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‘medicine. In particular, the present invention relates to canp |ti%"
containing @21, an Hplc purified non-toxic fraction derived fromthe bark
of Quillaja Saponaria Mlina, and 3 De-O. acyl ated nonophosphoryl lipid A
(3 DDNOL). 3 De-O acyl ated nonophosphoryl lipid Ais known from GB2220 211
(Bibi). Chemcally it is a mxture of 3-deacyl ated nonophosphoryl lipid A
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QS21 is a Eplc purified non toxic fraction of 2 saponin from the bark of
the South American tree Quillaja saponaria molina and its method of its .
production is disclosed (as QA21) in US patent No. 5,057,540.

The present invention is based on the surprising discovery that
formulations containing combinations of QS21 and 3 D-MPL
synergistically enhance immune responses to 2 given antigen.

For example a vaccine formulation of the malarial antigen, RTS, Sin

' combination with 3D-MPL and QS21 results in a powerful synergistic
induction of CS protein specific cytotoxic T lymphocyte (CTL) response in
the spleen.

RTS is a hybrid protein comprising substantially all the C-terminal
portion of the circumsporozoite (CS) protein of P.faldparum linked via
four amino acids of the preSo portion of Hepatitis B surface antigen to the
suriace (S) antigen of hepatitis B virus. It's full structure is disclosed in
co-pending International Patent Application No. PCT/EPS2/02591,
published under Number WO 83/10152 claiming priority from UK patent
application N0.9124390.7. When expressed in veast RTS is produced as a
lipoprotein particie, and when it is co-expressed with the S antigen from
EBYV it produces a mixed particle known as RTS.S.

3901248-6 ;&f
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-2- The observanon that is possible to induce strong cytolytic T | ynphocy
He responses is significant as these responses, in certsin aninmal nobdels
. have been shown to induce protection agai nst disease. The present inventors
have shown that the conbination of the two adjuvants Q821 and 3D-,MPL with
the reconbi nant particulate antigen RTS, S,results in a powerful |nduct|on
of CS protein specific CTL in the gpleen: <3821 al so enhanc I nducti on of
CTI on'its Glss Oh4RTVETOD- LAt iscRassHae toFRETCE #6TORE FRTPIEHR HISRRICTE act
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of the separate effects.of, each adj uvant The .synergy between these two
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vacci nes sed. or r.ecomnbi ant rot.el and
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have been shegeorhbinamnt molecl esraswiantiresifor m&menmfeﬁﬂmemtedRorrero et

al . Nature 3% 1989)). In human trials where volunteers were inmuni sed
using irradi tozoites of P falciparum and shown to be protected
agai nst subsequent mal aria chall enge, induction of CTL specific for CS

epi topes was 1aPHshFCTL is easily seen when the target antigen is synthesised
intracellularly (e.g. in infections by viruses, intracellular bacteria, or in
tumours), because peptides generated by proteoclytic breakdown of the
antigen can enter the appropriate processing pathway, leading to
presentation in association with class I molecules on the cell membrane.
However, in general, pre-formed soluble antigen does not reach this
processing and presentation pathway, and does not elicit class I restricted
CTL. Therefore conventional non-living vaccines, while eliciting antibody
and T helper responses, do not generally induce CTL mediated immunity.
The combination of the two adjuvants QS21 and 3D-MPL can overcome
this serious limitation of vaccines based or recombinant proteins, and
induce a wider spectrum of immune responses.

CTL specific for CS protein have been shown to protect from malariain’
mouse model systems (Romero et al. Nature 341:323 (1989)). In human
trials where volunteers were immunised using irradiated sporozoites of P.
faldparum, and shown to be protected against subsequent malaria
challenge, induction of CTL specific for CS epitopes was demonstrated
(Maiik et al. Proc. Natl. Acad. Sci. USA 88:3300 (1891)3.

The ability to induce CTL specific for an antigen administered as a
recombinant molecules is relevant to malaria vaccine development, since



(Malik et al. Proc. Natl. Acad. Sci. USA 88:3300 (1991)). The ability to
I nduce CTL specific for an antigen adm nistered as a reconbi nant nol ecul es
is relevant to mal aria vacci ne devel opnent since -3- the use of

i rradi ated sporozoites would be inpractica., -on the' grcunds or productcia
and the nature of the inmmune response. ‘I:’hj‘addition to maia vaccines, the
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virus, cyc p%a.i | tHRULBL. @Fﬁﬂédﬁﬂhfx i | , and generally all
cases wherg e""g%% E'{égetr?réhas '?aljr? I ntraceu a?@?¥?%6%%§ge. Li kew se, CTL
specific for known tunour antigens cauld be induced by a conbination of a
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of 3D-bL and Q521 utkudsing a herpes simlex antigen known as gDferr]t.
gDerr]t i &%\’%ﬁﬁ%at E’ﬁ&éf@ge-m ycoprotein D froam ESV-2 and i s produced
in CEO cells according to the methodol ogy Ber=an ejal. Science 992 524-527.
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especially 1n synergismwt t oandn (‘anot her product of THL cells).
IFN-y ia also both an inducer and a product of NK cells, which are major
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found in tHeave demonstrated the synergistic potential of 3D-MPL and QS21 by
utilising a herpes simplex antigen known as gDot. gDot is a soluble
truncated glycoprotein D from ESV-2 and is produced in CHO cells
according to the methodology Berman et 2l. Sdence 222 524-527.

IFN-y secretion is associated with protective responses against
intracellular pathogens, including parasites, bacteria and viruses.
Activation of macrophages by IFN-y enhances intracelluiar killing of
microbes and increases expression of Fc receptors. Direct cytotoxdcity may
also occur, especially in synergism with lymphotoxin (another product of
TH1 cells). IFN-v is also both an inducer and a procuct of NX cells, which
are major innate effectars of protection. TH1 type responses, either
through IFN-y or other mechanisms, provide preferential help for IgG2a
immunoglobulin isotypes.

Glycoprotein D is located on the viral envelope, and is also found in the
cytoplasm of infected cells (Eisenberg R.J. gt al J. of Virol. 1380 35 428-
433). It comprises 393 amino acids including a signal peptide and has a
molecular weight of approximately 60kD. Of all the ESV envelope
glyccprotains this is probably the best characterized (Cohen eral J.
Virology 80 157-166). In vivp it is known to play a central role in viral
atzachment to cell membranes. Moreover, glycoprotein D has been shown
to be able to elict neutralizing antibodies in ¥ivo (Eing et al, J. Med
Virology 127: 53-65). However, latent ESV2 virus can still be reacrivated



cytcpiasn or infected cells (Eisenberg RJ. et al J. of Viral. 1960 35 428-
435). it conprises 393 amno acids including a signal peptide and has a
‘mol ecul ar wei ght of approximately 60kD. O all the HSV envel ope
glyccproteins this is probably the best characterized (Cohen et al J.
Virology 60 157-166). in vivo it is kno\fon‘ to play a central role in viral
attachri ermdmthmelram menoscef thediserse .degpyreciiecprsisente hﬁh:g)ben shown to
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of the naturally occuring glycoprotein with.the addition of Asparagi ne and
GQutamne at the Cterm_nal_end of the truncated protein. This form of the
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ovary cell s, has been .S Eur an ent EP-B-139 417.
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rgb2t) thepbQyudliiihed in Genentech's European patent EP-B-139 417.

The mature truncated glycoprotein D (rgD2t) or equivalent proteins
secreted from mammalian cells, is preferably used in the vaccine
formulations of the present invention.

The formulations of the present invention are very effective in inducing
protective immunity in a genital herpes model in guinea pigs. Even with
very low doses of antigen (e.g. as low as 5 pg rgD2t) the formulations
protect guinea pigs against primary infection and also stimulate spedific
neutralising antibody responses. The inventors, utilising formulation of
the present invention, have also demonstrated Effector cell mediated
responses of the TH1 type in mice.

Accordingly, the present invention provides a composition comprising

3 Deacylated monophosphoryl lipid A and QS21. Such a composition is
suitable for a broad range of monovalent or polyvalent vaccines.

Preferably the composition will contain an antigen or antigenic
composition capable of eliciting an immune response against a human or
animal pathogen, which antigen or antigenic composition is derived from
HIV-1, (such as gp120 or gp160), any of Feline immunodeficiency virus,



protect guinea pigs against primary infection and also stinulate specific
neutralising anti body responses. The inventors, utilising formulation of
‘the present invention, have al so denonstrated Effector cell nediated
responses of the TH type in rrice Accor-di ngly, the present invention
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The composition may also be useful for utilising with herpetic light
particles such as described in International Patent Application No.

PCT/GB92/00824 and, International Patent Application No.
PCT/GBS2/00179.

Derivatives of Hepatitis B Surface antigen are well known in the a2z and
include, inter alia, those PreSq, PreSo S antigens set forth described in
European Patent applications EP-A-414 374; EP-A-0304 578, and =P 198-
474. '

In a further aspect of the present invention there is provided a CGﬂpOSltlon
as herein described for use in medicine.

The ratio of QS21 : 3D-MPL will typically be in the order of 1: 10 to 10 : 1;
preferably 1:5 to 5 : 1 and often substantially 1: 1. The preferred range
for opuimal synergy is 2.5:1 to 1:1 3D MPL: QS21. Typically for human
administration QS2Y and 3D MPL will be present in a vaccine in the
range 1 pg - 100 pg, preferably 10 pg - 50 pg per dose. Often the vacdne
will not require any specific carrier and be formulated in an agueous or
other pharmaceutically acceptable buffer. In some cases it may be
advantageous that the vaccines of the present invention will further
contain alum or be presented in an oil in water emuision, or other suitable



Derivatives co Hepatitis B Surface antigen are well knoown in the art and

i nclude, inter alia, those PreSl, PreS2 S antigens set forth described in
"Eur opean Pat ent applications EP-A-414 374; EP-A-0304 578, and EP 198- 474.
In a further aspect of the present invention there is provided a
canposition as herein described for use in nedicine. The ratio of QS21:
3D-MPL will typically be in the order ef6-l: 10 to 10: 1; preferably 1. 5 to
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3D IVPL Wi ﬁ.mbﬁjn%g‘ig{%esﬁ n a vaccine in the range 1 pg - 100 1g, preferably
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macronol ecul es is disclosed, for exanple, by LiBeite, U.S. Patent 4,372,945
and by Arnep tiR The of protein in each
vacci ne dose i S ?‘Pé@?&?as éﬁ%ﬁ%uﬁ%??ﬁs ﬁ%%afﬁﬁﬁ r?"ect ive
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preferably 2-100 pg, most preferably 440 ug. An optimal amount for a

particular vaccine can be ascertained by standard studies involving

observation of appropriate immune responses in subjects. Following an

initial vaccination, subjects may receive one or several booster

immunisation adequately spaced.

The formulations of the present invention maybe used for both prophylatic
and therapeutic purposes.

Examples

1.0 Synergy between 3D MPL and QS21 for induction of
Interferon v secretion.

In order to test the ability of 3D MPL and QS21 based adjuvant
formulations of f rgD2t, to induce effector cell mediated 3 lmmune responses,

groups of Balb/c mice were vaccinated, and their draining lymph node
cells tested for IFN-y secretion as described below.



partcul ar vacci ne can be ascertained by standard studies involving
observation of appropriate inmune responses in subjects. Follow ng an
initial vaccination, sujects may receive one or several booster immuisation
adequately spaced. The fornul ati ons of the present invention maybe used for
bot h prophyl atic and therapeutic purposes. Exanples 1.0 Synergy between 3D
YTPL and QS21 for induction of Interferon y secretion. in order to test the
ability of 3D MPL and @QS21 based adjuvant fornul ations of rgD9t, to induce
effector cell mediated i mune responses,? groups of Balb/c mice were

vacci nat ed..landrgb2t fodmaiubatignsynph node cells tested for IFN-y secretion
as descri bed bel ow. 7- 1.1 rgD2t fornul ati ons This experinent conpared

t hree adjuvant formulations: i) rgD2t, in 3D-UTL ii) rgD2t in Q821 iii)
rgD2t in ThisPvpeskpentsomparnedthreepdiupant feamulaiions:fol | ows. rgD2t was
produced in CHO cells and corresponds to the matare 1-283 am no aci ds of
HSV-2 gD and is_produced accordi to the nethodol ogy of Berman (suvra) and
EP 0139417. * r@DZt reB3tnp SB-ME ]g of rgD2t/dose are incubated | h, under
agi tati onat roag?terrggmt%eqsglj_en m xed with a 3D-)L suspension (25

ug/ dose). The vglune T adju d..1.0 err]l/dose usin a sodium chloride
sol ution (SM pPP)B.Srg t‘}#’ Mdgﬁar I njection to obtain a final

concentration of 0.15M sodiumchloride. pHis kept at 6.5 0.5.

These formulations were made up as follows. rgD2t was produced in CHO
cells and corresponds to the mature 1-283 amino acids of HSV-2 gD and is
produced according to the methodology of Berman (supra) and EP
0139417.

* rgD2t / 3D-MPL

5 pg of rgD2t/dose are incubated 1h, under agitation,at room temperature,
then mixed with a 3D-MPL suspension (25 pg/dose). The volume is
adjusted to 70 pl/dose using a sodium chloride solution (5M, pH 6.5 = 0.5)
and water for injection to obtain a final concentration of 0.15M sodium
chloride. pH is kept at 6.5 + 0.5.

* rgD2¢/QS21

5 ug rgD2t/dose are incubated 1h at room temperature under agitation
The volume is adjusted using sodium chloride solution (SM, pH 6.5 = 0.5)
and water for injection to 70ul. QS21 (10 pug/dose) is then added.. pH is
kept at 6.5 + 0.5.and sodium chloride final concentration at 0.15M.

* rgD2t/3D-MPL / QS21.

5 pg rgD2t/dose are incubated 1h at room temperature under agitation.
3D-MPL (25 pg/dose) is added as an aqueous suspension. The final
volume of 70wl is completed by addition of an aqueous solution of QS21
(10 pg/dose) and the pH kept at 6.5 + 0.5 and the sodium chloride
concentration at 0.15M.



* rgD2t/ Q@21 5 g rgD2t/dose are incubated 1h at room tenperature under
;agitation The volune is adjusted using sodiumchloride solution (5M pH 6.5
- 0.5) and water for injection to 70ul. Q521 (10 ug/dose) is then added..
pHis kept at 6.5 -- 0.5.and sodiumchloride final concentration at 0.15M
* rgD2t/3D-UTL / @21. 5 ug rgD2t/dose are incubated | h at roomtenperature
under agitation. 3D-MPL (25 ug/dose) isdgdded as an aqueous suspension. The

final vol une of - | ed by add¥fion of an aqueous sol ution of
Qs21 (10 Udidos m%ﬁept at 6.5 0.5 and the sodiuri chloride
concentration at 0.15M -8- 1.2 IMMUNI SATION M ce were injected into the
hi nd foot s wth .35 zi Woot pad,of .f nouse recei ved
70 gL. . %sgﬁrﬁﬂnﬁéﬁcbﬂtﬂ%g béndaiﬁﬂg%l&g kﬁ&n&ggﬂ\?@?%}’? g%t ced on day
21. 1. 3 Ifdﬁﬁmn "BhusSsseiSnopsé recaived Mfhubolmmehisatiarowerenemnd syes
o o o Ob P T Hpiigld edeiiammedieh dy 26 1 0.0 O Lagr

ures

Triplicate tu vqu were sét up in round bott om 96- wel |
mcrotiter plates, using 2 x 105 responder cells and 2 x 10 irradi ated

(3000 rad) 1§gngmp ZRSAYEs. Culture nediumwas RPM 1640 with
10% foetal calf serum Aliquots of 100 Al of culture nediumfrom each
replicate were harvested and pooled for IEN-y determ nations. Cultures were

K‘/Z s aﬁed at Peplitesl BmpRnode! c].ellr‘ssﬁ‘}éh ifrfi ghiSed miEd wierd SHnAARd(BoAREFS NY fer
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of pool ed SUBELAALANNS L9872 £ hidls'sEal 82088 (8000 rad) syngeneic naive spleen

cells. Culture medivm was RPMI 1640 with 10% foetal calf serum.

Aliquots of 100 pl of culture medium from each replicate were harvested

and pooled for IFN-y determinations. Cultures were assayed at 72 hours.

For all assays, a control group using ConA (Boehringer Mannheim) at 5

pg/mL was included. This was always positive.

Secretion of IFN-y was determined using-a commercial ELISA assay
manufactured by Holland Biotechnology (distributed by Gibco). Assays
‘were carried out on 100 nl of pooled supernatant from triplicate wells.

Secretion of IFN-y above the assa‘j' background of 50 pg/nl was observed in
all three formulation groups (see Table). In addition, a synergistc effect
between QS21 and 3D-MPL was observed. While each adjuvant on its own
induced cells capable of secreting IFN-yin response to rgD2t, their
combination induced mare than twice the sum of individual responses.



Secretion of IFN-y above the assa'y background of 50 pg/[err]l was observed
.in all three formulation groups (see Table). In addition, a synergistic

“ef fect between QS21 and 3D MPL was observed. Wile each adjuvant on its own
i nduced cells capable of secreting IFNy in.response to rgD2t, their

conbi nation induced nore than tw ce the sum of individual responses. 1.4
Results Synergy between QS21 and 3D-M. for induction of WN-y secretion.

| mruni zati on: QS213D- AL Qs21 3D MPL rgD2t

- 9
r gD2t e In vitro 1070 1351 1105
[err] st atm 1.0 914 116 192 ([err]g/m
gD2t): 0.1 335 <50 143 0.0 101

<50 r] i s £xyress tabl e y, shows that

t he conb?ﬁ'&fr\rac% ;é?']eﬁd‘hgé 5‘ &@'m(%’ ’ﬁ" 2 SHeSt g%ﬁtlﬁ ¥ maner. 2.0
Syner gy Secveoem8D MPL and QS21 for the induction of CTLs In order to test
the ability of RTS S partlcl es in 3D heL and Q821 based adj uvant

f or mul apt-errs—to—tnraree—CH-s- ot W= Ei—=F-S-e e

.lu e T oo otrrer

tHIS=eB-CBR-~¢
t hei r - spleenuniatonst i nul at ed |nQSW3Dah@Les ed |QSE§kt otg!xl cBDyMaE¥say$ on

L cell sjexpressing the CS protejn Zénftorrrul atioq_,_,ﬁ‘mRTS parLJ_ l.,es
RTS, S particles were fornul at ed—n— '
particl pdn(Miroug) with @@2@ (10

((10ug) g%(lwg)& R§§§ partlcl es|((109 1 a :
The forpulations weremaeupa t=Ort=os =

(pg/mL gD2t): 0.1 335 I <50 ‘ 143 !

0.0 101 | <50 | . 139 |

IF'N-vis expressed in pg/mlL.

The table clearly shows that the combined vaccine induces IFN-w—
secretion in a synergistic manner.

2.0 Synergy Between 3D MPL and QS21 for the induction of
CTLs

In order to test the ability of RTS,S particles in 3D MPL and QS21 based
adjuvant formulations to induce CTLs, groups ¢f B10.BR. mice were
immunised and their.spleen cells stimulated in vitro and tested in
cytotoxicity assays on L cells expressing the CS protein.

2.1 TFormulation of RTS,S parﬁdes.
RTS,S particles were formulated in three differsnt compositions:

RTS,S particles ((10ng) with QS21 (10ug) and 3D-MPL (251g);
RTS.S particles ((10png) with QS21 (10ug):
RTS.S particles ((10ug) with 3D-MPL (25ug);

('JJ!O!—‘

The formulations were made up as follows:



- 10 -'RTS, S/3 D MPL 10 ug of RTS, S particles/dose was incubated at room
tenperature under agitation then m xed with a 3D MPL aqueous suspensi on
- (25ugl dose). The volune is then adjusted to 70 ull dose using water for
injections and a sodimchloride solutigg.(5N, pH 6.5 0.5) to reach a final

concentr @ sodiumchloride (pHis kept at 6.5 0.5). RTS, S
/[ QS21 108%3‘%@%@ particl es/dose incubated | h. at roomtenperature
under agtation. The volume is adjusted using water for injection and a

sodi = chl 98 g@eoﬁ?* t 5P 4RNes/igke G irihaibd a2 aHREe Lotk Jeatufd Bakliey ol UMe

Se wi th anm_ aq eous sgb n of 21 (10u [do%fgwggl I,S kept at

6.5 0.5 amagemWMﬁP Jathiz EALLYRF G ¥) 3 D DPL
{ Q521t 10TnB@dM|§t§[&@£at1%t6§% ogHd Gseeubitg o hl\l'ﬁliIlfei(d fdhinjetrionsand a
eperature ynder atipn ed. i | aguequs_ sus i on

( 25pg/ dosé?ml-qﬁ@?‘%@ﬁﬁﬁ §°‘Pﬁ€h{n§§?§s‘?m&ﬁif’ r fkéra?g?ff?ﬁmecq' gﬁognd a
sodi um chhpoiEM skt ipchiceddeptpIt i5 ket Bt.6.3F0&)nal vol ume is conpl eted by
addition of an aqueous solution of (B21 (10l g/dose). pHis kept at 6.5 -
0.5, and sodi umégl gride final concentration at 0.15 M 2. | muni sati on

of mce WRRSIT articles Four to six week old female mce of the strain
B10. BR CH 2k) were purchased from I FFA CREDO (France). Groups of 3 animals

vve,;eirru sed nkra foot-pad inj ctl cnul ation
into each #‘5 éﬁ%marﬁ P§ \}@ &Wﬁ“oﬁ“;t %%ELQ%% %dose of
antigen i luoemwmh.t Thenesdimd & adjused usl'mgmauem fer nmﬂcmm@m sa®L=CS CTL
T wo weeks; legn din
vitro usi ﬁgféﬁﬁééhgﬁé RN, SRS t‘??né*?ec@?ﬁ? T B R ERAT R T
dose with an aqueous solution of QS21 (10ug/dose). pHis keptat 6.5 =
O.a and sodium chloride final concentration.at 0.15M.

RTS,S/3 D MPL/ QS21

10 ug of RTS,S particles / dose are incubated 1h. at room teperature under
agitaticn then mixed with a 3D MPL (agueous suspension (25pg/dose) -
The volume is then adjusted with water for injection and a sodium
chloride solution (5D pH 6.5 £ 0.5). The final volume is completed by
addition of an aqueous solution of QS21 (10ug/dose). pHiskeptat 6.5
0.3, and sodium chloride final concentration at 0.15 M.

2.2 Immunisation of mice with RTS,S particles

Four to six week old fernale mice of the strain B10.BR (H-2k) were
purchased from IFFA CREDO (France). Groups of 3 animals wege
immunised by intra foot-pad injection of 35 uL of antigen formulation into
each hind limb. The animals were boosted with 2 second equal dose of
antigen injected two weeks later.

7

2.3. In vitro stimulation on anti CS CTL

Two weeks after the boost, spleen cells were harvested and stimulated in
vitro using syngeneic fibroblasts transfected with the P. falciparum
circumsporozoite protein gene (7G8 clone). These CS-transfectant celis



ci rcunsporozoite protein gene (7G8 clone). These CS-transfectant cells
have been descri-bed in the pape- by Kumar, S. et al. (1988), Naure

"334: 258-260. The cultures were established in RPM 1640 nedi um suppl enent ed
with 10% of heat inactivated foetal calf serum and usual additives, in
conditions well known to those of skill in the art. Responder cells were
cultured at a concenration of 106 cell s/ In the presence of 105

CS-transfegta ef = Jo preven: prold feration af - _lransfectant

cel I s, theé%v%?eggi#sﬂlbae[%’&‘g%? RGPS FesEU5RaD X &t "|(§5°)FI%37&EH ures were
fed by repB38i38P-286Q. of culture nmediumon day 3 and 6, and tested for
cytolytic activity on day 7. 2.4. Cytotaxicity assay for anti-CS CTL
Responder cell cultures were harvested, washed, and m xed at ratios varying
from 100: 1The pugareswere gstablished im RAML 4 0oscivm seppieshested witiol mes
of 200 LL gbaefhest ifadbvatald I p{ﬁ% 3 Ee re syngeneic
fibroblast cell.s that d bee(rjlﬁlbg%eﬁﬁfgi?ﬂ i ié?ér'@“#\e/\ibc%?yfeéfgﬁt t ypes of
target cel FRRGHINS,Well kpown Yo thaseofskill ingthe amsfected L cel |'s These are
described in: Kumar, S. et al. (1988), Nature 334:258-260. The assay was

nto the s ERSRAPART <BYS WeRrrTs gha rnGRaNoR o AR ALy Eo bl o

activity i presguaeseftli0e CO4npesfettantisyrdrsml.. TddreRest prsliferation of CS-
transfectant cells, these were irradiated using a dose of 2 x 104 rad. The
cultures were fed by replacing 1/2 of culture medium on day 3 and 6, and
tested for cytolytic activity on day 7.

2.4. Cytotoxicity assay for anti-CS CTL

Responder cell cultures were harvested, washed, and mixed at ratios
varying from 100:1 to 0.3:1 with a constant number of 2000 target cells, in
volumes of 200 pL of medium in V-bettam 96-well plates.

Target cells were syngeneic fibroblast cells that had been labelled with
Slcr.

Two different types of target cells were used:

1. L cells
2. CS transfected L cells

These are described in: Kumar, S. et al. (1988), Nature 334:258-260.

The assay was incubated for 6 hours at 37°C, then the amount f .
radioactivity released into the supematant by lysis of target cells was
determined. Cytolytic activity is expressed as % specific lysis:



0% Soeci ficlysis by for;:nulaton: | Target cells: Ef Fect or. 1.

RTSS/ 2. RTSS/ 3. PTSS/ target Qs21/ Qs21/ 3D- MPL
“ratio 3D- CS mansfected L - 100 58 17

1 calls 30 53 10 0 10

47 13 -22 - 1 01

11 Res'Ql:s: 00.3 2 -2 -1 L cell

100 -2 5 30 -2 1

4 10 -1 2.2 o) : 3- .

4 1 -1 2 0.3 | % Svediic lvsis nvlromx.lanon 2 |

Th

I i ' MPL
(mlnafi; %%n’gﬁrlférﬁgu?egl#?ﬁg I eﬁqﬁﬁgg}lg g’l‘ ési"e'm T'/c for the

dr unspor pzoi te conponent |cargatsS, S. |n@FBati oh QY RTS, SR es
adj uvanted wth Q21 (fo

kg i on #2 af.geo1, ndyced CTL in the spleen, [but
only at abedt—tt36t+h—of hc cvc:agﬁﬂ%—rﬂwmhrrmﬁt—%e—vﬁh‘
3D- MPL ({ @Srotansiectedd) di d nd00i nduce CT3E Si dce tBé target cells used in

this assay.fl@ not expresg MHCgj ass 33CU| gs, tig effector gells dan be
assuned to be CD34, class-l restrlctnd CTL% G her fprmul ati on
Hepatiti$ B Surface Antide AQUm 30 MPL 4hd Q%$21. The prkparat ton. of

Hepatiti$ B Surface antigen (E3BsAg)|is vt dccumen]; ed. Pee fo0
exanr pl eiiHarford et al Dgvel op.4 Biol| St ard {24 pl1e5 (1p83). @'eg ety al
Bi ot echngl ogy 5 p479 (1987) EP-A-O 226 84%" and {EP- A-"299 1?8 and~ref er gnces

t her ein. 0.3 2 -2 -1
Lecell - 100 3 -2 -5
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10 0 -1 2
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0.3 3 1 2

Immunisation of B10.BR mice with RTS,S adjuvanted with QS21 and 3D-
MPL (formulation #1) induced in the splesn high levels of CTL specific for
the drzumsporozoite component of RTS,S. Immunisation with RTS,S
particles adjuvanted with QS21 (formulation #2) also induced CTL in the
spleen, but only at about 1/30&; of the levels given by formulation #1.
RTS,S with 3D-MPL (formulation #3) did not induce CTL.

Since the target cells used in this assay do not express MHC class II

molecules, the effector cells can be assumed to be CD8+, class-I restricted
CTL.

3. Other formulation
Hepatitis B Surface Antigen, Alum 3D-MPL and QS21.
The preparation of Hepatitis B Surface antigen (EBsAg) is well

documented. See for examplée Harford et al Develop. Biol. Standard 54

p125 (1983), Gregg et al Biotechnology 5 p479 (1987) EP-A-O 226 846 and
EP-A-299 108 and references therein.



-13- 3D-MPL was obtained from Ri bi | mmunochem Q8321 was obtained from
Canbri dge Bi otech, and Al um ni um hydr oxi de was obt ai ned from Superfos

- (Al hydrogel ). A nunmber of different fornmulati ons were nade up for studies
of cell nediated inmunity in mce and igr studi es in Rhesus nonkeys. 3.1
Formul ation 1 was nade up i n phosphate*tiffer (pH 6.8) to conprise the
foll ow ng per 60 pl dose. 20 ug HBsAg 30 ug AL(OH) 3

30‘1’% v 3D-MPL wa3Bbtaiiid #Qe8 Ribi Immunoch&®?, QE21ndks cbrained freP043-

s Cl The_fqrpul ation was. made up | he f:ol | owi ng manner.
20pLg | BSREFRTEE °tieﬁ'guﬁﬁ‘a R r:gx}cger “g??egk?l%ﬁlpeg‘toér?%om
t enper at uBeperfok (Allyedtdgel)lshaki ng. 3D- MPL was added as an aqueous
suspensi on, and the fornulation conpleted by the addition of QS21,
phosphate buffer and sodiumchloride and incubated_for one hour at room
t enper at uAcaumniberfof differantrfiormulationsowerp made pm foFestusiies ahgell. 0 and used

for foot . | tﬂﬁ ey ' PRESIcBs | N @ phosphat e
buf f er (p%. §§ to cor%irli se %ﬁe&fﬁ?%%ﬁe&rﬁgo%hu dose. gysug

HBsAg 100 u.g Al (OH)3 50 ug 3D-MPL 20 ug
Q521 10 nfYl1  Formulation 1 w¥eradb &p i phosphate buffer (pHagl8) kee

formul ati on wa de i.n the | Loy ng nanner. HBsAg and
comprfsen&xe folllf%wmg per é(? uh ose) g

20 ug HBsAg
30 ug A1(OH)3
30 ug 3D - MPL
10 ug QS 21

10 mM PO43-
0.15M NaCl

The formulation was made up in the following manner. 20pg EBsAg/dose

' was incubated with A1(OH)3 for one hour at room temperature with -
gentle shaking. 3D-MPL was added as an aqueous suspension, and the
formulation completed by the addition of QS21, phosphate buffer and
sodium chloride and incubated for one hour at room temperature. The
final formulation-had a pH of between 6.5 and 7.0 and used for foot pad
studies in mice. ‘

3.2 Formulation 2 was made up in a phosphate buffer (pH6.8) to
comprise the following per 200 ul dose.

lug - HBsAg
100 pg Al (OH)3
50png 3D-MPL -
20 ug : QS 21

10 mM POg43-

0.15 M NaCl

The formulation was made up in the following manner. HBsAg and
A1(OHg) were incubated together for one hour at room temperature with



Al (OH3) were incubated together for one hour at roomtenperature with
gentl e shaking. The fornul ation was conpleted by the addition of A (COH)3,
-3D-M L as an aqueous suspension and QS21, with phosphate buffer and sodi um
chloride solution and incubated again for thirty mnutes. The pH of the
formul ati on was kept between 6.5 and ¥.1& and used for Hunoral inmunity

s';] udi ﬁs i E%H'g%%ha&iﬁe!:orﬁ@k;@gtg;;ﬁrazis’cmqwiﬁﬁwﬁeﬂlrbyamé atlidomefiner, in io
phosphat &, BE ey Ol ReB o ) b 06 o QSR oBSK L bt

3D- MPL 10puéFer and sodium chlori@eabldtienfandrinatbatedvagaindet thurtynonkey

300 WPL i FHAEST GO P o RS e Fe e SR Roand ane

pover f ul iwsdddor Fiumforabigumuynity $pdies ic@Te. i n the spl een. QS21 enhances
i nduction of CTL on its own, while 3D-M/L does not. The conbi nati on can be

said to act in a synergistic way, ,because it has an effect that is |arger
than the Su ofFerpulaier & wasmpade SRHM @ | TRADAET, & REFRRAbet ween

these two adtdV@EES. 5 O7.05 kb doBlai How folfowire!bes i1sml dogbser vati on which
supports our observation of synergy between 21 and 3D-MPL for induction

of T cells capable of secreting IFFN-y in response to stinmulation wth the
sol ubl e reconbi neEfugprotei n gbD2t. Thi $BeAg ng has inportant inplications

for the use of r mbi nant nol ecul es i nes for induction of CtL.
medi at ed i nmuni t?ei,%)y'lgnce t he conbi nat ia%JhYgﬁ)ﬁhe two adj uvants QS21 and

3D-NWPL can overd®meg this serious |im3IM& of vacci nes based on

r econbi nant protﬁi) 1y and induce a w c@s spectrum of i mmne responses than
hi t herto. ©

The formulation was used for monkey studies.

4. Conclusions

The combination of the two adjuvants QS21 and 3D-MPL with the
recombinant particulate antigen RTS,S resulted in a powerful induction of
CS protein specific CTL in the spleen. QS21 enhances induction of CTL
on its own, while 3D-MPL does not. The combination can be said to act in
a synergistic way, because it has an effect that is larger than the sum of
the separate effects of each adjuvant. The synergy between these two
adjuvants for CTL induction is 2 surprising observation which supports
our observation of synergy between QS21 and 3D-MPL for induction of T
cells capable of secreting IFN-y in response to stimulation with the soluble
recombinant protein gD2t. This finding has important implications for
the use of recombinant molecules as vaccines for induction of CTL .
mediated immunity, since the combination of the two adjuvants QS21 and
3D-MPL can overcome this serious limitation of vaccines based on

recornbinant proteins, and induce a wider spectrum of immune responses
rd
than hitherto.

The mouse cell mediated immunogenicity data show that @S21 based

formulations of rgD2t induce a significant synergistic TH1 type T cell
response (IFN-y secretion).



The nouse cell nediated i munogenicity data show that QS21 based
formul ati ons of rgD-9t induce a significant synergistic THE type T cel
‘response ClFN-y secretion). - 15 - Such THI 1 type T cells have been
shown to be involved in induction of delayed type hypersensitivity
responses in mce. Qur own data in prophylaxis of HSV di sease show t hat
concom zant induction of neutrali zing anﬂbbody titers and antigen specific
DTH r esponssiscta L ‘ﬂﬁ‘pé e céits hare B sREwWROR s inhsivRaSnsin@ilctcrdbfease.

Put toget heaetla Q&%g-p aé%gﬂgﬂﬁgétgg ééﬁn@%l fooge blhat agpsi-pf rgD2t

may be effe e res onse agal ESV-dl sease. The
dat a preserfR&® Wsa tCFE Mﬁé&?

Mbnophosphagutraliging ansikpdystters and rmrégwg spmcs,n rieﬁgoxamq afpmas
specific T Gl best Sttection)dpifyt heypés simbhésediseasapr oved ability to
induce a protective response against HSV disease, and indeed these
formul ations are effective in protecting agai nst di sease in guinea pigs.

- 16 - dai Fﬁat dgether, thése dapo stpgestedoupus thay &1 fmniuBaﬁenQoach@.*ed
nonophospho claim
1, for use ﬂv? né %%ﬁgv(%gmuésaepr?te‘:évgﬁ%gﬁbg%%%orrpr £ and
3- de- O acy| Thedlatarpyesented shiow apiunexpetedryn e-gn;tzmr:mnmman 8bbf a
medi canment 5.61;\0 U t YR QesLetifg anFeserml . 4.
Use of a coir\r(g%qsl t1 on CO%?@E?%%ZQSI‘H %_Ekei g yi gd nopophosphor yl
lipid A (3DsmemfRc Irrallfe ﬁﬁﬁhfaamsmomaa' tmanslatein m@rwmaph!a%t? on of a
cytotoxi ¢ Tinduce a protective response against HSV disease, and indeed these
formulations are effective in protecting against disease in guinea pigs.




| ynphocyte i mmune response in a mamal . 5. Use of a corrposition
conprising Q821 and 3-de- O acyl ated nonophosphoryl lipid A (3D MPL) ., .. t he
- manuf'acture of a nedicanent for the induction of an IEN-y T€sponse |n
manmal . 6. Use of a conposition as clainmed in an “ﬂmum

2, in the manufacture of a nedicanment for the prophyl aH mﬁu

treatment of viral, bacterial, parasifbcinfection, or eantert 7

vacci ne conposition conprising a conposition as cl ai med in claim1l1, and the

Human | mmeggef i ciency Virus antigen gpl 20 8. A vacci ne conposition
conpri sing rrposi tion as clainmed in claim1, and the Herpes Sinplex
Virus antigen gb2t 9. A vacci ne corrp05| t| Si n a co Qsition
as cl ai medli n cl ai f/ncompasidon ﬁ@m%&%hb@‘&nﬁiﬁ&aﬁ%&p °‘RP osphoryldiRid ¢ ne

conposi ti oA (SDAAPLYI ng a conposition as clained in claim1, and the
Hepatitis B antigeR J5R$68itod ds claimed iff cREMCIE $6r dse in Mebicirg. a vacci ne
conposi ti o, conpr{;si id AN GAY ORRriling B8 Pind-EA.0RLyBRd SBRoSospRd/gEN ©
conposi tio pxd A (3D-MPL), in the manufacture of a medicament for the induction of a Thl-type
immune response in a mammal.
4. Use of a composition comprising QS21 and 3-de-O-acylated monophosphoryl
lipid A (3D-MPL), in the manufacture of a medicament for the induction of a cytotoxic T
lymphocyte immune response in 2 mammal.
3. Use of a composition comprising QS21 and 3-de-O-acylated monophosphoryl
lipid A (3D-MPL), in the manufacture of a medicament for the induction of an IFN-y
response in a mammal.
6. Use of a composition as claimed in any one of claims 1 or 2, in the
manufacture of a medicament for the prophylactic or therapeunc treaunent of viral,
bacterial, parasitic infection, or cancer.

7. A vaccine composition comprising a composition as claimed in claim 1, and
the Human Immunodeficiency Virus antigen gp120.

8. A vaccine composition comprising a composition as claimed in claim 1,-and
the Herpes Simplex Virus antigen gDt.

9. A vaccine composition comprising a composition as claimed in claim 1, and
the Plasmodium antigen RTS,S.

10. A vaccine composition compnsmg a composmon as claimed in claim 1, and
the Hepatitis B antigen HBsAg.

11. A process for making a vaccine composition, comprising admixing QS21,

3D-MPL with an antigen or antigenic composition.



