I“here. are usunlly multiple copies of visal DNA integrated inta the genome of HCC,
As an example, jn the Alexander cell line (PLC/PRE/S) HBY DNA is integrated into
cight different gites (Edman ot al., 1980; f!rcchot et al. 1980; Mation ¢t al., 1980;
Ziemer qt al., 1985), and the Tong/HCC cell line has five integrations (Steveny ot pl,

1987y

The integrated vieal DNA is usually not full length (3 200 bp) but subgenomic
fragments (Dejenn gt gk, 1983, Shaol ot al., 1984; Misuzawa et al., 1985; Ziemer gt
al, 1985), There are, however, some integrations in HCC's that conlain a greater
than unit length HBY DNA sequence with an intact copy of the genome (Dejean gt
gl 1983). No particular region of the HBY genome is conserved in different clones

of inteprated HBY sequences;

Examination of IBY DNA iisertions has not revealed a unique celiutar site for viral
{ntegriion, Very few liteprations have been found near vr within coliular gencs, and
there is an apparent preference for integrations within noneoding repotitive cellular
IPNA sequences (Nagaya of al, 1987, Matsubarn and Tuoking, 1990} 1BY
integrations into the human genome have been mupped to ot feast 12 different
ot ab,, 19&0; Nagayn of ah. 187 Blanguet ot al, 1988 Zhou et al., 198R), with

chromosomes 3,5,0,11,17 and 18 cacl represented in more thun one integration;



1.5.2.1 Studles by Southern Dot hybridization

Southern  tansior  (Southern,  1975) atluws the physical mapping of  regions
complementary to labefled 1BV IINA probes. Fhe {requency off HBY DNA
integrated i the genome of HCC has been studied by muny investigators (Shafvit2
e al, [9R1 Koshy ot al. 1981 Brechot et al.. 1982: Hino of al,, 1984 Innzeki et
al.. 1986). Integratea viml mlumcc.;s were Tound in 75 - 100% of HBsAp-
seropositive patieots and i a smaller Tragtion of the animal carders (Gerin et al.,
| 1983 Marion et al, _IUH?}. Retonegativity  does not pueessarily preclude 1BV
intepration. as in u significant number of HB¥sAgeseronvgative cases, infegrated HBV
geuenses were Wi found .(.'ihuih'lz vtal, (981 Brechat of al., 19820 Brechot o
W 19820 Llino et al., 1984; Imazcki of sk, 1986 These results offer evidence that
integrttion plays & pait in tumow formation, bat the significance of the integrated
sequences is unelenr, HBY sequences are not indivutive of tumorous tissue as 11V
DNA has been observed in both nonstumarous parts of livers with HCC aind i

chronis hepatitis or «‘rhosis without 1CC,

The patictn of \.'ir.ul ntegration in individual HOCs is dbought 1o be uniyue and
fdentival foin cell fo cell within a tumour which suggests clonal origin of the mouy
(lsmni ot al., P986O; THum ot al., TYRT: Aokl and Robinson, 1989, Chen ot al., 1989).
More than one clonal tumour may exist within the same liver (Psumi et al., 1980
Chen ef al, [UR9), however, restriction palteras have varied within individual
twenowys (Brechot ot zh, TIRO; Shaliisz aud Kew, TO81: Shattitz ot al., 1981: Koshy

ot al, 19812 Dejean of al., 198,

1.5.2:2 Cloning and sequeneing of infegrated vienl DNA
The role of T3V DINA integraton i diver careinogencsis still renxiins wertain

(Chen 1993), To date more than 40 ditterent HBY integrations have b cloned
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infection, Among those who hud antibody 10 HBsAg npon entry into the study, the
invidence of HOC was low and nat sttistically different from those having no
markers of curtent or past HBY infection, This SUBLIOSIS that individuals who wceover
front acute TRV infection and do not develop a persisient inlection have litle or no

chance of developing HUU,

Anuther study was done by Sakuma et al, 11982) who fdlowad 202 1HBsAg-
seropositive and 2028 seronegative cmployees of the Japan Nationa) Railwiys (98"
men). After § yours, 4 fwdividusls i the seropositive group had developed FICC

while there wis no dineer deveupment i the seronepative group,

A study of the distritvitin ﬁt' HOC and NBsAg carticrs in Ching, however, has
revealed a prevadenee of THsAp o the constitl and infamd repions, hat the prevalence
of HOC was signifcantly higher in the eoastal regions when compated o the inland
regions (Su, 19R2) This raises the noxsibility that other Gctors in addition 1o IRV

infeetion may play a role it the development of HUC in this population,
152, Molecular studies of HBV-related 1HC'¢

In 19RO 4 groups demenstrated the presens e of HEY DNA ineprted into the
z!.\;lltllllkf of HICC (Marion e al., 1980 Chakraborly ot al. 198G Biechot of al., 1980;
Ednun et al, 19801 Subsequently, the struewre of integrated ONA in uman HCC
cell Tines, human HOC and BEV-related vivuses in aninits bas been analvzett o oy

mud elueidate a mechunism G cell transdortisition,
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There is fittle or no correlation between the prevalence of HBY- infection i males
and fomales and the development of HOCC (Lir ok al, 1986L A study on Alashan
dative HRBY careiers foumd that while the incidences of chiranie active hepatitis and
citthosis - were comparable Detween mitles and females, miales  showed  an
approximately sixfold inerease in incidenes of HOC (l\-IcM;;Ium el al, v, ’l'his
sugpests that being male is an independen risk factor in the development of HCC

among HBsAg-positive individuals,

15,12 Case-contra) studies
Thexe were performed to detenine the relative risk (RR) of developing HCC among
113sAg carriers, In high l‘isk popalations such as those off Aftica and Southeast Axin
the RR ranges fom 10-20 (Pringe ot sk, 1978 Kew et al. 1979 Lingao et al., 1981
Lam et ali, POR2: Yeh ot al., 1985). In the low risk populations of the U1L8,A., where
the prevalence rates of HBsAg in the control populations are very low, the RR is

higher, Trom 10 1o infinity (Yaish ot al, TR Austin et al, {985).

1.5.1.3 Cohort studies

Several Targe cohort studivs hiave been published comparing the occurrenee of TR
among, HBY wirriers with that ol’a non carrier control population (Obata of al.. 1980
Beastoy ot sl 19820 Saboma ot al, 1982 Lohivi, ot ale 1988 MeMahon o af,,
194905, All show 3 markedly incresed tisk i'uf HECC among HBY catricrs,

T the bugtest of these, Reastey (1980 reeruited 23 707 male governnrent employves,
of whom 3353 were seropositive amd the balance negative for 1A, Afler a follow
up peried of 6.2 years, T men in the positive group and thiee in the negative group
had developed primary Tiver cancer guostly TICCYL, This mweant that the vish of

developing TICC was 200 fold grester in made individuals with evidenee of 11V



15,1, Epidentlological evidence

Several lines of epidemiological evidence support an association hetween persistent

HBY infection and the developruent of HCC.

LALL Correlation studies

HBV infection, defined by the presence of hepatitis B surfiee antigen (HB3sAg) i
the serum, und death rates trom THCC correlates in.diﬁi:mnt regions af Ithc wotld
(Smuzness, 1978; Heasley ot al., 1UR2), HﬁV rfection i lowest in North America
and Eustern Durope, while in other rc:zim.m. sueh as .Suutl_wast Asig and Afvica it is
at least ten ivld higher (Smuzness, 1978 Blumberg ik London, F981). The mean
proportions . of HCC found on autopsy in the USAL and Europe are 0.39% and
0.455% respectively and those found in Adtica and Asia r:mgé between 2-8%, HCC
votistitutes 2,5% ull‘ the totd cancers in the 1L8.A. and Western Burope, whereas in
arens of Africa and Southeast Asia it constitutes 20-40% of the total cancers
{Smuzness, 1978), Exeeptions ta this eorrelation are found with the Greentand
Eskimos where there i a high prevalence of HisAg catriens and o ow ineidence
rate of HOC (Melbye et ul, 1984}, while in Japan, infection with Hepatitis © Virns

(HCV) and HOC have been assoviined (Saiky ot al, hmn;.

With the inglusion of anti-ITBs and anti=1 T3¢ (core) as serum niarkers, HBY infection
rates in patients with HOC reached 75-06%, in Altica (L utwick, 1979) and the TLS.A,
(Omata et gl 3979, This indicates that the wwjority of patients with BCU have had

a1 previcis infetion or have cunent antipenemia,
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HBV has been shown to replicate i extiabepatic tissues, This has been well delined
in several animal models stch as duchs (Tagawa of al. JORS] Jilbert et al, (987,
Freiman of ul., T98R) and woodchucks (Karba, ot al., 198KR; Ogston, of al.. 1989), The
first studivs documenting the cxtl‘:lﬁcpuiir biology of human HBV concentiated on
readily obtainable tssue and body Maids such as peripheral blood munanuelear eells
(Lamelin and Trepo. 1990: Leung ot al. 1994), salivi, semen, urine, faeces and
biliney and p:tncrcatiﬁ juices (Heatheote ot al., 1974 Villaejos et al,, 19740 Hoefs
uf ah, 19R0; Fagao ot al., 1986), Sinee then HBY nucleie acid sequences and proteins
hm_c been detected in pancrens, kidney, skin (Dejean el n.i.. Il‘)x-hl; Naumova et al,,
RS, Yoffe ef al. 1090; Mason et al., 1993), lymphoid tissue (Naumova et al.,
1985: Laure ot al., 1988 Mason ¢t al, 1993}, thyroid and adrenal glands, gonads
(Naumbvu et al. 19858), placenta (Laure et al., 1985), spleen, bone marow, volon,
stomach, toestes. periadrenal gapglin (Mason ot al, 1985) and peripheral blood
feacouytes (Leung o al, 1994), The pathological signilicance of the exirhepatic
distribution and biology of BV is oot well understood and the deteetion of HBYV
in extrihepatic tissues is seldom gecompanicd by evidence of tissue damape, Litle

is known about the mechanisms behind his apparent fack of disease,
L&, Hepatitis B Vivus infection and hepatocellular earcinoma

Assocttion: of HUC with viral hepatitis was postulated long before any ol the
speciiic viruses causing hepatitis had been iclél’ﬂiﬁcd {Myet ot al., 1950; Steiner and
Davies, 1957), Only atter the diseavery of the Austraba antigen (11BsAg, Hlumhcrﬁ
etaly 19658y was this assochation confirred, The evidence Tor this relationship comes
trom epidentivlogival studies, molecular studies of human tissue and TCC cel] Hnes,
obtitined from human HBV carriers who developed liver cancer, as well as studies

ol animal models infected with vituses elosely refated to HBY,
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a primer for plus strand DNA synthesis (ien ot al. [985; Secger ot al.. 1986, DNA
plus steand synthesis can only proceed until the polymerase reaches the 5' end of the
profein-linked DNA minus strand. At this point iU is thought that a emplate switch
takes ploce (Ganem and Varmus, 1987}, The last § to & pucleotides of the 3 end of
the DNA plus strand are homologous to the first 5 10 8 nuclotides of the other end
of the bNA minus stand which allows the fcmiﬂuic switeh to take place and results
in the circular DNA conformation of the BV genome, The plus strand is then
clongated, stabilising the cireular intcrmediate (Will gt al, 1987). Complete synthesis
of this strand is not necessary fur coating of the hucleocapsids and export of vitus
particles. This explains why infoctions particles contain DNA with a single stranded
region (Tiollais of al, 1985), Some of the chmpiclcd nucleocupsids are enveloped
and exported while others appear o re-enter the cyele of infection within the same
cell (Tuttlemun ot al,, 1986a) thus expanding or replenishing the intracelular

transcriptional template CCC DNA,

The HBV replication cyele resembles that of relrovituses and CaMV in having
common  reverse transcription  step, There are, llmwuvcr. essentia!  differences.
Integration of viral DNA inte the host genome is not an essential step for HBY as
it is in retrovital and CaMV replication (Rogler and Summiers, 19%4), Mitus-strand
synthesis of retroviruses :mﬁ CaMV DNA is primed by a host tIRNA while HIBY
IINA minus-strand synthesis i primed by & protein, The order of the HBY penes G,
P and 8 can be compared 1o that of the retroviral genes, pag, pal and eov, but whore
retrovitus prateins are wamslated fom mRNA produced by splicing from a single
primary teanseript, HIIW proteins are tnskiied Gom at least two unspliced brimm’y
transeripts (Violiae et al, T9RS) Far all three classes o virus, promoters are elosely
falfuwed by polyadenatation signals that are passed over during the first wanseription

rurl.
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a primer for plus stevd DNA synthesis (Lien et al., 1985 Seeger of all, [980). DNA
plus strand synthesis can only proceed until the polynierase reaches tiie 8 end of the
protein-linked DNA minus st At this point 1 is thought that o template switch
takes place {CGanem and Varms, 1987). The last S 1o 8 nucléutidcs of the ¥ end of
the DNA plus strand are homologous to the finse 5w R nugleotides of the other end
of the DNA mfnu.s- strand which allows the template switeh to take place and results
in the circular DNA conformation of the HBV genome, The plus strand is then
clongated, stabilising the ¢f cular intermediate (Wil eral., 1987), Complete synthesis
of this strand s not necessary for coating of the nueleocapsids and export of virus
particles. This explains ﬁ-hy infectious patticles conain DNA with a single stranded
region (Tiollais ct al.. T985). Some of the completed nucleocapsids are enveloped
and exported while others appear w l;c-cmcr the cyele of infectivn within the same
_ccll (Tuttieman ot al. 1986a) thus expanding ar rveplenishing the intracellular

teanseriptional template CCC DNA,

The HBV replication cycle resembies that of retrovituses and CaMV in having a
common reverse transeription step. There are. however, essential  differences,
Integration of viral DNA into the host genome is ol an essential step for BV as
it is in retroviral and CaMVy replication (Rogler and Senvne. 1, Minte. Sirand
synthesis of retrovituses and CaMVY DNA is prined by a bost (RNA while HBY
DNA minus-strand synthesis is primed by a protein, The order of the HBY genes C,
P and § can be compared to that of the retroviral genes, gag, pol and env, but where
retrovirus proteins ate translated from uRNA produced by splicing from a single
primary teanseript. DBV proteins are transkated from at least two unspliced primary
transeripts {Tiollais et al., 1985), For all three classes of virus, promoters e closely
followed by polyadenalation signals thit are passed over during the first transedption

nitl.
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in that an RNA copy of the genonwe s used as an intermediate in replication which
ttctudes & reverse transeription step resetmbling that of retrovisuses {Suimmers and

Mason, T1982).

On cntering the hepatocyte tie plus stard of the virus s extended and the penome
beeomes fully double stranded. Onee in the nucleus it converts into 3 covalently
elosed citcular (CCC) supercailed DNA molecule (Tuttleman o al., 1986
Tuttleman gt al., 1986b), the rminus strn.nd of which acts as a template foe viral RNA
transeription by cellular RNA pnlymcmscl I (Muson et sl 1983). Three different-
sized majur-mRNA trapscripts with cu'lmﬁnn ' termini c_:ncddc the virl proteins,
The largest of these mRNA speeies, approximately 3.5 kb o fength, consists ot a -
group of mRNAs that are greater than gerome length but whose 5 end varies within
a range of 130-160 pucleatides (Buscher ct al., 1985; Enders et al.. 1985 Moroy ot
ul., 1983), Thix duplication of sequences, @ redundancy, arises because the initiation
of transeription is close to the start of ORF pre-C, upstieam of the only known
pulyadenylation siie in the viral genome. The polyadenylation signals are passed over
giuring the first transcription run but honowred on the seeond passage, (Ganem aad
Varmus, T9R7) The smallest of the 15 kb RNA speeies is packaged in viral core
particles [Enders of gl 1987) along with viral DNA polyvineras. und tenmina)
protein, and functions as the pregenome from which the minus strand is synthesised
by reverse trnseription. Initiation of reverse transeription takes place st DRI close
o the 3 end of the pregename (Will gt 3l 1987) and the terminal protein aets as

a primer {Molnar-Kimber o al. 1984;),

Duting DNA synthesis the RNA pregenome is degraded by RNAse H, leaving a
small fragment of about 20 bp contuining the DRI sequence at the 3 end. This

fragment is ¢leaved off and tramsposed fo DR (Wil et al. T987) whery it acts as
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2.1 Tong/HCC cell culture

2,11, Culture conditions of Toag/HCC

Tong/ ACC cells wete cultured in 25 om’ tissue culture flasks (Nunc) for cell
maintenance and 75 em® flasks (NUNC) for larpe scale culture of cclls o be used
for genomic DNA isolation, The nwdiumluscd was RPMI 1640 (CGibeo) buffered
- with NaHCO, (2 p/M) and BEPES buffer (Sigma, US.A.; 20/) and supplemented
with -S% foetal calf serum (FCS. Delta), The FCS was inactivate® at 56C for 1.5
hours. The antibiotics used were Peanicillin (100 000 TUA), Sweptomycin (106 mg/)
and Gentamyein (30 mg/). All these antibioties were produced by Bio Whittaker

(US.A.) The eells wene incubated at 37¢" without ('(), supplementation,

The Tong/HCC cells were maintained under conditions of retarded growth by using

the conditions and medln deseribed above, but supplemented with 2% FCS,
2,12, Trypsinisatlon of confluent cells

The cells were routinely solit in a rativ of 1:3 every three days. For transfer from
small {25 cm’) flasks 1o mosdium (75 e’y flasks, the contents of one small flask was
trypsinised and transforred to one medium  flash, equating 0 o 123 split mtio,
Splitting of thie eelis was performed as follows, The growih medium was replaced
with medium contalning no FCS to wash the eclls, 0.25% bavine panercatic iwypsin
and 0.2% EDTA were added to the cells, When tho eells began to show a round
matphology the trypsinizing solution wos poured off, The vells were removed from
the side of the flask by bitting {t twice. RPMI 1640 supplemented with 10% FC'S

wis added to the cells which were then distributed into three tissue ewlture flashs.
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1.7, Alm of thiy study

Despite continuing analysis ot antegrated 1BV DNA and the survounding veliular
sequences, fittle i koown abour how  the integrated IRV DNA - induees
Tepatocelular careinema, The Tive integrated TIBY sequences of the Tong/11CC el
line and it's Punking vellular sequences have not been cloned and chumu:cd o chate,
A study of this eell line would contribate w0 our understanding of how HBV DNA
causes THC, So the aim of this study was 1o create an expression genomiv DNA
library of the 'I'ungr'}i(”{'? eell fing in Lambida gt11 and then to sereen this library
with nueleie acid probes and HEsAg « specifiv antibodies, This should tlctclunfnc the
presenee of T3V DNA sequences as well as TIBsAg sequenees completely or

pattinlly expressed as a fusion protein,
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To find out il this s indeed the case or whether the in[t.-gmtiun of HRY DNA s
directly involved in. Hie indduetion of HUC, it is ecessary o analyze more and nkore
inteprations and their fanking cellular INA sequences. The l’i\_-c HBY integrations

in the Tong/HCC cell lisie have not (o date been cloned and sequenced.
1,6, The Tong/CC cell line

The TongHCC eell line is & contir uous udhctmﬁ cell Tine established from 2
hepatocellular carcinomi of a HBsAg-positive 39-vear-old ltalinn male (Stevenson
of al,, TUXT) whose serun wis positive for TIBsAg, IIBcAg. I3V DNA., ;uui--!ll.%c.
and had high u-Rtoprotein (AFPY levels, Tt s of intetest i this study as it is a nowly
established cell line with the following chamcteristivs, The Teng/l{CC cell line
morphologically  resembles  other isolated HOU cell fines and has a modal
chromosomal number of 64, Both HEBsAg and AVP ate praduced while supernatants
from the ceft eudtare medivm and lysates of the cell are negative for HBeAg, No fiee
HBY DNA molecales are found in the cells and g stable integration pattern of” five
distinet 1BV DNA bunds is observed using restriction cnzyme analysis, A
translogation on Clromosome 18 Tis been noted, This cell lie has all the
chatitetetistics of an HOC eell Tine but is unable to produre wmows in ahymic nude

mige (Stevenson ot al,, 1YR7),



Tohle 1.1 Four ditterent intepration patterns of HBY 1INAs in hepatocytes.
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A mechanist other than integration eould be responsible for the development of

HCC, The eenree proto-oneogene is rearranged and aberrantly expressed in three of
nine hepatomas in WV « inl"cutcn_l woundehuehs, but WHY DNA is not present in
or nenr the vicimty. uf‘ the infected laei (Moray et ¢4 1986) The overproduction of
a single Stryetural visl gene which causes severs, profonged celiular injury and thus
a proliferative response would create the opportunity for the accumudation of
multiple  chromosomal aboormalities or other genetic changes which could be
suflieient for the avquisition of the matignant pienotype. Reseneh on tansgenic

mice that produee lage quantities of the 13V farge eovelope polypepdide and the

- HEBV surface antigen found that they develup seveie, profonged hepatacelltar injury

followed by inflammation, megencrative hyperplasin, transeriptional  deeepulation,
aneuploidy and eventually FEC, The freyueney, se erity mud age of onset of liver

eell injury corvespanded to the ineidence of HOC (Chisart ot ah, 19895,
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The DNA sequence of the HBV integration site in independent HOC's hias been
published (Koshy ot al. 1983 Dejean ¢t al, 1984 Koch ot al 1984 Mizosawa ot
Al JORS: Yoaginuma of al. 19RS: Zictner ot ol., 1985: Dejean ¢t al.. 1986). As stated
above, there is no proferred site as to the target of HBY insertion on the host
chromosome, owever, with the ebservation of two virts ~ cell DNA junctions
nccl-uﬁn-g within u 11 bp directly rcpc-u'tcd sequence (DR1 and PR2) in the HBY
genome it was thought that HIBV integration might veeur via u site » specific ar site -
prefierential mechanism (Delins ¢t al., 1983), A prowing number of virus junctions
have been mapped in or near the DR's (Koshy et al. 19832 Dejean et al.. 1984;
Rogler et al.. 1988; Yaginuma ot al.. 1985 Choo ot al., 1980; Shily ot al,, 1987
Yaginuma ct al, 19873 It is likely, therefore, that cuﬁdithﬂ\:‘. tavourabie for
integration include svme characteristic feature of the PR - cohesive overlap region,
‘Nagayn ot o). (1987) have analyzed 19 integrants, along with dat from 13 reported
cases, and hive shown that one - helf of the integpranty have at feast une virus - cell
DNA junction fulling within (he cohesive end region of' the HBY DNA. Shib ot al,
- (1987) identified two hepatorma samples with a single aile ol inte ated HBY which
were charseterised by cloning and sequenving, Comparison of thelr resulls with
others ked them to conclude that Bie prefernad site of' 113V reeumbination may be
loedlized in an extremely narrow region fua. 9 bp) within the cohesive uverlup (en,

200 bp).

Shih ot al. (1987) examined all the ivtepration patterns of TRV DNA currently
availuble in the literature and divided the pattemns into four different groups

according o their end specitivity and steand polarity.
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i & fow cases the integration of HBY DNA has been shown 1o play a dircet role in
the mutagenesss of celfular controfling genes resulting in the syt of HCC, For
example, one cloned TBY integration ocourred in g vetinoie acid receptor gene
(Brand ot al.. 1988}, Another integration was identifted with a deletion of cellulay
DNA at cheomosome 11p13 (Rogler et al,, 1YRS), A tumour suppressur gene n. found
in this area, the loss of which can kend to Wiln's wmour and hepatoblastoma
(Koufos ¢t al. 1985). HBV DNA has also been fou, & integrated in the cyelin A
gene (Wang et al., 1990, Cyclins are important in the control of cell division, so
disvaption of the gene by vial insertion might contribute 1o tumorigenesis, Cloning
and sequeneing of integrations from woodehuek HUCS has found two instances

whete woodchuck DNA hepatitis has integrated in the estrye pene (Hste et al., 1988),

However, the majority of HIBV integrations in 110Cs are v ~ssoviated with known
cellutar ohgogenes or a commuon eellular DNA sequence, Additionally, the integrated
HBY DNA structure . varies uigu-iﬁcnhtly among  different  HCC, fn some
integrations the viral sequences are colinear with the viral pensme while others
contain highly rearranged vital genomes (Ogston ef al., 1982 Nagaa ot al., 1987
Yokosuka ot gl., 19850 Hino ot oo 1989}, BV integrations are also ¢ ymnonly
assogitted with chromosomal abiormalities inchuling large deletions rHino ot al,,
19867 Ropler ot al.. (988 duplications (Mizusawa et al., 1985; Yaginuma et al..
1983 Tokine o al. [9R7) and chromosomal translocations (Hino et al., 198O;
Tokino ot al,, 1987, This, in association with rearranged 1Y DNA has led to the
theory thay post - integrition rearrtngement is an important mechanism invoived in
peneratine mutations 1 cellular DNAL Such regirangement may completely climinate
HBY IINA from specifie celiular sites although direct evidenee for this has nut been

demuonstrated,
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wild-type HBYV genome (Kekule ot al. 1996) aml have only been dgtcclud in
integrated BV DNA cloned from HBVaassociated TTCC. Pro8278° genes cade for
C-terminally  truncated  middle  surface  proteins (MHBs) which  have  been
demonstrated to possess transactivator activity (ki et al,, 1992), These proteins ave
lucﬁliscd it the endoplasmiv reticulunt (Meyer of al., 1992: Hildt et al., 1992) und
can utilize the ranseription factors AP-1, AP-2 und NFKB for transactivation (Meyer
ot al., 1992; Natoli e al., 1992; Laucr et al., 19943, 1t has been hypothesised that an
indirect mechanism involving oxeitation of one or several signal transduction
pathways conveys the transactivator effeet trom the endoplasmic reticulum o the
auclear transcription machinery (Hildt of al. 1992: Laucr et al., 1992; Meyer et al.,

1992; Laver ot al., [994),

The high correlation of HOC with the surfuce antigen carrder state {Beasles, 1988)
and the uhscwntinn. that one third nl’l HBV-associated HOC's harbour at feast one
transactivating  preS2/8' gene (Laver of al. 1999) supjorts the naotion that
chrot. esematly intejeated pre82/S' genes might contribute to HBV-associated liver
it 008 however, definite evidence for the presumed oneogenic potential of

this wansactivator still has to be established.

144, Theuretical considerations of the mechanism of onzogenesis,

The finding that UCCs avdsing in HBY earviens contain hepatitis vieus inteprations
has raised much interest in the process of HBY DNA intepration and its role in the
development of 11 C(Summens of al. 19805 Shatritz of al. 1981 Deis » oot gl
1983). The integration provess cannot be reproduced in eultured cells, Therefure,
HBY inegrants in HOCCS have been analyzed in an attempt o uderstand their

effect o the mduction of 1,
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The vatfety of different X responsive transeription regultory clenwnts, the fadiure
of the X protein to directly bind any DNA sequence (Wa et al., 1990} and the cell
~ specifieity of the X trunsoctivation effect (Seto ot al. 1989) suggest that the
transactivation mechanism does not involve a direct seyience specilie interaction

with DNA but is probably mediuted through an effect on cellular transcription factors

Recently, Kekule of al, (1993) diseovened that the IBxAg causes an increase in thé-
endogenous protein kinase ¢ (PR activator, sn-1.2 dincylplycere . with the _
subsequent activation of the PKC pathway and thus the getivation of the transeription
!‘acﬁ)r AP-1 (Jun-Fos) and other PKC<dependent tanseription tactors (AP-2, NF-kB).
The PRC signalling pathway mediates tunour promaotion by growth fictors, mitogens
and phorbol esters and thus overproduction of PKC causes disordered srowth in

mammalian cetls, This mechanistm might aceaunt for the ercogenie petential of 118x,

The X gene, encoding the aansactivator protein Hix, could be oncogenic however,
the fiet that the X gene appears o be present only in a pant of 13 V-associated
HOCs linits the role of this taractivator io fiver earcinogenesis {(Choo et al,, 1986;

Imai of al.. 1987; Nagaya ot al., 1987, Chen et al., 198R),

1.5.3.4.2. Truncated pre S/S gene transuctivator

The second HBV-vnceded tansactivator is percrated altor ¥ tuncation ol the HBY
middle surface gene (preS2 S, Cascinann ot al, 1990, Kekule et al,, [990), The
pres-S scqﬁcnccs have essential biological Nunctions including the repulation of virus
-asscmhly. the involvement in vitus attachment to the hepatocyte and (he repulation
of the genetie restriction of the imnmne rexponse (Pontisso et al. 1989), However,

in contrast X, the 3-truneated  prof2S (preN2 § wild-type is not active in the



1.5.3.4.1. X gene trapsactivator
The X-ORF encodes o viral transactivitor, the TIBx antigen (HBxAg), which in
tissue culture cells can function as a transeriptional control element to upregulate the
expression of other vir! genes (Twu and Schloemer, 1987; Spandou and Lee, 1988;
Scio pt al, _]‘)90 ). Thus a possitle mechanism for the development of HCC could be
that the trans-activating propetties of the IIBMg could result in goll iransformation
by activation of a cellular gene(s), resulting in tumour formation after o long latent
period (Twu and Schloemer, 1987), Since the HBV genome has been found to be
fntegrated into the cellufur genome within the 1BV X gene region (Koshy et al.,
1983; Dejean of gl 1984t Shaul et al., 1984, it is pm‘.séhlc that a fusion protein
consisting of part of the HBxAg and part of a cellular protein could possess trans-

activating activity (Twu and Schloemer, (987),

The HBxAg has been shown o aclivate transeription of a pumaber of genes
controlled by regulatory sequences. These inelude, buman interfeon-i gene {Twy
and Schloemer, 1987) human imnwnodeliciency vitus type-1 (IV-1, Twu and
Schloemer, 1987 Scto et al,, 1988; Siddiqui «f al. 1989, simian vires H) {Spsnday
and Luece, 1988 Zahm et al, 1988 Twu ad Robinson, TO8Y: Two et al, 1989), the
etye promuter (Koike ot al. 1987 Koike of al., 19849), the Rous sarcoma TR
{Zohm ot al,, IQHK}. A2 hinding sequences (Seta et al, 1990), e<jun promoter
{'I‘\Iml ot al.. 19935 Natoli gt al,, 1994) and HBV 'regulatury sequences (Spandau and
Leg, 198%: Slddigui ot al., 1989), Uenes known to be activated by the HExAg when
they are exprossed in cells include interferomdd (Twu and Schloemer, 19870 HIV
{Twu and Robinson, 1989), class 1 mojer bistocompatibility complex genv and the

e-inye gene (Koike ot al, 1987; Koike ot al., 1989),
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is that in the vast mijority of wimours with p33 alterations there arc mutations in
both alleles (double hit hypothesis). Such double mutation i known to be

churacteristic of tumour suppressor inactivation (Oliner, 1994),

The wild-type p53 protein has 4 vbry shaort half life and Iy present In minute amounts
in normal cells, The mutant p53 proteins have o longgr hatf llfe (Oren ¢ al.. !98_1'.
Sturzbechor gf ol 1987) and are present in high concentrations. The ratio of mutant
to wildtype p53 i_n i culli could be critical in regulating cell divisipu as over
axprossion of the wild-lypc protein in a ealt with mutant p33 prdtm‘il suppresses
transformation (Finlay et al, 1989: Eliyahu et al., 1989, ccll growth {ﬁakc’r et al.,
1990; Michalovitz gt al. {990} und the tumorigenic potential of the cells. .lt is
important to n.otc that in HBV-related HCCs, vital integration is an carly ovent
{Takada gt of,, 1990) whereas pS3 mutatio. s appear to oceur later oo during- tumour

major steps for transformation of the umour cells into cells with more aggressive

blologieal behaviour during the course of tumour growth (Hsu ef al., 1993).

1534 Transactivation

Revently two tranyautivators, rans-acting proteins which function by ircreasing
transeription from the torget promuoters, encoded by the HBV genome have been
identificd. The first one is the X gene product (Twu and Schloemer, 1987, Zahns ¢t
al., 198%: Scto of af., 1990} and the second one is 2 product of a wuncated preses

. 1990}, Both may play a role in the development of HUC,
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studicd (Slagle et al.. 1993). However, the genes that fo.ay serve as potential vrgets
for the selective delutions on chronwsomes &, Sq, 1p and 13q remain W be

identiticd.

The presence of mﬁtam P53 has been veported in many human carcinomas (Cittorettd
D_t.. al. 1988: van den Berg ot ill... 1989 Barlek ot al., 1990; Tggo of gt_., 1990;
Guterscon gt al,, 1991; Levine gt al.. 1991) including HCC, The exaet biochemical
function of the wildiype p53 protein is unknown but if is thought to transactivale the
transcription of a set of genes that may down - cegulate eellular grf)wm related penes
(Vickls and Jang, 1990; Rayeroft of al. 1990; Oiiner. 1994), inhibit c_cll eyele
progression, cell division and transformation (Finlay ci al.. 198Y: Batker of al., 1990,
Oliner, 1994) and thus et 45 @ turotr suppressor gene. In contrast, the mutant forms
fail to do so and thus contribute toward oncogenicity (Finlay et al., 1989 Fields and

Jang, [990: Rayeroft et al.. 1994: Levine ot al., 1991 Oliner, 1994),

Mutatlons in the pS3 pene have been found fn [8-5825 of the HOEs colieeted from
various geographical locations i the world (Bressae ot al., 19915 Hsy et al., 19913
Murakami et pl, 19913 Beutow et al., 1992: Oda et al., 19925 Scorsane ot al,, 19923
Sheu gt al, 19925 Lai et al,, 1993; Oliner, 1994), The majority of p53 mutations
identified are missense changes it vne of four "hotspots” lovated within cxons 5 to
& of the gene (Holistein of at., (991 Levine et al. 1991 Vogelstein and Kinzler,
1992}, Other mutations idensilicd are microdeletions and base insertions (Musukami
et gk, 19915 Oda o af.. 1992y Codon 249 is a matationad hotspat for HCC's  from
southern Adtica and ¢China which is thought 1o be refated 1o high afiatoxin expusure

{Bressac et al, 19912 1lsu et al., 19915 Scamsone ot al., 19923, An important (Tnding
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24,1 “abelling of DNA probe
For vach screen 300 np HBV DNA wis fabelled with Auoreseeine) 10U TP (F)-
dUTP) using the rasdom prinwd  bexanwer labelling process aceording 1o the

Amersham eahineed chemilintinescence (FCL) protwseo),

AN ng HBY grobe was diluned tn.2ll pl in sterile distiled water (18 ap/ph, The
IINA was denatured by boiling for 5 minutes followed by snap cooling on ice, To
a nticrocentrifoge tube in an ice bath the Fllowing reigents were added: T4l sterile
distilled water, 10 ui nueleotide mix. 8 pi random nonimer pomees, 20 a1l desatured
NINAG T (4 units) IINA polymerise 1 "Klenow™ fisgient, The total volune being
S0 pl The veaction mixture was incubsted in & water bath at 37C for § hoor, The
reietion was stopped by the addition of 2 pt 0.53M ENTA. The latwlled probes were

stored at <200 in the dark,
24,12, Plating of packaged phage on LB plates

A 107 dilution of the amplified TongA1CC gencmic litiary was prepared esing
phage hﬁ!ﬁ‘l‘. 100 1 of the difated phage was acdded o 100 gl of Eeoli Y HRG cells
prepared as deseribed i seetion 3.1, The plmga._' were allowed o adsorh to the
bacterial cells by incubating for 30 mimtes st -3'?('. Imoof TH top agar ar o
temperaire of 450 was addal ke the misture, vortesed w.‘llll,\'- amd immediaty
poured onto an LI plaie (188 ¢m?’ tor fissd sereen, Pveex) prewared e 370, The
plates il been placed At ot gperure overtiipht 6 renmne any  exeess
mofsture, Ten phites were prepared 4t 1 time and were incabated at 370 overight,
Care was taken that the plates grew to confluence witheut ™ phues touching each
athet, The following morning the plates were remeved (rom thy incubator and placed

at 4 ¢ for 1.5 hows 10 barden the apar,
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10 g of pBRAID plastid DNA containing insert HBY was dipested with 20 anits
T at 37 for 3 hours, The entire reaction misture was electtophoresed through

a 0.8% how melting temperature agarose gel Seplate-DMT, Amersham).

The 1850 and 1350 bp frpments were isolated from the pel slices using an
improved pheniol-based tnethad developed by Favee (1992), The two DNA [ragments
wese cot ent ol the gel and placed in a microcenwifuge by, Any butfer that came
with the slice was removed. The volume of the gel seetion was extimated from its
weight, | volumie T buffer was added and the mixture placed in g water bath at
65 for S-10 minutes. The solution was pipetted wp and dowt o make sure that the

agatose was {ully melted,

Inutieelintely afterwards, T valune of Tris-hutlered phetiol Gt romm lemperture} wis
added. The solution was mixed thoroughly by inversion and centeifiged for 3
mtinutes at 12 000 rpme (Gl room temperatiore), The estriction was repeated and the
aqueasus phase moved to i new tehe containiie 0] vodaie of 3 M LIC) ad misad,
A white precipitate appeared inmedintely. The fube wias plm;c:l'uu fee Tor ) minues
and then spim as hefore, The supematant was wanstirred o o new tube leay ing
transparent pellet. 1 pl of a 20 meml plycopen solution was added i a varrier
molecule woimprove the foal vicld of BNAL 2.5 volumes of cold etlunol were
added, the sample mised by inversion amd lell at =700 for 30 minates, Aller
centrilupation as before the pellet was washed with 1 mi af cold 70% 4 ethanul, dried

under sactany and resusyonshed i 00k G
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The plasmids were isolited using the Plasmid Musi propanation ket (Olagen) whiich
is desipned 1o oblai quatitios of up w800 g plasinid DNA from 1504500 ol

cultires of Foeoli

Residual protein sas removed ivom the DINA solution by the addition of an equal
volume of 1 ris-equilibtated (M3 phegolchloroform (Anatech, pli 7.8 fullowed by
centrifugation for 5 minutes o 12 000 g in a microfuge at 1O Ay remaming
phenol i the aqueous phase was removed hy the addition of an equal volume of
chloroformiisoamy! dleobol (21:1) und comriluged as before, The aqueons pliase,

containing TINA,L wos retained and stored st -20¢°,

Plasmid DNA was quantificd by elecraphoretic comparison o hown quantities (0.1,

0.3 ainel L8 pg/dt of Hoeur Fambda phage INA (Boclringer Manpheim, CGermany)

run theough o 0.8% aparose pel,

24,112 Isofation of probe from veetor

The HBY subtype adw penome has o Baml (| rf:s;triciibn site at position TR celative
o the FeuRl sil.u. The st T of the sequeage SGAATTC in the (4 strand
cotrespeading to the migue BeoRD site that exists in most genomes is used s
relerenve oriain of the pliysicul map. Nuckeotide numbering is from 843 jn the (+)
strand, When the BeaRE xite dees ot exist ﬁw Base occtpying e sume position is
taken as position 1, As todwas vieases sequeneed to date have the sanwe length, o
stancordived  numbering systet his boen proposed iWainHobson aed Trotlids,
J9Rd), Rustriction of the probe generates tao fragments of approsmateiy i858 hp

amd 1380 b in feopth,
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2.4, Sercening of the amplified Tong/ICC colt line genourie Kbrary
2441, Sereening for integrated HBY DNA

The TongHCC eell line penomic library was sereened for the presence of’ HBY
DNA using HBV DNA labelled with the Amersharn enbanced chemiluminescence

C(ECT) random prime labelling system (RPN 30403,
24,11, Prepavation of labelled DNA probe

The probe, consisting of the votite HEY genomie (3.2 kv which bad been inseeted
intor the Bami1 site of pBRIJL and subsegquently used to infeet Theoli stiqin 1103101

eolls, wos Kindly supplied by Mr L Dews, of the University of the Witwatersrand,

2L LLT Large seale isolption of plosnalds containlag BBY genomoes

The transformed Teoli HBTHE eells from glyeerol frozen stueks stored 3t <700 were
grawl up overaight at 370 on 1B plates supplemented with ampicillio (100 pganl).
A single colony was piched ofTand inocnltted inte 10 ml of LB mediom ampicillin,
S0 ‘s, This culture was meubated with shaking at 37 C overnight. The fullowing
wiarhing 4 secondary cole was prepated by inovuliging T mi of the ovemight
culture inte 500 my of L1 medium o which had been added smpicillin (30 pgembl)

and incubated at 370 antil the OD,,,, had reached 0.0 Gpproximately 2.5 hours),

The bacterial colls were ity ested by centrifugation at 3 800 2 Gor 15 minates at 4 C
and washed by resuspending the pellet in (00 mbiee cold ST Maflir. The eedls were

vollected by centndugation as befire,
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expresses endogennus Begalactosidase which does nat allow for the votous selegtion

of recombiants or (P14 induction of expression.

The following moming the number of plgues were counted, the pereentige
recombinants and the titre of the Tiheary determined. All formulas ased are shown

in Appendix B,
2.3, Amplification of Tong/HCC genomic library

200 pl of the TonpHEC genomic fibrary wias made up to 20 ml with phage buffer
(a 1 clfluliun}. Thix was tlividlctl fnto 400 % 50 ul aliguots and added to 400 «

200 pb of freshly preparcd Ewoli stroin Y1090 celis (80 ml in wtal) prepared as
deseribed previvusly, The phage were allowed W adsorb o the bacterial cells by
inuéiuhutiug al 37C for 10 minutes, 3 ml of TB wp apar (at 45 ) was added 10 the
adsotbed phage, poured onto LI3 plates prewarmed o 37C and incubsted ot 37¢
overnight, The next moming 3 mi of phage buffer was added @ cncii plate
cumuiuing the plaque forming unity (plla), The plates were incubated a8 room
temperatiure e 1 hour. The T top agar containing the plas was seraped off using
a plass spreader and collected in a flask, The solution was agitated for 2 houty at
roont temperature and then centeifugesd at 3 OO0 i for £3 minotes at <4 ¢t remove
the top amar, The supematnt was eollected and the centritugation repeated twice
mere, 1,32, chlotofiom was added w0 the colledted supermatant. The tire of the
library was determined as deseribed i sectiom 5.2 of this chapter. Stochs of the
library were prepated by adding dineiby Isulioxide (DMSO) 10 a final concentration

of 70 and storing b <70C,
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Z.2.5, Titration of packaged phuge on LB plates

2251 Preparation of bacterlal calture for infection

B coli steain Yl(l‘m. {r) was used as host for the packaged ligated DNA md Eoeoli
strain LE3Y2 for the positive control, Ecoli strain Y l{IJ‘»)I.'I s:{:.nluins the plasmid pM(Y
(Amp’, .'l‘ct‘}. To maintain pMOC9 it was necessary to initially streak steain Y 1090 on
LB plates supplemented with 100 pgiml ampicillin and 15 pg-ml tetreyctine, All

subsequent growth occurred in the absener of ampiciliin and tetracyefine.

The bacterial cuium:l wits prepated by ilm.l.'llli.llil'lgl 3l of LuriseBertani (LB}
medium, supplmncmcd with 0.2¢5 maltose and 10 mM Mg8SQ,, with a single colony
from a freshly sn'cnkc_d plate. The culture was incubawd with shaking at 37C
overtight. A secondary cullure was preparcd by inoculating 500 of the ovemight
cultre into S0 ml of LB medium supplemented as before, This culture was

incubatec  th shaking for 3.5 hours at 37C or until the O, had reuched 0.0-0.8,

2.2.8.2 Tiratlon of the packaged phuge

A tenfold serial dilution of the packaging reoction ranging from 10° o 107 was
prepared using phage buffer. 100 gl of the diluted phage was adkded o 100 pl of
freshly prepared bacterial eells, The phige were allowed 1o adsorb 1o ti bacterial
cells by incubating &t 37C for 30 minutes, 3 ml of TB top agar 2t a lemperature of
A5 C wan added 1o the mixture, vortesed gently and immediatly povred onto an 1B

plate prewdrmed & 370, The plates were ineubated overhight at 37

The top agar contained 1FTG 10,7 ml of o 20 mg‘ml stock solution} and Xegal ¢ 0.7

St oof a 50 mgml stek solution prepared i dunethyllonmamide)  for calour

selecdon, This was not incladed for the positive control as Feoli strain 5392
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Thee =weess of the ligations and the optimal vatio of' Eambda gth ! ams o0 TINA
fsert wats deteemined by runiting an aliquot of cach reaction through a 089, gearose
gel, to view band intensiy. amd a 0.2% agarose pel poured on a 1% base,

distinguish any molecufar weight differences,

2.2.3.2 Ligation of Lambda g1 arms aud FeoR! digested Tong/HCC DNA

Five renctions, cach containing | pg of insert DNA, 1 pg of Lambda gtﬂ arins
{molar ratio of 1210 3 U of T4 DNA_liéase and 10x Jigase buffer made up to a total
volume of 10 pl, wore incubated at 14C for (8 hours, An aliyuat of cach reaction

was eleetrophoresed through o 0.8%s agarose gel to observe il ligation had oecurned,
224 In vlro i)ackngllig of lizated DNA

The Heated DNA was packaged using Promega's Packagene in vitro packaging
system {Lat, o, TA360), Afl Bve figation reactions were used, A positive control
packaging renction wis performed concurrently using Lambda IR Sem? DNA thai

wis provided with the packaging system,

SNix packoging exteaets wore (awed out on ee, To cach extract one of the above
ligation reactions iucluding the positive control reaction was added, mixed in hy

gently tapping the bottom ol the wbe and incubated at 22¢° for 3 houes,

Alter puckaping of the Hpacld DNA, all 8 reactions were pooled and made up & i
total of 2,5 ml with phage bulter (10 mM Tris-HCL pll 7.4 100 mM NaCL 10 mM
MuSO Einbof chilotofoms wis added and the imistre stored at 30, The pachay:
positive control was made up to o ol of 500 gl with phage buffer, 33 ub of

chlomform swas added amd stored at 4,
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2,2.3. Ligation of Lambda gtit arms to Tong/HCC genomic DNA

2,.2.3.1 Determination of optimal Hgatier conditions

" A sories of test ligations was performed 1o determine the ratio of Lambda gl arms

to fnsert DNA that would fon optimal ligation conditions, ‘The molar concentration
of the Lambda gel 1 arms was Aept constant while the amount of insert PINA was
adjusted, Lambda phage gt11 atms were bought as predigested, dephosphoryiated,

putified BeoRT arms (Promega, eat. no, T3260),

©The wactions were set up as deseribed in Table 3.1 and incubated for 18 hours at

1 4"(‘.‘ 1

Coneurrent with the uptimisation ligations ¢ positive control ligation was set up
using the pSPed Veotor (2 99thp) prodigested with EeoR  (Promega), The reaction,
containing | pg Lambeda pti | FeoR 1. ams. &4 g positive controb insert, 3 1T

INA lipase and 10x ligase bufler made up to g towd volume of 10 pl, was incubated

ot 14 for 18 hows,

Table 23.1: Optimization of Lambdi gt] ] ama DNA insest ligation

U T o Anrma

A L] 3 )

L

Lombda g1 anes o ul 2l 2l 2ul
0.5 papk | opg = 0033 pmeb)

msert DNA . il ul 1
{ 10 ngfl; 10 ng = 00028 pmly

figase 0% bufter ul hul 1l tul
nuclease fiee HO ol il Jl Syl
T DNA ligase (3 Weiss units ) W o o
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opg of TangHHCC genomic DNA was digested with 20 units of FeoRI (Bochringer
Mannheim, Gerniny} at 37C, 5 pl aliquots were taken afer 5, 1L 15, 20, 25 and
30 minutes of digestion, 1l of 0.1 M EDTA (pH 8.0) was inimediatly added to the
sample which was subsequently snap frozen at T until all the samples had been
taken, Uncut DNA was included as 8 control, Al :11iqtiuts wore I_lcatcd at 68 for
10 minutes and run d_n a 04% agim':sc gel poured on a 1% base to check the extent

of digéstinu.

2.2.2.2 Large-scale preparation of partially digested genomic DNA
Using the optimised conditions deternned o step 2.2.2,1 a large-scale reaction was

carried out.

150 up of 'I‘ong!i-!(‘C genomic DNA wu.% digested with 25¢ U of BeoRI ot 370 for
20 minutes, The reaction mixture was snap frozen at ~70FC and an aliquot removed
for clectrophoresis through n 0.4% ;lgal'(usé gel poured on a 1% base, o cheek the
degree of digestion, Onee it was ascertained that the majority ol the fragments were
it the stze tange of 5-7 kbp the reaction mixture was removed from SHC, § pl of
0.5 M EDTA (pll B4 added and heated at 68C for 10 minvtes fo inactivate the

enzyme.

The EcoR1 restriced DNA was previpitated by adding 0.07 volume 3 M sodium
aeetiwte (pH1 0,03 2 voluties ice~colil ethanal (Merck) und stored at <20-C overnight,
Atter centrifugation at 3.2 00 foe [5 minates v a microfuge the pellet was washed
with 70% cthanol, Following a repunt contritfugation the precipitated DNA was

dissolved in distilled water 31 o concentration of 1.28 pa/st and stored at =20,



34
hours. The dintysis whing used (Mw cutolf = 12 000) was prepared as per Sambiook
gt al. (1989), Allowanee was made for the volume of the sample 1o increase 1,5-2.0

foid,

Afer dinlysis, sodium acetate (pH 0.5) was added 10 0 final concenteation of 0,3'M
and was followed by the addition of 0.8 volumes of isopropanol! (Merck), The tube
‘was {nverted gently end over end for 10 minutes. The pfccibitatc of DNA was
spooled aut with a glass pasteur pipette with u heat sealed end and placed in 1 mj
of TE (pH 8.0), The DNA wis dissolved by leaving the tube rotating overnight on

a whee! (20 rpm) m 4C,

Genomic DNA was quantified by electrophoretic comparison to known guantities
(@1, 0.3 and 0.5 pg/ul) of linear Lambda phage DNA (Bochringer Mannbeim,
Cermuany) run through a 0.8% agsrose gel, To check if the genomic DNA had a
high-molecular-muss a sample was ron through 4 0.2% agaros. gel poused on a 1%
support at 4C. Purity of the prépamtiun was determined by spectrophotometric

anadysis at OD,,, wnd 0D, An OD,OD.., readding between 1.8 and 2.0 indicated
ﬂ_u: DNA preparation was free from contaminating protein, phenal or isopropunol,
This method yielded genomic DINA with g concentration of' 8,203 pg/ul. DNA was

stored at 4,
2.2.2. Partial digestion of high-molecular-tnass genomic DNA
2,221 Opthmization of restriction endonselease digestion

In order to establish the time perfod required ta generate ragments with an average

size of 5-7 kbp the follewir;, small seale reaction was performed.
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The monolayers were washed twice witﬁ ice-cold Trissbuffired safine (TRSH A
rLtbber policeman was used to serape the cells into (L5 ml of TBS which was
subsequently stored on ice. The flasks were washed with | mib of TBS which was
combined with the previous wushing. The eells wete reeonered by centritfugation at
! 500% for 10 minutes ot 4C in a Beckman helnch top ventrifuge and resuspended
in 10 volumes of fec-cold TBS. After & repeat centrifugation the cells were
t;esuspe'nded'in 1 ml TE (pH 8.0) at o concentration of § x 107 cells/ml, The eell
suspension was transfered to a 50 mi Erlenmeyer fask and 10ml of extmetion huffer
(10 mM Tris-Cl, pH 8,0, 0.] M EDTA, pH 8.0, 20 ul/ml pancreatic RNAse A, (1.5%

SDS) added followed by Incubation for [ hour at 37C,

Proteinase K (Bochringer Maonheim, Germany) was added to o final concentration
of 100 pg/md and gently mixed into the viscous solution using o glass rod, The
suspension of lysed culls was placed In o water buth for 3 howrs at S0°C and stisred

regularly.

“The solution was covled (o room temperature and poured into a cemrifuge tube, An
equal volume of phenol:ichlaroforntiseamy! alcohol (25:24:1) was added and the two
phases mixed by inverting the tube gently and repeatedly Tor 10 minutes, The phases
were sepatated by centrifugation at § 000g {or 15 minutes at room temperature. A
wide bore pipette was used (o move (he viseous agueous phase o another centrifuge

tibe and the phenolichlorofomuisoamy! aleohed extraction repeated twice more,

Afier the third eximetion the agueons phase wis dialysed 4 times against 4 liters of

S0 mM Uris-Cl (pH R,0) 10 mM EDTA (pll 8,00 at 4 over a total peried of 48



2003, Preparation of stoek caltures

Viable stocks of Tong/HC'U cells were stored at =700 in NUNC cryotubes at 8
conceniration of ca. 1.2x 1 Icclls"’ml. Freezing of' the cells was performed as
follows. The cclls were trypsinized ¢(1.25% bovine iwucrcatic trypsin, b.z% EDTA)
and washed by resuspending in RPME 1640 without FCS followed Ly centrifugation
at 800 r.p.m. The washing was repeated and the pelfet resuspende! in o freezing
mixture consisting of 90% FCS and 10% DMSQ. The cryotubes were insulated with
catton &ool and tin foil and placed direetly into <700 without any intermediate
cooling steps, 'I'hr.-. methad resulted in a B0%s minimum viability on thawing and

reestablishment in standard conditions,
2.2 Construction of a Tong/HICC cell line geromic library

A Tong/HUC coll Hne genomie I'ihraty was created using Tambda phage utl1. All

sofutions used are deseifbed in Appendix Al
2.2.1, Isolatlon of Tong/HCC genomie DNA

1igh-moleculnr-tnuss genamic DPNA wis isolated aecarding to the modified method
of Blin and Stafford (1976} in Sambrook ot al. (989} from the Tong HOC cell line
developed previously by Stevenson of al. (IVR7), The Tang HOC eells were growa
in monolayer eulture in 78 on’ Nue Tissue culturc. flasks, Ca. T 107 eells were

used {or each extraction,
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1.1.2 Partial digestion of high-molecular-mass genomic DNA

3.1.2.1 Optimization of restviction endonuelease digestion

Optimal conditions fur the preparation of fragments of genviie INA it the size

rabge of § o 7 kb was determined by time dependent partial ZeoRi digestions |
ranging {rom .5 to 3D minulcs {Figurc 3;2), Uneut TongJ1CC DNA was Bneubuted

simultaneousty for 30 minutes to confirm the absenee of other enzymes in the DNA

preparation. A dipestion titne of 20 minutes yiekled the maximum number of

fragtents it the required size moge (Figure 3.2. lane 6), All amowmtts were sua[ud

ug propottionittly for the kirge seale digestion of Tong/HOC TINA,

Originally, the aptimal conditions for the preparation of fragnients of genomic DNA
in the size tange of' 3 v 7 kb was deterimined by FeoRl unzymu concentrition
dependent partinl digestions as recommended by Promega (Mromega Protovols and
Applications Cuide) for creating 2 Tombida gl libeary, The EoeoRD cnzyme
concentrations ranged from 3.3 U o 0116 U, Total DNA digestiun was
observetd e an FeoRT enzyme conventration of 3.3 Ui and noe digestion was
observed for all subsequent FeoRE ettzyine concentrations tdata not shown), This
methodd is inelfective in determining e oprimal conditions for the partial digestion
of Tonp THCC DNA and shoulkd unly Ire used when thete are unknown inhibitars in
~the preparation or it it is not possible o deternting DNA concenttation (Frischau,

19471,
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A number of genomic DNA isalation methods vere attepie D vt the modified
method of Blin and Statford (19706) in Sambrook ot al (1989 consistently yielded

U large atmount of DNA with a high molecular weight,

Eight 75em’ tissue culture fasks of Tong/HOC cells grown to confluence yielded
approximately 5 x 107 cells from which 250 - 300 g of genomic DNA could be
extracted, This compared favourably with the expected yield for this method of 200
ug (Sambrook et al, 1OR%), The ('5[.)1h,/()1.)_,m, rendings were between 1.8 and 2.0
indicating that the DNA prepamation was ttee from contiminating profein, phenol ar

isopropanol,

The isolated Toag/MICC genomic DNA did ot migeane faster thin uncut Lambda
DNA, which has a moleeular mass of 485 kb, when nm on a 0.2%6 agarose el
(Figure 3.1}, Most of the DNA loaded onta the gel emained in the wells being of

tot high 1 mass to penetate the Tow percentage agurose,

lithanol precipitation yiclded DNA of @ low mwlegular weight (< 50 kb) as opposed
o the expected 100 - 150 kb reported y Sambrook et al., (19871 DNA in the slze
range of 100 - 130 kb could unly be oltitined with dialysis followed by isopropanol

precipitation after the phenolehlorafonmisoamy! aleahol exteaction.
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3.1 Construction of a Tong/HCC cell line genomic Hbrary

311, Isotation of Toug/HOC genomic DNA

Before isolation of thp genontie i:)NA it was ascerlutmed that the Tong HOC cell line
had the cotreer morphology, namely an epithelial pattern with multinuclel and
granufes in the eyvtoplasm (Ggure 315 The presence of multi-nucleated giant eolls
was not unusual, The Tong/HCC cell line had & doubling time of approxintely 48

hours,

Figure 3.1: Tong/HCC eell line, Photographied at 100°0 confluency, phase contrast,

20 magnification,
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2.4.2.2 Filter sereendng with antibodies

The non-specifie binding sites an the flters were blocked by suul.‘iﬁg the filters in
3% blocking agent (Amersham) in THS-T at 4C .with gentle agitation (60 rpm)
ovemight. The followdi ¢ nu.n'ning the filters werte washed for 2 x 15 minutey
followed by 2 % 5 minues in TBS-T. Mouse anti-HBsAg monoclonal antibody
(kindly supplied by Mr C.C, Chen of the Haivensity of the Witwatersrand) was
diluted in '[‘BS-'I.‘ and the filters were incubated in this selotion for 1 hour at room
temperature, The filters were Wushcd as befre, The HRP labetled antibody was

diluted 111000 in TBS-T.

The fillers were incubated in this solution 1 room temperature for 1 hour and

subsequently washed for T x 15 minutes and 4 x 5 minutes in TBS=T,
2,423 Signul generation und detection

This way performed using the method detailed in seetion 2.4.1.6.
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expelied into @ microventriluge tube containing 200 pl of phage buffer and incubated
for 1 hour at room temperature, 0.3%5 chforoform was added to each tube which was

subsequently stored at 4C,

From these samples an additional 3 sereens were made to fry and obtain material

with 1009 purity and homoldgy.
2.4.2. Screening for HBY protein

LB plates that had tested positive for phages with integrated HBV DNA were used
for the detection of fusion proteins produced by these phages. This was perfotmed
using the Amersham enhaneed chemiluminescence (ECL) Western blotting systom

(RPN 218,
2.4.2,1 Filter preparation for screcning with antibodies

The nitrocellufose filters (Hybond ¢, Amersham) were saturated with 10 mM IPT(
amd air dried, The LB plates were overlayed with these lilwees and incubated at 37¢
for 3.5 hours. To harden the ngar, the plates were placed at 4C for ™0 minutes. The
plates, filters and agar were asymmetrically labelled for later reorientation. The fillers
were removed carefully, rinsed in TBS<Tween {TBSJI‘]_ bulfer (o remove mty top

agar and screened immediately.
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The unbound conjugate was removed by washing twice for [0 minutes and twice for
5 minutes i 0.1% viv Tween-20 in antibody wash buffer (2 mlem'd at room

temperature with pentle agitation,
2.4.1.6. Signal generatlon and detection

' ;!‘hc Amersham ECL random prime system uses a detection method comprising two
reagents- which are mixed immediately before use. Detection reagent 1 decays to
“hydrogen peroxide, the substrate for peroxidase. Reduetion of hydmgcn- peroxide by
peroxidase s coupled to @ light produciig reaction by detection .rca.gcm 2, This
contains luminol which, on oxidation, produces blue light. The light vulput 15

inereased and prolonged by the presence of an enhancer,

Detection reagent 1 was mixed with defection reagent 2 in equal volumes

(0.125 mliem® of membrane), Excess buffer w.: drained from the washed
membranes which were then placed on a piece of Saran wrap, The detection buffer
was added diteetly to the membranes on the side carrying the DNA and incubated
for 1 mimite at room temperature, Excess detection rcagent was removed by gently
faying the membranes, DNA side up. on a folded dssue for a fow seconds, The

membranes were wigpped in Saran wrap and autoradiographed for 10 minutos.
2.4.1.7 Isolation anl purification of positive plagques

A clear transparant sheet was placed ot top of cach iim. The positive signals wete
marked together with the asymmetric filker markings. These were then aligaed on the
agar plates and the positive plaques identified, Using a borosilicate Pastewr pipette,

two nositive plaques were picked off each agar plate, The agatose plags were gently



45

2.4.1.4. Hybridization

The membranes were prehybridized in buffer (0.2 mliem’ made from hybridization
buffer tablets (Amersham, RPM 131 for | hour at 60C with constant gentie
agitaticn (60 rmm). 300 ng of labelicd HBV IINA, which had been denatured by
boiling t'lut' 5 minutes and snap cooling on iee, was added to the prchybridizutiﬁn
buffer, | mi aof the buffer was withdeawn, mix . with the probe and added back to
the mzin solution to avoid placing the probe dircetly onto the membranes, The
- memtbranes were hybridized in this solution overnight at 60 ¢ with gentle agitation

as before,

The folfowing nwrming the membranes were washed in a solution of 1% S8C, 0.1%
SDS (2-5 mliem’) at 60C for 1S minutes with gentle agitation followed by a second

wash of 0.5x% S8C, 0.1% SDS under the same conditions,
2.4.1.5, Blocking and aniiboty binding

The membranes, that bad been hybridized, were rinsed briefly in antibody wash
buffer at roum temperature, Subsequently, they were blocked in 0.5 ml'em’ of 0.5%
blocking agent {Amersham} in antibody wash bufler for 1 hour ar reatn temperature
with gentle apitation, The membranes were washed in anubody wash boffer

before,

The anti-Ouoreseein-HRP cenjugate was diluted HIOO fold in g volume of 0,5% why
BSA in antibody wash buffer equivalent to that used tor hybeidization, The
membranes were incubated in this solution with gentle agitation for | hour at room

temperature,



a4

2.4.1.3. Plaque blotting

‘The LB plates were overlayed with Hybond positively charged nylon membrane
dises (Amersham) by pently placing the membrane on one edge of the plate and
progressively Iﬁying it down so as to avoid air bubbles being trapped between the
top agar and the membrane, The plates, membranes and agar were all asymmetrically
Inbelled for later reorientation. The membranes were left on the plates for 1 to 10
minutes at room temperaire and then removed from the agar surface and allowed

to air dry, plaque side up on filter paper (Whatiman IMM).

The DNA was denatured and fixed by placing the membeanes, plaque side up, on
two shcc!s of filter paper satusated with denaturing solution (1.5 M NaCli 0,5 M

NaOH) for 7 minutes.

The membranes were then sot, plaque side up, on a pad of {iher paper soaked in
neutrntising selution (1.5 M NaCk 0.5 M Trs-fICT pH 7.2: | mM EDTA} for 3

minutes, This was repeated with fresh filter paper soaked in the same solutiot,

The membranes were subseguently washed in 2 x §SC, transferred w dry filter papes

and air dried, plague side up.

The DNA was fixed to the membranes by placiog the membranes on two picees of
filter papar soaked i 0.4 M NaOH for § minutes, This short alkali fixation time is

reguired S itse with BCL gene detection systems.

The membranes were witshed twice in § x 88C for | minute with gentle agitation

and air drivd, plague side up, on filter paper,



* . ,. I;.
. " -.
) - ‘- . 1I ¢
.
o RS
Y |
R 4
i’ g ) ‘: . {
%-. e
Plate A Plate 1
Figare Y10 Screen 3 of the Tong 100U penomie Tibrary using the 1850 and 1350 hp
fragments of Bamel 11 digested HBY in pRRAZD, Dlates A and 13,

Lo, T © g £ PR s AGT E HI L AWT i men, B 8 AT TS T 3k




47

Flate A Phate 13

Figure 3.9: Screen 1 o the Toppg HOC wenomic library with the TRSY and 1350 hp
fragments of Bamb digested HBY in pBRA22. Plagues isobited [or further sereening:

are cireld,
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For cach scroet 300 ng FBY DNA was labelled with ffuoreseein-F LdUTE asing the
randomn primed hesamer labelling process according to the Amersham ECL protocol,

This process vielded approximately 750 ng of fabelied probe.
3.2,2, Screening for integrated 1IBY DNA

The Tong/HCC coll tine genomic Hbrary wits sereened for the presence of HEY
IINA using the Amessham enhaneed chemilumingseenee (ECL) random prinwe

labelling system (REN 3040,

Once a sereen was performed, the plagues giving positive signals were iselated, the
phige grown up and rescreened i order to obtain material with T ity and

liomology. This wis done three times.

From the first sercen 1) positive plagues were olitained (Fiuwre 303 Tt was very
difffeult to realign positive hybridization signals with positive plaques on their
respective plates. Aa agr plug containing several plagues was picked so a5 to be

sure of obtaiting the phages comtuining inteprated TRV DNA,

The second sereen was also suceesstil with positive phaiies detected on all ten

plates. A sinple plague s isolated from cach plate for Father sereening,
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Figire T8, a0 pBRI2Y resteictst with Banfl] run on o D.8% agarose gel, Line 1,
ADNA restricted with Hind1E1, kine 3-8, Baml 11 restricted plR322,

b, BV DNA Buaml] restricted probe inserts isolated from gel o usihg the
phenol tased method of Favie (1992) Tane 1, ADNA ostricted with Hind 111 Tanes 2

aml 3, Bumitl retncted BV isokited [tom pBR32L
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Bam H1
Pst1

Bam H1

Bam H1

= 6300 bp

Fgure 3.7, Disgrammatic representition of the pBRAZ2 plasmid with ligated insent
HBY DNA insert, showing the 1850 and 1350 by frapments, in the Bamlll restriction

site.
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Originally. the emlire pRRIII plasiid was wsed o sereen the Tomp FICC penomie
library. A high backgrousd lovel wis obtained and it was decided w continue

sereening the library with HBV DNA dsolated from the probe,

Bamt1 restriction of the pBRA2Y plasmid yielded tiree fragments ol 1363, 1R50 and
1350 by (Figure 38an The 15850 and 1356 bp frapments made up the HEV DNA
insert which contains @ BysmH1 restriction site at position 1380 welative to the ZeoR1
site {figure 3.7 The restricted PBRA2D was run on o (.‘,8“_ " :1g:1ﬁ1su gel from whivh
the two HBY DNA fragments were isolated, Numerous methads were attempted but
the procedure that vichled the highest recosery mate of DNA from the pel (80"
flaure :txm wiis the phenol based method developed by Favee (1992) clutui[cd. in

Materitls and Methods,
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gives the backgroumd level of nonsrecombinant phage to be 5.25 « Y plupg of
arms and is below thy typical background levels which rnge from 15 ¥ 10 plipg

of anms.

3153 Titration of the amplified Tong/HCC Lbrary

Different recombinant phapes may grow at difforent rates resulting in unequal
vepresentation of the recombinants in an amplified libeary, To try and avoid this the
Tong/HCU pene library was amplified in factions which were then combined for the

sercening of the librmy,

The titre of the amplified Tong/HCC library was obtained by preparing o sertal
dilution in triplicate ranging from 10 0 14" and plating. The titve of the amplified
library was determined to be 6.8 X 1 pfivml and yielded 7% not-recombinants and

Y% recombinants as determined by a white versus blue coloty count,
A2 Sereening of the Tong/HCC cell line genomic ibrary

3.2,1 Preparation of Inbelied DNA probe

The prov2, which eomsisted of the entire HIBY genome, hitd prestously been inserted
into the BumHT site uf pRR222 (Figure 3.0) and subsequently wsed 1o transfom
competent Evoli HIBTOV ¢olls, “These colls were used Tor the large seale isolation of

the pBRIZZ plastit with e Plismid Masi propsation kit of Qiagen,

S00 ug of pBRALY was obtained tiont & 500 mit HBIOE cell culture using the above
method and. correspunded with the expected vield of the Qiagen Plasmid Maxi

preparation kit of 500 pg,
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The titre was determined by plating a serial ditution of 10" fo 101, A large scris]
dilution was prepared t asecriain what dilution Factors should be used fon the
fitration of’ thc- Tong/HCC gene library, The titre of the packag;::l positive control
was 4 x 107 phwml with a packoging cificiency of die ams of 4 % 10’
recombinanis/ug, This was lower than the cxpcctﬁ! efficiency of 8 x 107 to 2 x 10
.pi‘u.fug. The lower vafue obtained could tave resutted from the packaged phage being

stored at 4°C for two days befine the tiration allowing a drop in titre.

Buckpround lovely of religated amns conld not be determined due o the absence of
colour selection of the recombinants, They weie expeeted to be Jow, ranging from

1-3 x 10 pi‘u.’.pg of Lambda ge1 1 ams (Promiega Teehnieal Bulletin 006, 1992),

LLA2 Titration of Tong/lIICC gene lbrary

The Tong/HCC DNA figated 0 Lambda gt11 ams was packaged in Ceoli strain
VIGO0, The Aduclio%) deletion present in Y1090 prevents the genertion of
endogenous fanctional B-galoctosidase products any thus allows coloar selection of

recombinant and non-eeorbinant phages in the presence of X-Gal,

The titre of the Tong 1O gene library was determined by prepaving noserial dilution
in triplivate of 101 to 10" and plating, The titte of the Tong HICC gene fibry was
T x 107 pliym! with a packaging cfficiency of the arms of 1y 10 wecombinants/pg,
Since typival fecombinant efficiencics should range Tom 5-2 5 107 plo‘pg arms it

wis decided o amplify the libry.

Colowr sefection using PTG wid XaGlal was used when tinating the Tong 10°C
library md the number of blue (ron-tecombinants) and white (recombinants) placues

counted, ‘The library vielded 5% nonsrecombinants and 95% recombinants. This
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3.1.3.2 Ligatun of Lambda pt11 EcoRI arms and EcoRI digested Tong/HCC
DNA |
Three of the five Iigﬁtiun reactions of Lambda gt] 1 EeaRT aems to FeoRE digested
C Tong/HICC DNA veig the conditions aptimized before were suevessful (fgure 3.6,
lanes 2.3 and 6), No insert DNA was observed below the ligated DNAL T pg of
Lambda gtil arms and 3 Weiss units of T4 DNA ligusc were added to the two
unsueeessful Jigation reactions and ineubated at 14°C for a further 20 hours, thn.
an aliquot of each reaction was run o o 0.8% agarose gel it was observed that the

ligatitiu was succesful (Figure 3.0, lanes 4 and 5),
3.1.4 Packaging of iigated DNA

The ligated DNA was packuged using Promega's Packagene @ viro packaging
system (Cot, No. T3200). Al five ligation reactions wete used. A positive control
packaging reaction was pertormed congurrently using Lambda cI837 sam? DNA that

was provided with the packaging system,

3,15 Thratton of packaged phage

All formulas used are found i Appendix 13

LL5.1 Titration of positive controd

The positive contral DNA (ACI8ST sam7) was packaped i Eeoli strin L1332, 1
hu.st Taving & supERR mutation, Colour selection of recombingnts .Ul‘ induction of g«
galactosidase fasion protein expression, using 107G wud Xefiul, could not be used

with LE3O2 cclls which express endogenous Bpulactosidase,
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Figare 3.0, Ligation of Lambda gt} 1 ZeoRE arms to AeoRI digested Tong/HCC DNA,

Lane i, Lambda DNA dipested with findi11, Lones 2-7, successful figation of

Lambda gt] | arms and digested Tong/HCC DNA, fane 8, ZeoR1 digested Tong/HUC

DNA.
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Figure 3.5, Betermination of optimal conditions for the figation of Eambda gtl] arms
to genomic TorgHCC DNA, Aliguats of cach reaction tun on a (.8% agarose gel to
view band intensity. Lane 1, A DNA mstﬁctcd with Hindlil, fane 20 & atl | EcaRl
arms, Jane 3. molar ratio of A gt! [ LenoRE amms to insert DNA of B2.R, lane 4, snalar
witio of B1LRC lane S, molie mtio of 1:0.9, lane 6, positive control Lgation, lae 7,

EeoRE digested Tong HUC DNA,
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Figure 3.4, Large-seale partial digestion of high-mofeculamass Tong/ ¢ genoinie
DNA with ZeoRlL Lane 10 A DNA restricted with Jindl11, lane 2, aligot of Tong HCC
DNA restrivted with ZeoR tor 20 atimdes, ine 3, uncut Tong TOC DNA showiug

slight degradation due to age of sumple (not sample ased for digestion),
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rearranged. Although present their epitopes in the fuston protein may be altered and

therefore not detected,

1f avatlable, clean monospeeiffe amiscra is preferable b using monoclonal antibodies
for Lamida gt] | screening, An antiseram may eavt with several t.']'litnp-..'sliﬂ ihe
fusion polypeptides, whereas the monoclongls Ill..'illl only recognise a single epitope.
CGireater sipnal intensitios would be expectedd beense of the recopaition of multiphe

epitopes in one clonsd sequense,

It Is interesting o specolate on the natine of e integrated sequences in the
Tong/HUC el Tine using the four classes of TIBY integrants deseribed in Table 1.1,

found in the Infrodustion.

Loonasg st at an integeant capably of producing the HB3sAg, Sinee the Tang 11C¢
coll hine is 3 HBsAg producing cell line at least unc.u!' e tve integrants fidls into
this category. 1F the stranu polpity is core - snfies » x with the vites « cell
junetion at DRI the second virus - eoll junetion eould fall anywhere in &l.u- Par X
ORF (botween 8OO and TR0 ot Figure 10 bearing i mind that afl fve
fntegrationy in the Tong HOC eoll line are preater than yenonte Iéngtll K kh}.
However, this way indude rearvangements, tsaslocations and invetted  roputs,
However, if the virus « cell jubetion was at DR2 the second virus < eel] junction
cotdd only full i the P ORE aren (between 800 and 1600 a1 stter the  ORF. An
enhaneer clement i located between 900 and 1368 nt (Shaual ot al, T98S), T s
possible that the second vitus » coll junction could place s enhancer nest o or
upstream {rot -il cellular promoter that repmtates el growth. The X ORI encodes
a viral trmeactivator which ean opropulue the expression of oflier vital genes (Twy

and Sclloemer, 1Y87: Spandiu armd Toe, TURE: Scto ot al., 190903 A vigus - eell
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The Tong/HCC cell line has five HBY integrations and it-is a HBsAg producing cefl

line. The expression of HBsAg in the Tong/HCC cell line is lower thﬁn otler HBsAg
praducing cell lines such as BLC‘IPRI-‘»'S and Hep3B (Aspinall gt al,, 1986}, When the
Tong/HCC genomic DNA Hibrary was anutyscﬁ for the presence of § gene sequances
| that were expressed o= part of a fusion protein, only a small minority of the clones
~ {5%) gave a positive signal. There are a number of reasons for the low sighal

obtained,

It is possible that of the five HBV integrations only one or two arc capable of

producing HBsAR,

It i also conceivable that tiese integrants could have been unrder represented in the
amplified library, This i due to the fact that different recombinant phage clones may
grow ot very different rates resulting in unequal representation of the recombinants

in the amplified library,

Since the forcipn DNA cloned into Lambda gt11 {s expressed as a f-galactosidase
fusion protein under transcriptional control of the vector, both entire and ncomplete
HBsAg scquences will be exrvessed as part of the fusion protein, Of the
recombinants {n the Tong/HCC genomic DNA library that pave p positive result
when probed with HBV DNA, only a few reasted with 02 monoclonal antibody
taised ﬁguinst the HBsAg, This implics that the majority of intcgrmits do not have
~ HHsAg sequences. However, a disadvantage of using monoclonal antibodies is that
they often recogrise only a shoit epitope or an epitupe not present in the partly
denatured, partly folded antigen expression in Egoll, Therefore the 8 gene could
hiave been present but not deteeted by the monoclonal antibody, The same applies

for sequences of the § gene that mey have been inetupted, padially deleted or
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moelecules or muleenfes annealed intermndeenlardy at theit colesive ends. The titre
of the Tang HEOC gene libtary (1 % 107 plamD and the pachaging clficiency vf the
artms (1 x 107 plegge) vas lower than ovpocted so the Jibrary was amplified which

resulted in a titre of 6,8 x (00 ptuml

One of the problems with amplifying o Hbrary is that Jifferem recombinant phages
may grow at different rates resulting in wiequal representation of the recombinants
in the library, This can he avedded i the tibnay s amplified in factions as was

performued in this study.

Several methads wre available for detecting recombinants with HBY DINA sequences
in the Tong/HCC genomic DNA library, The two methads ased in this study. namly
nucleic acid probes and monclonal antibodies, can be used to sereen mixtures of
recombinants, Sclection using only a single approach is r:u;cl_v proof that o clone bas
buen tdentified eomectdy, beemise even the most stringent eriverda for sereening may

sefeet false positives,

The tueleic agid probe used to seyeen the TongTiC ;t‘ genomiv DNA library consisted
of the entie HBV geoome, It was used siaply o delermine the prosence of
recombinant phapes containing integrated HIIV DNA sequences and therelore not
specitic aveording o which HIBY sequenves it deteeted, The 15 positive signals
detected i the first sereen indicated that we had been successful in creating o
Tong HOC genamic DNA library contairing o representative number af recambinants

with integeated HIEV TINAL
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Thete are twa nporiant patiimeters o consider m hgating bacteriophage Lambda
arms to sepments of foreign IINAL Firdly the ratio of amis to potential inserts and
secandly, the concentration of each INA species @ the reaction mixture. Oplimuin
values for both of these parameters can e worked wot fiont  theoretival
considerstions, My nc-:r_:ssil_\-. imwever, such caleulations assme tat all the DNA
molecules in the Iigatibn peaction are perfoetly suitable for ligaiion, Staee this is

rarely the ase it is noecessary to corty ogt miad lgations,

A molar mtio of Lambda gtl ! ams to genomic UNA ol L1LE gave the band with
the brightest intensity and was therefire determined to he the optimal 1atio for all
future figaton resctions. An exvess of vegtor DNA woukd theoretivally inctease the
'yicld of plagques per microgrant of insert INA, however an inerease in background

die to religated veetor would be expected.

Three of the five ligation regetions using the conditions optimized previously were
stiweessiul, Sinee one master reaetion mixiure was made up sad subsequently divided
up inte § reuetion wbes, it is not anderstood why two ol the ligation reactions did
not work, ‘The addition of Lambda gt T avms and 15F DNA ligase ta the unsuceessil

reaction tixtures with subsequent meubation resulted i suceessful ligation,

Packaging in vitre vofers to the use of 2 phage - infected F.eoli celt extract o supply
mixture of viral proteins and procursors reguived for encapsidating Lambda DNA,
Approximaiely 005 - 0.5% of the DNA molecutes presem in the reaction can be
packaged inta the nfections virions,  The eackaging clfiviency s deternsined by
titration, I a packagi g efficieney of | H5%pe Lambda TYNA {confaining 2 < 1P
Lambet moleculesy is obttined, #t mwans that ©in 20 Lavisle moleendes gives rise

g phicue, These vields are. however, only schioved i kg coneatemerie
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The Tambda st veetor avcepts small DNA fragments of 62720 Kb Kinee the
moleculae weight of HBY is approximately 3 200 b we decided to partially digest
the fsolated TongHCC DINA ontil the majority of the fragments were in the size
eange af & - 7 kb In this wiy we ensured the cloning of faprents off DNA
containing the entite genomie of HBY as well as those contining deletions and

rearrangements ol ineprated viral sequences and cetlolar Slanking sequenees.

Al first, the time-dependent optimization teaction sacgples were tahen at 30 minptes,
2 Bowrs, § bowrs, overnight and overnight plus 3 loars, Previous expetience with
gl mofecolar welght  manimalioe  genomie DNA as well as 1’1c1-suﬁul
commuaications (HL Veter and C, 86 John Ayre) had show that the DNA ottty
has @ digestion time period of 23 hours, When it was founel that the DNA was
digested within 30 minutes it was decided o take the optimization reaction sarmples
al 5 minute intervals moging rom 0 to 35 mimtes, This short digestion time
indicates that § 2 DNA preparation was of a very pood quality, free from «aits and
other inhibitory substances, “This van be attributcd 1o the extensive Jinfysis against
T¥ carried out on the DNA affer isolation (see Materials and Methods), No other
DNA degrsding enzymus were present in the DNA preparation. This was aseertained
by incubating @ sample of the DNA a1 37¢ for an hour. When run on o 08"

aarose ped oo digestion of the DNA had oceuried,

A dipestion perivd of 20 minintes yieklad the nuimum number of frapments it the
required size vanpe of 8 - 7 kb, This was deterntined by relating the intensity of
flowrescence tu the muss distiibution of the partially  digested DNA whent the

reactions were analysed on a 08" aparose pel.
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The nuxdified method of Blin and Staftord (1976) s a standaedized provedure
tlc;‘iig!.tlt.'(i Lo minimize the number of steps and nanipufations, 1t consistently yiekled
good quality DNA of 2 high concenttgtion which migrted sfower than uneut
Lambda DNA wihen tun on a 0.2% agarose gel. [t is soggested in the methad that
to isolite DNA with & molecular weight u.l' FUG « 150 Kb it is sufticient W perfinm
an ethanol extracton i the prosence of 10 M amnknivm aectate after the third
exteaction with phesal, A farge quantity of DNA was Jost durting this procedure and
the gepomic DNA obtined had o low molecular weight, The yield of the tsolated
DINA was improved when the agueous phus;'s. after e thind vxtraction with phenol,
were dialysed mpainst ‘TE buffer for 48 hours instead af being precipitated with

ammonium seetate and e,

The size of the DNA selected Tor cloning is 7 kb und the nitial size ol the isalated
genouic TINA is preater than the size of ancut Lambda DNA which i< 42 kb (Figare
A0 Thetelore the mtio of fmpments suitable B cloning is greater than 0,878

(Sambrook ot al., 1982,

The DNA ftagmients to be clotied should be smdomly distrilmtcd ot the 1INA o
ensure o library with as cotaplete coverape as possibhe. The DNA 10 be cloned s
therefore fragmented i o random fashion w obhiin a representative by with the
mikimum sumber of clones, The most frequently used sratepy S cutting with
restriction  enzymes, Fie RS, st ion oieyime revoghising a 6 by palindromic
sequene, was uSud bectuse the higher density of sites on the DNA - nade it less
likely that there are long stretehes completely without these sites. In addition, the
enhancing or ivhihiting effects of sequenves surmotnmding s particulae site ate less
important bevanse ol the vicidty of oy utler sites which will nut be subject to the

same steric of ather considerations,
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High-molecular-weight DNA isolated for the comstruction of genomic Lambda

li'waties should have o minimal size of 100 = 200 kb, The yield of partial digestion

products that ean be used for cloning is relatively poor unless the initial lenpth off

the DNA s at teust tourfold greater thun Ilhc. length af e PINA used fw cloning,
The size of the DNA can be gscertained on 0.2% agatose gols run ac low voltagy
gradient, ft s easy to decide by this eriterion whether te size of the INA is Bromer
than the requived tower it For o better view of the size distibution of the DNA,
pulsed-field gradient pe! electrophoresis van be used (Shwartz and Cantor, 1984) but

in practice DNA preparations that pass the standand gol test, 1.0, do ot migrate faster

than uncut Lambda IDNA, are satisfhctory,

It is difficult to isolate DNA of this size by nwethods that involve extraction with
organic solvents and mechanicnl sheatibg 1y @ ot of DNA s lost during these
procedures. For this regson i musber of methods were attempted to ascertain which

one yielded the Jargest amount of DNA with the highest mofeculir weight.

The genomic DNA isolation methad of Matthew (1984) was performed. Although
a high concenteation uf DNA was oblained, its poleentar weight was equal to and
Jower than uﬁcut Lambda DNA when compared on a (h8% agarose gel. The reason
for this shewring or degredation of the TINA is unknown hut could possibly be

aticfbuted 10 an extensive phenolehlorofunm extraction.

A simple salting out mothod for extraeting penomiv DNA developed by Miller vt i
(1988) wats attempied. A high DNA concentration with o large ialecular weight was
ubtined. The DNA preparition.  however, was found to have ko high 3
concentration of salts which interfered with restriction enzyme digestion and would

fave hindered the prepartion of the library,



CHAPTER 4
DISCUSSION

74



Plate A Plate B

Figure 3,11 Serecning of phuues eontaining integrated HBY DNA from the
Tong/HUC genomic libwary for the presence of lusion protein containing 1HisAg

SGIUCTICES,
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The otteotne of the third sereen was o higher pereentage of positive plagues (Figures
2,100, 3,10h and 3.10¢) Even ﬂmugh tooe, purity and homology had not been
obtained it was decided to use these plates for the detection of fusion proteins

- produced by these phages.
3.2.3. Sereening for HBV protein

The Ameisham enhanced  chemilumineseence (FCL) Wostern blotting system
(RPN2108) and mouse anti-HBsAg monoclonal antibody were used for the detection
of fusion prateins produced by the phages that had tested positive Tor integrated

HRY DNA,

A fow of the plagues tested positive for HBsAg while e majority of them tested
negative (Figute 3.11) indicating that HBsAg sequenves are not present in all of the
recombinants or s present but rot expressed in a form reognisable by the

monoclong) antibody raised against the 5 antigen,



71

s

Plate J

Flure 3,100 Sereen 3 of the Tong HUU genomiv fibrasy using the 183t end 1350 bp

fragments of BumIil restricied HBV in pBR322, Plates GuTL T awd 1.
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Plate ¢*

Mate

Figure 3.10b: Seteen 3 of the Tong 1HCC genomic library using the 1858 and 1350 bp

frapments of Bont] digested BV in pBRI22, Plates ¢, D E and T
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To conclude, a TongHCC cell line genomic INA library witl a sitre of 6,8 « 100
pfw/ml was constructed. Screening of this library with [H3Y DNA revealed the
preﬁcncﬁ of 15 recombinanty with integrated  HBY DNA sequences.  These
recombinants were isolated, purified and resercened, Fuether analysis with a
moncckonal antibody rised against serum HBsAg indicated the presence of HilsAg
sequences, completely or partially exprossed as a Rision protein, W 5% of the
positive recombinants, This work will serve as a hasis for future studies were the
five integrated HBV sequences and the flanking ccilu.lm' DNA wil_l he seueneed snd

snalysed further,
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junction in the X ORF could result in a fasion ~mofein consisting of pant of the
HBxAg and part of a cellufar protein with trans-activating  aetivity (Twu and
Scloemer, {987) A X pmmhlcr is f'nunﬂ i the upstreant tegion of the X proteio

coding sequenve and overlaps the enhancer element (Treinin and §aub, 1927),

A steand polarity of x = surfice = core with the first vitus » col junetion’ at DRI
would resuit in the second junction falling within nuckeotides 1820 ufed R8N
{incarporating the ¢ ORF and part of the P ORE). A virus - cell junction at DR2 and
the same polarity would niean that the second junetion Ty between hucleotides 1600
and 2800 (C ORF and part of the P and X ORF's), I these regions 2 number of
clemeits are found thit, i positioned next to or upstream fom cellulay faetors
regulating cell growth, could after the nommal tunctioning of the cell, These inchsde
a second enhancer that maps o approximately nucleotides 1645 « 1803, a core.

promeoter and part of the X trunsaetivating gene.
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Tokino (1990} studiwl 40 clones of published HBY integrants and showed that at
lteast ok tenminus of fo HBY integrant to be Jocated at the 8 ORI or between the
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et ak. 1994). This supports the theoly thay inegrated proS2'S genes might contribute

w HRBY - associated HOC,
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Titration of packaged phage in Tong/HICC gene Kbrary

To caleuiate the titer of the phage:

Formula:  (number of plagues) x {dilution. fhetot)=Pfuiml
{volume of extract plated)

To calculate the packaging efficiency of the arms:

Formulw . (pfvmd) . _ . ___. = per
recombinanty microgram
(concentration of vectar DNA in

packaging renction)



SOLUTION NAME : TB Top Agar

CHEMICAL COMPOUND CONCENTRATION
Tryptone 1 gA

NaCl : | 0.5 gll

Agar 0.8 wl

Autoclave, When the solution has coafed add:

MgSO. | | ml of 1 M solution,

SOLUTION NAME : Tris-bufired Saline (TBS)

CHEMICAL COMPOUND CONCENTRATION
‘NaCl 137 mM
Tris 20 mM

Adjusted to pH 7.4 with HCL

SOLUTION NAME : Tris-buffered Soline-Twoeen (TBS-T)

CHEMICAL COMPOUND CONCENTRATION
NaCl 137 i R
Tris 20 mM

Adjusted to pH 74 with HCl,

Tweon-20 .19

SOLUTION NAME!: Ths-EDTA
CHEMICAL COMPOUND CONCENTRATION
Tris-HC1 : [0 mM (pH 7.3)

EOTA I mM

Tut



SOLUTION NAME : Phenol:ichloroformisoamy! alcohol

CHEMICAL COMPOQUND

Phenol 500 ¢
Chloreft rm S 500 ml
Tsoamyl aleohol 25 ml
TE bu.ff'cr (pH 8.0 "1 volume

1. Dissolve the phenol in the chloroform and add isoamylalcohol,
2. Add | volume TE buffer and stir to emulsify.

3, Let the phases separafe,

4, Remove the top phase and repeat TE buffer addition.

3. Let the phasey separate,

6. Remove all but 1 em of the aqueous phase and store in a dark boutle at 4°C,

SOLUTION NAME : Proteinase K solution

Stored as a 20 mg/mt solution s TE bufter at -20°C,

SOLUTION NAME : 20x SSC

CHEMICAL COMPOUND CONCENTRATION
NaCl M

Sodium citrale 03 M

Adjust to pH 7.0 with NaQH or HCL and autoclave,

SOLUTION NAME : STE Buffor

CHEMICAL COMPOUND CONCENTRATION
NuCl _ 0f M
Tris (plf &.0) 1 mad

EDTA [ mM



SOLUTION NAME : Luria-Bertaini (LB} Agar

CHEMICAL COMPOUND CONCENTRATION
Tryntone )
Yeast Extract : 5pd
NaCl Sl
Agar ' | 15w/l

Adjust to pH 7.5 with NaOH and autoclave.

SOLUTION NAME ¢ Luria-Bertuini {L13) Broth

CHEMICAL COMPOUND CONCENTR;\’!‘!ON
Teyptone - 10 g1
Yenst Exteact 5 ad
NaCl _ §pl

Adjust o pH 7.5 with.NaOH und autoclave.

SOLUTION NAME @ Neuwalizing Solution

CHEMICAL COMPOUND CONCENTRATION
NaCt 18 M
Trig«HCl (pH 7.2) 0.3 M
EDTA b M

SOLUTION NAMUE : Phage Buffer

CHEMICAL COMPOUND CONCENTRATION
Tris-HCl (ptl 7.9 20 mM
NaC'l 16} md

Mgs0, 10 mM



APPENDIX A

SOLUTIONS ULEDR

SOLUTION NAME : Antibady Wash Buffer

CHEMICAL COMPOUND CONCENTRATION
Tris-HCl - . 100 mM
Nacl _ 150 mM

Adjust to pH 7.5,

SOLUTION NAME : Denaturing Solution

CHEMICAL COMPOUND CONCENTRATION
NaCl LS M
NaOH : 0.5 M

SOLUTION NAME : Extraction Huffer

CHEMICAL COMPOUND CONCENTRATION
Tris«HC! {(pH B F0 M

EDTA (pH 8.0) 0l M

Panereatic RNAse 2 pd'ml

SDS : 0.5%,
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