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VACCI NES This invention relates to a novel process of

hepatitis B vaccine for use in the 5 treatnent or prophylaxis of hepatifis
B virus (HBV) infections. It further relates to a HBV vacci ne obtai nabl e by
t he novel process of the invention. Chronic hepatitis B virus (HBV)
infection, for which there is currently l{mted treatnent, constitutes a

gl obal public health problem of enornous di nensions. Chronic coners of HBV,
10 estimated to nunber nore than 300 mllion world-wide, are at risk for

devel opment of chronic agkiM@apeRAb: tﬂﬁ’m‘%#" Coﬁc;nsu@é‘%pﬂcpﬁ{#avai | abl e

hepat ocel | ul ar carcinoma. v Many vaccl nes h are curren ;
require a preservative to prevent deterioration. A frequently used

preservative is ' : j IS a nercury-contai.ni ng conpound. Some 15
concerns have beli(;ﬁrilé Iﬁvargﬁﬁs@g&%%\écyﬂt%m? \ﬁzipr%g(s %fﬁ"aﬁé‘? 3 'I‘?p?r}‘g%ﬁ I’%E’E? E’HI'SF Kdtgyh
comment at or s Havkeaimenarprophyldxistof hdpatite Biveiy (HBV) iffediaisd s flﬁ’lﬁ%r relatest loaHBv

o

t hi.onmer sal - cont aj ni.ng ,vacci nes shoul d not be overstated (Ofit,; . JAVA
Vo1. 283; No: 16) . ?qt?éIag'%Yﬁ‘?"%m@eﬁ%ﬂfMﬁﬂha@eous to find new and
potentially safer nethods of preparation of vaccines to replace the use of
thionmersal in the manufacturing process. There is thus a need to devel op
vacci nes whi ch abksonithhepalitis BainsqHBY)érdection) fopahitti theré Bruteataivited BeaBnengcci nes.

I first b ti i des ; t hod fqQ duci
nopati 11 5. B ant 1 RN 4 GBA s oBmt eacs aerTogs GRS N g

purificationl®df édimatadoing@beriridre tha &Oﬁmﬁﬁ%ﬂ&fﬁdé}afe%@ﬁ&kifd?ee\@%gﬁéntﬁﬂfﬁﬁwgsi ng
a free-SH group. 25 The gr_e ent invention preferably providesS a nethod of

producing a st abfvefiepa 95 A pirgshhepeioealuler carcaeraa. of t hi oner sal whi ch
conpri.ses purification of the antigen in the presence of a reduci ng agent
having a free-SH group. 30 The antigen preparation is generally w thout
trace of thi onerMay vagsises whichareeureatly avaiablotequire ageserstes opravire dptorddrdtibe i

anti gen product i ' spectrophotonet ery of, nmercur

descri bed her ei nﬁbﬁh&@ﬁ%gﬁ%gé@awﬁ@mfﬁép%&q Wﬁ??@%%@%ﬁ%n

preferably ctﬁrprdoemnslmmhme@am@%e@m&m%mﬂwn@%oﬁgﬁ%ﬁh@mﬁﬁi tably
referably the purification

as neasured by absorpti ectrophof onet ery. 1K

is carried out %Wf%%@@i@@p@%%%@mmmm@n@mmas@mm@n is
I ly f i I X i ' il abl
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substantially as stable as a hepatitis antigen purl e of

thi onersal, as dJ$Wand pelentialiyEatermethods ohyeeparation of vaceirestp teplacd the fRcak tioaeisyt t he

hepatitis anti gepus . ic. Preferably t educi ng agent i s, added
during the anti g@gépr)ﬁur |i% Hlﬂecmailgp'gﬁesfirm&‘uﬁgﬁgf"é{?@%gE'BQ\E"ﬁ ki s
expressing t2ie dreejigpaticulbbhdpaktk Bvatdings.t he reduci ng agent is cysteine,

dithiothreitol, fs-nercaptoethanol or glutathione, with cysteine being nost
preferred. Accordingly the present invention preferably provides a nethod

of producing a Shakifse 'm@’rmg e ,ﬂﬁgﬁ% i | 1 t .ace of .
t hi onerjsal whi ch porrp?slggé.s pur???lg%r{ﬁ?on 0 g%h‘ém@]ﬁ%&ﬁ%%ﬁﬁéﬁe@é%@e of
cystei ne. Pref ersiiable forise jpiavagdineathe mathvdcomprisiigeurifivation bfthe inigarie thepreeoé a

cysteine sol utiqgp ; r ;ErIéI teine, in solution or powder form
i s added during tﬁﬂ?@:@é@% a %ﬁ%%ﬂg@ntrati on of between 1 and 10nmM
preferably %o 5 mM Mre preferably; the cysteine is

The present invention preferably provides a method of producing a stable hepatitis B antigen
without trace of thiomersal which comprises purification of the antigen in the presence of a

| reducing agent having a free —-SH group.

s 30 The antigen preparation s generally without frace of thiomersal when thiomersal is not

| detectable in the purified antigen product using absorption spectrophotometery of mercury, as
described_ herein.



added to a final conceirhation of about 2nM Preferably,t t IS
L-cysteine. 30 The invention further provides a netho 14 Jigua Ebﬂg
stabl e hepatitis B antigen without trace of thionmersal wherein the crude
antigen is subjected to gel perneation chomatography, 14 January. 2005
subj ected to ion-exchange chromatography and m xed with a reduci ng agent
having a free SH group. a Preferably the jon-exchange chromatography is ,
ani on- exchange chromat ography. n The invehtion further provides a hepatitis,
B antigen free of thiomersal obtainable by the nethod of manufacture of the
present invention wherein the antigen is at |east as immunogenic and

antigeni c as t heThedppatitit ardigéh meparagerprefemblf esrprisesdess thab D.62puEmacrepaing

t hionersal. 10 The jnv |on further vi des, a nogeni ¢ hepatitis B
anti gen havi ng aPRERSY @&"ﬁﬁaﬂi"%ap%'ﬁ “&eétﬁ%pg?t 'f%?‘r 1.5 and an RF1
content with at least a 3-fold lower 1C50 value than that of the hepatitis
B surface antigen nmanufactured in the presence of thionersal. 15 In an

further aspect t Referablydhetriusficationlisaamed vt inthershsaine of hiometsdl, and dhewutified antigen a

hepatitis antige in a vaccine, the nethod conprising
purification of Eﬁé’@%@%%en ﬂﬁoniéﬁs?'pr esence of thionersal and subsequent
treatnent of antigen in the presence of a reducing agent conprising a free

SH group. 20 - Swtably the treatnent is foll owed 't% a gHrlflcatlon st
such as a di aysi Brelerably theantigands sablen suiakly substantiplyas slehig g a pepatits aptgen Ryifig ent

| cysteine, DTTio il el o itnisalad FfiFcHh £ ereirBr Jagpiblepat i tis B

antigen of the invention nay e used ftor elrther the treatnent or

prophyl axi s &9 hepatl tis B infections, especially treatnent or prophylaxis,
for exanpl e, eﬂbe% tlt B infections. The present invention
further provi desﬁgfgrf%@? ? 3%‘?!9?5‘“@89?8191 sing a hepatitis B antigen 30
of the present invention in conjunction with an adjuvant. preferably the
adjuvant is an alumniumsalt or a preferential sti

of TH1 cell
rosponse, 14 See esborofind b fiacrasue) 4 PigEss T et
surface antigen. 5 &m%m gpatitis B surface antigen is well

docunent ed. See or exanp et al. in Develop. Biol. Standard 54,
page 125 (t983), Gegg et. al. in BI ot echnol ogy, 5, page 5 479 (1987),

EP- A-0 226 846, EP-A- 99108 and references. therein. '
expressi on ' hepa yEﬁ% @%F.‘&Z‘ﬂ"‘*' @E“ﬁ@f&ggmﬂ’é@ﬁ%@a%ﬁ@%ﬁ%w
antigen or fragnepteiieteng fostpreddriedyi Ng the antigenicity of HBV surface
antigen. It will be understood that in addition to the 226 anino acid
sequence of the HBsAg S antigen (see 10 Tiollais et. al. Nature, 317, 489
(1985) and refer gqpees { ivBRRH ﬁ%ﬁﬁd{ S|red
contain all or pgrt ?gimpﬁé% sequeﬁé?ergbgpﬁggggérj?@glgb‘?n t he ngbos{t/agfée

ref erences and |mnrﬁmoeemtmeaémsBéﬁhgeﬁ-ﬁﬂmtmeedimmwmmmamﬂ@hwfrﬂa er
to variants, for e Ie t he e mut ant’ described in WO 911 14703. 15
HBsAg may aI SO r@f' J‘W?B@pﬁ 5‘ described in EP 0198 474 or EP O 304
51 8.

Preferably the purification is carried out in the presence of a cysteine solution.

25  Preferably, the cysteine, in solution or powder form, is added during the process fo a final
concentration of between 1 and 10mM, preferably 1 {0 5 mM. More preferably, the cysteme is
added to afinal concentration of about 2mM.

Preferably the cysteine is L-cysteine.

30 _ _
The invention further provides a method of producing a stable hepatitis B anfigen without trace
of thiomersal wherein the crude antigen is subjected to gel permeation chomatography,



Normal ly the HBsAg will be in particle form. In a par#gghgg!;% pogLerred
enbodi nent the-HbsAg will consist essentially of the -

menti oned herei nabove. 20 The vacci ne may advant ageously include a
pharmaceutically acceptabl e exci pient such as a suitable adjuvant Suitable
adj uvants are comercially avail able such as for exanple, Freund's

| nconpl ete Adj uvant and Conpl ete Adjuvant3(Difco Laboratories, Detroit,
M), Merck Adjuvant 65 (Merck and Conpany, Inc.; Rahway, NJ); AS-2
(SnithKline Beecﬁan‘?ﬁcleﬁm IpRepchange shrompatpgranhy and mixed with aredugiag-ageaidarita mraeum
hydr oxi de gel (alg;qrg,ou r alum num 25 phosphate; salts of calcium iron or
zinc; an insoluble suspension of acylated tyrosine; acyl ated sugars;
cationicatly or anionically derivatized pol ysa~hari des; pol yphosphazenes; .
bi odegradabl e m ; res.  nmopophosphoryl lipid A and quil A t oki nes,
such ,as GM CSF or%pe?%?m&lﬁeeﬁ%’ﬁg?%ep ,mgtpﬁ/ripgy 'Sr’f‘ﬁk‘?"‘ﬁ’chﬁi‘gﬁ ealesraY-adj uvant s.
30 In the forgulations of the invention it is preferred that the adjuvant

conposi tion induces an imune response predom nantly of the THL type. High
| evel.s’ of Thi-tyg8e 6%%%@@@5?@@&&8 antigen frep pf thiomersal phiainable bydhed t o

favour the inductg ! b S 14 January.
2005 5 admi ni st e S0t GBhEbELnl FEHER RIS ARestai cn
response is proddnmunagenicynd biitigeniqas, the epatiies ahtiged matdactuyeden hy prekeneeg Wi | |
increase to a greater extent than the | evel of Th2type cytokines. The

| evel s of these ?WW es may be readily assessed using standard assays.
For a reviewjgf the famlies of cytokines, see Mosmann and Cof f man, Ann.
Rev. Immunol 5 7:145-t73,1989. Accordingly, suitable adjuvants for use in
eliciting a preddh Rwatianfurthrnprevdse an imspoegseic henaiitis@aantijepharingeapéan ELISA

conbi nati on of A i Ri r 3-des cyl d
nmonophosphoryl |mIB%I (3 dlaﬁ/k\?b H?&g%@h%@ c&ﬁ‘?@%*ﬁ%ﬁﬁ%%”&é@&'v@%@
known adj uvants &t dfiedkpglities eurfaca antigdnymanafdeiared ia thblileskitp of thighresl. r esponse
i ncl ude CpG contai ning oligonucl eotides. The otigonucl eotides are
characterised in that the CpG di nucl eotide is unnethylated. Such

ot i gonudeot i des & ikl asketome i%@f&@%&%&ﬂﬂy%ﬁé% Oantigen

961 02555. | munostinulatory DNA sequences are al so desc or exanpl e,
by Sato et al., S¢Rbpkbeussina wacoine, ftegasthoderamising puriticaion of theatiigen iribe praseace

saponin, prefera ioufﬁga} I | I . -Fram.ngham
MA), which may bleam{use a?'fﬁ‘”%éﬁg?"ﬁ%%ﬁfﬁgﬁ@ggﬁﬁ%#%ﬁﬁ Q%&PW{?&?@ For
exanpl e, an enhanemeisiayafreerSHgralpves .t he conbi nati on of a nonophosphoryl
lipid A and saponin derivative; such as the conbination of Q521 and 3D MPL
as described in WO 94100153, or a | ess reactogenic conposition where the
Q521 is quencbed Sultablp tetvehinhies Bllowed By SRMAdalNAEp sIchHR s RSPt rdidve"
preferred formul ati ons conprise an ol 20 in-water enul sion and tocopherol.
A parficularly p8Y¥8Sakadj uvant fornul ation involving Q82t, 3D MPL and

t ocopherol in an oil-in-water emulsion is described in WO 951 17210. A :
partialarty potent adjuvant fornulation involving QS21, 3D-MPL & tocopherol
in an oil in wat Erefesablyths reducing agentis cideing, DTT, Yiafiodd or2ifercaptbethanch pref ered .
formul ation. 25 Accordingly in one enbodi nent of the present invention
there is provided a vaccine conprising a hepatitis B surface antigen of the
present i nvesi oifhe hepatitih Baeteh blihainvantonanay bb 683 iat eifiier e treatmbm SHsbgglas of

adj uvant. A pref E%F{réﬁld elgtbﬁ&gi ment is a vaccine in which the TH 1 inducing
‘adjuvant is sele S R espeeially reatmen PURreRlaxis: IR pramplene chrons hametits B~
@BS21, a ' mixture Gfechpel and 30 chol esterol, and a CpG ol i gonudeoti de.

Anot her preferred enbodi nent is a vaccine conprising a hepatitis B surface
-anti gen. adj uvanted with a nonophosphoryl lipid A or derivative thereof,

Q@S21 and tocophe j il el mul.sion. ... 14 January...2005.

Sref er ably ¢ ho vanepteociieftid ro? 80is £ R ebuaton et ek Ppiaey ,
0S21: Anot heB0parwt thepresent isventiontin eonfacktion sitilanfagjivant. Fréferably he badiaids 4HG and a
saponin is descri Eled. i naM\O AOQ[ngl}anig]yias %g’l?lref erred formul ati on. Mbst
preferably the sApShIUM 303 plesnla sipyiaigrofJHY eplliespaseon is Qs21. Preferably
the fornmulation additionally conprises an oil in water enulsion and
tocropherol. The present invention further provides a vaccine fornulation
conprising a hepatitis B surface antigen of the present invention in
conjunction with an adjuvant and additionally conprising 10 one or nore
antigens selected fromthe group consisting of: dipthena toxoid (D),
tetanus toxoid 15 (T) acellular pertussis antigens (Pa), inactivated polio
virus (1PV), haenophilus influence antigen (Hi b), hepatitis A antigen,

her pes sinplex virus (HSV), chlanydia, GSB, HPV, streptococcus pneunoni ae
and nei sseria antigens. Antigens conferring protection for other diseases

o o o R - oy o,




In one particul ar enbodi nent, the vaccine fornul ation %&Hﬁhﬁg fo!?%pati tis
B surface antigen obtainable by the nethod of manu of venti on
in conjunction with an adjuvant and an inactivated polio virus. 20 The
present invention also provides a nethod of treatnent and/or.prophyl ax~ of
hepatitis B virus infections, which conprises adm nistering-to a human or
ani mal subject, suffering fromor susceptible to hepatitis B virus
infection, a safe and effective anobunt of4 a vacci ne of the present
invention for the prophylaxis and for treatment of hepatitis B infection.
The invention f Uefrebly e aoliveris ahppatiisfbsusfeceantigasat i ti s B surface antigen of
the present invention 25 in the nmanufacture of a nedi canent for the
treatment of patients suffering froma hepatitis B virus_ infection, such as
chroni c hepat i t i Ehe preparalion of repelitis B surfacd breligewis eielhdocurfientad e Sgy fesexainple, Hagitrt i on

" ! . . : ¢ . q b
O aoont a0 TIRALSS B che Bl bt oh o A 90 BT O ey
descri bed i nsPhai7oppent gmalo ggga@gbm[ﬂ ;hg\émlm@penégsgﬁmgﬂgm gn - the submt

and adj uvant approach, edited by Po Newran, enum Press, 14
Jaauary. 2005 1995. New Trends and Devel opnents in Vaccines, edited by

Vol l er et al., i j L ) €, . ti.ore. Nar nd SA. 1978,
Encapsul ati on w h#%lﬁ%%@é%@ge Sgé" g%gg&;ﬁosgg?cefa%qegggﬁ%%, fh%‘i%e‘ﬁmyﬁés bn,
U.S. Patent 4, 23miigen ér fragorptigadof displaying fiieQinBichiitylopHBRSUIaEENGSEA! R willibe

di scl osed, for exg&gl e Likhite, U S. Patent 4,372,945 and by Mror et
al ., U S PatentiNgersoofiha MF"“@S‘%"‘S@W’PC’ g spaupneccyf fiedtPsAy/S priigenyEes d et
al., Acta Vgl S : j i W Py odrem
DS and- i 5 g ool aa a0 Nk ST, o (G B (e RreP ) REAGE L ot ol B

Pat ent "4912094. a2 dasisedcantsinell otpartof agrefibteguancess. destibstin e alfdve rgferersent

invention is ill Limted t he fol l.ow n X | es
wherein: 10 Fi gu&r'l'teﬂnié*:?g'lol%? %@%? '?eﬁ?"b W@Lw bﬁ‘%ﬁf@ﬁ?’ﬁ%gbﬂ?’%@& for
Engerix B TM Fitheleszage mithnisiesorbezidn WOMPAGS. anal ysis of bul k antigen |ots;
and 15 Figure 3 illustrates residual yeast proteins in bilk antigen |lots
produced by the thionersal free process. 20 Exanple 1: Production Process
of Hepatiti 95B $4Bshar@y A5 i gb‘@)eb fﬂﬁ sgé&ﬁ%@ [ P304 Hepatitis
B surface antigen (%Bs?bxg)g“gfﬁ?% I ol ogi cal s ﬁ%ﬁ?gtaﬁng%mnov-ag?gnt vacci ne
(Engerix BTU is expressed as a reconbinant protein in Saccharonyces

cerevisiae(seermrg |%€ ; GlLE ). e, kD protei.n.ds prqaduced
intracellularly an él@(i:r%urm ﬁ“gﬁé ﬁﬁa@ﬁ%@é 'PQSW#%R'F @W'@Pvt&e%ﬁq he
end of the fer mewil ansistessenially efdsiHbsag 5-antyer meationstierihabove. di srupted in the
presence of a mld surfactant such as Tween 20 to liberate the desired
protein Subsequently the cell horragenate, containing the soluble surface
anti gen put izbes, The vadtin@ Myl ddvthgbdbsid iRl § Dhafnadil ypéoEe? {ebiRMExciiad shdhedd
concentrated via uItrafiItYration. 3‘8 Furthg‘ pﬁri%i%nati- n of (t:lﬂe SHe a

reconbi nant ant i Yyiable adiweant Suliehle adiuvents sare .commessiallynavaiiablea pichcass dpraexamplens .

In a first ste ' | j t .
perneation chr gn‘:{%&? Eﬂ‘;’ﬁ@ﬂ%ﬁk@g‘%ﬂ%@ggﬁﬁg{eﬁgﬁ@ﬂ{ﬁ%ﬂr@%ﬁgﬁ B?lgﬁ'pw&swk in
the el ution buf fAdjuvait 6heMercit dandaCompayy, BCDSRahkapeNJ)pASEdSiithKline Beecham,

T 5. 506 ot hy! erldUGIAPUB PR ARAI S e B8 YRS WIRTHE GRE(ARD <SP o
in this buffzs tphosphatersalts oricalbith,dom or AMeSan iRSotubla sdspbrition BPacHiated hyfoshe BRyIAEH
during the subseguent EL.II‘I ficati on.stegs i ncl uding ion e.xchagae

chr omat ogr aphy, $#98Fa iy geft i aionigel \yepstharidesie palypbesphazgnashat

ngo
purified bulk a -‘5’&6,@11 I { ) CH NEOSH ai n-
about |.2Ng andn‘IS'ess tﬁm gkﬁ o@g'ﬁwgﬂn@%@& I@Qﬁ%@@%%&h‘?ﬁ%@%ﬁ
| on- Exchange chr@imeriedfinaihy; ost12 maysisp be sed s ddjuvaitng a DEAE-matrix and this
pool is then subjected to a Cesiumgradient ultracentrifugation on 4
pre-established Payers of different 10 Cesium chloride concentrations. The
antigen part3@! el the mmisionssiant khvcpiorCio RipieTbrmatthdl SheCafvart @OmMpdstibie itbisces an
according to thejr density in the gradient and eluted at the end of the
centrifugation pW@%?.sP‘é%P@W@F rof e THY typa oty levels\ob Bh iFyrasyipkines (880 IFby a

second gel per meatTNpa, 12 sRERE ol o PP &l
process cont ai niﬁg t hi omrsarﬁf%ﬁ@ﬁg&%@ perr?e@?ﬁ%ﬂ'h uﬁ er 'Ee% 0 elthlaﬁ
concentrations of over 30ng/m are recovered in the pool ed HBsAg contai ni ng

fractions fromthe CsCl gradient) corresponding to an equi val ent
concentration of HBsAg as




assayed by the AUSZYME kit from Abbott Laboratories. he I
ultracentrifugation step usefully elimnates residual m nor
protein contam nants fromthe HBsAg preparation. It is performed by zonat
centrifugatron in a fi 15 rotor from Beckman Instrunments, Fullerton,
California at a speed of 30,000 rpmfor about 40 to: 60 hours. The sanple

005

to be purified is plied to layers of CsCl ;solution with final .
concentrations of 0.75, 9.5, 2.5 and 3.25M CsCl. At the end of

centrifugation tdmiiskebdeRtigeh SWi \ : t ' .
cont ai ni ng HBsAg ﬁ%sbe [ degr?t i flia@d§ ytel?j?/d g@gdglr e&%@e@%?ﬁ% iosﬁs%mpaensﬂi'i ng

dilutions of the eeithedevelgf Thi-ypecylakiszwiindease tokrgreatdBsrient ten theilevelaf Thi-

density of 1.17 / |.ut.i ai ni.ng the purified HBSAg is
sterile filtered Bef @eg'eﬁ%]gb%gggﬁ%g%%@%sﬁgghe Wﬁ%’&%?@ssﬁgﬁ?ﬂﬂ YH assays; 4
January, 2005 Purfof & caviewoot terfamiidshef cyteldnds, sl Moshusredrd CamaRMneRev@SmhiiRL

antigen is prsducﬁg i%ﬁﬁiﬁel lularly and a series of separation techniques
designed to elim'n ?’é I'TF*erent types of (yeast) contam nants are necessary

to obtain pure bulk antigen. The steps of purification are inportant, as
the product to be purified is a |ipoprotein particle containing nmultiple

copi es of the sufrestingiynsitahimadpbniplopusedeelisiting 4 predominantyThidype raspdns®d Biclude,

mai nt ai ned t hr ougho e_purjfication process. It ~ a particularity of

this process t hat%?i tgia?ﬁ)gl és%é'tbr"iaﬁ% inWB@‘)@ﬁOSBW i dpide & \Aﬁf?@f?lbﬁr &d¢-Qrdcylated

I mmunogeni ¢ W t hawh h igid f2o 3DEMPLL ' ki n&n

i mmnogeni dt ég( c%g?Eggig&}ég) . 1%%@%ﬁaﬂurﬁ?@tﬁtﬁgﬁgﬁ%3ﬁ i o?idi%rg%t%ess
sc

are further dPrefRreptialio e PatTétit boa Jowwe: resparsel nciader Cpu containingind
characterizati oneffon d "fﬁéﬁn b ' r f r S, .. 15 1.
Production and puri f?%gﬁe%nqg? yeast - ( ersf iyl%gh%@é‘%a@lﬁ%&lhﬁ%ﬁg @@%@ﬁt@e 15
product i on procedamelasaiad tSuch eligenucitetides anetwel knowamd bre desaribledcie dfolbaxample WO
fermentation of f ' rai.p of 20 Saccharo s cerevisiae,, for
exampl e that deserue il BN sRauefcrs 8 ke S4sCibay. Tonsarapl o Felo ot a,
| ar ge- scal e f er mSoiencei 357, 19960 Ansls préferrd tadpe:b Is & bdpohin, prbfBRbiy €lss (Ajufla
har vest ed angsbr ken open.in the presence of a mld surfactant”such as
Tween 20. Th suBPBW%ﬁi?‘i%%WC-i g’agi‘ie'iﬁm-wisdfhéﬂ m3y b, usad| alang 1or i combination With
and rification e e | ' to
DurL 1 L onoBeO TS, KA sl ABHEIGH S ke dh SABRE YD,

the step of the first gel Eg‘{rreation.on Sephar
purification proB€aaphesahaeryipid A erdsapenin derivative, puch ee the combinatiorodflQS24 ami 3DMPL

changes have beeg} o_t rocess. described.jn Exanp| e
1. 30 1. The el u??%%&%bg?p(ew?&aﬁf [@%%%%&%Wwﬁg@e@%we%l no
| onger -contai ns Wit cholesteribs describdd ihAVM86/8373% OMerlfsfdtred RARbIGERS cdrpdd & gral
concentrati 02@ S geged t.o t §me?l uat e pool fromthe anion exhange

chr omat ogr apfiy s é@ piuiion pharela A Repicdaly paterfradiuvand feamulation nvalving 32148

gel permeafion babMPL aPodpReYitanl L rPwdlir 40BN fs 8Bsofifed i WoIIBAARIgPar Ui ¢l es

during the CsCl density gradient centrifugation step wt 0oss of product
and aggregation or dunping of the recovered antigen. Addition of cysteine

at 2 mMfinal co i t.a: pg ecedi ng. ani gn
exchange chr omtgéﬁgﬁi@ﬁ%%“ﬁ%‘gfﬁ slklpr @P%%aé#zggégﬂ@l%z@%?mgﬂﬁ"d’gﬂp
during CsCl densWaigr enilsiogigdesdribeskin WQ05/1CQ 10tand 3@ preferad poimilgioned subst ance

for this treg¢nent as it is a naturally occurring amno add and can be
renoved at the subsequent desalting step on a gel perneation colum using

Sephar ose 4BCLFFAawardingly inconb eiBodiiidnt 6Pthepresail fiventiarn BB ® provied a%ﬂ?@&qﬂﬂ@iﬂé he
manuf acturi ng pr o%ega%,cgn'ﬁr%eed to the process described 1 n Exanple 1I.
a hepalitis B s antigen of the present invention, which additionally comprises a TH-1
inducing adjuvant. A preferred embodiment is a vaccine in which the TH-1 inducing adjuvantis
. selected from the group of adjuvants comprising: 3D-MPL, QS21, a mixture of QS24 and
. * 30 cholesterol, and a CpG oligonucieotide. Another preferred embodimerit is a vaccine comprising
a hepatitis B surface antigen adjuvanted with a monophosphoryl lipid A or derivative thereof,
Q21 and tocopherol in an oil in water emulsion. ' '



The thionersal free process yields bulk antigen of a itx 'd
properties conparable to 20 antigen fromthe process —1.2a The
t hi onersal added to the 4B buffer at 50NgJm is thought to deconpose and
the resulting ethyl nmercury may attach covalently to free sul phydryl groups
on cysteine residues of the 25 protein. The protein contains 14 cysteine
resi dues of which 7 are | ocated between positions 101 and 150. This region
of the protein is believed to be | acatel at the surface of the particle and
contain the major antigenic region of HBsAg including the i munodom nant a_
region aril the recognition 30 site for the RF1 nonocl onal antibody (Waters
J et al, Post gPaserabiiie vadeinel@iifio ckar dt
and I\/Urray J. Med. Virol og 1989%2 g&gﬁyasﬁmmgﬂom%gﬁhﬁ S&Sb?/\ﬂ‘hf\%tﬁ%rhl oner sal
present in the Parbcuesuitalle adivventdormulation includiemEr( e asgpenin is descibed inWO er cur y

at the end of renmoved
by sinple dial 9@?%1%%%9?&?3@?@&%@”{&%@6% g%glﬁll?w@ﬁa%pg#hlg%m Mer cury -
per ZONg pr 6t elfcmnulatren isEZS21 1 Rreferably the fdemaigtion additionalie Beripnisésadn.ofl hiwater Brdldig at i on
was di al ysed f n u]rs at room tenperature agai nst 150mM NaCl, | OrM
NaPQa buf f er oGPPGl t he end of dialysis, a concentration of 0.33g Hg

per 20Ng prote| n vvas measured. In contrast, dialysis in the presence of a
reduci ng agent such as L-cysteine at 0.1 to 5.0 ngl M, DIT of 50 nM or

2- mer capt oet haribé presenGn@niign firthiet poovisids byacanssfeam!aﬁomoawsnsm hepatmel?reurmce he

reduci ng agent S Lon .of .t he ner f t he antigen
preparation toﬁf‘@gi&fﬁf r%]zgﬂt' gti’émﬂfﬁf%‘fmﬁ‘ﬁaﬁ&%ﬁba"ﬁra@f Cgﬁlﬂn§ s the

| onest i mito Obn@l@manﬂ@em%elédmfmtwmupmwﬂﬁjﬁiﬂdheﬁﬂf&ﬁ@@)%ugt&&ﬂm ned
by absorption iﬁectro Rg(F)hfiomatr The antigen is diluted in.a sol ution

containing 0.0 $5t5@nligens (Fakinadty Mn&ﬁmdapmmmusan Nz of
nitricacid. Seapdatsh) %bé&léﬂ%ﬁhg@ﬁfne@éﬁ?@’léﬂi (H8v] BHAHRE 08 Py e mercury

source. The atomc absorption o stan utions is
measur ed af t er syepRGPACETRIICUMOTiae @dmﬂﬂranm&rmhgens mfemngapwteoﬂgmfoyﬂﬁmedf iC

e Dlank The HerReh ndl AT BRBREH b8 Rt bl ke eselyHiefliohn "

calibratiod5curves obtained fromthe standard solutions. Results are

expressed as. ur of protein. 20 1.3 Production of

t hi omer sal glg“ﬂﬁl g'%ﬂ‘ﬁﬂ' é‘@ﬁﬁ?fi%@@%ﬂ?‘! Wﬁ@aﬁ.wﬁ%wﬂs%n k

antigen ar e shepinhiie ﬂé‘tﬁé’ﬁ\@thédofhaﬂmm%tpfééant@fmﬁﬁ@ﬁﬁ'cﬁﬁmfcﬁfn%

wi t hout thi omersal. I cal quantitative conposition for a hepatltls B

vaccine wt houtadjpvaab@ﬂ@ama%atad\mfoumaul ated fromantigen prepared by the

th| orrersal free process [ s provi. ded I n TabI e 1. Table 1: Gonstituent : :
..o~ CAtrwnt nfo o0 .Active

constit uen129 PiThe nhsenbhvthrdmmvﬂw@mefﬂﬂ%Ir@td@ﬁémﬁﬁ pfobmjﬁd;dsmhépﬁlﬁsB

hydr oxi de (adsorb expr.essed as,Al.z03)0. 95 Sodi. unthi ori de
rr)ém munr Di goon dlwssr}%%?é( d erﬁé ahumr;%oranunalsubject,suﬁegngfmmor

susceplible to hepatms B virus mfecbon. a safe and effective amount of a vaccine of the
present invention for the prophylaxis and/or treatment of hepatitis B infection.

The invention further pmvidé the use of a hepalitis B surface antigen of the present invention
25  in the manufacture of a medicament for the freatment of patients suﬁenngfromahepahhs B
virus infection, such as chronic hepatitis B virus infection.

The vaccine of the present .invention will contain an immunoprotective quantity of the antigen
and may be prepared by convenfiona! lechniques.

30 ) ‘ o - .
Vaccine preparation is generally described in Pharmaceutical Biotechnology, Vol.61 Vaccine
Design - the subunit and adjuvant approach, edited by Poweli and Newmén, Plenum Press,



14 Jaauary, 2005 i 2 The conposition may be varied by t;Efgadtqi ti %dg 3D MPL

and/ or other adjuvants. 2. Characterization of bulk a i ne
produced by the thionersal free process 2.1. Tests and assays on purified
bul k antigen 2.1.1 Basis of conparison 10 Three |lots of bulk antigen were
prepared by the thionmersal free process according to this exanple (Exanple
1.2) and are identified as HEFOO1l, HEF002 and HEF003. These were conpared
to a lot of bulk antlgen (HEP2055) prepared by the previous process (as

desai bed in Eﬁ@ﬁlf é) rbﬁ‘ resence of thionersal. 15 21.2 Tests and
assays on bul o FF"‘i*%"dt "@D‘FN‘ \éﬁﬁﬂi'%eﬁﬁi'tmyolhf%ﬁ)c@weﬁw Feasie
t hi omersai  fr epesh/BAGiRSR, M&iSnd. Q%qu%ﬂn@ﬂéaﬁ&i%ﬁﬁfﬁlh nﬁlp%%eélg%b}e&?% in Table

2. 20 Protein content was heasured Bi W
Chem 1951: 193:e38upfe, bE’M@tQﬂpHScEmﬁne‘hBW ﬁw!gwoedfﬂmgﬂems th macrbmslecyleb isdof f i ng

Ve b S par e oo B BN b Vi U el v ot e AR AL LS R et (e
US Pham Endot @t 75else eitf A% easbasdh m&gaawaa: a.@tamssmwmg stmzt
net hod of Hud ston and Alfred (J. Aner Q| Chem st SoC. 5:42:983)

HBsAg content "iAdS #g {ﬁ‘rfféﬂl'W'W"Qb@m@ﬁcﬁ%lwﬁ@&%ih&blisbpata@Z\MWEathnt from
Abbott 30 Lab 0064, USA.
Assay procedu?rgazBﬂﬁ%ﬁ%ﬂ%@ng%@?% 2&)?4;?5%\2&? e%ﬁ%ﬂ@éb%&@wéﬂ%@bul k antigen
purified by the process containing thionersal was used as a standard to

establish thedo [ £SPOpASEe .curyv 14 J 2005 13 Pol ysacchari des
were measur ed Tﬁ%&?ﬁgﬁw@p%& '@&aém%“@fm&g &%QIOW'WWPQSQW% 350) .

Li pi ds werl@ neasured using a conmercially aval | abl e kit (Merkotest Total
t.ipids 3321% fromE. Merck, B.P. 4119, Darnstad D 6100, Cernmany. DNA
content was mERYG\distjes hrihipmersal fres production procass fanGngeppB ™St us and reagent s
aval abl e from Mol ecul ar Devices Corp., GQutenbergstratte 10, |snmaning,

Muni ch, Germany. 10 The val ues found in the tests and assays are in the
range seen f oFighwel2dlusiratesins-FAGEanalpsiedf balk antigeh lots;iang t hi omersal in the
elution buffer of the Sepharose 4B gel perneation step, with the exception
of the antigenic activity by ELI SA. The values for this neasurenent for the
t hr ee HEF 18r e Plgur@t3 ilnsifatarresidut tdin6 q&gﬁm] byl e bul k
antigen | ot HEgZOSS whi ch hag@{g EEGSA/ %})@%a@?ﬁenr ati o'%%f 13. Thrgé’lfréé‘

ELI SA/ protein Pi5%$S0s neasured by the AUSZYME 13 kit for thionersal

cont ai ni ng batches of bul k antigen are generally about 1.0 and within the
range 0.8 -1.2 and very rarely exceed 1.4. 2.7.3 SDS-PAGEgel analysis The
bul k antigen preparation were assayed by SDS-PAGE anal ysis in reducing
conditions 20 and Coonassi e blue staining. Ai-l sanples showed a maj or band
at 24K with traces of a dimer protein. The sanples were judged to be of

hi gh puri 2g (Exﬁﬁgl&/d'pure) as -assessed by the absence of visible bands of
contam nating, of the buI Kk antl gen preparations
were assayed by—SBS—PASESRALGEL geminine pigsensg oithiomersabns and

silver staini nge (-Igﬂaﬂis@sua%ce ahﬁbeﬁ ﬂﬁéﬁb)'?ﬂsﬁ Bﬂﬂbédl%aﬁh?ﬁ moRcBlf Yaccine
{Engerix B™) is expressed as a recombinant protein in Saccharomyces cerevisiae (see
Harford et. al. loc. cit). The 24 kD protein is produced intraceliularly and accumufated in the
25  recombinant yeast cells. At the end of the fermentation the yeast cells are harvested and
disrupted in the presence of 2 mild surfactant such as Tween 20 fo fiberate the desired protein.
Subsequently the cell homogenate, containing the soluble surface antigen particles, is
. prepurified in a seties of precipitations and then concentrated via ultrafitiration.

30 Further purification of the recombinant antigen s performed In subsequent chromatographic
separafions. In a first step the crude antigen concentrate Is subjected to gel permeation
chromatography on Sepharose 4B medium. Thiomersal is present in the elution buffer at the



showed an intense band migrating at 24K with traces Oflﬂhéﬁéﬁ%%dﬁﬁ“ meric

forms. The gel patterns are indistinguishable fromth as
conparator. The sanples were also run in non-reducing conditions. in these
conditions less of the material mgrates at 24K and the anount of

pol ypeptide mgrating at dineric and multineric positions is increased. The
30 thionmersal free bulk antigen |ots appear to have a sonewhat hi gher
degree of polynerisation than the oonpasator HEP20551o0t. 14 January, 2005
14 The identity of the 24K pol ypeptide reveal ed by Coomassi e blue or silver

stai ni ng was cd4Bgelipeweaion cldbmategmphbblep tThe glutidntbufiérabdthé folwing demssitigat | bodi es

rai sed agai nst Q‘I‘ﬂjﬁaﬁ%ﬁ@ﬁ he bgl k antigen preparations show a naj or

band at 24K tod ps nRglygok PHA Q. Wndhehpmend ipmepalds ifddafhingie reveal s

m nor traces obuft@rm&ﬂﬁamfd@@m&t%fmfstﬁ: fsfr@rﬁcﬁ/e@ﬂ(]hgggﬁ u'i&ri]. gjiei n. There
tﬁe thio

are no di fferences between the bul k antigen prepare mersal free
process and t heuficationsiepsdncludivpion prchanga coromsiographyciteacenifugstionand deselfisg wa s

i th bt > pol e K7 odlfhed B Bli0eh SPRcasoq e P e Pl gur ¢

3) . The techni gendain sbogticdyigtand lessathamrlig SPBpmBRE pRE20 bf pidi@mt i t ati on of the

inpurities. A constant band pattern is shown over the three bul k anti gen
| ots prepared by the thionmersal free process and the HEP2055 ot with one

exception. 15 Aphpay ul k
antigen is virtuall ngr)sﬁﬁﬂtoeﬁ%@%@lﬁ%%@%ggg | %%hWWﬁéﬁFﬁt ting
shows t hat thesubaﬂcmﬁm%ﬂsmrmuepmmmmgm @romessabiishedifayss mfldlﬁarenturer

anti gen pr ggluc te t and _as on .purif

t hi onrer sal (?r eEe: %'%19%1 %%&Q%@M ﬂ@ﬁéﬂ’z"ﬁiﬁ%@@m@ minating cell
HEPZ055t ' H6. 860@@ﬂt&n&d&£ﬂtﬂlﬁgﬂﬂﬂ1@ﬂen@itynbﬁeg Rilehdahd Sidie@SANERE oftd N 913 pgl rtd
995 ~gl ml Endot 0~.coolant< O é EU< 0,25 El< (1.25 EU < 0.25 ESJTween 20

content 7. 1 Ng6%& PRGeS: G ARpridgdnihen F&ﬂwveﬂ figip this poabhyssesond g¢l 1505

pgl ML486 pgl M pdihd a,omg,tgéi;ﬁb,b@geit pro~in ratio02251.691. 63 1. 13Pol ysac~ai de
caitent0. 33 pg0. 35 pg0. 3 34Ngl i pid content13.7 pgl2.8 pgl29 pg 71.8

NgDNA cont ent by Threshol d< 1 pg<1pg<slpg<1pg 2.1.4 her G ochem cal

cont ent of 4 ho " Beppshol ferm By 6 BRLES it SEREGH e F Rttt noc

(Mol ecul ar Devbwfesmmmncemrwmtwmmwmbwameqﬁaedh entargingdNA per

20 fxg protein l.e th rre l evel of DNA content seen vmth buck
anti gen pr oducg%:EW SpTeshending laanequivalest conaeniration atHBS69 i d
conposi tion Th@ssaygdm?ﬂ@qugm 9{1 %’W hree HEF bul k antigen lots
was det erm ned after acid hydrol ysSis Wt Cl by chromat ography of the

am no acids on an 'ran exchange colum w th post columm ninhydrin

g ven i 7201 075 SRR b WS e R Ry Bl ot

det er mi ned on mmmmummmw@m@wmmwﬁﬁamm t he
DNA sequence. @ E_Brggh t he unber é) qu:@Be resi dues _neasured for HEP2055
is close to th Pt§'| 6’[‘9"%& wta%ﬁsaeedpf&moweéw@é@g 4% nore
usual |y Wasur&@héﬁﬂ@ddﬁp@ﬁh@ﬂﬂ&%ﬁ@aw ofEQ@s%ﬁ‘ er of 15

o

cysteine residues found is the expe

that no extra cyst ei nes
are bound to tFRACHHRNINE P @'%551ézﬁéﬂﬂﬂﬁ&cﬂté\tmm&m&mtﬂBMMQradl ent

step. 2.1.453 LuRH (F&cﬂ‘l? fre st ei ne
present i nﬂsbul Kk anmﬂggﬁgé epar at 1 ons “@WQ%QW%WM@%?@M :
descri bed was nBackytesingdilutions obliefeciions with the AUSPYME kitc TieHBaig banddy dtar i ¢ aci d
W t hout prior I Oxi di sed free cysteine residues were
separated on aﬁ&ll @n&e‘;‘?z V%e‘f%l um w th ‘post col unm detection by
ninhydrin. The limt of detection of cystekre by this nethod is 1 Ng-per
m. No free cy?ﬁ%g?@@coul d be nmeasured in the 3 HEF antigen %reparatl ons
when tested at Gopaning prriied HisAgdveriin figter before deingused Io makBRe 2. The
techni que B@asyieine Rahdktbs ce cysteine residues present in the buffer and
cysteine residues which are attached to the HBsAg protein by disul phide"’
bondi ng but which do not form '




part of the pol ypeptide sequence. 30 2.t.4.4 N-Term rﬁ! 5 R al ysi s
The presence of possible protein contam nants and degvﬂ’éa{?—'lg%ﬁgprﬁcts in
the three bulk antigen | ots produced by the nodified process was assessed
by N-term nal sequence anal ysis 14 January. 2006 16 based on Ednan
degradation. The N-tenninal sequence MENITS... of the HBsAg protein was
detected with no interference from ot her sequences. The N-term nal

met hi oni ne s also confirmed to be 60-75 %l ocked by acetylation, as .
observed pr eviUirsliap immihe yeeshgeliystty sepmpleleasineahtigands frydubdtantiagattiameng’ 0Cess.

S Table 3: Ay j i.tion of sAg. Am no aci dHEFOO1HEFOO2HEF803Mean
conp, HEP2055 Exﬁgeﬁes%?c : e%éi&ar%ﬁ’dmgcﬁhﬁues Qehed B ifinate tiflsrert types of (yeast) contaminants

. Aspll. 3% tdssay b dbfah pfukbiR adiGen I it idn 21. .621.421. 52
0,92 f o # aitgen Thet S&%%ﬂ&i@n%&&@%&éﬁ %§7.57.47.47.

0.923G u11111111. 010. 59Prondndndnd24d yt 7. 116.816. 71
47.26Cys12. 3%@2%?%&"&%%%&%%9@@@@0@@09 Builpleeopietofthebiiate aitigel 7. 161 | el

“813. 513, 51511 957 633008 311 UCTHEAERR UnigNu Beolitals s Hmananana:

$3 :
3 10. 261. 3. ipantiguasity _hgmmmmummbﬁﬂmﬁgwiwﬂéhmﬁmlﬁfa%g%ﬁi'b30“5 g
were made by .k t .seatfering between the HBSAg particles "produce
usi ng the m)éJlJ Wg@e E‘Lreg2%@%(&@%@%@2&‘9@@8@%@@@%@ (mpssee 4). 15 The
mean nol ecul &POW&548%)t s det ermi ned show good consi stency between the
preparati ons. 14 Jaauarv, 2005 m Table 4: HBsAg particle nol ecul ar
wei ghts by | aser light scattering Antigen | ot MV (Daltons)HEF0013. 07 x
106HEF0038. 7 GhedeltS bihdsict B)fm?s 34 x 106 2.1 4 ctron
m croscopy Tire bul k anti gg%ﬁ reé?gﬁ?‘%‘%ﬁ%@%@@é@%ﬁ@“ﬁpgﬁf on
m croscopy after fixation and staining with uranyl acetate. 10 The
particles observed were simlar in all the sanples and cronforned to the t

20 nm subspherical or cobbl estone-like particles typical of HBsAg. The
parti des obsExample2n the 3 HEF | ots were indistinguishable from HEP2055.

2. 1.5 | munohogi Gal ses. 15 2.1.5 1 Reactivity with RF1 nonocl onal
ant i body Thebﬁﬁyé%"ﬁﬁ? %%ﬁ%’ﬁéf?";ﬂf ¥s3st-earived HBshg by a thiomersak fme proness.
reactiviily with the RF1 nonocl onal antibody by F11SA inhibition assay. The
RF1 nonocl onixl anti body has begen shown to prated chi npanzees agai nst
~chal l enge wi t'h v SNCRHIRICaON Siyeasi-gepvesniisAd a pr ot ective 20
conformati onal epitope on the HBsAg particie (lwarson S et ai, 1985, J: Med,
Virol.,16: 89-96).

1.1 Outline of the production process

| Hepatitis B surface antigen may be produced by fermentation of an appropriate strain of
20  Saccharomyces cerevisiae, for example that described in Harford et. al, (loc. cit).

Atthe end of large-scale fermentation of the recombinant yeast strain, the cells are harvested

and broken open in the presence of a mild surfactant such as Tween 20. The surfaée antigen

s then isolated by a multistep exiraction and purification procedure exacily as described above
25 in Example 1 up fo the slep of the frst gel permeation on Sepharose 43,

1.2 Thiomersal-free purification process
In the thiomersal free process the following two changes have been infroduced compared to -
- the process described in Examiple 1. ‘
30 ' |

1. The elution buffer at ihe 48 gel permeation chromatography step no fonger contains
 thiomersal. ‘



The RF1 hybri doma may be propagated in the peri tonea?&g%ﬁﬁyggfzo%’g :)C m ce

or in tissue culture. 25 Ascitic fluid diluted at 11 ion
buffer (PBS containing 1% BSA, 0.1% Tween 20) was mxed 1:1 with various
dilutions in PBS of the HBsl>tq sanples to be tested (final concentrations
rangi ng between 100 Ng and 0. 05Ngl m }. 14 Jaauarv. 2005 i8 M xtures were
i ncubated in Nunc I nmunoplates (96U) for 1 hr at 37C before being
transferred for 1 hr at 37C onto platé% coated with a standard preparation
of HBsAg. The t%ndafd BsAg preparation was a |ot of bulk antigen (Hep
286) purified E‘;VS?“PFe ZFM tnabransgniration) i adderytogheeisae poolfomy the, aniers ehargest ep
wth pBS Contc%ioﬁiala&a?nyjs Tween 20, biotin-conjugated sheep 5 anti-nouse 19gG
diluted 111000 in saturation buffer was added to and incubated for 1 hr at
37C. After a washing step, streptavidin-biotinylated peroxydase conpl ex

diluted 1110 i uration ffer s, ,added to the sanme wells and

i ncubat ed foﬂ%qﬂh‘a{%ﬁ@° *aﬁ‘%féa'ﬁ@w%ggglmﬁ ibHERE Mgy B t h a
solution & GridpitslioPdthe HEZRE pSickd Aubiny the SsOMidnki rgﬁdﬁ Rhéif for 20
mn at room terrp?r at ure. Thepr_eacti oﬁr? was stoﬁge ' vvinth ZNQEI]—@@%%@% t he
optical 10 defsptaredyctand pogregalioner plumping o theaecovegiatiennm and pl ot t ed
graphically. The 1C50, defined as the concentration of antigen (inhibitor
concentration) that inhibits 50% of the antibody binding to coated HBsAg

was cal cul at gldikiofigysteiné abambrfintleormestrztion tb 48 olasts peot PSR FRFbckdngn@ib! - | S A
HEP2055 were al so tested, together

series of HEP_antigen | ofs .includin )

with the Herp8 aéqe%ﬁic’gs%%g@'yﬁfﬁp@é?{e PragiRiia¥on ged legspf ariigen duiag GsCd ggpSiveasur es
the abilii0y abniefdgiiod.est antigen to inhibit binding of RF1 to a standard
antigen preparation (HEP286) bound to microtitre plates. Table 5 gives the
concentrations of each antigen found to inhibit 50% of RF1 binding to the

20 aced ant e Aaorss ALY b Al AR ek R S5 34 271 00

to HBsAg Bul k "ant| ge
( ngr ~) * HEP2 8 GBS catitE PR 8d! & TeERTRO:5 MsRRYRSED b & 98l bamidafdQBuminidiR03 _*
[(:fin = anfi oo Swosyl..Mmn ...~ ,._ ~ , *IC50=antigen
concentr at i or@?‘%ﬁﬁ?&rpﬁrﬁsﬂ?eﬁwnﬁ%%f RF1 binding to fixed antigen 14
Jauuary, 13005 19 The results showthat 4 to 7 fold |l ess HEF antigen is
required to iphibit RF1 binding (Table 5). This shows that antigen prepared
by the nodi f i8¢ BRI OsT Hianges it thexpanviactutngprosessisomparerhio de provessriBgcrbagi t ope
conpared to hﬂE@wﬁth- antigen. The sane type of inhibition assay was

g hu

performed usin man sera from Engeri'x BTM vacci nees instead of the RF1
nfib and did not reveal differences between the HEP antigen |lots and the

HEF anti gens. 2 AmMty of. hinding to _nonocl gnal RF7 10 The kinetic

par anet er s ofméﬁ%ngﬁﬁléﬁm&ﬁ@?%ﬂvgﬁﬁ“ﬁ&FWt Mitlpropariies cepparablede | ot s and
t o HEP2028 V\&h@eﬂ&@ﬁﬂkmoﬁgt’am@q:m asmon resonance using a Biacore 21H10
apparatus from Anersham Pharmaci a Bi otech, Amersham Place little Chal font,

Bucks, UK. The kinetic paraneters neasured were: 15 ka: the association
rate constanty9aM ~S-1) kd: the dissociation rate constant (S~~)

“The thiomersal added to the 4B buffer at 50pig/ml is thought to decompose and the resuling
ethyl mercury may attach covalently to free sulphydryl groups on cysteine residues of the
25 protein. The protein contains 14 cysteine residues of which 7 are Jocated between positions
101 and 150.

This region of the protein is believed fo be located at the surface of the particle and contain the
major antigenic region of HBsAg including the immunodorminant a region and the recognition
30 site for the RF1 monoclonal antibody (Waters J et al, Postgrad. Med. J., 1987:63 {Suppl. 2):
~ 51-56.and Ashton-Rickardt and Murray J. Med. Virology, 1989: 29: 196). Antigen purified with
thiomersal present in the 4}3 gel permeation buffer contains about 0.5-0.611g mercury at the
end of the purification process. This mercury is not fully removed by simple dialysis.



Ka: the equilibriumor affinity constant (M1) _ka mhﬁhglégz SdzﬁagThe

val ues found are given in Table 6. Table 6: Affinity 1

bi nding to HBsAg ~ Bul k antigen~ (x 10-i)kd x 1D~Ka (x

10- HEF0016. 813. 2121. 91 HEF0026. 893. 7318. 83HEF0037: 394. 6715. 80HEP20553. 316. 30
5.31 25 The.three HEF antigen lots gave simlar association / dissociation
constants and binding affinity valueql In contrast HEP2055 has a weaker
affinity for binding to RF1. 14 January, 2005 20 This is consistent with
the results fromthe ELI SA inhibition assay which showed that antigen
prepared by the thionmersai free process had an increased presentation of

t he RF1 epi t lowde expedmend §156pg Metary psr0mprotaio wiesimedsoredon bileanligant h ant i gen

produced by ek d The t.i g dsor bed
bt o al uni ni HACHYRTOuieBePRARR B oS i Sl e i Gt

conposi ti on H&CISTomMNAPO, badet sH 6.9. At cpd efaiAYsi8ta concehisatibhef 0:3GY g pepse i n
vials (200g antigen protein in 1m). The lots are identified as DENSO01A4,
DENS002A45 andOHgpreigibwasmeased/acci ne pot ency was measured by an in-vi Uo
antigen content assay using the Abbott |aboratories AUSZYME ELI SA kit and a
classical lot of vaccine formulated with 500g/m thionmersal as standard.
Vacci ne pot enacpntissisdialgsiesini the greserica gf aveducing agenbsichiasdiesystbieel ali Od tPha&mglur opa

Speci al | - nber. 1997).. h HEE, t. ' igh val
B or antt gOh RGRTBHY 2GR M Tt R B IR { Gen-
protein. 2.. adiciigemedt] rédulty/in pddutBohsr trrfsrtureeontehtitf RE ntigemerepaaitian todass | body The

antigenicity of the adsorbed vaccine_was further tested in an inhibition
assay wi 16 Riben D825 Merueripsr 20mapraldn Jhis isife lenestinit ghdeleciaaot hameled. | ity of
t he vaccine sanple to inhibit RF1 binding to fixed bulk anti gen (HEP286).
Ascitic fluid diluted at 1150000 in saluration buffer (PBS containing 1 %
BSA, 0. 1% TwEkem&ary eeateninasdetedniiedby albsorption speciroghiolometry ide iantighBs diikedt he

0 05Nghn 1) - InaplfredonaREs Bty TFo bl MR RESC DR SUREIAC 7o o
37C wi th agi béd.isenddre sstiond e prepdrédait ftidnicnsl Srtheondifipyucodhedopicat es. The

HBsAg preparation used for coating was a |lot of_ bul k aptigen (Hep 286)
purified IEy fbRomlie ﬁ%rwar@@tﬂléa%m&%%@g@g%g@o?ﬁa&@@awé“fso t hen

l:g-(r:\?g?tnieggf 8@%%“{@#%%{%?@%@%%8&@&52 eep anti - %ﬁ@@t{ﬂéﬂg&d& rt?tsed
11 1000 i n saisumezsireshasdisnk.dihe masurydondent ofite sample isccaledatedyia the palibraion37C. Af t er
a washing st %E’Wessd'b{aﬁ% @tyrh ﬂr'e rs]taRda?J %%&%.elgesults are expressed as j1g of mercury per
20ug of protein.
20
13 Production of thiomersal free bulk antigen

The process steps for purification of bulk antigen are shown in Figure 1.

14 ' Composition of vaccine formulated without thiomersal, -
25  Atypical quantitative composition for a hepatitis B vaccine without preservative and formulated
from antigen prepared by the thiomersal free process is provided in Table 1.

Table 1: ' 7
Constituent .- - .- = e oL Tml s Amountperﬁﬂ KR E
Active constituent - Protein of which atleast 95% is HBsAg | 20 g
Aluminium hydroxide (adsorbent) 0.95 mg
1 (expressed as Al:03)
Sodium chloride 9.0 mg (maximum)
Disodium phosphate dihydrate 0.98 mg



14 Jaauarv.
was added to
and i ncubat e
OPDA 0. 04%
stopped with
nm and pl ott

2006 21 peroxydase conplex diluted 111000 ;"p ;ﬁﬁh&lgﬂt%’@s buffer

the wells and incubated for 30 mn at 37C. washed
d for 20 mn at roomtenperature with a solution containing
HxOz 0.039'0 in 0.1 Mdtrate buffer pH 4.5. The reaction was

2N HzS04 and optical densities (D.D.) were neasured at 490l 630
ed graphically. The IC50, defined as the concentration of

antigen (inhibitor concentration) tha&zinhibits 501 of the antibody binding
to coated HBsAg was cal cul ated using a 4 paraneters equation and expressed

innglm. 10
process was

bul k antigen
triplicate.

the quantity
bi nding as c
an increased

VadSodiit, dva T pRbspratE BhyaRiieK antTgerm progeged Oy tire—mpdi fi ed
CONMYQFRfitoF T LK B~ vaccrne formurafgy 4T omrctasstgal HEP
and W thout_ thnromersat—as—preservative —the—assays—were run in
15 The results are given in Table 7 and show t hat about half

of DENS vaccine is required to achieve 50 % i nhibition of RF1l
ofe&pwpbsition maykevaratty e Kiditen JEBDMPL sndrdtheesivats, This reflects
presentation of the RF1 epitope on the HEFIDENS antigen and is,

consi stent. w the t.e e wth RF1 anti body on the purified Kk
anti gen. 2“-b fharacterizat i e -ah{ v g-: m;e DY, ihe. J;sy; 180 F D
| G50 (ngtm) hlVaccine

| ot Experi nen
7. 685582695
1329 1170 12
vacci ne i nhi
| mmunogeni ci
in order

t ~Mean123DENS001A4913662603726DENS002A4. 888715521708DENS003A481
ENGI 295 and sp@ysampurified Bdikantigen 14 Jaauarv, 2005 22 ENG3199B9
86 1262 ENG3328A9 1417 1194 1334 _ 1315 (1) concentration of
biting 50 % of RF1 anti body binding to fixed antigen 2..2..2
ty1.0f [EEdSofaphseni n mice A study was performed in BalblC nice
conpare the i munogenicity of the three 5 DENS consistency |ots

to Engeri X BTM produced according-to the current antigen manufacturing

process and

# DENSOO1A4 # DENSQ02A4 #

groups of 12
w th vaccine
adult human

i nduced by v
EXPERI MENTAL
in both |egs
Table 8 : G o
G oupVacci ne
| 0. 43DENS002
5DENS003A410
| 0. 47ENG2953

20

fmw%@bﬁﬁlk%ﬁdggmg%gggﬁ@ﬁﬁy thed HRmbRA By hosks RicBraif oy S ! ed: 10

ENG2953A4IQ as re Briefly,
Sremele (famplp haendseddentified astiETN HEF)OZ sodHEFEA3. Phesewkre i nt er vall

R 0 KGR DA (hE20is) Brd e Phuck Beossi e 1
do Ekangple Hiin the presanorof thiomealf r om sera taken at day 28. 20

DESI GN G oups of 12 Balb/C mce were inmunised intranuscul arly
(2x50Ni ) on days 0 and 15 with the fol |l owi ng vaccine doses: 25

UDH 2 anded® aAd 82ay89R Bulk antigen .
Vol ume~a9endoseIDENSO01A4100N12Ng2Di | ut ed 5X kr P04Mad 1

Avhediee bufinanbigsn lols predused byihepigiam presess werd testodangddhes. 2005 23

' : Lq. 041 NaCl 100
Wﬁ@@%ﬁéﬁk%%x in P04l NaCl 100 10. 4

Protein content was measured by the method of Lowry et al {J. Biol. Chern. 1951:193:265).

Endotoxin content was measured by a Limulus ge cloting technique using a comniefcially
available kit from Cape Cod Associates, 704 Main St., Falmouth, MA 02540, USA. The reagent

 is standardized against the US Pharm. Endotoxin Reference Standard.

25

30

Tween 20 was measured by the method of Huddleston and Allred (J. Amer. Oil Chemist Soc.,
1965:42:983).

HBsAg content was measured by the commercially available AusZYME kit from Abbott
Laboratories, One Abbott Park Road, Abbott Park, IL 60064, USA. Assay procedure B of the
manufacturer was employed. A batch of bulk antigen purified by the process containing
thiomersal was used as a standard to establish the dose response curve.



O r days 15 (2 weeks post i) and 28 (2 weeks post |Il4bjaqﬁ%!&?§obgken from
the retroorbital sinus. For the design of this exper | ations Xx

2 doses with 12 mice pet group), the power was estinated a priori with the
PASS statistical program The PASS (Power and Sanple Size) statistical
programe was obtai ned from NCSS, 329 North 1000 East, Kaysville, Uah
84037. For the 2 way analysis of variance, a 25 fold difference of GVl
between formul ati ons with an al pha erddr of 5% shoul d be detected with a
power > 90% 10 RESULTS Serol ogy: Hunoral responses (Total ig and isotypes)
were neasured by ELI SA assay using tiBsAg i S (Hep286) as coating antigen

bindi ng. Gty poat T ecers et offl: bOR! Spubts 46V C e SRR i

anti-HBs I g anti body responses neasured on individual sera at 2 weeks post

1 20 Conpar . responses are induced. by t NS and cl assi cal
hepatitis B aﬁ%&n@a#?%ﬁ%du cipg‘ﬂ'ﬁfcﬁ'[!)y %@%gﬁ&ﬁé’ﬁ&%@? HRIdeSEMM for the
DENS | ot s £onfileek] BiFo 4288 BarbladD-610, GafaRiyo! 0gi cal s hepatitis B

nonoar oval ent vaccine (Engerix B~lat the ZNg dose, and GMI rangi ng between

b'96 and 1182 EU m for the DENS | ots conpared to 627 EU m . for 25 SB

Bi obgi cal s h o Gt ' i x BT at the.0:4Ng
dose. As exgﬁe]?%e iei“?esar an% gbgrtlﬂ'e Jgkség%rfdaﬂghe&ggiﬁgééﬁéfag’s%%@ﬂ% aygipble, |
f ornul ati ons feom Melesutar BeyicanGorf., Gutenbrgstralte 30, Vintahing, Minkel, Gerfiyd di fference in

GMTs. Four non responder mce (titers < 50EU m- were observed w thout dear
links to the 30 antigen doses or |lots used for the injection (Goups 1, 2,

3 and 8; tne ThewsalgesiSUnd & tHe'Bits and abéhyd 88 WK ran mﬁefaaa statisti cal
anal ysis (G ubbs, Test) these mce vvgre di scarr] e fr6om uﬁéﬂgﬁk anal ysis. 5

Tabl e 9 Anti HoRufaglyred psing thigmnersal intherlutiombufferaé thie Sephardse 4B gel permeation step,

G Vacci ) 001A42
w01 134662071 20mg e aceplon ity b te e bR LM Mo SHLA B etitment o he
~giggggggggWﬁ&%ﬂ@g&@g&&%@gﬂ&%@%ﬂﬁﬁﬂﬁ%ﬂ%ﬁ%&ﬁé@HE|P205_5 f

i .10, i anal ysj s: way- analysis o
\F/)gri ance vvasq%hikpfh gﬁéHgéﬁmﬁMﬂQﬁ% ﬁ#—@éﬁ gﬁ%"éﬂ’@t&'&h‘@? mpasyred Pﬁ%@f\%@éﬁ on of
post 11 dEt a,kitds ihiometdabcortainii baches of bu aftge € gaRrdNp SRUFPS &R vitkiNgheand 0. 4Ng)
as factors. Thi sg?lqi%%hs confirmed that a statistically significant

er

di fference wd@"9§ yesy by exeaed 1dwo anti gen doses (p value < 0.001} and
did not show any significant difference between the 15 vaccine lots (p

value = 0. 2674). As previously nmentioned the power was estimated a prim and
213  SDS-PAGE gel analysis

The bulk antigen preparations were assayed by SDS-PAGE analysis in reducing conditions

20 and Coomassie blue staining. All samples showed a major band at 24K with traces of a dimer
protein, The samples were judged to be of high purity (> 99 % pure) as assessed by the |
absence of visible bands of contaminating proteins.

-~ Sampies (1pg) of the bulk antigen preparations were assayed by SDS-PAGE in reducing and
25  non-reducing condltms and silver staining (Figure 2). In reducing conditions the samples
showed an intense band migrating at 24K with traces of dimer and mulimeric forms. Th gel
pattems are indistinguishable from that of HEP2055 as comparator. The samples were also
run in non-reducing conditions. In these conditions less of the material migrates at 24K and the
amount of polypeptide migrating at dimeric and multimeric positions s increased. The

30 thiomersal free bulk antigen lots appear to have a somewhat higher degree of polymerisation
than the comparator HEP2055 lot,



t he design of the experinment was such that a 2.5 fdd 4 5heh Sagfs GMI Wi th
a}l-ms—%'n—a—pwer

a al pha error of 5%could be detected between fornul

>90% isotypic profile: 20 Table 10 shows the isoiypic repartition (1gQd;

| g&a and 1g&6) cal culated from an anal ysis on pooled sera at post If. -
As expected, a dear TH2 response is induced by these alum based vacarres as
mai nly 1gGl anti bodi es are observed. 25 No difference is observed between
the DENS | ots or SB Biol ogicals hepatitis B nonoval ent vaccine in term of
isotypic profile. Table 10 Repartition of 1gGisotypes in pooled day 28
sera 14 Jdheidesfity of ¢t@24R folypeptida peveaethyGeoiasia-bius orsiivirWaining@ks | Ra - |

G2bt DENS001 0,4 pg878 4 140. 41r 7675 NS003A42
Frg9B110. 4 ST IchiG wi pRRtmchiel lates e Sgreh Bavmr ML i on of
conbi ned vadbe balkaitijen prepalatiens ShaeDmabr Hah@at'ZﬂKﬁQéﬂxérWﬂl amﬁﬁd dridGithede | Y

sui tabl e for forpgulation in a conbined vacci ne conprising IPV. StatH ity

studi es per oMt 108 teghniqugirgveals migen teacesrof breakdawn preductopfthe afiganacci ne
di cat | f
e ol o T ol Mo RERIY) P

(det er m nat ippwessfan®tha MEPBESS lt.ont ent by ELI SA) and_ an in vivo rat potency

test. No potency | oss was observed for type 3. For type 2, the potency | oss
was Within the expected range (not nore than 10 %Ioss per yep of storage).

15 Studi es vRe prebahod biassRlallySastibBRSHES feyishiisfoR§ POt ency i n
t he canbi ned DIPaHBV-1 PV vtgcasngb From tsﬁiﬁd Eﬁer vat | on t'hat ﬂét ability of
| PV th SB BicendiignzanddVesiemriotting with eabbitpolycienal antisertira taised ggdinsbyeastiprotains t han 10

h antig ) t 0 t hat the HBV
 mponeny wdoofie ), ¥ EsRfite w GRiaRle of) ek Bt ot qBBud e fdony "t e
DTPa- HBV-| PV vacci ne. 20 The HBV -conponent used in the initial DTPa-HBV-IPV
formulation,is th ied r egstderived HBsA also used for, the :
manuf act ur e AFONEE] ?Bg':‘f;pah &qh?ﬂovﬁrg?ﬁw‘@‘rﬂ dols prerarprbyihe fiomemala s
descri bed i freé ﬁn&meHEﬁaﬁsﬁlamwo)beﬁQ&én?G As a first attenpt to

determ ne which elenent in the H8V conponent was deleterious to IPV, the
HBsAg bul k was anal ysed for the presence of thionersal. It has been

prevbushy f o e t hat

t hi oner sgl uls%g Q?’\élrngser yg‘%’?@é“ﬁ@?k@%@%%@?%&? '?%ih?he

pof ronye6t ~ S\HEFLmeparahom Thie Wesielvi biuttin siows itteabthe THidnmersal frele

consi der ed %s CCI ne @nuf ?oﬁt urers who have replaced thi orrersal vm th ot her
preservati v&s BB POty | PV- cont ai ni ng vacci nes. More recently,

"the effect of thi omsrsal on | PV potency under condifrons of long-term
storage at + 4 C was reinvestigated. The [ oss of potency of type 1 polio

VTS 2ot O%anke: RAAR BAbADM 48Rl oh AHEEL wlarerB RED Bk aRNdeRD 0T L od (Savwer.

L. A et al.[r994,—Vvaccrne oStTThg—atofrt—=&
spectroscopy, appreexi mately 0. 5Ng of rrercurwﬁ(il#@) per 20Ng of HBsAg was
det ect ed in antigen purifil€0p@edPT I MO ke <P! Shekoos HEP2055
PH . 68 ' 68 6.8 6.8
Prolein confent by Lowry 1312 pghnl 888 ug/mi 913 pgimt 995 pgéml
| Endoloxin content . <025EU | <0.25EU <D25EY <025EU
Tween 20 content Tipg 6.6 png T4dpg 589
Anligenic aclivity by ELISA | 2057 g/ 1505 pghml 1486 pg/mt 1128 pghmit
ELISA/ protein ratio 226 | 189 163 143
Polysaccharide content 033 | 035ug 0.33 g 0.34pg
-| Lipid content - 13.7 g 128 g 129 g 1.8 ug
DNA content by Tiweshold <1pg <1pg <1pg <1pg

2.1.4  Other biochemical tests and assays

25 2141 DNAcontent



Thi s anount of nercury (as thionersal and ethyl ”erC“I¥JQE|E|§§?% @oghe

t hi omersal degradation 15 product) can reduce to un | s the
ELI SA response for D-antigen type 1 content in an |IPV bulk concentrate

i ncubated at 37C for 7 days. A nethod was established to rel ease nercury
present in the HBsAg bul k. ft was postul ated that mercury coukf be bound to

thi ol groups on the HBsAg p~ficle and could therefore be 20 rel eased in the
presence of redudng agents. After expédPinentation with other redudng dents,

L- Cystei ne wa the,agent, for relea f rcury fromthe HBsAg
pariide. Aft e?hgllﬁgﬁgésq t@%eﬁgy‘k\a gﬁﬁﬂgvﬁﬁﬁﬂ@gﬁﬁﬁgﬁﬂ@h og teleghias ng

5. 7mM L- Cyst eiDeeices Brhdtnkaeasl Pddaerelss thant teghd an Cunit
of the testing nmethod: 25ng ! 120Ng HBsAgﬁ#mb?ﬁg%g@{?gtezg@gt&%gle(ﬁmm% " 'm xed

with | PV bu~CesAwR isvel gt NAgonentseenswith bulk gitigemprodused hytisecutrent approsedvas 25
assessed by ng@,gégg_i ng the D-antigen content after incubation at 37C for 7
days. The I PV bulk concentrate non-maed and nbced with HBsAg not heated
with cysted~e were used as controls. The refeterxe ELISA titre was obtai ned
on the sanple tored at .+2 Cto +8 C for 7 days. The results are

summari sed ini“?gbztoeg‘?'f‘gmpﬁslﬁogarrpl e D-antigen content (type 1~~1 Loss 7

e S diincd chipaiohare treONEF Bk JierAOad it bnt 2 222

% PV+HBsSAg not treated3l. 142 scystelrne-treate 427.6121 PV
+ t hi oner sal rolygisrith 8% HEhty chpmatography opihe smieladids obamioh exphange oldmn wiBU) The

hyd
dat a obt ai ned abhaor [ reparat.ions cl ear de strate that the
stability of P%gq{lype E‘g’%@@?@&%%ﬂ@"‘?%% V@Pﬁ%f’g@ﬁf’? efeineg, g resi Ag is
treated wil0h gystieTabde3d.o renove residual nercury prior to mxing with | PV.
The data pr es«mt ed above al so show a | oss of D-antigen content of 23 %for
I

the ref er ence 'THOTBPH9AS iind a7 18 gead agrenmen with that detsrmined @a {EP2065 ad with tehi s
confirnms the g é@ﬁngbéitﬁ:h fvbd i Lrus, as
previ ously rep)g}bfaed (Sa e?@ﬁ\l’%t‘!]f;r_di‘ne%ﬂ@gﬁﬂg?%g)%%ﬂgﬁg\ﬁ;ﬁé?%wgl 856) .

Al t hough comT@ﬁ'éﬂeélmqaﬁifgf@ﬁHWWﬂmamdct@ﬂmmp@ﬁdn,laﬁammumantﬂ nes have
been prepared i Fﬁorg' I . 7 .M L: Cysteine tp renove

r esi dual nercaéﬁiéﬁ%gs prggjg‘r{y\j{ééflﬁée&gf@ iﬁéfegp%f’ar?whp?%e@i%ﬂ@%f’ process is
not Isoi | ed5t oCHS§irlgeeskluwfeurprisjﬂ&mq)emh' 1dshoding ﬂwatim\eﬁtl'a/tgﬁf ciflesR bo@id B the

suppl enent ary to pr re . thjaners of nmercury free HBsAg. In
contrast, thep%%% W“ﬁﬂ@ﬁm{ﬁﬂ}e@éﬁh@ﬁm%par ed witlnut thionersal,
may be directly used in fornul ati ons of conbi ned vacci nes especially those

containing fPY, 4. Summary 20 The previously used process for purification
of yeast-deri gédgs@aéﬁfl@a Aof fpesystainet ai ns a gel penreation step where the

ol Ut on byt 1 o ey Ko eEeibicen iR BHE Mo sinBPBGS B LSS b bec ',
cl eared dé®i ngelhedescibsdyaemeassredqfior mddatidnef the particies wiib pérforiic i valbout 1, 2 Erg
Januaryr . 200805, Giel oo RAR s b s Ao B AR OBy oY)
free bul k ant cajem withgostuslinfit Sscliohby RIRRYRS. Thé Bt 6 8BcHdN S62jBhedl Hlido St eps.

method is 1jg per ml,

No free cysteine could be measured in the 3 HEF antigen preparafions when tested at the

25 initial protein concentrations given in Table 2.

The technique measures both free cysteine residues present in the buffer and cysteine

residues which are attached to the HBsAg protein by disulphide bonding but which do not form

part of the polypeptide sequence, : L

30 2144 N-erminal sequence analysis .
The presence of possible protein contaminants and degradation products in the three bulk
antigen lots produced by the modified process was assessed by N-terminal sequence analysis
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di fferencés were observed in the isofype profiles. 14 January,
2145 Laser light scattering analysis

Particle size compatisons were made by laser light scattering between the HBsAg particles
produced using the modified process and the HEP2055 reference lot (Table 4).

The mean molecular weights determined show good consistency between the preparations.

15



Clainms 30 A nethod for producing a hepatitis B VaCCiEﬁ“kiﬂg éagﬁbge
conprising a purified hepatitis B surface antigen, t rising

| ess than 0.025 wg nmercury per 20pg protein, wherein the antigen is
purified in the presence of a reducing agent having a free -SH group, and a
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25 Ascitic fluid dituted at 1/50000 in saturation buffer {PBS containing 1% BSA, 0.1% Tween 20}
was mixed 1:1 with vadous dilutions in PBS of the HBsAg samples to be tested (final
concentrations ranging between 100 pg and 0.05ug/mi).
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Table 5: Inhibition of binding of RF1 monoclonal antibody to HBsAg
BUIk anﬁge_l'l . . iIC50 (ﬂglml)*
HEP286 3834
HEP673 3437
HEP720 3150
HEP2055 2384
HEFOO1 - 463
HEF003 540

*1C50 = antigen concentrafion (nglmi) inhibiing 50 % of RF1 binding to fixed antigen
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15 ka: the association rate constant (M-15-1)
kd: the dissociation rate constant (S-1)
Ka: the equilibrium or affinity constant (M-1)
' ka
whereKa= kd
20
The values found are given in Table 6.

Table 6: Affinity constants of RF1 binding to HBsAg

Bulk antigen (xl;aoa) jx%-") .(x',fg,,]
HEF001 6.81 3.21 21.97
HEF002 6.89 3.73 18.83
HEF003 739 467 15.80
HEP2055 331 630 531

The fhree HEF antigen lots gave similar association / dissociation constants and bindiﬁg

affinity values. In contrast HEP2055 has a weaker affinity for binding o RF1.
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2.2. Test and assays on vaccine formulated with antigen produced by the modified
5 process |

The three HEF antigen lots were adsorbed onto aluminium hydroxide and formulated as
vaccine according ot the composition as shown in Table 1. The presentation is the adult dose
in vials (20 Ig antigen protein in 1mi). The lots are identified as DENS001A4, DENS002A4 and
DENSCO3A4,

10 ,
Vaccine potency was measured by an in-vitro antigen confent assay using the Abbott
Laboratories AUSZYME ELISA kit and a classical lot of vaccine formulated with 500g/mi
thiomersal as standard. Vaccine potency was measured using method B as described in
PharmaEuropa Special Issue Biod7-2 (December 1997). The three HEF fots give high values

15  for antigen content, nearly twice the stated content of 20 g antigen protein.

2.2.1 Reactivily of DENS vaccine with RF1 monoclonal antibody

The antigenicity of the adsorbed vaccine was furher fested in an inhibition assay with RF1
20  monoclonal antibody. The assay measures the ability of the vaccine sample o inhibit RF1
binding to fixed bulk antigen {HEP286).

Ascitic fluid diluted at 1/50000 in saturation buffer {PBS containing 1% BSA, 0.1% Tween 20).
was mixed 1:1 with various dilutions in PBS of the vaccine samples to be tested (concentration
25  ranging between 20pg and 0.05410/ml).

Mixtures were incubated in Nunc Immunoplates (96V) for 2 br at 37°C with agitation before
being transferred onto HBsAg coated plates. The HBsAg preparation used for coafing wasa -
" lotof bulk antigen (Hep 286) purified by the thiomesal contaiing process. These plates are
30 thenincubated for 2 hr at 37°C with agitation. After a washing Step with PBS containing 0.1% .
Tween 20, biotin-conjugated sheep anti-mouse IgG diluied 1/1000 in saturation buffer was
added and incubated for 1 hr at 37°C, After a washing step, streptavidin-biotinylated
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for 30 min at 37°C. Plates were washed and incubated for 20 min at room temperature with a
solution containing OPDA 0.04%, H;0, 0.03% in 0.1M citrate buffer pH 4.5. The reaction was
stopped with 2N H2S04 and opiical densities (O.D.) were measured at 490/630 nm and

5  plotted graphically.

The 1G50, defined as the concentration of anfigen (inhibitor concentration) that infibits 50% of
the antibody binding to coated HBsAg was calculated using a 4 parameters equation and

expressed in ng/ml.
10
Vaccine prepared from bulk antigen produced by the modified process was compared to
Engerix 8™ vaccine formulated from classical HEP bulk anfigen and without thiomersal as
preservative,
The assays were run in friplicate,
15 |
~ The results are given in Table 7 and show that about haif the quantity of DENS vaccine is
required to achieve 50 % inhibition of RF1 binding as compared to preservative free Engerix
B™ vaccine. This reflects an increased presentation of the RFfei)itope on the HEF/DENS
anfigen and is consistent with the tests done with RF1 antibody on the purified bulk antigen.
20 '
. Table 7 Inhibition of RF1 binding by formulated vaccine
25 |
1C-50 (ng/ml) ¢
Vaccine lot Experiment : Mean . .
1 2 3
DENSO001A4 913 662 603 726
DENSQ02A4 - 888 715 521 708
DENS003A4 87 . 685 562 695
ENG5100A2 - 1606 1514 1481 1534

< .
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A study was performed in Balb/C mice in order to compare the immunogenicity of the three

5  DENS consistency lots to Engerix B™ produced according fo the current antigen

manufacturing process and formulated with thiomersal.
The following lots were tested:

10 # DENS001A4
# DENS002A4
# DENS003A4
# ENG2953A4/Q as reference

15 Briefly, groups of 12 mice were immunised inframuscularly twice at 2 weeks inferval with
vaccine doses comresponding fo 1/10 (2 pg) or 1/50 {0.4 pg) of the adult human dose.
Antibody response to HBsAg and the isotypic profile induced by vaccination were monitored
from sera taken at day 28.

20 EXPERIMENTAL DESIGN

Groups of 12 Balb/C mice were immunised intramusculardy in both’bgs (2x5001) on days 0 and
15 with the following vaccine doses:

25 Table 8 :Groups and vaccine dose

e ‘ Antigen
Group Vaccine Yolume dose
1 DENS001A4 . 1001 249
2 =>Diluted 5X in PO4/NaCl 1004 0.4p0
3 DENS002A4 ' 100ul 2ug
4

~>Diluted 5X in PO4/NaCl 100 04ug
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On days 15 (2 weeks post I) and 28 (2 weeks post !l) blood was taken from the retroorbital
sinus.

For the design of this experiment (4 formulations x 2 doses with 12 mice per group), the power
was estimated a priori with the PASS statistical program. The PASS (Power and Sample Size)
statistical programme was obtained from NCSS, 329 North 1000 East, Kaysville, Utah 84037,
For the 2 way analysis of variance, a 2.5 fold difference of GMT between formulations with an

alpha error of 5% should be detected with a power > 90%.
10

RESULTS

Serology:

Humoral responses (Total ig and isotypes) were measured by ELISA assay using HBsAg
{Hep286) as coating antigen and biotin conjugated anti-mouse antibodies o reveal anti-HBs
antibody binding. Only post f sera were analysed,

15

. Table 9 shows the mean and GMT anti-HBs Ig antibody responses measured on individual
" sera at 2 weeks post I
20 - -
Comparable antibody responses are induced by the DENS and classical hepaitis B
formulations: GMT ranging between 2304 and 3976 EU/mi for the DENS lots compared fo
2882 EU/ml for SB Biologicals hepatitis B monovalent vaccine (Engerix 8™)at the 2)1g dose,
and GMT ranging between 696 and 1182 EU/mi for the DENS lots compared to 627 EU/ml for
25  SB Biologicals hepatitis B monovalent vaccine (Engerix B™) at the 0.4yg dose.
- As expected a clear antigen dose range effect is observed for all formulations at the 2 pg
and 0.4 pig doses with a 3 to 6 fold difference in GMTs. _
Four non responder mice (titers < SOEU/mI) were observed without dlear links to the

30 antigen doses or lots used for the injection {Groups 1, 2, 3 and 8; one mouse per group).
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Stability studles performed on initial lots of a combined DTPa-HBV-IPV vaccine indicated a

10 | decline in potency of the IPV component, parficularly of type 1 poliomyeliis antigen, when
using an in vitro immunoassay {determination of D-anttgen content by ELISA) and an in vivo
rat potency test. No potency loss was observed for type 3. For type 2, the potency loss was
within the expected range (not more than 10 % loss per year of storage).

l\'/

1
3
4
3

w oo

15  Studies wese lmhated to determme the cause of thls loss of potency inthe combined DTPa-
HBV-IPV vaccane From the observahcn that the stability of 1PV in SB Blologtcals DIPalPY
vaomne is satisfactory (not more than 10 % antigen content oss per year of storage) Rtwas

concluded that the HBY oomponent was likely fo be responsable for the mstablrrty of IPV in the
DTPa-HBV-lPV vaccine.

20
The HBV component used in the inftial DTPa-HBV-IPV formulation is the purified r-IjNA, yeast

derived HBsAg also used for the manufacture of S8 Biologicals hepatms B monovaient
vaccine and prepared as described in Example 1.
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the HBsAg bulk was analysed for the presence of thiomersal. It has been prevnousty found
(Davisson et al., 1956, J. Lab. Clin. Med 47: 8-1 9) that thiomersai used as preservahve in DOTP
vaccines "was detrimental to the poliomyelitis virus® in a DTP-IPV combination. This
5  observalion was considered by vaccine manufacturers who have replaced thiomersal with
_other presetvatives to formulate their IPV-containing vaccines. More recently, the effect of
thiomersal on IPV potency under conditions of long-ferm sforage at + 4 °C was reinvestigated.
The loss of potency of type 1 polio virus antigen to undetectable levels after 4-6 months was
reported (Sawyer, L.A. et al. 1994, Vaccine 12: 851-856).
10 ' ‘
Using atomic adsorption spectroscopy, approximately 0.5pg of mercury (Hg) per 2019 of
HBsAg was detected in antigen purified according to Example 1.

This amount of mercury (as thiomersal and ethylmercury chloride, the thiomersal degradation
15  product) can reduce fo undetectable levels the ELISA response for D-antigen type 1 contentin-
an iPV bulk concentrate incubated at 37°C for 7 days.

A method was established to release mercury present in the HBsAg bulk. it was postulated
. that mercury could be bound to thiol groups on the HBsAg particle and could therefore be
20 released in the presence of reducing agents. Afier experimentation with other reducing agents,
L-Cysteine was selected as the agent for release of mercury from the HBsAg particle. After
dialysis of HBsAg butk against saline solution containing 5.7mM L-Cysteine, no mercury was
detected in the retentate (detection fmit of the testing method: 25ng Hg/20ug HBSAg). The
. dialysed antigen was mixed with PV bulk concentrate and the stability of the type 1 virus was
25' gas'sessed by measuring the D-antigen content after incubation at 37°C for 7 days. The IPV
| bulk concentrate non-mixed and mtxed with HBsAg not {reated with cysteine were used as
controls. The reference ELISA titre was obtained on the samples stored at +2 °C to +8 °C for 7
days. ' |
The results are summarised in Table 11:TABLE 11

Sample D-antigen content {type 10 Loss
7days/id°C | 7days/37°C
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0S7A<10~1 10%$" <& 1P¥+#BsAg not treated 31.1 18.1° 42%

IPV + HBsAg-cysteine-treated 314 216 12%

IPV + thiomersal (1 pig/ml) 30.5 11.0 - T4%

(M expressed in D-antigen units (DU)

The data obtained on these laboratory preparations clearly demonstrate that the stability of the
type 1 polio virus is significantly improved if HBsAg is treated with cysteine to remove residual
S mercury prior to mixing with 1PV,

The data presented above also show a foss of D-antigen content of 23 % for the reference IPV
preparation after incubation for 7 days at 37 °C. This confirms the inherent instability of the
type 1 Mahoney polio virus, as previously reported (Sawyer, LA. et al, (1994), Vaccine 12:

10  851-856).

Although commercial lots of DTPa-HBV-IPV and DTPa-HBV-IPV/Hib vaccines hiave been
prepared using a dialysis process with 5.7 mM L-Cysteine to remove residual mercury and
. presesve theé stability of-lPV. the dialysis process is not suited to large scale production and
15 - involves a series of supplementary steps to prepare thiomersal or mercury free HBsAg.
In contrast, the HBsAg of the present invention, prepared without thiomersal, may be directly
used in formulations of combined vaccines especially those containing IPV.

4, Summary
20

The previously used process for purification of yeast-derived surface antigen contains a gel
permeation step where the mercury containing anti-microbial compound thiomersal Is included
in the elution buffer to control bioburden.

The thiomersal is not completely cleared during the subsequent steps of the process so that
25  about 1.2 pg thiomersal per 20 pg protein is present in the purified bulk antigen.
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has been altered at two steps.

N

1~

) -
N
N

¢ Thiomersal is omitted from the elution buffer at the 4B gel permeation step.

5 e Cysteine {2 mM fina concentration) is added to the eluate pool from the anion exchange
chromatography siep. This prevents precipitation of antigen during CsCI'density gradient
centrifugation.

There are no other changes to the production process.

10  The bulk antigen produced by the modified process has been characterized. Physico-chemical
tests and assays show that the thiomersal free anfigen is indistinguishable in its properties
from antigen produced by the previously used process. The antigen particles have the same
constituents.

The identity and integrity of the HBsAg polypeptide is unaffected by the modified process as

15  judged by SDS-PAGE analysis, Westem biotting using polyclonal anti-HBsAg antibodies, N-
terminal sequence analysis and amino acid composition. Electron microscopy and faser light
scattering analysis show that the particles are of the typical form and size expected for yeast-
derived HBsAg. Analysis by Westem blotiing with anti-yeast protein serum shows that the.
antigen produced by the thiomersal free process has a similar pattern of contaminating yeast

20  proteins. However, the amount of a contaminating band migrating at 23K is greatly reduced in
the 3 HBsAg lots produced using the modified process.

immunological analyses show that the thiomersal free particles have an increased antigenicity.
The particles are more reaclive with the Abbott AUSZYME kit (containing a mixture of

25  monoclonal antibodies) giving ELISA/protein ratios of 1.6 to 2.25. This increased antigenicity is
also shown with the proteciive RF1 monoclonial antibody. About 4 to 7 fold less thiomersal free

 anfigen is required to inhibit RF1 binding to a standard fixed antigen. The thiomersal free and

classical ahtigen inhibition of binding curves fall info two distirict families. This difierence is also
shown by measurements of the binding affinity constant for RF1 using surface plasmon

30  resonance. The binding affinities of the thiomersal free preparations are 3 fo 4 fold higher
compared fo the lot of classical bulk anfigen.
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Testing for in vilro potency using the Abbott AUSZYME ELISA kit and thiomersal containing

SB Biologicals hepatitis B monovalent vaccine as standard showed that high in vitro potency

5 values were obtained. The antigen content measured by this test was nearly double the stated

value of 20ug protein per ml.

An increased reaclivity of vaccine prepared from thiomersal free antigen was also seen in an
inhibition assay with RF1 monoclonal antibody for bihding to fixed antigen. About half the

10 quantity of thiomersal free vaccine was required to give 50 % inhibition of RF1 binding to fixed
antigen as compared to antigen purified by the previously used process and formulated without
preservative. )
This increased antigenicily of the thiomersal free vaccine with respect to RF1 is consistent with
the results from the in vitro potency test (antigen content) and with the RF1 antibody tests

15  performed on the bulk anfigen preparations.
A mouse immunogenicity test was performed using priming and booster vaccinations two
weeks apart and doses of 2 and 0.4 pg antigen. Mice were bled on day 28, 14 days after the
booster. The-sera were analysed for antibody fitre and isotype composition. A clear antigen
dose effect was observed for the two doses adminisiered but there was no statistically

20 significant difference in the response in terms of antibody titres (GMT) between thiomersal free
and preservative free vaccines. .
No substantial differences were observed in the isotype profiles.
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1 A method for producing a hepatitis B vaccine, the vaccine comprising a purified
hepatitis B surface antigen, the antigen comprising tess than 0.025 pug mercury
per 20ug protein, wherein the antigen is purified in the presence of a reducing

agent having a free —SH group, and a pharmaceutically acceptable excipient.

2 A method according to claim 1 wherein the vaccine is without preservative.
3 A method according to claim 2 wherein the preservative is thiomersal.
4 A method according to any of claims 1 -3 wherein the hepatitis antigen is

adsorbed onto aluminium hydroxide.

5 A method according to any preceding claim wherein a crude hepatitis B antigen
preparation is

(a) subjected to gef permeation chromatography;
(b) subjected to ion—exchange chromatography; and
(c) mixed with a reducing agent having a free —~SH group

6 A method according to any preceding claim wherein the reducing agent is
cysteine, glutathione,dithiothreitol or p-mercaptoethanol.

7 A method according to claim 6, wherein the reducing agent is cysteine.

8 A method according o claim 7 wherein the cysteine is added to a final
concentration of between 1 — 10mM.

9 A method according to claim 8 wherein the cysteine is added to a final
concentration of about 2mM.

10 A method according to any preceding claim wherein the antigen is purified in
the presence of thiomersal before treatment with the reducing agent.

[ A method according to any of claims 1-9 wherein the purified antigen is
completely free of thiomersal.

12 A method according to claim 11 wherein the vaccine is a thiomersal free
vaccine.
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17 A vaccine composition as claimed in claim 13-16 which comprises a TH-1 inducing
adjuvant. |

18 A vaccine composition according to claim 17 wherein the TH1-inducing

adjuvant is selected from the group comprising: 3-DMPL, QS21, 3-DMPL and QS21
and a CpG oligonucleotide, ‘

19 A vaccine composition as claimed in any of claims 13-18 which additionally
‘comprises one or more of the antigens selected from the group consisting of:
diptheria toxoid (D), tetanus toxoid (T) acellular pertussis antigens (Pa), inactivated
polio virus (IPV), haemophilus influenzae antigen (Hib), hepatitis A antigen, herpes

simplex virus (HSV), chiamydia, GSB, HPV, streptococcus pneumoniae and
neisseria antigens.

20 Use of a hepatitis B surface antigen comprising less than 0.025 pug mercury per
20pg protein in the preparation of a preservative free hepatitis vaccine, the antigen

being obtained by purification in the presence of a reducing agent having a free ~SH
group.

21 A method for producing a hepatitis B surface antigen suitabie foruse in a
vaccine, the method comprising purification of the antigen in the presence of a
reducing agent having a free -SH group, wherein the antigen is purified in the presence
of thiomersal before treatment with the reducing agent.

22 A method for producing a hepatitis B antigen according to claim 21, wherein the
purified antigen product comprises less than 0.025 pg mercury per 20ug protein
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25 An immunogenic hepatitis B antigen, the antigen comprising less than 0.025 ug
mercury per 20ug protein, the antigen being obtainable by purification in the presence
of a reducing agent having a free ~SH group and wherein the antigen is purified in the
presence of thiomersal before treatment with the reducing agent.

26 A vaccine comprising a hepatitis 8 antigen as claimed in claim 25

27 A method of treatment and /or prophylaxis of hepatitis B virus infections, the
method comprising administering to a human or animal subject suffering from or
susceptible to hepatitis B infection a safe and effective amount of a vaccine according
to any of claims 13-19 and 26,



