CYTOTOXI C T LYMPHOCYTE- | NDUCI NG LI POPEPTI DES AND USE AS VACCINES'
This invention relates to novel «cytotoxic T tynphocyte-inducing
| i popepti des. Said invention relates al so to t he use of such

| i popepti des as vacci :
POPEP ths invention relates to novel <cytotoxic

-
-

lymphocyte 1nduc1ng lipopeptides.

Sald 1nvent10n relates also to the use of such

lipopeptides as vaccines.

5 Most vaccines wused induce a response through

antibbdies. 'Howeyer, if has been shown that .cytotoxic

 1ymphocytes can effectively protect mice against various

pathogenic micro-organisms (Skehel et al., Proc. Natl.

Acad. Sci. USA, 1982, 79; 968; Lukacher et al., Exp. Med.

10 1984, 160:814).This has also been shown for human cytotoxic

. T lymphocytes raised against cytomegaloviruses (Quinnan et

. ~ al., N. Engl. J. Med. 1982, 307: 7; Rock et al., Am. J.

Med. 1984, 76:385j._However, little is known about inducing
limmunity due to lymphocytes. | '

15 . Some ' authors have tried to induce cytotoxic
lymphocytes (CTL) in wvivo .using peptides derived from
ovalbumin (Carbohe et al. J. Exp. Med. 169:503,
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Mbst* vaccines used induce a response through antibodies. However, it
has been shown that cytotoxic |ynphocytes can effectively protect mce
agai nst various pathogenic mcro-organi sns (Skehel et al., Proc. Natl.

Acad. Sci. USA, 1E¥dika/9:et96%1.Lukager gt armmubsp. Me43:18984.  These
160: 814). Thi s has al so been shown for human cytotoxic T |ynphocytes raised

agai rist cyt onegauntionss esbt&ihadannmiunidations ,Engit &hebled.rdfidles 3@%e 7;
Rock et al., Am J. Med. 1984, 76:385). However, little is known about
I nduci ng _innunbppamﬁid(fdgnpﬂpmmdes.derived from ovalbumin.
 AICHELE et al. ((1990) J. Exp. Med. 171:1815)
5 succeeded, for their éart, in inducing ‘a cytolytic T
response by repeated injections in vivo of a éynthetic
peptide.in_emuléion in incomplete Freund's adjuvant.
These autho;:.s do not -indicate the importance of the
adjuvant under their immunization conditions. However,
10 | they suggest  that aﬁ adjuvant is’ necessary for
obtaining such a response. . |
The application EP-203,676 relates to a véccine
intended to induce a .T cell .mediated response ,
comprising some peptide-fatty acid conjugates . The
15 fatty gcid, which is. used is the palmitic acid .
However, this vaccine comprises also Freund's.adjuvant.
To the knowledge of the applicant, only DERES
et al. (Nature, Volume 342; 30 November 1989) have des-
cribéd the use of a SYntheticilipopeptide'to induce

20 cytotoxic T lymphocytes (CTL) in vivo. In this article,

—
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Some authors have tried to induce cytotoxic T | .ynmphocytes (CTL) in vivo
usi ng-peptides derived -from oval bumn (Carbone et al. J. Exp. Med.

169: 603,
1989, J.

| shi oka et al.

- 2
| mukBe. NB4314@9458 fragment ofyy@hor s naslEoREPtHiTuNi okt | Bhe,

but these result%lare ge0|f|c for peptides derived fron1ova|bun1n

10

15

uenza viru coupled to tripalmitoyl-S-glyceryl-
cysteinylserylserine (P3€SS). ‘It is shown that the NP 147-
158 peptide-P3CSS 1lipid conjugate ihduces.a CTL response

ageinst target cells infected by the influenza virus,

whereas. mice immunised with the NP 147-158 peptine alone or

with the Ser Ser-NP 147-158 peptide do not generate
cytotoxic T 1ymphocytes agalnst this virus

It should also be noted that 1lipopeptides have
already been used to induce immunological reactions to
specific antigeﬁs, but the responses generated involve the
synthesis of anﬁibodies and not T 1ymphocyte responses.,

HOPP (Molecular Immunology, 21, 13-16, 1984) has
shown that antlbodles raised against a determinant of the
hepatitis B virus could be obtained by immunising rabblts
us1ng a molecule consisting of a peptide of 15 amino acids
corresponding to the antigenic determinant of the hepatitis.

B virus and of a pseudolipide residue, dipalmitoyl lysine.
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Al CHELE et al . ((1990) J. Exp. Med. 171:1815) succeeded, for their part,
In inducing a cytolytic T response by repeated injections in vivo of
a synathetic peptide in emyl sign in inconplete Freund s adj uvant.

These authors do not 11Mi caP@PHEEYHAS tark® Bt th851  degfrikes undame
theit | munt 223 | 0B gRShLEoSont EYEL, o Pl RE R aul B O gLV
22}0: i cat L?gt Egéﬁ?ngg%‘gééjél PEFnd Ot V{Zi‘ccfi%%ppylic | pLepded {0 4R 8 T
‘ part can be a fatty acid such as palmitic, stearic,
5 behenic, oleic or mycolic acids. It is mentioned that these
-lipopeptides induce the antibodies synthesis.
The'publication of Wiesmliller et al (Vaccine, volume
7, n°l, 29-33, 1989) desc:_:ib_es thé use of a . lipopeptide
comprising a bart of the sequence of the fMDV (VP1) wvirus
10 and the P3CSS lipid to induce the synthesis of antibodies.
' The abstract of the publication of Jacob. et al;
(Qhemicai Abstracts, vol. 104, n° 21, 472, abstract 184.455
x , 1986) relates to the inducﬁion of the antibodies
synthesis by a lipopeptide comprising the tetanus toxine
15 bound to a dipalmitoyl reét. ‘
| . The abstract of the publication of Watari et al.
(Chemical Abstracts, vol. 106, p 516, abstract n° 154 381
u, 1987) relates'to'the use of some peptides correébonding
to. the N-terminai region of'tﬁe D glycoprotein of the HSV

20 virus coupled to the palmitic acid. It is cléarly indicated

in said publicétion that there is induction of a T cells

mediated response but that this response is not due to
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conprising sone peptide-fatty acid conjugates. The fatty acid mhich.

Is used is the palmtic acid:" However, this vaccine conprises also
Freund's adjuvant. - o - To the know edge of the applicant, only
DERES et aytotdmicire, 1ophoeyBd®, 30 Novenber 1989) have des-
cribed the use of a synthetic |ipopeptide to induce. cytotoxic T

.Iynphocytes (CTL) in Viwm.othex weferences relate to the synthesis and the
. Structural study of lipopeptides.
"The International Application WO 89 10'348 relates
5 to some fatty' acids derivated .lipopeptides,' such as the
aminoeicosanic, | aminodecanoic, ' aminotetradecandic,
bromodecanoic and bromododecanoic acids,
| It is mentioned that these compoﬁnds can be used as
adjuvants and .as carriers for vaccines, but without
10 providing any mean to use these compouﬁds. :
The abstract of the publication of Mercy et al.
. (Chemical Abstracts, vol. 106, n°25, 264, ébstract n°
209.643 p, 1987) relates to the structural analysis of a
lipopeptide composed of a fragment of a G virus protein and
15 of a lysine- palmitoyl rest.
This analysis of the state of the art therefore
shows that no technology applicable to various types of
antigenic determinants has been developed which enables the

induction of cytotoxic T lymphocytes to be obtained, with a '

high induced response, and which does not require the

administration of an adjuvant.
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3 the NP 147-158 fragment of a nucleoprote]n of the influenza
virus is coupled to tripalmtoyl-S-glyceryl- cysteinylserylserine (P3CSS).
It i.s shown that the NP 147- 158 peptide-P3CSS |ipid conjugate induces a

CTL response

agai nst Tha' geipgeidant NfRased fbunde igddpei¥engiy VS, that a

whereas mce i mmuni sed with the NP 147-158 peptine alone or wth the Ser
Ser-NP 147- 158 peqpdrtee dofotygerekdte - TCylwmipkocytes y gfrinstes aigaanttigen |

this virus.

10

15

I't should al so be noted that |ipopeptides have
could be induced in'  a host organism by immunising said

organism with a lipopeptide éomplex containing one of the
determinants of this aqtigen. |

Even more.surprisingly, the applicant has found that
this_ induction could be obtained for a- lafge number of
antigenic determinants of various pathogenic agents.

The present ' invention has thus for bbject' a
lipopeptide comprisiﬁg a peptide part having between 10 and
40 and preferably between 10 and_ 20 amino acids
approximately and comprising -at least bne antigenic
determihant, said lipopeptide also comprising one or more
chains derived from fatty acids comprising between 10 and

20 carbon atoms and/or one or more steroid groups modified
and coupled on the aNHy or eNH functional groups of said

amino acids.
‘Said fatty acid derivatives may be in particular 2-

aminohexadecanoic acid (b,'L) of the following formula (I):
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al ready been used to induce immnol ogical reactions to specific antigens,
but the responses generated involve the synthesis of antibodies and not T
| ynphocyt e responses. HOPP ( Mol ecul ar | mmunol ogy, 21, 13-16, 1984)
has shown that antibodi es rai sed against a determ nant of the hepatitis B
virus_coul d be obtained by inmmunising rabbits wusing a nolecule consisting
of a peptide of 15 amno-acids corresponding to the antigenic determ nant
of the hepatitis BWN us and of a pseudolipide residue, di-palntoyl

| ysi‘ne. 2 :

Hool
4

N-&-palmitoyllysine (L) of the following formula (II):
10 - >’j_\f (\/\/\/\/\/\/\/

or its derivate having the following formula :

15

46
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4 The

application

EP- 93

851

descri bes

sone |.i popepti des

“conprising a peptidic sequence of 6 .to 50 am no-acids bound to a

| i pophylic part.
pal mtic,
t hese

stearic,
Ilpopeptldes i nduce the antibodi es synt hesi s.

This |ipophylic
behenic, oleic or

nycol i ¢ aci ds.

part can be a fatty acid such as

i's mentioned that
‘"The publication

It

of. Wesniiller NiN'atdipatwitoyllyisime 71L)n*pPf 20he3 fabbmyin@sc ¢m1$1@he

use of a |lipopeptide
pop P Y1)
5
Hooc_\\v/gqq\f -
K* o
NH oz <5
0
10
15 pimelautide of the follqwing formula (IV):
0 - |
//~;¢/“\¢/\\//~\v/h\y/g\ﬂH/J\“D“H woH
12 . ' “ug,/-~wu1,
. (ONH
| ¢y M ow
&
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conprising a part of the sequence of the FMDV (VP[err]) virus and the
P3CSS lipid to i nduce the synthesis of antibodi es. The abstract of .
t he:publication of Jacob et al; (Chem cal Abstracts, vol. 104, n* 21, 472,
abstract 184.455 x , 1986) relates to the induction of the antibodies
synthesis by a |ipopeptide conprising the tetanus toxine bound to a
di pad mtoyl rest. The abstract of the publication of Watari et al.
(Chem cal Abstracts, vol. 106, p 516, abstract n* 154 381 wu, 1987) relates
to the use of sone peptldes correspondi ng o

' trimexautide of the follow1ng formula (V):

/\/\/\/\/\) k\m)\w' woor

o2 . . ot . | F‘JL
““wa;\w,,
wooe '

10
15 or one of their derivatives. |
Sald .steroid - groups .may be N{}[(cholest-s-enyl-3—
oxy)acety1]1y51ne (L) of the following formula (VI):
ﬂém\§<<éﬁaou
20 _ N

HNY\O
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to the N-ferninal

the palmtic acid.

region of the D glycoprotein of the HSV virus coupled to
lt is clearly indicated in said publication that t.here

i's induction of a T cells nediated response but that this response is not

due to

5 cytotoxic T | ynphocytes.

Two QIher references relate to the synthe5|s and the

5. (cholest-5-enyl-3-oxy)acetic acid of the following

formulé (VII)

10

Ho o
\H/\ o | T
o .

or one of their derivatives.

15

The peptide part may be a fragment of any pr6~

tein derived from -a pathogenic agent having an

antigenic determinant.

Such proteins may be especially the proteins of

the HIV1 or HIV2 wvirus, in particular the protein

20 = encoded by the ENV gene. In this cdse, the fragmehts

10
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structural study of |ipopeptides. ' The International Application WO
89 10 348 relates to sone fatty acids derivated |ipopeptides, such as the
am neei cosani c, am nodecanoi c, am not et radecanoi ¢, bronodecanoic

and br OWDdOdeCQﬂQLQZfﬂCbQ’S 302-336 dy | e@&&éﬂﬂﬁgeﬁﬂg tﬂ@éa o s R b %;dl ng

be used as adjuvants and as carriers for vaccin mnthout provi
any rmean to usghéhg3e;ceRROWHlience (HyerTshe @bsiBackasbohhe spyhl '.fcﬁééﬁ}&'s

Mercy et al. (Chen1ca| Abstiacts, wvol n*25, 264, abstract
' T.F. Smith and E. Wong- Staal (Eds ), 1989, Human retrovirus
and AIDS, Los Alamos Laboratory II:59).of this protein, td-
5 form the conjugated lipopeptide molecule.

The present invention has also ﬁor object vaccines
against viruses or parasites comprising one of the above
described lipopeptides and particularly vaccines againsf
diseéses linked to HIV viruses, said vaccines comprising

10 advantageously a fragment of the protein produced from ENV
geﬁe.

The . present | invernition relates moreover | to
pharmaceutical  compositions containing an efficient
quantity of at least oﬁe bf the compounds above described

15 in association with one or'severél diluents or a&juvanté
compatible and pharmaceﬁtically éccepﬁable .These
'éompositions are in particular intended for treating the
diseases linked with the HIV viruses by induction of

cytotoxic T lymphocytes.

11
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209. 643 p, 1987) relates to the structural analysis of a |ipopeptide
conposed of a fragment of a Gvirus protein.and of a |ysine-palmtoyl

rest. . This analysis of the state of the art therefore shows that
no technology applicable to various types of _antigenic determ nants has
been devel oped whi ch BraPresent inyeleiPBnrefatpsordsioc tP (tARHAKS G the

be obtained, with a -high induced respon i i
admrﬂstraiionaB?V%nQ%ﬁaﬁkQﬁq lipopepti gé f@g ?Qh%nigg%%'¥ﬁer%%ngaége

animal body against pathogenic agents by inducing cytotoxic
T iymphocytes. Such pathbgenic agents may be viruses which
5 have substantial cytoto#ic'activity,'in particﬁiar the HIV1
-and HIV2 viruses, and certain parasites. |
Said lipopeptides may also be used against certain’
cancers in order to induce a CTL response specific for
cértain tumor cells. _

.10 The.lipopeptides whiéh are the object of the present
invention may be obtained- from protein and psehdo;ipid
constituents by methods known to a person skilled in the
art, in particuiar, either by coupling the. amino acids
éomprising the peptide part to‘the pseudolipid immobilised

15 6n a resin, that is to say by solid phase synthésis, or by.
coupling the pseudolipid to a peptide immobilised in a.
solid phase. |

It should be noted that the lipopeptides

: 12 Sheet Has Been RTlaced
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6 The applicant has found, surprisingly, that a response of
cytotoxic T |lynphocytes against an antigen could be induced in a host

one-of The’ cPRTAIE &P (FHE ARVPOEAOR “hove By ek emnetaRLE ARy

the %pplicant q:%sgef Oo'%d ?ng capable of belng adapted for inducing
cytotoxic T lymphocytes against any type of antigenic
determinant 6f any pathogénic agent.

5 . Additionally, the present invention 'aiso
relgteslto the following synthetic intermediates:

2~tert-butyloxycarbonylaminohexadecanoic acid (D,L) of

the foilowing formixla (VIII):

wE
. | >{N/\/\//\/\/\/\

16

20 ' N:‘X.-tefbutyloxycarbonyl—f—palmi'toyllysine l(L') .of  the

13
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this induction could be obtained for a |arge nunber of. antigenic
determ nants of various pathogenic agents. The present invention has .
thus-for object a |ipopeptide conprising a peptide part havi ng between 10
and 40 and preferably between 10 and 20 amno acids approxinmately
and conpr|5|rm)fgll&ﬁgﬁg Egragﬁgggg' determ nant, said Ilpopeptlde al so
conpri sing one or nore alns-deriy d fromfatty aC|ds conpri si ng between
10 and 20 carbon atons and/or one or nore steroid groups nodified and
coupled on the [era]NHEﬁL‘%;or [err]NH err] functlonal groups of said

MJ>_'/’—\_' (\/\/\/\/\/\/\/

5

Nfq'fluorénylmethylokycarbonyli;palmitoyliysine (L) of

the following formula (X): |
10

“
o\(
"g_fx

15 wool

20 N—4X§tert—butyloxycarbonyl—Z{(cholest—s-enylfB-

14
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amino acids. Said fatty acid derivatives .may be in particul ar 2-
am nohexadecanoic acid (D, L) of the followng formula (I):
7 : '

'oxy)acetyl]lysine (L) of the following formula (XI):

| %zo HN___-CooH
i :
_ o ] :

5
‘10 or &%&fluorenylmethylbxycarbonyl{%[(cholest—s—eny1—3—
oxy)acetyl]lYSine (L{ of the following formﬁ}a‘(X;I):
115
20

15
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N—[err] paln1toy||y5|ne (L) of the follow ng formul a (II) [err] or
its derivate having the follow ng formula

»

10

15

or one of their derivétives.

The present invéntion is illus;rated, without being
limited in any manner, by the following examples of
appiication in which Figures 1 and 3 represent the reverse-
phase HPLC speétra of the 1lipopeptide V3GP120, 312-327
succinyl during preparative and analytical electrophbresés
respectively.

Figure 2 fepresents, for its part, its mass
spectrum.

EXAMPLE 1:

antheSes of pseudolipid residues (or ' hydrophobic
molecules),
1. Synthesié of tert-butyloxycérbonyl-z—_
aminohexadecanoic acid. |
1.1. Synthesis of.2-aminohexadecanoic acid.

Empirical formula: CigH33NOg3,

16
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Terr]

following formula (I11):

S

10

15

20

8 N, N -dipalnitoyllysine (L) of the

Molecular weiéht271.44

Procedufe:

0.0298 mole of 2-bromohexadecanoic acid (10 g)
and 100 ml of a 28%_501ution of NH4OH are introduced
into_ an autoclave previously cleaned with 50% nitric
acid and 10% phosphoric acid. After stirring, the auto-
clave is heated at 60°C for 15 hours. The nascent amino .
derivative precipitates in the reaction mediﬁm. After
cooling, the autoclave is washed, the water dispersed
and the ethanol removed. The reaction mixture is fil-
tered on sintered glass with; a porosity of 4 The
difference in solubility of the various products in
etﬁanol medium enables the removal of -traces of
2-bromohexadecanoic acid by rinsing.

Amount of precipitate obtained: 4.37 g; yield
of 54%.

Remarkﬁ The - 1nsolub111ty of the amino der1va~
tive was checked in numerous solvents (water, ethanol,
acetic acid at low temperature, 70% fqrmic_acid,.éthyl

acetate, toluene, toluene/acetonitrile, ethyl acetate/

17
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[err].

10

20

-pi el auti de of the followng forrmula (IV):

"acetonitrile). Among all the .solubilization assays

tested, .only the action of a specific detergent (tri-
methylbénzylammdnium'hydroxide) or boiling acetié'acid.
dissolved the amino derivative.

The dried precipitate is taken up in 150 ml of

“acetic acid which is refluxed until a yellowish clear

solution is obtained. The colored pigments are absorbed
on vegetable chafcoal. After filtering-on'folded filter
paper, the ﬁﬁrified amino derivative is obtained by
crystallization from the eluate. The white crystals
obtained are recovered oﬂ .sintered glaés with a
porosity of 4, washea with cold acetic acid befo;e.
being dried'ih a desiécator over 5205.

Yield: 46% (the product being in acetate form,
a MW of 330.48 is used).

The purification yield is equal to_85%.

1.2. Synthesis of  -tert-butyloxycarbonyl- 2-

" aminohexadecanoic acid.

- Empirical formula: Co1H,1NO4

~ Molecular “eight:371.557,

18
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LR N I T o s T T S Y e e e e e -t e A T L a e . meae

trlnexautlde of the follow ng fornula (V) [err]

-

- Procedure:
Dissolution'of 2-aminohexadecanoic acid.
1.1 equivalents of "Triton" (benzyltrimethyl-
ammonium hydroxide) in solution at 40% in methanol
5 (2.9 ml) as well as 106 ml of DMF are added to 5 mmol
of amino acid'in.acetate form (1.655 g).'The reaction
mixture is left stirred at room'temperature until com-
plete dissqlution. Thé DMF is. then evaporated using a
vane pump. Thé-residue is dried in a desiccator over
10  P,0s.
Protectionlof the_aming funcﬁional group.
' The dry residué is dissolved in a mixture con-
sisting of 36 ml of water, 8 ml of 1IN KHCO4 and 30 ml
of tert-butyl alcohol. 2.5 equlvalents of terbutyl—
15  dicarbonate (MW = 218.25) are added to this solution.
The pH is adjusted to between 8 and 9 using a 1IN
solution of Na,CO; and maintained constant during the
initial hours of the reaction. The kinetics of coupling.
are monitored by thin-layer chromatography on siliqa.

20 After evaporating the tert-butyl alcohol under

19
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or one of their derivatives. Said steroid groups may be
N-[err]-[(chol est-5-enyl - 3- oxy)acetyI]IyS|ne (L) of the follomﬁng fornula

(M) Lerr] 'vacuum, the product is taken up in 100 ml of water. The
l_ équeous phase is acidified io pH 3 with a 1N solution.
of HCl. The Boc-amino acid is extracted with ethyl
acetate (2 X100 ml). The organic phase is.washed‘with
5 distilled water, dried over anhydrous Na;SOg4, filtered
and then concentrated using a rotating evaporator. 4 ml
of hexane are added to the oily residue. Crystalli-
zation of_the-Boc-amino acid is enhanced by coéling in
é cold cﬁamber. The white crystals are recovered on
10 sintered glass with a poroéity of 4, washed wifh hexane
‘and dried in a desiccator oVer_ons.
Yield: 16 to 18%.
i.3. Purification and characterization..
1.3.1. Purification. |
15 . ' Successive'recrysﬁallizations made-it possible
to increase the purity (increase in the melting point).
The purification led to a reductq'.on in yield of not
' more than 2% for gminohexadecanoic acid and of not more
than 1% for the pro;écted amino acid.

20 - 1.3.2. Characterization.

20
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10 . (chol est-5-enyl - 3-oxy)acetic acid of the following fornula (VII).

A. Melting point:
Product = . Melting point obtained

~ 2~-Bromohexadecanoic acid : 56°C
2-Aminchexadecanoic acid 144°C
5 ' tert—Butyloxycarbonyl=;2 -
aminohexadecanoic acid | 85°C

'B. Thin-lavyer chromatograghg on silica.
The solutions (10 to 20}&. of a solution at

1 mg/ml) are deposited on thin-layer silica. (Mexck
10 silica'gel 60 withbut fluorescence indicator); |
2—Broméhexadecanoic acid is dissolved in
ethanol, 2-aminohexadécanoic acid in boiling acetiq
acid, and terthutylokycarbonyl—z—aminohexadecanoic.aéid in
dichloromethane.
15 Choice of the migration solvent.
| The various systems chosen are:
System A: buténol/ethyi acetate/acetic acid/water in
.'the volume/voiume proportions: 1/1/1/1.
- System B: ethyl acetate/pyridine/acetic acid/watei in

20 ‘the v/v proportions: 5/5/1/3.

21
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or one of their derivatives. The pepti de part may be a fragnent of
any pro- tein derived froma pathogenic agent- having an antigenic
det erm nant . * Such proteins nay be especially the proteins of

System .C: chloroform/methanol/acetic acid in the v/v.
proportions: 10/1/0.1.
Developing;
After migration in the system of suitable
5 solvents, the thin layers are dried for 15 minutes at
120°C- before being developed afﬁer spraying with a
dé#eloping reagent.
- The ninhydrin reagent which is specific for
~primary amino functional groups enables the detectioh
10 of the unprotected aminohexadecanoic acid but also of
the Boc-amino acid, the -spraying of 20% acetic acid .
followed by drying at 120°C enabling the displacement
of the Boc group. |
The spraying using a reagent comprising 20 g of
15 (NH4) 2S04, 3 ml df H,S04 and 100 ml of H,0 enable the
simultaneous developing‘of the three products. In this
technique, the drying, after spraying, in the thin-
layer chromatography is carried out using an epi-
radiator (porcelain- resistance witﬁ _.infrared

20 radiation).

22
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the HVli.or HV2 virus, in particular the protein encoded by the ENV gene.
In this case, the fragnents 312-327 or 302-336 nay be

advant ageously used depending on the HI.V1-BRU sequence (Hyers, C. A B.

Rabson, S.F. Josephs, T.F. Smth and E. Wng-Staal (Eds.), 1989, Human
retrovirus and Al DS, RegalAl:anps Laboratory I11:59) of this protein, to

Product ' _ Solvents RE
2-Bromohexadecanoic adid System A 0.5
System B 1
5 System C 1
2-Aminohexadecanoic acid System A 0.82
System B 0.94
System é 0
tert-Butyloxycarbonyl-2-amino-
10 hexadecanoic acid ' System A 1
| .System B 1
System C 0.67

23
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formthe .conjugated |ipopeptide nolecule. The present invention has
al so for object vaccines against viruses or parasites conprising one of

t he @above described |ipopeptides and particularly vaccines agai nst :
di seases |inked Masd \Speciisaset Spi (PDMSCBDBSIONNPO)Si ng advant dageously a
fragment of the protein produced from ENV gene. The pr esent
invention réleateButwiaxgearbonyl - phaminchexadatancbapacidi spectrum.
containing an eff|C|ent guantity of at |east one of,_the cgnpounds above

descri bed MW (g) (M-H) ragments
Theoretical MW © 370.557
5 | Experlmental MW 370.8 270

The experimental molecular ioh and the theoretical
mblecﬁlar ion havé an identical weight. The molecular ion
is fragmented; the Boc group (peak.at 270) is released. The
296.6 peak’ reptesents thé ion with a weight of 270

10 containing the CN group (nitrocellulose}.
2. Synthesis of 3-B-(2'-carboxymethoxy)-cholest-5-
ene.

2.1. Synthesis of cholesteryl tosylate. .

Empirical formula :C34H53503,

15 Molecular weight: 540.83,

Procedure:
" After dissolving 25.86 mmol of cholesterql (10 g) in

a minimum of pyridine (5 to 10 ml), an excess of tosyl
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in association with one or several - diluents or adjuvants conpati bl'e and
pharmaceutical |y accept abl e . These conpositions are in particular
intemded for treating the diseases linked with the HV viruses by

i nduction of € %BFSSFC (10 @hpHyh agnol) is added. After stirring for 122

.hours, the pyrldlne is removed by evaporating to dryness
The residue is solubilized 1n 20 ml of acetone at high
temperature (the temperature is malntained below 55°C to
5 avoid the formation of 0il). The mixture is filtered. The
cholesterol tosylaf.e is obtainéd by crystallisation from
the eluate. The white crystéls obtained are_ washed. with
- cold acetone_and-dried in a desiccator over P320s5.
Yield : 82 to 85%.
10 ' 2.2 Synthesis of 3 B-(2'-hydroxyethoxy)-cholest-~5-
ene.
- Empirical formula :C29H5002. |
- Molecular weight: 430.7i.—
- Procedure: |
15 30 ml of ethylene glycol (480 mmol) are added to
| 17.5 mmol of cho'lestei:yl' tosylate (10 g) dissolved in 120
ml 'of dioxane. The reaction mixture is refluxed for 4 hours
at 120°C. After cooling, it is taken up in 150 ml of

distilled water. The alcohol derivative

“\\ii\\\\\\\\(i\\i“\i\“ﬁif“ ‘



The bresent -invention relates also to the use of the above described
| i popeptides for inmunising the human or ani mal body agai nst - pat hogenic
agents by inducing cytetoxic T | ynphocyt es. Such pat hogeni c agents may be

it ol 88 PRGN el i R e
e oo SO L EFSLERR, PV LSS WG i SE RO EOSERS 1T ©
the present 4500 ml) and distilled water (2X 200 ml). After drying
ovei anhydrous :Nazso4, the ethereal sqlution is
5 concentrated until an bil is.obtainedmfAfter adding 4
ml -of hexane, the crystallization is started by fubbing'
and cooling in a cold chamber (4°C). The white crystals
are recovered on'sintered glass with a porosity of 4
‘and washed' with hexane before being dried in a
10 desiccator over P205. |
~Yield: 32 to 34%.
| 2.3.  Synthesis of 3/?- (;'-carboxymethoxy)-
cholest-5-ene.
- Empirical formula: CogqH,g03,
15 - - Molecular weight:444.69.
- Procedure:
'The oxidizing solution is prepared beforehénd:
it Comprises 2.67 ‘g of chromic anhydride, 2.3 ml of

concentrated H,504, the volume being brought to 10 ml

20 with distilled water. The oxidizing medium is added
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I nventi on may be obtained from protein and pseudolipid constituents by
met hods known to a person skilled in the art, in particular, either by
coupling the. amno acids conprising the peptide part to the pseudolipid
i mobilised on a resin, that is to say by solid phase synthesis, or by
coupling the p@egnuispldtoo 4. @eptminad. | fMoBY) | SEfd 37 Ba ( 23 olhiydinhasthoxy) -

It should be noted that the |i popeptides

cholest-5-ene dissolved in 50 ml of acetone. The progress
oﬁ the reaction 1slmon1tored by thln—layer chromatography.
Once the reaction is"completed,' the reaction, medium is

5 ~ taken up in 250 ml of distilled water. The acid derivative
'is extracted with ethyl acetate (3 x 200 ml). The organic
phasé is washed w’iih distilled water (2 x 200 ml), dried
over anhydrous NazSO4I and concentrated until an oil is
obtained. 4 ml of petroleum ether are added to the oil. The

10 crfstaliisation of the acid derivative is enhanced by
cooling in a cold chamber (4°C). The white crystals are
recovered on sinfered glass with a porosity of 4, washed
‘with petroleum ether and dried in a desiccator over P05,
Yield : 29 to 31%.

15 2.4. Purification and characterization.

2.4.1. Purification.

Cholesteryl p-toluenesulfonate is purified by
successive recrystallizations in acetone. %3-(2'-

hydroxyethbxy)—cholest-s—ene and the acid derivative

27
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13 according to the invention have the notable advan- tage of being
capabl e of being adapted for inducing cytotoxic T |Iynphocytes agalnst any
type-of antigenic determ nant of any pathogeni c agent.

Synt hetic | i o Redea R Been, BETama of %%ﬁ&?ﬁ%%%%%etx%‘d%%ﬁ%%‘?é?ﬁé?‘ﬁg |
(D, L) of the fghlggﬁ@gatornula_(Vlll)
A. Thick-layer chromatography on silica.
The depositions are carried out on a thick .
5 layer of silica (Merck silica gel 60 PFyg, witﬁ a
-fluorescence indicator), the spots being detected bf
ultraviolet radiaﬁion.

A solution containing 0.250 mg of product is

deposited on the silica plate, the products have both

10 been dissolved in dichloromethane. -
Product . - - Solvent Re
3;;r(2F4Hydroxyethoxy)— | Petroleum ether/ 0.48
cholest-5-ene N . ethyl éther
Volume/volume
| 15 ‘ _ : proportions: 1/1
35,12'—Carboxymethoxy)-. . Petroleum ether/ 0.52
cholest-5-ene : ethyl ether/ |
| methanol

v/v proportions: .

20 ' _ 10/10/3 |
The two products were extracted from the silica

28

This Sheet Has Béen Re lace

AR




[err]

of

t he

i0

15

- 20

W

N—[err]-terbutyloxycarbonyl-[err]-palnitoyllysine (L)

-with methanol. A loss equivalent to about 30% of the

amount deposited is observed for each of the products.
C2.4.2. Characterization.

A Melting point.

Product Melting boint Melting
| (literature) peint
Cholesteryl para-toluene-
sulfonate . 131.5°C~132.5°C 128°C
(2'-Hydroxyethoxy) 1102°C-104°C . 99°¢C
2'-Carboxymethoxy) - . | ' _
cholest-5-ene : o 160°c-161°'Cc 157°C

B. Thin-laver chromatographx
The depositions (10 to 20/ullof a 1 mg/ml

solution are carried out on a thin layer of silica with~
a fluorescence indicator (Merck Kieselgel 60Fjg4).
The dissolution of the various products is

carried out in dichloromethane.

After migration in the suitable sclvent
system,~the thin layers are dried ih air before being
developed either by'ultraviolet radiation or'after
spraying with HC10, (20%) and drying in an oven (120°C
for 20 minutes). '
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14 *following formula (I1X): [err] _ .
N-[err]-fluorenyl nmethyl oxycarbonyl-[err]-palmtoyllysine (L) of
_ ' Resultf
Various solvent systems.
System A: Ethyl éthér/petroleum ether in the volume/
volume proportions: 1/1. _ '
5 System B: Ethyl ether/petroleum ether in the v/v pro-
portions: 1/2. | .
System C: Petroleum ether/ethyl ether/methanol in the
v/v proportions: 5/5/1.
System D: Petroleum ether/ethyl ether/methanol in the
10 v/v proportions: 10/10/3. ' .
System E: Petroleum ether/ethyl ether/methanol in the
v/v proportions: 5/5/2. |
System F: Ethyl ether.

Product ' Solvent system | Rf
15 Cholesterol - System A ~ 0.54
System B . 0.3

System F 0.95

Cholesteryl para-

toluenesulfonate ' System A 0.85
20 - | System B 0.62
System F - 1

3/?*(2'—Hydroxyethdxy)‘

cholest-5-ene - System A . " 0.41
System B _ _0.24
30
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the fol lowing formila (X): [err]

10

15

System F ' 0.9
3B-(2'Carboxymethoxy) -
cholest-5-ene , System A 0
.System B 0
System C 0.1
System D 0.42
System E 0.78

System F Streaking effect:

C. Mass spectrometry (PDMS)

Analysis af the'3B—(2f—carboxymethoxy)—cholest—S—ene.

MW (g) (M-H)
Theoretical MW 443.69
Experimental MW 443.1

The experimental molecular 4ion and the theoretical

molecular ion have an identical weight.
p.%3¢ nuclear magnetic resonance.

Analysis of the.3 B—(z';carboxymethoxy}cholest-5-ene
3pectrum was carried out by comparison with the 13C NMR
spectrum'oficholesterol.

The dissolution of the cholesterol and the 3 fB-(2'-

carboxymethoxy)cholest-5-ene was performed' in deuterated

chloroform.

- 31
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N—férr]~tert-buty|oxycarbonyl-[err]f(cholest-5-eny|-3-

15 .-?xy) acetyl ]l ysine (.L) nglgg%efr%lll osle)ﬂ'eréq:rfu(t)nr.rml a (Xi): [err]
| Peaks d(ppm) obtained attribution theoretical
. ' - ' d(ppm)
1 140.7606 C5 or Cé6 alkene func-
5 _ | ' ~ tional group:
' d(ppm) from, .
_ ) 100 to 145
2 121.7064 : C5 or Cé6
. 3 78.5715 CDCl4
10 4 76.9981 CDCl4y
5 _ 75.4010 CDCl4 . :
l' to 22° 71 to 11 alkane func-

tional groups.

3/?-(2'—Carb0xymethoky)cho;est—s-éne spectrum.

15 Peaks d(ppm) obtained attribution theoretical
y ' : : ' d(ppm)

1 172.2923 - c2' - ' acid func-
' tional group:
. : d(ppm) from
20 : | ‘ 160 to 185
2 139.8394 C5 or C6 alkene func-
B tional group:

d(ppm) from
100 to 145

25 3 122.5233 C5 or C6 alkene func-
: tional group

32
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or ~'N-[err]- quorenyInethyloxycarbonyl [err][(cholest 5-enyl - 3-
oxy)acetyI]IySIne (L) of the followng fornmula (XI1): [err]

- 10

15

20

to 31

ether func-
tional group:
d(ppm) from 45

_ . to 80
79.2943 Ccl' ' + slight dis-
' placement
78.5903 . CDCl;
77.0089 CDCl4
. 75.4146 - CDC13
65 to 11 alkane func—‘

tional groups.

E. Elemental analysis.

Elemental analysis of3f342'—carboxymethoxy)cholest -5-

ene gave the following results:

Theoretical Obtained

‘% carbon B 78.3 76.25

$ hydrogen . 10.9 10.9

$ oxygen . . 10.8 . 12.5
EXAMPLE 2: - Synthesis of the lipopeptides.

LAV_pRru

I. Method for coupling 2-aminchexadecanoic acid

The 312-327 region of gpl20 of the HIV-1

virus was chosen for sequences constructed in

lipopeptide form in order to study the cytotoxic T

response. 3 preparations were carried out using this

33
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16 “or one of their derivatives. The present invention is
il lustrated, without being Ilimted in any mannér, by the follow ng
exanpl es of application in which Figures 1 and 3 represent the reverse-
phase HPLC speckkguehckhe |ipopeptide V3GP120, 312-327 succinyl during
preparatlve and anal ytical electrophoreses respectively.

The synthesis was carrled out in solid phase

'_(MERRIFIELD- R.B., 1963, J. Am. Chem. Soc. 85, 2149-
2210). | |

5 | All the 1lipopeptides were synthesizeq on a

| benzhydrylamine resin (charged at 0.72 millimole/gram).

in all cases, the first amino acid grafted was 2-Boc-

aminohexadecanoic acid (2 equivalents). This made it

possible to obtain constructs where the C-terminal

10 ‘amino acid was 2—ahinohexadecanoic acid in amide form

- in order to avoid the presencé of a charge near the

hydrophobic aliphatic chain. After acetylation with

acetic'anhydride in basic medium; in order to blbck the

free reactive sites, the cleavage of the N-terminal Boc

15 and then the coupling of the first amino acid of the

sequsnce were carried out.

All these stages were carried out manually,

which made it possible: to carry .out very precise

controls of the coupling of fhe pseudolipid amino acid

20 and the first amino acid on the latter.
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Figure .2 represents, for its part, its mass spectrum EXAVPLE 1
Synt heses of pseudolipid resi dues (or hydrophobic ol ecul es).

1. . Synthesis tert-butyl oxycarbonyl -2- am nohexadecanoi ¢ aci d.
1.1. . Synthesis of 2- é%@%ohe?&&@é&ﬁﬁ(:eﬁﬁ?ﬁvatOr Efpi r ikemzotarimaqlyl-N-

C[err]H[err]hKi ELladlmethylamlnophosphonlunl hexafluorc-phosphate (BOP)
in the presence of hydroxybenzotriazole (HOBt) and
diisoprbpyléthylamine .(bIEA); By virtue of this very

15 ' efficient coupling method, the yield of these two coupling
reactions was alWays. greatér than 99.5% despite the
substantial steric hindrance due to 2—Boc~amihohexadecanoic
acid. | |

Tﬁe rest of the sjﬁthesis was carried out in a
10 conVentional manner, automatically, - up to  the last amino
-acid. At tﬁis stége, the peptidyl-resin Qas divided into 3
batches, treated manually: |
-.1 batch was preserved as such;
- 1 batch was grafted'using 2-Boc-aminohexadecanoic

15 acid.

| The manual coupling (using BOP) of the latter was
lelowed by cleavage of the N-terminal Boc and acetylation
of all the.amine functional groups thus exposed. This made
it possible to avoid the presence of a charge near the

20 "hydrophobic aliphatic chain of the pseudolipid amino acid,

1 batch was grafted using diBoc, Nd,a—lysine. Manual
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17 - Mol ecul ar -wei ght 271 . 44 . Procedure: 0. 0298 nol e of

2- bronohexadecanoic acid (10 g) and 100 nl of a 28% solution of NH err]CH

are rntroduced ilﬂ()fgkautoclave previously cleaned with 50%nitric acid
Crel

and 10% phosphoric a Af EERPLENEr | nGCHUYRtAR 0- 18| avdeneofTdia@e larl -N-
60[eir]C for 1§x98¥ gdi&@?hgﬁgﬁgﬂgpgggBgoniunl hexafluoro-phosphate (BOP)
in .the presence of hydroxybenzotriéiolg (HOBt) _ and
diisoﬁropylethylamine (DIEA); By virtue.'of this very
5 efficient coupling method, the yield of these two coupling
reactions wasi always greater thén- 99.5% despite the
substantial steric hindrance due to 2-Boc-aminohexadecanoic
acid.
. The rest of the synthe#is was carriéd out in a
10 conventional manner, automatically, up to the last amino
acid. At this'stage, the peptidyl-resin was divided ihto 3
batches, treated manually: |
- 1 batch was preserved as such;
- 1 batch Qas grafted using 2-Boc-aminohexadecanoic
15 acid.
The manual coupling.(using.BOP) of the. latter was
followed.by cleavage of the N-terminal Boc and~acetylation
of all the amiﬁe functional groups thus exposed. Th;s made

it possible to avoid the presence of.a charge near the.

20 hydrophobic aliphatic chain of the pseudolipid amino acid,

1 batch was grafted using diBoc, No,e-lysine. Manual
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derivative precipitates in the reaction nedium After cooling, the
autocl ave i s washed, the water dispersed and the ethanol renoved. The
reaction mxture is fil- tered.on sintered glass with a porosity of 4 The
difference in gﬁﬁﬁbingtyuginghﬁovérp@u§h§rdéﬁ¢@§'MWS épﬂdmmednhﬁlﬁﬁeﬁw&m@s
the renmoval of traces of 2-Dbronphexadecanoic acid by rinsing.

Amount of precPpi thee i BYedgraupy gndyithey m%‘?“%ll%°u911ng oferRa it

insolubility of e am po deriva-
y ag&g usgng BOP). We thus obtalned peptldes having a

dipalmitoyl-lysine in the N-terminal position.

5 _ | These couplings, carried out . manually, were the
subject of a strict control which révealed'yields that were
always higher than 99.5%. These results confirm tﬁe
advantage of uéing BOP as activating agent in peptide
synthesis,:especially for coupling péeudolipid amino acids

10 0£ for coupling to the latter. The synthetisiéed
lipopeptides were then cleaved from their support. The
1ipope§tides derived from the 312-327 sequence were cleaved
by anhydrous hydrofluoric’' acid treatmeﬁf. The cleavage
yields-ére quite low, between 40 and 70%.

15 ' There are at least two explanatidns for these

© values:
1) lthe ciéavage, of .a péptide ‘grafted on a’
benzhydrylamine. resin' is never total .under the usual
cohditions of cleavage;

20 - 2) the presence of 2-aminohexa-
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tive' was-checked in numerous solvents (mater, ethanol, acetic acid at |ow
tenperature, 70%formc acid, ethyl” acetate, toluene,

t ol uene/ acetonitrile, ethyl acet at e/ ' 18
acetonitrile). devengicaldcid e dis@dotiy i 3at | @6ntassawsith eaixﬂ:.d @ ph t he
action of a.specific detergent (tri- nethylbenzyl anmoni um hydroxi de) ‘or

boi I i'ng aceti c caxithinllgsahpbdfiba @RiBOpHenbMahowe.
| After washing twice (TFAfether), the identity
of the.lipopeptides'was'aSsessed by amino acid analysis
5 - after total acid hydrolysis and, for some, by PDMS mass
| spectrometry. Their homogeneity was cheéked by thin

layer chromatography on silica and analytical reverse

phase HPLC. _
| II.. Methods for coupling pimelautide and tri-
10 mexautide

1) Method .for coupling pimelautide (or tri-

mexautide) to the N-terminal end of a peptide by means
of a succinyl link. |
This method applies to the fixing of unpro-

15 tected pimelautide_ (6r trimexautide) on a peptide
constructed in a solid phase, still fixed td the resin,f
and to protected side chains.

Both trimexautide and pimelautide (Rhdne
Poulehc) have ﬁwo free carbéxylic functional groups and

20 ‘a free primary amine functional group. The creation of
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The dri ed precipitate is taken up in 150 ml of acetic acid which is
refluxed until a yellowi sh clear solution is obtained. The col ored
pi gnments are absorbed on vegetable charcoal. After filtering on fol ded

filter paper, ghf,rgu@tfeitgﬂl?%{aé%ﬁ{ié L%c?ﬂd VBeE§e8PtS%Wéeq:§ﬁ‘tide. and the

crystallization fromthe _ Ite crystal obt'ai'ned are r ecovere'd
on sitntered gl apgmelbltaddeP S| t¥iRbxdutv@shedan tén ! Qe@%ﬁfe\?é‘d dpy

before being dried in a desiccator over Plerr](err]. Yield: "46%
(the product beusgngn wﬁﬁfﬁﬁiﬂéldﬁtide (or trimexautide) as amino
partner.
5 : The.succinylation.of the peptide on the resin
makes it possible to make'it the carboxylic partner.
DEPROTECTION ' |
| The terbutyloxfcarbonyl group, _which tem-
pérarily protects the N-terminal end'of.the peptide on
10. ' the resin, is cleaved by the action 6f a 40%'trifluoro-
acetic aéid solution in dichlqromethane for 20 minutes
with stirring.
The reéin'is washed with:
- twice 20 ml of dichloromethane,
15 _ - twice 20 ml of 5% diisopropy_lethylamine in
dichloromethane, |
- twice 20 ml of dimethylformamide (for
3 hinutes for each wash).
'SUCCINYLATION. |

20 It is. achieved by carrying. out the coupling
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a MV of “330. 48 IS used). " The purification yield is equal to 85%

1. 2. Synt hesis of tert-butyl oxycarbonyl - 2- am nohexadecanoi c aci d.
- Enpirical formula: C[err]H[err]hKIerr] - Mol ecul ar wei ght :
371..557 . three times by bringing the resin of the succinylation

solution into contact with:
- a fivefold excess of succinic anhydride (5%
solution in N-methylpyrrolidone) |
5 | - diisopropyleﬁhylamine in a stbiéhiometric
| amount relative to tﬁe 'amines_ of the resin (for
20 minutes with stirring).
ACTIVATION.
The activation of- the carboxyl now present on
10 the resin is carried out as follows: |
| the resin is subj'ected to the action of the
activating solution (for 15 minutes at room témperature
and with stirring): |
~ BOP (benzotriazolyloxytrisdimethyiaminophos—
15 phqnium hexafluorophosphate): 3 excesses with respect
to the carboxyls,:
-. HOBT (hydroxybenzotrlazole) 3 excesses with
respect to the carboxyls,
- diisopropylethylamine: i excesses with

20 respect " to the carboxyls in solution in - N-

4o




19 : - Procedure: ~ Dissolution of 2- am nohexadecanoi ¢ aci d.
1.1 equivalents of "Triton" (benzyltrinmethyl- anmonium hydroxide) in
solution at 40%in nethanol (2.9 m) as well as 100 ml of DWVF are added to

S mml . of anm naeddiyd pyrraaiddfe form (1. 655 g). The reaction mnixture is
| ef t stlrred at roomtenperature unt|I com plete dissolution. The DVF i's’

t hen "evapor at edwasHI®GE Vvane punp. The residue is dried in a desiccator
over ‘The solution is washed with:
| - 3 times 30 ml of dimethylfqrmamide,
5 - - 3 times 30 ml of dichlorométhane.
COUPLING:
The resin is subjected to the action of the coupling
solution:
- pimelautide (or trimexautide): 3 ékcesseé
10 - with . respect to the  activated ester . of
hydroxfbenzotriazole, |
-~ diisopropylethylamine: '3. excesses  with
respect to the ester} |
< 10% dimethyl sulfoxide
15 - 90% N-ﬁethylpyrrolidone:'sufficiept amount to
dissolve pimelautide (or trimexautide). -
The satura;ed solution is at abput 4% pimeigutide or
trimexautide after sonication and passage for 2 minutes

at 50°C.

20 . 2) Synthesis in solid phase of V3GP120, 312-327
41
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P[er}] Oferr].

The dry residue is dissolved in a mxture con-

Protection of the amine functional group.

sisting of 36 mM of water,

8 m of IN KHCOerr] and 30 mi" of tert-butyl alcohol. 2.5 equi val ents of
~ = 218.25) are added to this solution. The pHis

terbutyl -

adjusted to between 8 and 9 using

10

15

di ca

a 1IN solutlon of hb[err

CIIerr] and

500 micromoles of pimelautide (or trimexautide)

" are dissolved in 10 ml of a 0.1 molar solution of car-

20

bonate buffer at pH 9.5.

10 ml of a solution of diterbutyl pyrocarbonate

at 100 mmol/l are added.

A pH of between 9 and 10 is maintained for

100 hours by adding disodium carbonate.

The reaction mixture is then diluted with 10 ml
of water and’ 10 ml: of dlethyl ether and the washed
aqueous phase is ac1dified to pH 2.5 with potassium

hydrogen—sulfate.

o .
An extraction with 100 ml of dichloromethane

followed by:evaporation of the solvent using a rotating
evéporator leads to ‘the 'crystaliizatioh of Boc-
pimelautide ' (or Boc-trimexautide). |

| The incdrporation of Boc-pimelautide (or Boc-

trimexautide) by peptide synthesis in a solid phase

42
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20 vacuum the product is taken up in 100 ml of water. The aqueous phase
Is acidified to pH 3 with a 1IN solution of HCl. The Boc-amno acid is
extracted with eth acetate (2 X 100 m ). The organic phase is washed
with distilledI& E? ted tug 89§#t&ﬁﬁy&ﬁ&m$q%ﬂerr]SC{err] filtered and

then goncentrated usi ngy3 ppLaRs SIBP AR c iy

The cleavage of the peptide at the end of.the
synthesis is performéd using anhydrous hydrofluoric
5 acid. |
| The peptide is then purified by gel filtration
and type C4 reverse-phase pféparative HPLC.
Figure 1 represents the.preparative HPLC spec-
trum at 235 nm obtained for 20 mg of lipopeptide dis-

10 = solved in HCOOH.
The lipopeptide obtained is then analyzed by

tofal acid hydrolysis, by analytical C, HPLC chrbma—
,tography and mass spectrography | |
Figure 2 represents the mass spectrum. A dis-
15 tinctxpggk is observed at 2422.2 which corresponds .to
the weight of the lipopeptide. |
Figures 3a aﬁd 3b represent the analytical Cy
HPLC chromatography of the lipopeptide and of the
control without lipopeptidé respectively.

20 The chromatogréphic conditions are as follows:
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of hexane are added to the oily residue. Crystalli- zation of the
Boc-anmi no acid is enhanced by cooling in a cold chanber: The white .
crystial s are recovered on sintered glass with a porosity of 4, washed with
hexane and dried i salvast ctA)or over P209..5 YDAbo trif lnpriggetate,

1.3. Purification and characterization. 1.3.1. Purification.
Successive recypadalantzatsohsenhdB it possiObl’é to%i meedeydtmieleurity

(increase’'in the nelting point). .
: 0.5% trifluorocacetate,

‘ gradient from 10% to 80% in 120 min,
5 | measuremeﬁt.at a wavelength of 215 nm;
Dﬁring'the total acid hydrolysis, the diaminopimélic
acid (Dap) preéént - in pimelautide and trimexautide

constitutes a good coupling marker.

10
| Results of the total acid hydrplzsis

Amino nanomoles measured theoretical measured/
acids ' _ ' theoretical
Thr  3.2500 . 0.97 1 0.97/1

15  Glu 7.1000 2.11 2 1.06/1
Pro 3.1800 0.95 1 0.95/1
Gly 10.3500 3.08 3 1.03/1
Arg  6.6900 1.99 2 1.00/1
Val 3.3900 . 1.01 1 1.01/1

20 Ile 9.5800  2.85 3 0.95/1
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Thepurification led to a reduction in yield of not nore than 2% for-
am nohexadecanoi c- aci d and of not nore than 1% for the protected am no

aci d.

21

10

15

20

1.3.2. Characterization.

- A Meltingenoint: 3.3500 1.00 1 1.00/1
Lys '3.5200  1.05 1 1.05/1
Arg 9.9200 '2.95 3 0.98/1
Dap 3.500 1.05 1 1.05/1 .

EXAMPLE 3 -
Immunization against the peptide NP 147-158.

‘The immunizations of mice are carried out as

-follows:

Immunizations:

The mice were injected with the iipopeptide
preparations intraperitoneally (i.p.) or subcgtaneously
(Ss.C.), with or without adjuvant. '

At ieast two injéctions'(at intervals of 8 to
30 days) are necessary in order to obtain CTLs.

Each 1n3ectlon contalns 5 X 10 "8 mole of
lipopeptlde

Detection of the CTLs

8 to 21 days 'after the last injection, the

s

it

./4/
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Product . Mel ti ng point obtained 2- Br onphexadecanoi ¢ acid
56[err] C 2- Ami nohexadecanoic acid l44[err] C - _
tert~Butyl oxycarbonyl-Z - am nohexadecanoi ¢ aci d 85[err]C B

Thi n-1 h blica. ; t
I n-raver chr O%ié’gﬁagrfy1%?Mﬁg%gegeg\01§e Wi §8h\?6b'e€i“-s {rd. %P%ég?ﬁbr ck

[err]] of a solution at ted on"thin-tdyer s

silica gel 60 Wbboutof! UABBECAICR Wilid WPiured in vitds BIRMRACkRAGHRNOI C
acid is. dissolved I n . _
of !3}( 106 splenocytes/2 ml of conventional culture
_ medium (DMEM + 10% FeS + pyruvate +'no£é$sentia1 amino
5  acids +f;-2—mercaptoethandl) containing 5 JWM of the
?eptide corresponding to that involved in the lipopep-
tide construction. |
| From the 5th day of the in vitro culture, the
activity of  the 'lCTLs may be detected by the
10 conventional test of 510r release (Martinon et él., J.
Immunol., 142;3489-3494, 1989).
. The CTL activity is tested against' some
5yngenic target cells in the.presenée of the peptide
(NP 147-158 R™ ,P3CSS. PepNP or L,-Pep.NP) or _aga'inst
15'_ some . syngenic tafgeﬁ cellé infected by the influenza A
virus. -
‘ a The results obtained are summarized in Table I.
The first part of the table relates to the results

already obtained with the whole influenza virué, the

20 NP 147-158 R protein of the influenza virus  and the

46

This Sheet Has Been R

i I




et hanol ,. 2- ani nohexadecanoic acid in boiling acetic acid, and
tert-butyl oxycarbonyl - 2- am nohexadecanoi ¢ acid in dichl oronet hane.

Choi ce of- the m gration solvent. The various systens chosen are:
System A: butanol /ethyl acetate/acetic acid/ water 'in t he

~vol unme/ vol unePgFESoPEFds: Lipopeptidyst emlgClet hgionsists  of  the
acetéte/pyrldlne/acetlc acid/water in the v/v proportions:
5/5/ 1/ 3. NP 147-158 peptide coupled to tripalmitoyl-S-glyceryl-

cysteinylserylserine {DERES et al. previously
mentioned); ‘ ' |
5 ' The second part of the.table relates, on the
one hand, to the immunization'tria¥s carried out with
liposomes containing the NP 147-158 peptide and with
the lipopeptides.Ll, L2 and L3. These lipopeptides are
molecules cdntaining a. peptide part (NP 147-158) énd_a
10 Iipid part, respectively. The lipopeptides L1, L2 and

L3 are therefore of the following formulae

© NH,=TYQRIRALVTG-CO-NH-CH-CO~NH,

C14

b7

haHmB&nmrmm

T



22 . System C chl or of or i met hanol / acetic acid in the v/v

proportlons 10/ 1/0. 1. Devel opi ng. After mgration in the
system of suitable solvents, the thin layers are dri-ed for 15 m nutes at
120ferr] C before being devel oped after spraying with a devel opi ng reagent.

.' . , —_ -NH’CH—CO—NH?’

H-TYQRTRALVTG-CO
i CH-CO-RH-TYQ

Ty~ CO-NH -~

\

La C14
Cl4 |

A VTG ~-NH-C O-NHy
CO-Ni CH-CO-NH -TYQRTRALVTG-CON cH C

- NH-CO

14
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- The ninhydrin reagent which is specific for primary am no functional
groups enabl es the .detection of the unprotected am nohexadecanoic acid but .
al so. of the Boc-am no acid, the spraying of 20%acetic acid followed by

drying at 120 err] C enaghyng Eg%%l?k?‘z‘o“’a”&%so L i o S o
devel oping. of PR 88 £dn T2 chaidk®hold ERES %E’%SY Pu ey, 2e
spraying, in thgtdifed for the lipopeptide L1 compared to the other
| trials_carried out. |
5 | .EXAMPLE 4:

Immunization by CB1, CB2 and CB3 against the

~ ENV 312-327 peptide .
This peptide is a protein fragment encoded by
the ENV gene of the HIV Qirus.’
10 | The experimental procedures are identical to
those described in Example 3.
| .Table ITI summarizes the fesults obtained.
In this table, CBi, CB2 and CB3 correspond to
lipopeptides formed from the peptide derived from the
15 ENV protein and a lipid.

The formulae of CB1l, CB2 and CB3 are as follows:
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Iayér' chfomatography is carried.out wusing an -epi- radiator

(porcel ain resi stance W th infrared - radiation). .
23 = Result: Product Sol vent s
Rf _

NH.-I1RIQRGPGRAFVTIGK-CO-NH=CH-CO-NHy

cid

CBl
CH5;-CO-NBR-CHB-CO-NH- IRIQRGPGRAFVTIGK-CO-NH-CH-CQ-NHz
cl4 .
CB. - ci1¢
Thls Sheet H.

i iwmmW“



2- Br brmhexadecanoi ¢ aci d ' ' System A 0.5

System B 1 : ' . System C

1 2-Am nohexadecanoi c acid - System A 0. 82 '
System B 0.94 ' System C
0O tert-Butyl oxycarbonyl -2-am no- hexadecanoic acid

Syst ém A 1 .- CO-NH-CH~CO-NH-IRIQRGPGRA ~CO-NH-CRSAEM.B

3 - QRGPGRAFYFIGKACO-NH £ L G h,

; c:¢
CB,
- €is cis )
10
15 | ' The results in Table II show a substantial
activity for one of the lipopeptides (CBl).
EXAMPLE 5:
Immunization against the peptide ENV 302-335.
This peptide is the 302 to 335 fragment of the

20 ENV protein of the HIV virus.
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24 €' Mas$ spectrometry (PDVB Bl O-1 ON 20).

tert-Butyl oxycarbonyl - 2- am nohexadecanoi ¢ acid spectrum MN (Q)

( M H) Fragnents: Theoretical MV 370. 557 Experinmental
MV

_ 370.8  The experimdftal proceldifreaxparieneideht iBAECWET
ion and the theoretical -nolecular ion have an identical weight. The
nol ecul ar i on those described in Example 3.

The results are shown in Table ITI.
The formulae of the llpopeptldes CBG, CB; and

-5 CBB are as follows:
NHz—TRPNNNTRKSIRIQRGPGRAF\ZTIGKIGNMRQAH—CO—NH—CH-CO-NH=

CBe

SO

52 .
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is-fragnented; the Boc group (peak at

represents the ion-with a weight of 270

270) is released. The 296.6 peak
contai ning the CN group

(nityrocellul ose). 2. Synthesis of
3-[err]-(2'-carboxynet hoxy)-chol est-5- _.ene. -2.1. Synthesis of
chol esteryl tosylate. - - Enmpirical fornmula :(err]Herr]SOerr],

- Motecul ar wei ght: 540. 83, - Procedure:. "After dissolving

25.86. mol of cholesterol (10 g) in

®1-TDeNE YRS oo .
CE3-0 Nh-CH-CD—hH-nR?h’h’h.n)(s!RICRC?CRAFV’.’:CK:CN'GOM{-C:-.\'B-CH-CO-

NK2

ci4

SR CREPCRANT I X GNMRCAH—CO=NR~CH~C 2~ NH 2

CB,
cie
€= KR=CY~CO-NH=TRPRNNTRK
T NE=CD
CBg
cs c1s
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a m-nimmof pyridine (5 to'10 m), an excess of tosyl _

25 chloride (10 g, 52.6 mmol) is added. After stirring for 12 hours, the
pyridine is renoved by evaporating to dryness. The residue is solubilized
in 20.mM of acetone at high tenperature (the tenperature is nuaintained
bel ow 55[err]C to avoid the formation of oil).  The mxture is filtered.
The ° : '

It can be observed in Table III that the two
lipopeptides, CBg and CBq, show cytolytic activities
substantially higher than the control.

EXAMPLE 6‘ :
5 Immunization against .the peptide ENV 312-327 by
© CBl. CB4, CB5, CB17, CB19, CB21 and CB25.
The experimental procedures are substéﬁtially
identical to those described in example 3;
The table IV summarizes the results obtained.
10 - The formula of CBy is indicated in.example 4.
| The formulée of CB4, CB5, CBl7, CB19, CB21 and

CB25 are as follows :

P /\/\/\/\/‘%“ONGJ\ CONH. -oqou
M\\\\\\\\\\\\\\\\\iﬁf\“\‘iﬁ“‘% AN

CHS. R=- CO {CH),—CONH—IRIQRGPGRANVTIGK—O11

CB19= R+ * CO-CH—NH—CO  (CH2);~CONH—IIIQRGPGRAFVTIGK- o

54



chol esterol tosylate is obtained by crystallisation from the eluate. The
white crystals obtained are washed with - cold acetone and dried in a
“desiccator over Plerr](err]. Yield : 82 to 85% 2.2
Synthesis of 3 [err]-(2'-hydroxyethoxy)-chol egt-5- ene. -
Enpirical fornmula :C[err]Herr]Jerr]. - Mol ecul ar wei ght: 430. 71.
- Procedure: 30 m of ethylene glyc 0O mmpl ) are _added to
_ . CONH CONH COR

L : w OH ' '
co 21 mixtuFeof AT T O RIQROFGRAMYTIOK—ON

R = NH—IRIQROPORAFYTIGK~ Ol
- R'=OH

B:
cBZS‘ | - | R . ICOf(Cf‘lfz)xr‘q{a.
u-'mpN.\erKsmrQRaPaRAFVﬁGKIGNMgQA&-CONI-I CQNFfz
NHCO—~(.CI-¥,)H—-CH$
By

| H=-IRIQRGPGRAFVTIGK~CO—NH  CONH;
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17.5 mmuol of cholesteryl tosylate (10 g) dissolved in 120 m of di oxane.
The reaction mxture is refluxed for 4 hours at 120[err]C. After cooling,
it is taken up in 150 m of distilled water. The al cohol derivative’

26 formed is-extracted with diethyl ether (3 X 200 m). The et her eal
phase I S successively mashed with 5% NaHCO err] (2

(o)
NH Ui-to-q K] G" G 6 AR £ VY \' G W—~-0OH

CR)y

15 ' The C-terminal end. of the 312-327 sequence of HIV-1
(LAV-BRU) GP120 protein is according to a carboxylic
‘condition. A racemic a—amino—hexadecanoic acid has been

fixed on the N-terminal region. The N-terminal functional

group is according to an amine condition.

This Sheet Has Been Repl

.

56



~¥ 8GI~-LY1 dN 9ptidad yiTm papeoy SaWOSOAIY (D)

57

>0 e . V BZUSNTJUI SNATA aY3 £q pejoajur STT9° 3981ey ortualuds (q)

0 < ] %.w ¥ 8G1-L%1'dN @pr3aad 3y3 jo E\\W Jo @ouasaxd ayjz ur s{(2° 319318 oOrusuds (e)

ST . .

o2 s-n3 ‘paysTIqnd usaq Apesxye aAevy sjayoeIq UT SITNSAX BaYJ
SZ&wE.. - - can-ded-17T : : : _
3E°a5ES - - ) L . _
mms > o> - - _M8ST-LPT-daN _¥8GT-L¥T dN [-d-tx z] -an-dag-g1
o —f) | = X . .
nw..llmu °BTe - - an-ded-T1T
mmum wﬁ m - - SNITA *nTFur | . _
m.muﬂmm mﬂw_ - - _M8GT-LYT"dN _M8GT-LPT dN [-d-TXx z] -an-dog-zT
H S
a”ﬁ.u vb 28 4+ +++ *dN-dagd-11

bl Rl - SNITA *nFuI . | _
LT | - O 4+ - _¥8GT-L¥T*aN M8GT-LYT " dN [-d-tx z]-an-ded-11
= SE OO B : ' - *dN°*dad-SIATLITI0AIT

sol LTl ++ - _M8GT-LYT dN ~¥8GT~LPI"dN [-d-1x 2]

z5°=P_ . ++ _ - _M8GT-LPT AN JM8GT-L¥PT AN [xojuds -o°sx Z]

CQOPO— - - ~M8ST-L¥T"dN ~¥8ST-L¥T dN [-deTx 1]

~ =< O - - ~H8GT-LYT*dN ~U8ST-L¥T "dN [x23uds *o-sX 1]

2 B2 (®) +aN-ded-aWOSOdIT

ocespbo” (++) can -deg-gsofd

SO TLRTw (4+) SNITA *nTFUL _ :

Y Z8apo° (++) _¥8GT-LYT dN _¥8GT-L¥T"aN an-deg-sso€fa

x uhm — (-) SNITA *nTFur SNITA °*nTFul - .

2m.md-u% - - (<) SUITA °*nTFUI :

—?°°E°S + - (=) _H8GT~L¥T AN _M8GT-L¥I"aN _M8GT-L¥T"aN

TTEOh ol (+++) (++) (++) SNITA *NTIUL . : k

S0 b e (+44) (++) (++) _¥8ST-LyT"aN _U8ST-L¥T"dN SNITA “NIFUI

o< L & (+) - (Q) snxTA *uTFUI .

sTofPY o+ - - (®) ¥W8GI-LPT-dN YBST-LYT *dN 0

oS B

“o5 e ° D . 1Zp < zZIip Sp UOTIRTNUTIS uotyoalur

=<7 = - K3ytaTioe o1341034D - 3ebxey, 0I3TA UI OATA Ul

(7] O O\ .

R - [SNITA eZUSNTJUT) SNOILYZINAWWI dAILddd H8GL-LPT dN-IINY
N o _ I J19Y.4

T v O C C

m o< M O.m
O . ©o

—~0 M ‘= o

ECccoo
_— e > &

QOUV®AO OO0 o

SFES8%3
X m O —.O0Om



The oxi di zi ng

t he- vol une being

Pr ocedur e:
it conprises 2.67 g of chromc

formula: CJerr]Herr]Jerr],

Enpi ri cal

concentrated Herr]SO[err],

of

m

2.3

Mol ecul ar wei ght : 444. 69.
solution is prepared beforehand:

chol est - 5- ene.
anhydri de,
brought to 10fm

8
8
&
2
=
8
/M

° 3

@ T
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of. 3-[err]-(2'-hydroxyethoxy)-

( 29)

4. 66 ol

to

27 dropwi se

chol est - 5- ene di ssol ved

of the reaction

in 50 mM of acetone.

The progress

is ponitored by thin-layer chromatography.

the reaction nedium.s

derivati ve

phase is washefd with distilled water:

Na2SO4 and ‘con
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" The

obt ai ned. 4 nl -of petrol eum et her are added to the oil
crystallisation of the acid derivative is enhanced by

cooling in a cold

-

recovered on sintered glass with
'2.4. Purification and

29 to 31%
2.4.1. Purification.’

Yield

The white crystals are
washed wth petroleumether and dried in a desiccator

chanber (4[err]C).
Plerr]Jerr].
acterizati on.
p-tol uenesul fonat e
in

a porosity of 4,

over
char

Chol esteryl

recrystatttzations =~ -

purified ‘by successive

[err]#(2'

‘is

Wit~

i

1°T4

acet one.
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hydr oxyet hoxy) - chol est - 5-ene and the acid derivative S
28  have both been purified by thick-layer chromat ograpWH 'M'ﬂ,”m
A. Thick-1ayer chromatography on silica. The de C e [l

carried out oncaatrmMsgk

e

. A 'lipopepti-de cbmprising 'a peptide part having
betheen 10 and 40 amiﬁo acids app:oximateiy and‘preferably
bétween 10 and 20 amino acids approximately and comprising

5 atlleast one an?igenic determinant, said  lipopeptide aléo'
comprising one or more chains derived from fatty acids
comprising 10 to 20 carbon atoms and/or one or more steroid
gfoups modified and coupled on thé-aNﬂz or gNHp functional

- groups of said amin§ acids.

10 . 2. The lipopeptide  according to claim 1,
characterized in that the fatty acid-derived chain is 2-
aminqhexadecanbic acid or one of its derivatives.

3. The lipopeptide according to claim '1,'
characteriied in'that the fatty acid-derived chain ié N-g-

15 palmitoyllyéine or one of its derivatives. |

| '4. The 'lipopeptide according to claim 3,
characterized in that the fétty acid-derived chain is N}N'—

dipalmitoyllysine.

61 -
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| ayer of silica. (Merck silica gel 60 PF[err] with a - fluorescence
I ndi cator),
A sol ution containing 0.250 ng of product is - deposited on the siljca

pl ate,
ProdUct

the spots being detected by ul traviol et radiation.

the products ha&ue batle eipopbstsideed ddcskdingr oned han€laim - 1,

Sol vent Rf  3[err] -(2

Fwdroxyethoxpﬁaracterizﬂd(ﬂxnunundunlthe fa®t48 achdkdsriﬁednechaln - is

et hyl’

et her

10

15

20

Vol une/ vol ume

- pimelautide or trimexautide or one of their derivatlves.

6. The lipopeptide  according to claim 1,
characterized in that the stéroid group is N-g-[(cholest-5-

enyl—34oxy)—acetyl]lyeine or one of its derivatives.

7. The lipopeptide according to claim 1,
characterized in that the stefoid group is (cholest-5-enyl-
3-oxy)acetic acid or one of ;ts derivatives.

8. The lipopeptide accoreing to one of claims 1 to
7,-characterized in that the peptide part is a fragment of
a brotein of ihe ﬁIVleor.HIV2 viruses.

9. _ The lipopeptide according to claim 8,'
charactefized in that the peptide part is a ffagment of the
protein encoded by the ENV gene and in particular the 312-
327 fragment or 302-336 fragment.

10. A vaccine against a pathogenic agent containing
one of the 1ipepeptides according to one of claims 1 to 9.
| 11. The vaccine aceording to claim 10 against

diseeses linked to HIV viruses, characterized in that it

LTy

62

Sheet Has Been Re‘laced

T



proportions:

1/1 3[err]-(2 - Carboxynet hoxy) - Pet r ol eum et her/

0.52 chol est-5-ene et hyl ether/
met hanol v/ v proportions:
10/19/3 : COﬁtMamﬂMpmﬂodupbpepeddeexnrabipdpépmﬂdeﬂeascbrdang to one'
- of claims 8 and 9.
12. The use of the lipopeptides according to one of
claims 1 to 9 for immunizing the human or animal body
5 against pathogenic agents by inducing cytotoxic T
| 1ymphocytes. |
13. The use according to‘¢iaim 12, characterized in
that tne pathogenic agents are viruses, in particular the
HIV1 and HIV2 viruses, in which case the immunization ié
10 carried out by méané of the 1ipopeptideé according to one
- of claims 8 and 9. .
14. ‘The use according to claim 12, characterized in
that the pathogenic agents are parasites.
15. Pharmaceutical composition, characterized in
15 ‘that it contains an éfficient_ quantity of at least one

compound according to one of claims 1 to 9 in association

with one or séveral'diluents or adjuvants compatible and

’pharmaceutically acceptable.
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29- with nethanol. A |oss equjval ent to about 30% of the anopunt deposited
is observed for each of the products. 2.4.2. Characterization. .

.A. Nelting point. Product Mel ting point Mel ti ng
(literature) b@rn€°m2h§ﬁ§spér?Pq&ﬁQiﬂgﬂﬁﬂnﬁialﬁnﬂ on@iaracterized

131.5[err] G 132.5[err] C, 128[err]C 3 [err]-(2 EgdroxyetE%%¥
102[ err] G- 104[ &P [rBat it is iugepded for t[reﬁ*w(rzg elated

hol est - 5- C1 157 G B
%h?nefayeregﬁrHﬁﬁPog#gaﬁy Vlruseslx%g%hé aB%g I(N%?(lBhFO éﬁ%%??% ¢ ofTa

1 ng/m  sol uti arried out on.a thin layer of silica with a
fl uorescence i nggPoV%EﬁErck Ki esel gel 60F[err]). The

di ssolution of the various products is carried out in dichloronethane.
After mi.gration in the suitable solvent "system the thin |ayers are dried
in air before being :

.///

R R n
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devel oped either by ultraviolet radiation.or after spraying with
HClCIerr] (20% and drying in an oven (120[err]C for 20 m nutes).

30 Resul t : Vari ous sol vent s System A1 Et hyl

et her;/ petrol eum ether in the vol une/ vol iﬁoport lons: 1/1. Syst em B:
Et hyl” et her/petrol eumether in the v/v pro- ortions: 1/2. System C.
Pet r ol eum et her/ et hyl ether/nmethanol in the v/ v proportions: 5/5/1.

FIG.1
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L JeLLv v
System D: Petrol eum et her/ethyl ether/methanol in the v/v proportions:

10/ 10/ 3. System E: Petrol eum ether/ethyl ether/nethanol in the v/v
proportions: 5/5/2. System F: Et hyl ether. Pr oduct

-Sol vent system : Rf Chol esterol - : .~ System A
0. 54~ | s?s;lem 0.3
Systém F 0. 95 Chol est eryI par a ol uenesul fonat e
System A "0.85 SystemB

+0.62 . ' ' System F : 1

350 N
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P 3 [err]-(2 - Hydroxyet hoxy) -
0.41 ‘

31 . -
3[ert]-(2' Car boxymet hoxy) -
0 o .

chol est -5-ene
System B
System F
chol est -5-ene

- 3/3

o

L
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SystemB. . ) 0 . ; "~ Syst em C qeotrn-1 v’

0.1 o w System D. - 0.42
SystemsE. . - 0.78 _ Systen1F
Streaking effect: Cot "RFO ->0.5

C. Mass spectronetry (PDVB) Analysis oflthe

3[err]-(2'-carboxynet hoxy) - chol est - 5- ene. NMV(g) REPLACER . SHQF

Theor et eglrokic T LymprOCS#B- SR " LEBObBPTYbE
AND USE AS VACCINES DUE{BS T'IPOPEPTIDES | 27 NOV 99¢

j

This invention relates ¢to  novel cytotoxic T
lymphocyte~-inducing lipopeptides.

Said invention relates also to the use of such
lipopeptides as vaccines. | '

Most vaccines used 1nducé da response through
antibodies. Héwever, it has been shown that cytotoxic
lymphocjtes can effectively protect mice against various
pathogenic micro-organisms (Skehel et al., Proc. Natl.
Acad. Sci. USA, 1982; 79; 968; Lukacher et al., Exp. Med.
19g4, 160:814) .This has also been shown for human cytotoxic
T lymphocytes raised against cytomegaloviruses (Quinnan et
al., N. Engl. J. Med. 1982, 307: 7; Rock et al., Am. J.
‘Med. 1984, 76:385). Hoﬁever,,little is known about inducing
immunity due to lymphocytes,

Some authors have tried to induce cytotoxic T

lymphocytes (CTL) in vivo using peptides derived from
ovalbumin (Carbone et al. J. Exp. Med. 169:603,

@ o
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The experinmental nolecular ion and the theoretical nolecular ion
have an identical weight. D. [err]C nuclear magnetic resonance.

Anal yskts of the 3 [err]-(2'-carboxynethoxy)-chol est-5-ene spectrum was
carried out by conparison with the [errhC NVR spectrum of chol esterol.
The dissolution of the cholesterol and the 3 [err]-(2'-

car boxynet ha@gh Tdloa esét 5-gne  Waeg9er f I NEIminsEUt €143 £11094 hl. or Thesd
_ authors obtained :l.mmuniz.ations, bixt these results are
specific for peptides derived from ovalbumin.

AICHELE et al. ((1990) J. Exp. Med. 171:1815)
_succeeded, for their part, in inducing a cytolytic T
response by reéeated injections in vivo of a synthetic
peptide in emulsion in incomplete Freund's adjuvant.
These authors do not indicate the importance of the
adjuvant under their immunization conditions. However,
they suggesf: that an adjuvant is necessary for
obtaining such a lresponse. _

The application EP-203,676 relates to a vaccine
intended to induce a T cell mediated response ,
comprising some peptide-fatty acid conjugates . The
fatty acid which is used is the palmitic acid .
However, this vaccine 'comprises alspl Freund's adjuvant.

To the knowledge of the applicant, only DERES
et al. (Nature, Volume 342, 30 November 1989) have des-
cribed the use of a synthetic lipopeptide to induce

cytotoxic T lymphocytes (CTL) in vivo. In this article,
— B




32 _ Chol esterol spectrum Peaks d(ppm obtai ned

attribution theoretical , d(ppm
1 > 140. 7606 Cerr] or C[err] al kene func-

tional group: d(ppm from

100 to 145 2 121. 7064 C[err] or CJerr} 3

78.5715 the NPCDtiFellﬁ]B 4 fragment of/6. 8981 nucleoprotedn eref 5Sthe
75. 4010 Lcirr] 1' to 22' 71 to 11
al kane fwﬁpfluenza rus coupled to tripalmitoyl-S-glyceryl-

cysteinylserylserine (P3CSS). It is shown that the NP 147—-
158 peptide-P3CSS 1lipid conjugate induces a CTL response
against target _cells 'infected by the influenza virus,
whereas mice immunised with the NP 147-158 peptine alone or
with the Ser Ser-NP 147-158 peptide do not generate
cytotoxic T lymphocytes against this virus.

It should also be noted that lipopeptides have
already been used to induce immunological reactions to
.specific antigens, but the responses generated involve the
synthesis of antibodieé and'ndt T lymphocyte responses.

HOPP (Molecular Immunology, 21, 13-16, 1984) has
shown that antibodies raised against a determinant of the
hepétitis B virus could be obtained by immunising rabbits
using a molecule consisting of a peptide of 15 amino acids
corresponding to the antigenic determinant'of_the hepatitis
B virus and of a pseudblipide residue, dipalmitoyl lysine.




tional gfoups. 3 [err] - (2'-Carboxynethoxy)chol est-5-ene spectrum

Peaks . “d(ppm) obtained attribution theoretical

d(ppm -1 . 172. 2923 c2' . acid func-

tional group: . 4 d(ppm) from
160 to 185 2 139. 8394 or C6 . al kene_ func-
tional group: The application EP—%SB 851 descg?ﬁﬁm f r 8AMe

,éLlog n;?) éf‘g Jgipopeptides 1Zczd:§§§§sing a pegéiaic%sequengékegf fém%_o 50

amino-acids bound to a lipophylic part. This 1lipophylic
part.' can be a fatty acid such as palmitic, stearic,
behenic, oleic or mycolic acids. It is mentioned that these
iipopeptides induce the antibodies synthes_:l.s.

The publication of Wiesmiiller et al (Vaccine, volume
7, n'l, 29-33, 1989) describes the use of a lipopeptide
comprising é part of the sequence of the FMDV (VP31) virus
and the P3CSS lipid to induce the synthesis of antibodies.

| The abstract of the publication of Jacob et. al;

(Chemical Abstracts, vol. 104, n° 21, 472, abstract 184.455
%x , 1986) relates to the induction of the antibodies
synth.esis by a lipopeptide comprising the tetanus toxine
bound to a dipalmitoyl rest. | _

The abstract of the publication o.f Watari et al.
(Chemical Abstracts, vol. 106, p 516, abstract n° 154 381
u, 1987) relates to the use of some ‘peptides cprrespohding
to the N-terminal region of the D glycoprotein of the HSV

virus coupled to the palmitic acid. It is clearly indicated

in said publication that there is induction of a T cells

mediated response but that this response is not due to




33

et her func-
tional group:

d(ppm from 45

to 80 5 79. 2943 cl' -+ slight dis- .
pl acenent 6 78.5903 CDCl[err] 7 - 77.0089
CDCl[err] 8 75. 4146 %:DCl[err] 9 to 31 65.t0 11
al kane fungwtotoxic T hocytes. tional groups. E
El emrent al gﬁély5|s El e ym?a?c aﬁaly5|s of 3

[Tﬁ(ra g ]r e§ I20:3”car bogm(g‘)ﬁ@fwféﬁérénceﬂer%‘aﬂ:é Reo fend oamEhesss! aad the
structural study of lipopeptides.

The International Application WO 89 10 348 relates.
to some fatty acids derivated lipopeptides, such as the
.aminoeicosanic, aminodecanoic, aminotetradecanoic,
bromodecanoic and bromododecanoic acids.

It'is mentioned that these compounds can be uséd as
adjuvants and as .carriers for vacéines, but without-
providing any mean to use these compounds.

The abstract of the publication of Mercy et al.
(Chemical Abstracts, vol. 106, n°25, 264, abstract n°
209.643 p, 1987) relates to the structural analysis of a
lipopeptide composed of a fragment df a G virus protein and

’ of a lysine-palmitoyl rest.

This analysis of the state of the art therefore

shows that no'technology appliéable to various types of

antigenic determinants has been developed which enables the

induction of cytotoxié T lymphocytes to be obtained, with a

high induced response, and which does not require the

administration of an adjuvant.
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% car bon 78.3 - 76.25 % hydr ogen

10.9 v 10.9 % oxygen 10.8 12.5
EXAMPLE 2: - Synthesis of the |ipopeptides. |. Method for coupling
2- am nohexadecanoi ¢ aci d The 312-327 region of gpl20 of the

H V-1 LAV[err] virus was chosen for sequences constructed in |ipopeptide

formin order to STHYY WprMeXifad FouMNSC o gk FRREGLYINS URE o
response of cytotoxic T lymphocytes against an antigen
could be induced in a host organism by immun:.l.'sin.ng ._j.s"é\id
organism with a lipopeptide complex containing one 'o.f' 't}ié'_
determinants of this antigen.
| Even more surprisingly, the applicant has found that
this induction could be obtained for é large number of.
antigenic determinants of various pathogenic agents.

The present.- '1n_vent:|.on " has thus for . object a
lipopeptide comprising a peptide part having between 10 and
40 and preferably between 10 and 20 amino acids
approximately and comprising at least one antigenic
determinant, said libopeptide also compri'sing one or more

chains 'derived from fatty acids comprising between 10 and
20 carbon atoms and/or one or more steroid' groups modified
and coupled on the oNH3 6:: eNH2 functional groups of said
amino acids. |

Said fatty acid derivatives may be in particular 2-

aminohexadecanoic acid (D, L) of the following formula (I):

*

—
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34 sequence. The synthesis was carried out in solid phase

(MERRI FIELD R B., 1963, J. Am Chem Soc. 85, 2149- 2210). Al the
| i popepti des were synthesized on a benzhydryl anine resin (charged at 0.72
mllinmole/gram). |In all cases, the first amno acid grafted was 2-Boc-
UN
2
Hool
’ 4

N~&-palmitoyllysine (L) of the following formula (II):
Nty | . ' . 4€
>J_\"Hu '("\/\/\/\/\/\N
Hoot $¥ _ | :

or its derivate having the following formula :

"n"'?. ' 4C .
,'Nﬁzco ' 0

REPLACEMENT SHEET|
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am nohexadecanoic acid (2 equivalents). This nade it possible to obtain
constructs where the GCtermnal amino acid was 2-ani nohexadecanoi ¢ acid
in amde form in order to avoid the presence of a charge near the

hydr ophobi ¢ aliphatic chain. After acetylation with acetic anhydride in
basic nmedium in order to block the free reactive sites, the cleavage of
the N-term-nal Boc and then-the coupling of the first amno acid of the
sequence were carried out. Al'l these stages were carried out

manual ty, N,N'~dipalmitoyllysine (L) of the following formula

(III):

pimelautide of the following formula (1IV):

| . | |
N\'/\/\/\,/g\w/l\u”‘“ oot
1 : | '

o - . (DHS;S\ 2 (oNU,,

Yo SN,

o

. - ' Yook
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which nmade it possible to carry out very precise controls of the
coupl i ng of the pseudolipid anmino acid and the first amno acid on the
|atter: - 35 The coupl i ng
activator is benzotriazol yl -N- oxytri adi net hyl am nophasphoni um

hexaf | uor o- phosphate (BOP) in the pr&ence of hydrox Y OLXLAA0
(HOBt) and diisopropylethylanine (DIEA). By virtue of t%?gh&gb&ﬁ@ﬁ SﬁEET

f=) o™y

27 NOV 1996

trimexautide of the following formula {V):

o |
/\/\/\N\,,) L““)\w o
af ' ' . . : ruf-
wN>“/@‘\‘I);\U)NHL
woae

or one of their derivatives.

Said steroid groups may be N¥[(cholest-5-enyl-3-
oxy)acetyl]lysine (L) of the following formula (VI):

Hwn

i 2 \<-H<OOH

SN



efficient coupling nethod, the yield of these two coupling

al ways greater than 99.5% despite the substantial sterig
2- Boc-am nohexadecanoi ¢ aci d. The rest of the synREEbASEMﬁ@ﬂt
out in a conventional manner, automatically, up to the [agt—anrno—ae

At this stage, the peptidylt-resin was di |ded into 3 bat
manual ly: - - 1 batch was preserve 0as such;
grafted using 2-Boc-anm nohexadecanoic

reacti ons was

to

i

27 SR

(cholest-5-enyl-3-oxy)acetic acid of the
formula (VII)

Ho
N
£

or one of their derivatives.

following

The peptide part may be a fragment of any pro-

tein derived from a pathogenic agent having an

antigenic determinant.

Such proteins may be especially the proteins of

the HIV1 or HIV2 virus, in particular  the protein

3 encoded by the ENV gene. In this case, the fragments

*

e



aci d. The manual coupling (using BOP) of the latter was foll owed
by cl eavage of the N-term nal Boc and acetylation of all the am ne

functienal groups thus exposed. This nade it possible to avoid the
presence of a charge near the hydrophobic aliphatic chain of the
pseudol i pid amino acid, 1 batch was gralled using diBoc,

NLerr], [erghalyoner M43k may be advantageously used depending on
the Hivl-BRU sequence (Hyers, C.A.B. Rabson, S.F. Josephs,
T.F. Smith and E. Wong-Staal (Eds.), 1989, Human retrovirus
and AIDS, Los Alamos Laboratory I1I:59) of tpis protein, to
form the conjugated lipopeptide molecule.

The present invention has also for object vaccines
-against viruses or parasites comprising one of the above
described lipopeptides and particularly vaccines against
diseases linked .to -HIV viruses, said vaccines comprising
advantageously a fragment of the protein produced from ENV
gene. | |

The present invention relates moreover to
pharmaceuﬁical composifions containing an efficient
quantity of at . least one of the compounds above described
in associat;oh with one.of several diluents or adjuvants
compatibie and pharmaceutically acceptable' .These
compositions afe in particular intended for treating the
diseases linked with the HIV wviruses by induction of
cytotoxic T lymphocytes.

fgé..m e R
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36 The coupling activator is benzotriazolyl-N

oxytri adi net hyl am nophosphoni um hexaf | uor o- phosphate (BOP) in the
presence of hydroxybenzotriazole (HOBt) and diisopropylethylam ne
(DIEA). By virtue of this very efficieg& coupling method, the yield of
these two coupling reactions was al ways“greater than 99.5% despite the

substantial ster i ¢ fnqrance oup, 10,25 8R°ATMIRIC A1 WY fhe A58 o tne

above described lipopeptides for immunising the human or -
animal body against pathogenic agents by inducing cytotdxic
T 1ymphocytes.'Such pathogenic agents may be viruses which
‘have substantial cytotoxic activity, in particular the HIV1
and HIV2 viruses, and certain parasites. .

Said lipopeptides may also be used against certain
cancers in order to induce a CTL response specific for
certain tumor cells: ' _

The lipopeptides which are the object of the present
invention may be obtained from protein and pseudolipid
constituents by methods known to a person skilled in the
art, in particulaf, either by coupling the. amino acids
comprising the peﬁtide part to the pseudolipid immobilised
on a résin, that is to say by solid phase synthesis, or by
coupling the pseudolipid to a peptide immobilised in a
solid phase.

It should be noted that theilipopéptides

' REPLACEMENT SHEET
2.7 NOV 1994




The rest of the synthesis was carried out in a conventional manner,
automatically, up to the last amino acid. At this stage, the

peptidyl -resin was divided into 3 batches, treated nmanually: -1
bat ch was preserved as such; - %’h atch was grafted using

the | at t er SHECLIY ohBy R chaRgaoRr pven  oF i naotabt S 84REnc) i Pon
of all thegawdneskungdiRgaelcapPs to@"sbgfﬁaseéjdap-qug ¥89° inducing
cytotoxic T lymphocytes_ against any type of antigenic
determinant of any pathogenic agent.
~ Additionally, the' present invention also
reldtes to the following synthetic intermediates:
2-tert-butyloxycarbonylaminohexadecanoic acid (D,L) of
the following formula (VIII): '

N=‘>('-terbutyloxycarbonyl—f-—palmitoyl1ysine (L) of the

L]

P_ |
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It possible to avoid the presence of a charge near the hydrophobic
aliphatic.chain of the pseudolipid amno acid, 1 batch was grafted using
di Boc, N err],-lysine. Mnual 37 grafting
(u3|ng BOP) of the latter was followed by cleavage of the two BOC groups
and the manual coupling of pal mtic cl% (using BOP). W thus obtained
peptides having a

following formula (IX):

o O

N-OFfluorenylmethyloxycarbonyL{?palmitoyllysine (L) of

the following formula (X):

N Othert-butY1o?cycarbonyl— ¢ (cholest-5-enyl-3-

RFPLACEE@“ NT SHEET
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dipal mtoyl-lysine in the N-term nal position. These coupl i ngs,
carried out manually, were the subject of a strict control which reveal ed
yi el ds. that were always hi gher than 99.5% These results confirmthe
advant age of using BOP as activating agent in peptide synthesis,
especially for coupling pseudolipid amM®» acids or for <coupling to the
| atter. ‘"The synthetisized |ipopeptides were then cleaved fromtheir
support. ghe)aterengliysine den) Vel thenfoldogings Foxmuken®Ihere cl eaved

by anhydrous hydrofluoric acid treatnent. The cl eavage

R or N-q-fluorenylmethyloxycarbonyl-E[(cholest-s—enyl-s-
oxy)acetyl]iysine (L) of the following formula (XII):

REPLACEMENT SEFET
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yields are quite | ow, between 40 and 70% Ther

grafted

o

expl anations for these val ues: 1) the cleayV e
‘'on a benzhydrylamne resin is never tj
condi tions of cleavage; 2) the prﬁgence of 2 n1n033ﬁ$0V19°6

or one of their deriﬁatives.

The present invention is illustrated, without being
limited in any manner, by the following examples of
application in which Figures 1 and 3 représent the reverse-
phase HPLC spectra of the 1lipopeptide V3GP120, 312-327
succinyl during preparative and analytical electrophoreses

reépectively.

Figure 2 1represents, for_ its part, its .mass

spectrum.
EXAMPLE 1:
Syntheses of ﬁseudoligid residues (ox hydrophobic

molecules).
' 1. Synthesis of tert-butyloxycarbonyl-2-
aminohexadeqanoic acid.
1.1. Synthesis of 2-aminohexadecanoic acid.

Empiricgl formula: C1gH33NO2,

ysual



38 decan0|c acid, directly in contact with the resin, gertai-aly—ampliti-e
t hi s phenonenon. After washing twice (TFA—ether)RE?hﬁtﬂﬁEﬁtﬂﬁﬁﬁﬁ
the |i popeptides was assessed by an no aC|d anal ysis afjt grtotar acrd

hydrol ysis and, for sone, by PDV5 nass gctrometry. ThHeijr %?W‘?@éty

checked by thin |ayer r omat ogr a ca and analjytji c reverse
phase HPLC. I fq%rll\ﬂﬁ gf‘g%&)? JAS pi mel aut i de tare—tr ’
mexaut i de :

Procedure:

0.0298 mole of 2-bromohexadecanoic acid (10 g)
and 100 ml of a 28% solution of NH,OH are introduced
into an autoclave previously cleaned with 50% nitric
.acid'and 10% phosphoric acid. After stirring, the auto-
clave is heated at 60°C for 15 hours. The nascent amino
derivative precipitates in the reaction‘medium. After
cooling, the autoclave is washed, the water dispersed
and'the'éthanol removed. The reaction mixture is f£il-
teréd on' sintered glass with a .porosity of 4 The
difference in solubility of the va'rious products in
ethanol medium enables the removal of traces of
2-bromohexadecanoic acid by rinsing. |

Amount of precipitate obtained: 4.37 g; yield
of 54%.

) Remarﬁ: The 1nsolubility.of the amino deriva-
tive was checked in numerous solvents (water, ethanol,

acetic acid at low temperature, 70% formic acid, ethyl

acetate, toluene, toluene/acetonitrile, ethyl acetate/

*



1) Method for coupling pinelautide (or tri-_ nexautide) to the N-term nal
end of a peptide by neans of a succinyl link. . Thi s nethod appliés
to the-fixing of 'unpro- tected pinelautide (or trinexautide) on a
peptide <constructed in a solid phase, ﬁ‘%’l Il fixed to the resin, and to
protected side chains. Both trinmexautide and pinelautide

(Rhone  Poul-gédt HRY iR ) I €enfighyoxaiic Eﬁact 581ab19124RI oMd agsdy£e
pri mary am ne functional gfroup %g creation of
tested, only the action of a specific detexgent (tri-
methylbenzylammdnium hydroxide) or boiling acetic acid
dissélved the amino derivative.

The dried precipitate .is taken up in 150 ml of |
acetic acid which is refluxed until a yellowish clear
solution is obtained. The colored pigments are absorbed
on vegetable charcoal. After filtering on folded filter
paper, the purified amino dériva_tive is obtained by
crysiallization from the. eluate. The white crystals
obtained are recovered on sintered glass wit;h a
porosity of 4, washed with cold acetic acid before
being dried in a desiccator over P;05.

Yield: 46% (the product being in acetate form,

a MW of 330.48 is used).

The purification yield is equal to 85%.

12 Synthesis of ‘tert-butyloxycarbonyl- 2-
aminohexadecanoic acid.

- Empirical formula: C,1Hg1NO4

. - Molecular weighti 371.557.
| EMENT AENT SHEET]
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39 a predeterm ned am de bond between the peptide and the pinelautide (or
trimexauti'de) can only be achieved by wusing the pinelautide (or
‘trinmexautide) as amino partner. The succinyl ation of the peptide
on the resin mekes it possible to nafg it the carboxylic partner.

- Procedure:

’Dissolution‘of 2-aminohexadecanoic acid.

1.1 equivalents of "Triton" (benzyltrimethyl-
ammonium hydroxide) in solution at 40% in methanol

- (2.9 ml)'as well as 100 ml of DMF are added to 5 mmol

of amino acid in acetate form (1.655 g). The reaction
mixture is left stirred at room temperature until com-
plete dissolution. The DMF is then evaporated using a
vane pump. The reéidue is dried in a desiccator over
P,05. |

Protectioh of the aming functional group.

The dry residue is dissolved in a mixture con-
sisting of 36 ml of water, 8 ml of 1N KHCO3 and 30 ml
of tert-butyl alcohol. 2.5 equivalents of terbutyl-
dicarbonate (MW = 218.25) are added to this solution.
The pH is adjusted to between 8 and 9 using a 1N
solution of Na,CO; and maintainéd constant during the
initial hours of the reaction. The kinetics of coupling’
are monitored by thin-layer chromatography on silica.

J ' After evaporating the tert-butyl alcohol under

REPLACEMENT SHEET
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DEPROTECTI ON The terbutyl oxycarbonyl group, which tem
porarily protects the N-term nal end of the peptide on the resin, is
cleaved by the action of a 40%trifluoro- acetic acid solution in
di chl oronmet hane for 20 minutes wth stjgring. The resin is washed
Wit h: - twice 20 m of dichloronethane, - twice 20 nml of
5% di i sopr opyacuuml, atrthee produtitchlsri@aikemanp, in 100 ml of water. The
aqueous phase is acidified to pH 3 with a 1IN solution
of HCl. The Boc-amino acid is extracted with ethl
acetate (2 X 100 ml). The organic phase is washed with
distilled water, dried over anhydrous Na,SO4, filtered
.and then coﬁcentrated using a rotating evaporator. 4 ml
of hexane are added to the oily residue. Crystalli-
zation of the Boc-amino acid is enhanced by cooling in
a cold chamber. The white crfstals are recovered on
sintered glass with a porosity of 4, washed with hexane
\ and dried in a desiccator over P,0g.
Yield: 16 to 18%.
1.3. Purification and characterization.
1f3.1. Purification.
Successive recryséallizations made it possible
to increase the purity (increase in the‘melting point);
T!:xé purification 1led to a reduction in yield of not

more than 2% for aminohexadecanoic acid and of not more

than 1% for_the protected amino acid.

5 1.3.2. Characterization. . N——
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- twice 20 m of dinethylformam de (fdr 3 mnutes for each wash) .
SUCCI NYLATTH ON. It is achieved by carrying out KE

40 three times by bringing the resin of the succinylat
contact with:

|Inn'

LA e rsw?mt -

21 27 NOV 1996
"A. Melting goinﬁ:
Product ' : Melting point obtained
2—Bromohexadecan61c acid 56°C
2-Aminohexadecanoic acid ‘ 144°C
tert-Butyloxycarbonyl--2 -
aminohexadecanoic acid - 85°C

B.-Thin-laver chromatography on silica.
The solutions (10 to 20/'/1 of a solution at
1 mg/ml) are deposited on thin-layer silica (Mexck
silica gel 60 without fluorescence indicator).
2-Bromohé¥adecanoic acid is dissolved in
ethanol, 2—aminohexadecanoic acid in boillng acetic
acid, and tert-butyloxycarbonyl-z-aminohexadecanotc acid in
dichloromethane.
| Choice of the migration solvent.
The various systems chosen are:
System A: butanol/ethyl acetate/acetic acid/water in
| the volume/volume proportions: 1/1/1/1.
system B: ethyl acetate/pyridine/acetic acid/watef in

. the v/v proportions: 5/5/1/3.



- a fivefold excess of succinic anhydride (5% solution in

N- net hyl pyrrol i done) - diisopropylethylamne in a stoichionetric
anount relative to the amnes of the resin (for 20 mnutes with stirring).
ACTI VATI ON. The activation of tg; car boxyl now present on the
resin is carried out as follows: - the resin is subjected to the

action of they pghi Al idih S0 #S i nd ERANdR/HEBYERS 8E1GO0M SERET A ©
proportions: 10/1/0.1.

Developing.

After migration in the system of suitable
.solvents, the thin layers are d;ied for 15 minutes at
120'6 before being developed afﬁer spraying with a
developing reagent.

- The ninhydrin reagent which is specific for
primary amino functional groupé enables the detection
of the unprotected.aminohexadecanoic acid but also of
the Boc-amino aéid, the spraying of 20% acetic acid
followed by drying at 120°C enabling thé displacemént
6f the Boc group.

_ The sprayinglusing a reagent comprising 20 g of
(NHg)2S04, 3 ml of H,S0, and 100 ml of H,0 enable the
simultaneous developing of the three products. In this
te¢hnique, the drying, after spraying, in tﬁe thin-
layer chroﬁatography' is carried out using an -epi-

.radiatoxr (porcelain ° resistance with infrared

radiation).
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and with stirring): - BOP :
(benzotriazol yl oxytri sdi met hyl am nophos- phoni um hexaf | uor ophosphate): 3
excesses with respect to the carboxyls, . - HOBT
(hydroxybenzotriazole): 3 excesses wthy respect to the carboxyls,

- diisopropyl ethylamne: 7 excesses with respect to the

carboxyls in sol ution in N
Result:

Product - Solvents RE

2-Bromohexadecanoic acid System A | 0.5
System B 1
System C 1

2-Aminohexadecanoic acid System A 0.82
System B 0.94
System C 0

tert-Butyloxycarbonyl-2-amino-

' hexadecanoic acid System A 1

System B 1

System C 0.67




41 met hyl pyrrolidone. WASHI NG The solution is washed wth:

times 30 nt of dinethylfornmam de, - 3tinmes 30 mM of
di chl oronet hane. COUPLING The resin is subjected to the action of the
coupling solution: - pinelautpde (or trinexautide): 3 excesses

C. Mass spectrometry (PDMS BIO-ION 20).

tert-Butyloxycarbonyl-2-aminohexadecanoic acid spectrum.

- MW (9g) : (M-H) Fragments:
Theoretical Mw 370.557

Experimental MW 370.8 270

) The experimental molecular ion and the theoretical
molecular ion have an identical weight. The molecular ion
is fragmented; the Boc group (peak at 270) is released. The
296.6 peak represents the ion with a weight of 270

containing the CN group (nitrocellulose)

2. synthesis of 3-f-(2'-carboxymethoxy)-cholest-5-
ene.

2.1. Synthesis of éholesteryl tosilate.

- Empirical formula :C34H53503,

- Molecular weight: 540.83,

- Procedure:

After diésolving 25.86 mmol of cholesterol (10 g) in

a minimum of pyridine (5 to 10 ml), an excess of tosyl
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wth respect to the activated ‘ester of

hydr oxybenzotri azol e, - diisopropyl et hyl am ne: 3 excesses
with respect to the ester, - 10% di net hyl sul f oxi de -
90% N- et hyl. pyrrol i done: sufficient a t to dissolve pinelautide (or
trimexautide). The saturated solution®’s at about 4% pi nel auti de or

tri nexaut i gelaride o caii bR .Gnameddsdge added. mMitersstirrdogerfqr 12
hours, the pyridine is removed by evaporating to dryness.

The ;esidue is solubilized in 20 ml of acetone at high
temperature (the temperature is maintained below 55°C to
avoid the formation of o0il). The mixture is filtered. The
cholesterol tosylate is obtained by crystallisation from
the eluate. The white crystals obﬁr—i\ined are washed with
cold acetone and dried in a desiccator over P20s5.

Yield : 82 to 85%.

2.2 Synthesis of 3 B-(2°'-hydroxyethoxy)-cholest-5-
ene. |

- Empirical formula :C29H5(002.

- Molecﬁlar weight: 430.71.

- Procedure:

30 ml of ethylene glycol (480 mmol) are added to
17.5 mmol of cholesteryl tosylate (10.g) dissolved in 120
ml of dioxane. The reaction mixture is refluxed for 4 hours
at 120°C. After cooling, it is taken up in 150 ml of
distilled water. The alcohol derivative

ENT SHEFT
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2) Synthesis in solid phase of V3GP120, 312-327 succi nyl .
42 “a) N-Protection of the pinelautide (or tri- nexautide) by the
tert-butyl oxycarbonyl group. 500 mi cronol es of pinelautirde (or
trinmexautide) are dissolved in 10 mi ofég 0.1 nolar solution of car-

formed is extracted with diethyl ether (3 X200 ml). The
ethereal phase is successively washed with 5% NaHCO; (2
X200 ml) and.distilled water (2X 200 ml). After drying
over anhydrous Na,504, the etheréal solution is
concentrated until an oil is obtained. After adding 4
ml -0of hexane, the crystallization is started by rubbing
and cooling in a cold chamber (4°C). The whité.crystals
are recovered on sintered glass with a porosity of 4
and 'washed with “hexane befére being dried in a
desiccator over P,0g.
Yield: 32 to 34%. .
2.3. Synthesis of 3/3; (2'~-carboxymethoxy) -
cholest-5~ene. |
- Eﬁpirical formula: CogHgg03s
- Molecular weight:444.69.
- Procedure:
The oxidizing solution is prepared beforehénd:
it comprises 2.67 g of chfomic-anhydxide, 2.3 ml of
concentrated H,50,, the volume being brought to 10 ml

with distilled water. The oxidizing medium is added

—
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bonate buffer at pH 9.5. 10 M of a solution of diterbutyl
pyrocarbonate at 100 nmol /| are added. A pH of.. between 9 and 10 is,
mai ntai ned for 100 hours by addi ng di sodi um car bonat e. The
reaction mxture is then diluted with 10 m of water and 10 m of diethyl
ether and the washed aqueous phase i s23cidified to pH 2.5 with potassium
hydr ogen- sul f at e. An extraction with 100 nl of dichl oronethane

dropwise to 4.66 mmol ( 2g) of 3-B-(2'-hydroxyethoxy)-
cholest-5-ene dissolved in 50 ml of acetone. The progress
of the reaction is monitored by thin-layer chromatography.
Once the reaction is completed," the reaction medium is
taken up in 250 ml of distilled water. The acid derivative
is extracted with ethyl acetate (3 x 200 ml). The organic
phase is washed with distilled water (2 x 200 ml), dried
over anhydrous NagSO4. and concentrated until an oil is
obtained. 4 ml of péfroleum ether are added to the oil. The
crystallisation qf the acid derivative is enhanced by
cooling in a cold chamber (4°C). The white crystais are
- recovered on sintereﬁ.glass with a porosity of 4, washed
with petroleum ether and dried in a desiccator over P205 |
Yield : 29 to 31%.
2.4. Purification and characterization.

. 2.4.1. Purification.
Cholesteryl p-toluenesulfonate is purified by
succéssive recrystalliiations - in acetone. /3—(2--

hydroxyethoxy)~-cholest-5-ene and the acid derivative

*
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foll owed by evaporation of the solvent using a rotating evaporator |eads
to the crystallization of Boc- pinelautide (or Boc-trinmexautide).

The incorporation of Boc-pinelautide (or Boc- trinmexautide) by peptide
synthesis in a solid phase 2b 43

" have both been burified by thick-layer chromatogréphy
on silica.
A. Thick-layer chromatography on silica.
The depositions are carried out on a thick-
.layer of silica (Merck silica gel 60 PF,54 with a
fluorescence indicator), the spots being detected by
ultravioiet radiation.
A solution containing 0.250 mg of product is
-,deposited on the silica plate, the products have both

been dissolved in dichloromethane.

Product : _ Splvent | Rg
Bf;r(Z'-Hydroxyethoxy)-. Petroleum ether/ 0.48
cholest-5-ene R ethyl ether
Volume/volume

proportions: 1/1

35L12'—Carboxymethoxy)- Petroleum ether/ 0.52
cholest~-5-ene ethyl ether/
methanol

v/v proportiohs:

: ) 10/10/3
pasind
The two products were extracted from the silica

) YT STATR YT T
B RATT QTn
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generates two position isoners. b) CLEAVAGE AND PURI FI CATI ON

The cl eavage of the peptide at the end of the synthesis is perfornmed using
anhydreus hydrofluoric acid. The peptide is then purified by ge
filtration and type C4 reverse-phase preparative HPLC. Figure 1
represents the preparative HPLC spec- t44m at 235 nm obtai ned for 20 ng of
l'i popeptide Wigh metN&floln HCODHss equivalent to about 30% of the

amount'deposited is observed for each of the products.
2.4.2. Characterization.

A. Melting point.

Product Melting point Melting
(literature) peint
- Cholesteryl para-toluene-
sulfonate ‘131.5°C-132.5°C _ 128°cC
(2'-Hydroxyethoxy) 102°C-104°C 99°Cc
3 fﬂ2'~Carboxymethpxy)-
cholest-5-ene 160°c-161°C 157°Cc

B. Thih-laxer chromatography

The depositions (10 to 2041)of a 1 mg/ml
solution are carried out on a thin layer of silica with
a fluorescence indicator (Merck Kieselgel 60F35,4).

The dissolution of the various products is
carried out in dichloromethane.

After migration in the suitable solvent
system, the thin layers are dried in air before being
developed either by ultraviolet radiation or after
spraying with HClo, (20%) .and drying in an oven (120°C
for 20 minutes).
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The |i popeptide obtained is then anal yzed by total acid hydrolysis, by
anal yti cal T4 HPLC chroma- tography and mass spect rography.
Figure <2 represents the mass spectrum A dis- tinct peak is observed at
2422.2 which corresponds to the weight_of the |ipopeptide.
Figures 3a and 3b represent the analyti%ﬂl C4 HPLC chr omat ogr aphy of the
|'i popeptide and of the Rewiit®©f W thout |ipopeptide respectively.
The chronatogba%gl o]y tiops are as foll ows:
solvent systems.
System A: Ethyl ether/petroleum ether in the volume/
volume proportions: 1/1.
System B: Ethyl ether/petroleum ether in the v/v pro-
portions: 1/2. ' '
System C: Petroleum ether/ethyl ether/methanol in the
v/v proporxtions: 5/5/1.
System D: Petroleum ether/ethyl ether/methanol in the
viv proportions: 10/10/3.
System E: Petroleum ether/ethyl ether/methanol in the
- v/v proportions: 5/5/2.

System F: Ethyl ether.

Product o " Solvent system Re
Cholesterol - System A 0.54
System B : 0.3

System F 0.95

Cholesteryl para-

toluenesulfonate . System A 0.85
' System B 0.62

System F -1
3f3*(2'-Hydroxyethoxy)— ]
cholest-5-ene System A 0.41

~ System B 0.24
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44 sol vent (A) : 0.5 0/00 trifluoroacetate, gradient:

solvent B * : 0.75 %dcetonitrile 0.5%
triflueroacetate, gradient from10%to 80%in 120 mn,
measur enent at a wavel ength of 215 nm 31
System F 0.9
3p-(2'Carboxymethoxy) -
cholest-5-ene System A 0
System B 0
System C 0.1
System D 0.42
System E 0.78

System F Streaﬁing effect:

C. Mass spectrometry (PDMS) *

Analysis of the 3f-(2'-carboxymethoxy)-cholest-5-ene.

MW (g) (M-H)
. Theoretical MW 443.69
Experimental Mw 443.1

The experimental molecular ion and the theoretical
molecular ion have an identical weight.
Q;léc nuclear magnetic resonance.

Analysis of the 3 [B-(2'-carboxymethoxy)cholest-5-ene
spectrum’ was _carr:i.ed out by comparison with the 13(: NMR
spectrum. of cholesterol. '

The dissolution of the cholesterol and the 3 $-(2'-

carboxymethoxy)cholest-5-ene was performed in deuterated

chloroform.
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During the total acid hydrolysis, the diamnopinelic acid (Dap) present
-pi el autide and trinexautide constitutes a good coupling marker.
Results” of the total acid hydrolysis Am no nanonol es neasured

t heoretical neasured/ acids .

theoretical Thr 3. 2500 0.9732 1 0.97/1 Gu
7.1000 2.11 2 - 1.06/1
Cholesterol spectrum.
Peaks d(ppm) obtained attribution theoretical
d(ppm)
1 140.7606 C5 or C6  alkene func-

tional group:
d(ppm) from

, 100 to 145
2 121.7064 C5 or C6

3 78.5715 CDCl15

4 76.9981 CDCl 5

5 75.4010 CDCl4

1' to 22° 71 to 11 alkane func-

tional groups.

-(2'—Carboxymethoxy)cholest-S—eﬁe spectrum.

Peaks d({ppm) obtained attribution theoretical
. : - d(ppm)
1 172.2923 - c2' ) acid func-

tional group:
d(ppm) from
. 160 to 185
2 - 139.8394 - C5 or C6 alkene func-
: tional group:
.d{ppm) from
. 100- to 145
3 ~122.5233 C5 or C6 alkene func-
' tional group

L]
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Pro 3. 1800 ' 0. 95 1 0.95/1 CGly 10. 3500

3.08 . 3 1.03/1 Arg 6. 6900 -1.99 2
1.00/1. Val - 3.3900 1.01 1 1.01/1 1le
- 9. 5800 2.85 3 0.95/1

45 Phe 3. 3500 1.00 133 1.00/1
: _ ether func-

tional group:
d(ppm) from 45

to 80
5 79.2943 c1L' | + slight dis-
placement
6 78.5903 CDCl4
. 7. 77.0089 - CDC1,
8 75.4146 CcDCl4 _
9 to 31 65 to 11 ' alkane func-

~ tional groups.

E. Elemental analysis.
Elemental analysis of3/342'-carboxymethoxy)gholest-s—

ene gave the following results:
Theoretical Obtained

$ carbon B 78.3 76.25

$ hydrogen 10.9 10.9

% oxygen _ 10.8 12.5

EXAMPLE 2: - Synthesis of the lipopeptides.

I. Method for coupling 2-aminohexadecanoic acid
The 312-327 region of gpl20 of the HIV-1

LAV_ppy Virus was chosen for sequences constructed in
lipopeptide form in ordexr to study the cytotoxic T

response. 3 preparations were carried out using this




Lys '3.5200 1. 05 1 1.05/1 Arg  9.9200
2. 95 3 ~0.98/1 Dap  3.500 1.05 1

1.05/ 1. EXAMPLE 3 - I mmuni zati on agai nst the peptide NP 147-158.
The i muni zati ons of mce are carried_gxt as foll ows:
| mmuni zati ons:

sequence.

The synthe51e was carried out in solid phase
(MERRIFIELD R.B., 1963, J. Am." Chem. Soc. 85, 2149-
2210). _

All the lipopeptides were synthesized on a

_benzhydrylamine resin (charged at 0.72 millimole/gram).
Iin all cases, the first amino acid grafted was 2-Boc-
aminohexadecanoic acid (2 equivalents) This, mede it
possible to obtain constructs where the C- terminal
amino acid was 2-aminohexadecanoic acid in amide form

-1n order to avoid the presence of a charge‘near the
hydrophobic aliphatic chain. After acetylation with
acetic anhydride in basic medium, in order to block the
free reactive sites, the cleavage of the N-terminal Boc
-and then the coupling of the first amino aeid of the
sequence were carried out. | _

All these stages were carried out manually,
which made it possible to ”carry out - very preciee
controls of the coupling. of ﬁhe pseudolibid amino acid

and the first amino acid on the latter.

—
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The mce were injected with the |ipopeptide. preparations
intraperitdneally (i.p.) or subcutaneously (S.C.), with or Wi t hout

adj uvant . At |east two injections (at intervals of 8 to 30 days)
are necessary in order to obtain CTLs. 5 Each injection contains 5 X

Loler1] ol of shPoPoRblgEing e ARSE O Mo azonyion-d 1°
oxytriadlmethylaminophosphon1um hexafluoro-phosphate (BOP)
in the presence of hydroxybenzotriazole (HOBt) and
diisopropylethylamine (DIEA). By Qirtue of this very
efficient coupling method, the yield of these two ¢oup11ng
reactions was always greater' than 99.5% despite the
substantial steric hindrance due to 2-Boc-aminohexadecanoic
acid.

| The rest of the synthesis was carrie& out in a
conventional manner, automatically, up to the last amino
acid. At this stage, the peptidyl-resin was digided into 3
batches, treated manually: ‘ ‘

- 1 batch was preserved as such;

- 1 batch was grafted using 2-Boc-aminohexadecanoic

acid. I

The manual coupling (using BbP) of the latter was
followed by cleavage of the N-terminal Boc and acetylation
of all the amine functional groups thus exposed. This made
it possible to avoid the presence of a charge near the

hydrophobic aliphatié chain of the pseudolipid amino acid,

1 batch was grafted using .diBoc, No,e-lysine. Manual
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46 spleen of the imunized mce was renoved, the spleno- cytes of
these.mce were cultured in vitro in an anount of 5 X 10[err]
spl enacytes/2 m of conventional culture medium (DVEM + 10% FeS + pyruvate
+ no essential amno acids + [err]-2§€ercaptoethanol) cont ai ni ng

o]

S5[err]M of the peptide corresponding that involved in the |ipopep-
tide construction. :

The coupling activator is benzotriazolyl-N-
oxytriadimethylaminophosphonium hexafluoro-phosphaté (BOP)
in the ' presence of hydroxybenzotriazole (HOBt) and
diisopropylethylamine (DIEA). By virtue of this very
efficient coupling method, the yield of these two coupling
reactions was always greater than 99.5% 'despite the
substantial steric hindr&nce due to 2-Boc-aminohéxadecgnoic
acid.

The rest of the synthesis was carrieé out in a

conventional manner, automatically, up to the last amino

acid. At this stage, the peptidyl-resin was divided into 3

batches, treated manually:

- 1 batch was preserved as such;

- 1 batch was grafted using 2-Boc-aminohexadecanoic

acid. -

The manual céupling'(using BOP) of the latter was
followed by.cleavage of the N-terminal Boc and acetylation
of all the amine functional‘groups thus exposed. This made
it possible to avoid _thc;. presence of a charge near the

hydrophobic aliphatic chain of the pseudolipid ‘amino acid,

1 batch was grafted using diBoc, No,e-lysine. Manual
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Fromthe 5th day of the in vitro culture, the activity of t he CTLs

may. be deétected by the conventional test of [err]Cr release (Martinon et
al., J- Inmmunol., 142; 3489-3494, 198%}. The CTL activity is tested
agai nst sone syngenic target cells imPXhe presence of the peptide (NP

147- 158 Rgraftdmg (SGimedéP prof| the] 1BetdPlvay FEEIGWed BYTE1BERGRIY C

target cells infected, by the influenza A virus. " The results

obt ai ned &fe EheMEWezBOC gruips and the manual coupling ‘of palmitic
acid (using BOP). We thus obtained peptides having a
dipalmitoyl-lysine in the N—términal position.

These couplings, carried out manually, were the
subject of a strict control which revealed yields that were
always - higher than 99.5%. Tﬁese results confirm the
advantage of using BOP as aétivating agent .in peptide
synthesis, éspgcially for coupling pséudolipid-amino acids
or for «coupling to the latter. The - s¥nthetisized

'lipopeptides were then cleaved from their s?pport. The
lipopeptides derived from the 312-327 sequence were cleaved
by anhydrous hydrofluoric acid treatment. The cleavage

| yields are quite low, between 40 and 70%.

' There .are at least two explanations for these
values: . .

. 1) the cleavage of a peptide grafted on a
benzhydrylamine fesin is never total uﬁder_ the :usual

conditions of cleavage;

2) the presence of 2-aminohexa-
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The first part of the table relates to the results already obtained with
t he .whol e i'nfluenza virus, the NP 147-158 R protein of the influenza virus .

and t he _ .47 P3CSS-PEPNP |ipopeptide,
whi ch consi sts of the NP 147-15838eptide coupled to

tri paI mto Xl angli cer id, Cxﬂ:gégxlyse_[xl eorr{tact ,w(il%';\RE%he etres.tallx,'
previ ously .
' certainly amplified this phenomenon.

After washing twice (TFA-ether), the identity
of the lipopeptides was assessed by amino acid analysis
after total acid hydrolysis and, for some, by PDMS mass
spéctrometry. Their homogeneity was checked by thin
layer chromatography on silica and analytical reverse

phase HPLC.

II. Methods for coupling pimelautide and tri-

mexautide

1) Method for coupling pimelautide (or tri-

méxautide) to the N-terminal end of a peptide by means

of a succinyl link.

This method applies to the fixing of unpro-
tected .pimelautide‘ (oxr trimexautide) on a peptide
constructed in a solid phase, still f.ixed to the resin,
and to protected side chains.

Both trimexautide and pimelautide (Rhdne
Poulefxc) have two free carboxylic functional groups and

a free primax.jy amine functional group. The creation of
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mentioned). - The second part of the table relates, on the one hand,
to the inmunization trials carried out with |[|iposones containing the NP
147-158 peptide and with the |ipopeptides LI, L2 and L3. These _
| i popepti des are nol ecul es containing 3 peptide part (NP 147-158) and a
lipid part, respectively. The lipopeptides LI, L2 and L3 are therefore of
the fol |l onanpriedlehexmined amide bond between the peptide and the
pimelautide (or trimexautide)'can only be achieved by
using the pimelautide (or trimexautide) as amino
partner. .

The succinylation of the peptide on the resin
makes it possible to make it the carboxylic partner.
DEPROTECTION _ |

The terbutyloxycarbonyl . group, which tem-
porarily protects the N-terminal end of the peptide on
the resin, is cleaved by the action of a 40% triflﬁoro-
acetic acid solution in dichlqromethane for 20 minutes
with stirring.

The resin is wasﬁed wifh:

- twice 20 ml of dichloromethane,

- twice 20 ml _of 5% diisopropylethylamine in.
dichloromethane,

- twiée 20 ml of dimethylformamide (for

3 minutes for each wash).

 SUCCINYLATION.

It is achieved by carrying out the coupling
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NH[ err] - TYQRIRALVTG CO- NH CH- CO-NH[ err] [err]

4
three times by bringing the :Lsin of the succinylation
solution into contact with:

- a fivefold excess of succinic anhydride (5%
solution in N-methylpyrrolidone)

- diisopropylethylamine in a stoichiometric
amount relative to the amines of the resinl (for
20 minutes with stirring).

ACTIVATION ..

The activation of the carboxyl now present on
the resin is car;ied out as follows:

the resin is subiectgd to the action: of the
~activating solution (for 15 minutes at room temperature
and with stirring):

- BOP (benzotriazblyloxytrisdimethylaminophos-
phonium hexafluorophosphate): 3 excésses with respect
té the carboxyls, _

- HOBT (hydroxybenzotriazole)i 3 excesses wiph
respect to the carboxyls, |

- diisopropylethylamine: 7 excesses with

respect to the | carboxyls in solution in N-

—

48
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CH err]-CO NH CH CO NH TYQRTRALVTG CO NH- CH CO- NH[ er r] [err]

CO-NH CH CO NH - TYQRTRALVTG CO-N-CH CO NH[ err] [err]
41
methylpyrrolidone.
WASHING: |

The solution is washed with:
- 3 times 30 ml of dimethy;formamide,
- 3 times 30 ml of dichloromethane.
COUPLING:
The resin is subjected to the acﬁion of thé coupling
solution:

- pimelautide (og trimexautide): .3 excesses
with | respect to the  activated ester of
hydroxybenzotriazole, _ | ‘

- diisopropylethylamine. 3 excesses' with
respect to the ester, o

- 10% dimethyl sulfoxide

- 90% N-methyléyrrolidone: sufficient'amount to
dissolve pimelautide (or trimexautide).
The saturated solution is at about 4% pimelautide or
trimexautide after sonication and passage forhz mihﬁtes

~at 50°C..

2) anthesis in solid phase of V3GP120, 312-327
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49 The cytolytic activities after 5 days, 12 days and nore than 21
days show that a very high activity is obtained for the |ipopeptide L1
conpared to the other trials carried out. EXAMPLE 4:

| muni zation by CBl, CB2 and CB3 agai nst-the ENV 312-327 peptide

This peptidgybgigyldr,otein fragment encode$iZ by

a) N-Protection of the pimelautide (or tri-
mexautide) by the tert-butyloxvcarbonyl group.

. 500 micromoles of pimelautide (or trimexautide)
are dissolved in 10 ml of a 0.1 molar solution of car-
bonaté buffer at pH .9.5.

10 ml of a solution of diterbutyl pyrocarbonate
at 100 mmol/l are added. .

A pH of between 9 and- 10 is maintained for
100 hours by adding disodium carbonate. .

The reaction mixture is then diluted wi‘i':h 10 ml
'of_ water and 10 ml: of diethyl ether and the washed
aqueous phase is acidified _to pH 2.5 with potassium
hydrogen-sulfate.

An extraction with‘ 100 ml of dichloromethane
followed by evaporation of the solvent using a rotating
evdporator 1leads to the crystallization of Boc-
pimelautide (or Boc-trimexautide).

The incorporation of Boc-pimelautide (or Boc-

trimexautide) by peptide synthesis in a solid phase

/.’q
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the ENV gene of the HV virus. ' The experinental procedures are
I dentical to those described in Exanple 3. Table Il summari zes

the results obtained. In this table, CBl1, CB2 and CB3 correspond
to |ipopeptides forned fron1the-peptid§%derived fromthe ENV protein and

a lipid. The formulae of CB1, CB2 and 3 are as follows:
generates two position isomers.

b) CLEAVAGE AND PURIFICATION_

The cleavage of the peptide at the end of the
synthesis. is performed using anhydrous hydrofluoric
acid. |

The peptide is then purified by gel filtration
and type C4 reversé—phase preparative HPLC.

Figure 1 fepresents the preparaﬁive Hch spec-
trum at 235 nm obtained for 20 mg of 1ipopep£ide dis-
solved in HCOOH. 4

The lipopeptide obtained is then ana%yzed by
total acid-hydrolysis, by analytical C, HPLC chroma-
tography and mass spectrography.. |

Figure 2 represents the mass spectrum. A dis-
tinct peak is observed at 2422.2 which corresponds to
the weight of the lipopeptide.

) Figures 3a and 3b represent the analYtiéal Cy
HPLC chromatography of the 1lipopeptide and of the
control without lipopeptide respectively.

The chromatographic conditions are as follows:
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NH[ er r] - | Rl QRGPGRAFVTI GK- CO- NH- CH- CO-NH[ err] [ &Fr]

44

solvent (A) : 0.5 0/00 trifluoroacetate,
grad.ent: solvent B’ : 0.75 % dacetonitrile

0.5% trifluoroacetate,
gradient from 10% to 80% in 120 min,
measurement at a wavelength of 215 nm.
During the total acid hydrolysis, the diaminopimelic
' écid (Dap) present. in pimelautide and trimexautide

constitutes a good coupling marker.

Results of the total acid hxdrplxsis

4

aAmino nanomoles measured theoretical measured/

acids ' theoretical
Thr 3.2500 0.97 1 0.97/1
Glu 7.1000 2.11 2 1.06/1

* Pro 3.1800  0.95 1 0.95/1
Gly 10.3500 3.08 3 1.03/1
Arg 6.6900 - 1.99 2 1.00/1
val 3.3%00 . 1.01 1 1.01/1
Ile 9.5800 2.85 ~ 3 0.95/1

REPLACEL
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CH err]-CO NH CH CO NH- | Rl QRGPGRAFVTI CK- CO-NH- CH- CO-NH[ er r] [err]

-

45

Phe 3.3500 _ 1.00 1 1.00/1
Lys 3.5200 © 1.05 1 1.05/1
Arg 9.9200 2.95 3 0.98/1
Dap 3.500 1.05 1 1.05/1
EXAMPLE 3 -

Immunization against the peptide NP 147-158.
The immunizations of mice are carried out as

follows:

Immuni;ations: .

The mice were injected with fhe lipopeptide .
preparations intraperitoneally (i.p.) or subcutaneously
(s.C.), with or without adjuvant.

At least two injections (at intervals of 8 to
30 days) are necessary in order to obtain CTLs.

Each injection contains 5 X 1078 mole of
lipopeptide. _

Detection of the CTLs

8 to 21 days after the last injection, the

27 NOV 1996




0O NH- CH- CO- NH-* | Rl QRGPGRAFVTI GK-CO NH-CH CO-NH err]  [err]

46

spleen of the immunized mice was removed, the spleno-
cytes of these mice were cultured in vitro in an amount
of 5 }( 106 splenocytes/2 ml of conventional culture
medium (DMEM + 10% FeS + pyruvate + no_essential amino
acids +’3—2fmércaptoethanol) containing SJWM of the
peptide'corresponding to that involved in the lipopep-
tide construction.

From the 5th day of the in vitro culture, tﬁe
activity of the CTLs may be detected by the
convgntional test of 51Cr_release (Martinon et al., J.
Immunol., 142;3489-3494, 1989). .

The CTL activity is tested against some
syngenic target cells in the presence of the peptide
(NP 147-158 R™ ,P3CSS. PepNP or L;-Pep.NP) or against
some syngenic target cells infected, by the influenza A
virus. |
) The results obt&ined are summarized in Table I.
The first part of the table relates to the results
already_obtained with the .whole influenza  virus, the

NP 147-158 R protein of the influenza virus and the

REPLACEMENT SHERT
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The results in Table Il show a substanti al activity for one of the
| i popeptides (CB1). EXAMPLE 5: | muni zati on agai nst the peptide
ENV 302- 335. This peptide is the 302 to 335 fragnment of the

47
P3CSS-PEPNP lipopeptide, which consists 6f the
NP 147-158 peptide.coupled to tripalmitoyl-S-glyceryl-
cysteinylserylserine (DERES et él. previously
mentioned).

The second part of the table relates, on the
one hand, to the immunization trials carried out with
liposomes containing the NP.147-158 peptide and with
the lipopeptides L1, ﬁz and L3. These lipopeptides are
moleculeé containing a peptide part (NP 147-158) and a.
lipid part, respectively. The lipopeptides L1, L2 and

L3 are therefore of the following formulae ‘

© NH,-TYORIRALVTG-CO-NH-CH-CO-NH

Ci4

Lj
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ENV protein of the H V virus. 52 :
The. experi méntal procedures are identical to those described in Exanple 3.

The results are shown in Table I11. The fornul ae of the
| i popeptides CB[err], CBlerr] and CB[erih are as foll ows:

CH,-CO-NH CH-CO-KH-TYQRTRALVTG-CO- NH-CH-CO-NH,

L2
Ci4 Ci4
CO-NH CH-CO-NH-TYQRTRALVTG-CO-NH-CH CO-NHa,
- NH-CO
C15 C4
- C®

REPLACEWENT SHEET
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NH err] -
53 .

£

those described in Example 3.

TRPNNNTRKSI R QRGPGRAFVTl GKI GNVRQAH- CO- NH- [ er r] CO- NH[ err ]

[eTr]
49

The cytolytic activities after 5 days, 12 days
and more than 21 days show that a very high activity is
obtained for.the lipopeptide L1 compared to the other
trials carried out.
EXAMPLE 4: .

Immunization bé - CBl, CB2 and 683 against the
ENV_312-327 peptide . .

This peptide is a protein fragment encoded by

the ENV gene of the HIV virus.

The experimental procedures are identical to -

LY

Table II summarizes the results obtained.

In this table, CBl, CB2 and CB3 correspond to
lipopeptides formed from the peptide derived from the
ENV protein and a lipid.

The formulae of CBl, CB2 and CB3 are as follows:




[err]

50 °

NH.-IRIQRGPGRAFVTIGK-CO-NH-CH-CO-NH>

cid

CB o

CH53-CO-NH-CH-CO-NH-IRIQRGPGRAFVTIGK~CO-NH-CH-CO-NH,

Y
C8; ’ : _ ) Cl¢



It can be observed in Table Ill that the two |ipopeptides, CB[err] and

CB[err] . show cytolytic activities substantially higher than the control.
EXAMPLE 6 : | mmuni zat i on aaai nst the peptide ENV 312-327 by
51 |

CO-N_H-CH-CO-'NH- IRIQRGPGRAFVTIGK-CO-NH-CH-CO-NH,

[

NE=CO

CB,

The results in Table II show a substantial
activity for one of the lipopeptides (CBl).
EXAMPLE 5:
Immunization against the peptide ENV 302-335.
This peptide is the 302 to 335 fragment of the

ENV protein of the HIV virus.
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CBl1l, CB4, (CB5, CB17, (CB19, CB21 and CB25. - The experi nent al
procedures are substantially identical to those described in exanple 3.
The table IV sunmari zes the results obtained. The formnul a of
CB[err] is indicated in exanple 4. 52 The fornul ae of CB4, CB5, CBl17,
CB19, CB21 and CB25 are as follows : ’ . e

The experimental procedures are 1dgntical to
thosé described in Example 3.

The'results.are shown in Table III.

The formulae of the lipopeptides CBg, CB; and

CBB are as follows:

NH,-TRPNNNTRKSIRIQRGPGRAFVTIGKIGNMRQAH~CO-NH-CH-CO-NH=

CB¢

Qi

- 27 NOV 19%%




[err] [err]

53

CHI—CO-NH~CH~CO-NR=TRPNWNTAXS IRICRCPCAAFVL (ORI CNIMROAR-CO= Ni~CH—CO-NK2

CB,
et ci4
L1
CO-NR=CH-CO-KE=TRPNNNTAKS IR I CREPCRATVT I R I ONMRCAR~CONR~CH=CS~NH 2
© RH~CO
CBg
o
cs c1s
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CB 21 Mxture of A R OH R - NH | R QRGOPGRAKVTI OK- O |
B: R = NH IR QROPORARVTI GK - 011 R=0H [err]

54

It can be observed in 'l‘éble IIXI that the two

lipopeptides, CBg and CB;, show cytolytic activities
subétantially higher than the control.

EXAMPLE 6
Immunization against the peptide ENV _312-327 by

CBl, CB4, CBS, CB17, CB19, CB21 and CB25. .
The experimental procedures are substantially
identical t_é_those described in example 3. _
The table IV summarizes the results obtained.
The formula of CB; is indicated in example 4.
The formulae of CB4, CB5, CBl17, CBl9, CB21 and-

CB25 are as follows :

ot
15 NSNS CON _cooul
HNOC CONH

Cys. R=- €CO (1 12);—CONH—IRIQRGPGRAIV T'IGK—O1

CBw= R« CO--CHy—NH—CO .(Cli))z—-CONH—lIOQRGPGRAI‘V’I'IGK-n}l



H TRPNNNTRKSI Rl QRPORABVTI GKI GNVROAH CONHperr[  CONH[ err]

H -1 R QRGPGRAPVTI GK- CO-NH[ err] * CONH[ err ] 56
55
CONH
H,NOGC 'CONH

M,C) —<
_ .~ COR'

§ M - 2 H R“
c8 21 MixtuF® of Al B Nﬂ—leROI’GRM*\'lth—-Oll

B Re NI{—IRIQRGPOKAI‘V'I‘IGK-— OI1l
- R'=OH

cR® 25 . CO—(CHy)y—CHy -
H—TRPNNNTRKSIRIQRCOPOR ARVTIGKIGNMRQAH—CONIL CONH,
HCO~(CHy) (—CH.

B, ==

H—~IRIQROYGRAFVTIGK~CO-—NH CONH,

vard
{ g

primmanemntromnmmmntety

b
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[err] Cak 3... The C-term nal end of the 312-327 sequence of
H V-1 (LAV-BRU) GP120 protein is according to a carboxylic condition. A
racem c [err]-am no- hexadecanoi ¢ acid has been fixed on the N-term nal
region. The N-term nal functional group is according to an am ne condition.

56

(o,L) : |
Ny Q-Co-T AT Q0 G P G AR E VY16 n-oy

CR,;

The C-terminal end of the 312-327 sequence of HIV-l

(LAV-BRU) GP120 protein 4is according to a carboxylic -
condition. A racemic o-amino-hexadecanoic acid has been

fixed on the N-terminal region. The N-terminal functional

group is according to an amine condition.:
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in that the steroid group is N[err]-[(chol est-5-enyl-3-0xy)-
acetyl]lysihe or one of its derivati ves. 3. The Ilpopeptlde i
according to claim1, characterized in that the steroid IMH"'"EI"" "ll””"'
(chol est-5-enyl - 3-oxy)acetic acid or ong of its gerlvat 0 A
| i popept i IMyprising a peptide part haV|ng et ween ‘and
anlnoaC|dgﬁﬁbprOX|nately and preferably between 10 and 20 an1noaC|ds

[ popepti de " al SacanprEoRevig 4 Shmp BB nd A DB T Bhrs, haied

| i popeptide also.conprising on ato

steroid @etweemord fagd Qodaﬁwﬁﬂ‘%Ef&btaﬁpééﬁihawahﬁr@né"pLSEELQ@f?r]

functi onal
between 10 and 20 amino acids approximately and comprising

at least one antigenic determinant, said lipopeptide also
comprising one or more chains derived from fatty acids
comprising 10 to 20 carbon atoms and/ér one or more steroid
groups modified and coupled on the aﬁHz or eNHg functional
groups of said amino acids.

2, ' The lipopeptide according to . claim 1,
characterized in‘that the fatty acid-derived chain is 2-

aminohexadecanoic acid or one of its derivatives.

3. The lipopeptide acco:ding to claim 1,
characterized in that the fatty acid-derived chain is N-g-
palmitoyllysine or one of its derivatives.

4. The lipopeptide according to claim 3,

.Characterized in that the fatty acid-derived chain is N,N'-
dipalmitoyllysine.

Th1s Sheet.Has Been Replaced

IIIIII e
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groups of said am noacids, and wherein the peptide part i
protein of the H V1 or H V2 viruses. ! " -I
62 x 5. The |ipopeptide according to claim 4, where sUCy

part is a fragnent of the protein encoded, by the ENV gene and in
particular the 31%1327fﬂ39"?51p85ebggd _%%%ording to claim 1,

characterized in that the fatty acid-derived chain is

pimelautide or trimexautide or one of their derivatives.
6. The lipopeptide according © to claim 1,
charactérized in that the steroid group is N-g-[(cholest-5-

enyl-3-oxy)-acetyl]lysine or one of its defivatives.

7. The 1ipopeptidé according to claim i,
charécterized in that the steroid group is (cholest-5-enyl-
3-oxy)acetic acid or one of its derivatives.

8. The lipopeptide aécording to one of claims 1 to
7, characterized in that the peptide part is a.fragmentodf
a protein of the HIV1 or HIV2 viruses.

9. The lipopeptide according to élaim 8,
characterized in that the peptide part is a fragment of the
protein encoded by the ENV gene and in particular the 312-
327 fragment or 302-336 fragment.

10. A'vaccine'against a pathogenic agent containing
one of the lipopéptides according to one of claims 1 to 9.

11. The vaccine according to claim 10 against

diseases linked to HIV viruses, characterized in that it

_ H??Hﬁ?f?"ﬂ SHEET
s Bee“;:‘;’d | 27 NOV 1996
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f ragment . 6. A vaccine against a pathogenic agentkflitalnlng one

of the lipopeptides according to one of claims 1 to 5 mm,ff”ﬂ””"l

vacci ne” according to claim6 against diseases linked to
characterized in that it contains one | ggopeptide or | i popepti des aécoFdlﬂg

to one of 5 use of a |ipopeptide conprising a
pepti de part@haw 3‘%%,[ \%ggﬁprt&ﬁl(? ﬂaﬂiﬁBpgatd*Seépp‘?S‘iPﬁﬂtlélgy tPdone
preferablbbegﬁggg P ¢0 ami no acids approxi mately and conprising at.

| east one antigenic eterm nant, - said-

- 12. The use of the lipopeptides according to one of
claims 1 to 9 for immunizing the human or animal body.
against pathogenic agents by inducing cytotoxic T
lymphocytes. |

13. The use according to claim 12, characterized in
that the pathogénic agents are viruses, in particular the
HIV1l and HIV2 viruses, in which case the immunization is

carried ouf by means of the lipopeptides according to one

of claims 8 and 9.

4

14. The use according to claim 12, characterized in
tﬁat the pathogenic agents are parasites.

15. Pharmaceutical composition, characteiized in
that it contains an efficient quantity of at least one
compound according to one of claims'l to 9 in association

with one or several diluenté or adjuvants compatible and

pPharmaceutically acceptable.

?\F",:{,\i r S'SKEET
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“lipopeptide also conprising a trinexautide or pinela e chaln or

derivative Thereof or 2-am nohexadecanoic acid and/or m H‘ﬁ

groups hodi fied and coupled on the [err]NHerr] funct ““ aid

amno acids for the production of a ”§§I cinal product f*or¢the i ini zati on
h

~ of human or ani_mal_bodi es agai nst pat eni c agents by cytotoxic T
| ynphocyt e i nd@ct iGAMPosition according to claim 15, characterized

in that it is intended for treating the diseases related
with HIV viruses by induction of the cytotoxic T

lymphocytes.
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63 9. The use of a |ipopeptide conprising a peptide part having
between 10 and 40.ami no acids approximately and preferably between 10 and
20 am o aci ds approxinmately and conprising at |east one antigenic

det er m nant, said |ipopeptide al so cggprising one or nore chains derived
fromfatty acids conprising 10 to 20 carbon atons and/or one or nore
steroid groups nodified and coupled on the {err]NHerr] functional
groups of said am no acids for.wthe production of a medicinal product for
the i muni zation of human or ani mal bodi es agai nst pathogeni c agents by
cytotoxic T | ynphocyte induction. o

-ABSTRACT OF THE DISCLOSURE

CYTOTOXIC T LYMPHOCYTE-INDUCING LIPOPEPTIDES
AND USE AS VACCINES

Cytotoxic lymphocyte-inducing lipopeptides
comprising a peptide part having between 10 and 40
aminoacids approximately and comprisiné at least one
antigenic determinant. The lipopeptides also comprise one
or more chains derived from fatty acids and one or more
modified steroid groups.

Said lipopeptides may be used for immunizing the
human or animal body against pathogenic agenté such as
viruses or parasites. The peptide part may, in particular,'
be a fragment of the protein encoded by thé ENV. gene of HIV

viruses, in particular the 312-327 fragment or the 302-~336

fragment of this protein.

-

- NO DRAWING

REPLACEMENT SHEET

27 NOV 1996




10. The use according to claim9, characterized in that the fatty acid -
derived echdin is 2-am nohexadecanoic acid or one of its derivatives.

11. The”usk according to claim9, characterized in that the fatty acid -
derived chain is N[err]-palmtoyllysine or one of its derivatives.

12. The use according to claim 11, chara t zed in that the fatty -
aci d - derived chain -is N, N - jial m t oyl | ysi ne. 13. The .
use according to claim9, characterized int
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the fatty acid - derived chain is pinelautide or trinexautide or one of
their dewkvatives. 64 14.
The usevagtording to one of clains 8 and 9, <characterized in that the

steroid group is N-[err]-[(chol est-5-
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enyl - 3- oxy).-acetyl ]l ysine or one of its derivatives. 15. The use
according;to-one of claims 8 and 9, characterized in that the steroid group..
is (choles¥¥5-enyl-3- oxy)acetic acid or one of its derivativ ————
The use according to one of clains 8 to 15, characterized in t%ﬁt%@i*
pat hogeni ¢ agents are viruses, in particuka he HI V1 and H V2}vijftiSes, in
which case the peptide part is a fragmetﬁl; a. protein of the {H{Vip@amnNDV 1996
H V2 viruses 17. The use accofding to claim16, charactierii zed in
that the peptide part is a fragnent of the protein encoded Dy
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the "ENV gene and in partlcular the 312-327 fragnent or 302- 336 fragnent.

18. The use according to one of claims 8 to 15, characterized in tﬁaﬂﬂfh€°

pat hogeni'c agents are parasites. '
' ' - 221B SG
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Cytotoxic T lymphocyte-inducing
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INSTITUT PASTEUR
| Cytotoxic 1ympho¢yte-iﬁducing lipopeptides
comprising a .peptide"part having between 10 aﬁd 40
aminoacids approximately and comprising at leaét one
‘ antigénic determinant. Tﬁe lipopeptides alsg comérise oné
or moie chains derived from fatty acids aﬁd one or more
modified steroid groups.

Said lipopeptides ‘may be used for immuniéing the
human or animal body against pathogenic agents such as
viruseé or parasites. The peptide part may, in particular,
bé a fragment of the protein encoded by the ENV gene of HIV
‘viruses, in particﬁLar the 312-327 frégment.or-the 302-336
fragment offthis protein.

NO DRAWING

is Sheet Has Been Reﬁaced

\lII\I\\ AW



»
-

¢ Werin7 o3 aea) copf

S * [ L [ $ *

REPLACEMENT SHEET
23 JUL 1999

61

CLAIMS:

1. A lipopeptide comprising a peptide part having
between 10 and 40 amino acids approximately and preferably
between 10 and 20 amino acids approximately and comprising
at least one antigenic determinant, said lipopeptide also
comprising one or more chains derived from pimelautide,

trimexautide or 2-aminochexadecanoic acid and/or one or more

steroid groups modified and coupled on the oNH; or eNH;

functional groups of said amino acids.

2. The lipopeptide according to claim 1, characterized
in that the steroid group is N-g-[(cholest-5-enyl-3-oxy)-

acetyl]lysine or one of its derivatives.

3. The lipopeptide according to claim 1, characterized
in that the steroid group is (cholest-5-enyl-3-oxy)acetic

acid or one of its derivatives.

4. A lipopeptide comprising a peptide part having
between 10 and 40 aminocacids approximately and preferably
between 10 and 20 aminoacids approximately and cdmprising at
"least one antigenic determinant, - said lipopeptide also
comprising 10 to 20 carbon atoms and/or one or more steroid
groups modified and coupled on the a-NH; or eNH; functional
groups of said aminoacids, and wherein the peptide part is a

fragment of a protein of the HIV1 or HIV2 viruses.

16 o FF 221
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5. The lipopeptide according to claim: 4, wherein the
peptide part is a fragment of the protein encoded by the ENV
gene and in pafticular the 312-327 fragment or the 302-336

fragment.

6. A vaccine against a pathogenic agent containing one

of the lipopeptides according to one of claims 1 to 5.

7. The vaccine according to claim 6 against diseases
linked to HIV wviruses, characterized in that it contains one
lipopeptide or lipopeptides according to one of claims 4 and

5.

8. The use of a lipopeptide comprising a peptide part
having between 10 and 40 amino acids approximately and
preferably between 10 and 20 amino acids approximately and
comprising at least one antigenic determinant, said
lipopeptide also comprising a trimexautide or pimelautide
chain or a derivative thereof or 2-aminohexadecanoic acid
and/or one or more steroid groups modified and cdhpled on the
oNH, functional groups of said amino acids for the production
of a medicinal product for the immunization of human or
animal bodies against pathogenic agents by cytotoxic T

lymphocyte induction.
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9. The use of a lipopeptide comprising a peptide part

having between 10 and 40 amino acids approximately and
preferably between 10 and 20 amino acids approximately and
comprising at least one antigenic determinant, said
lipopeptide also comprising one or more chains derived from
fatty acids comprising 10 to 20 carbon atoms and/or one or
more steroid groups modified and coupled on the &NH;
functional groups of said amino acids for the production of a
medicinal product for the immunization of human or animal
bodies against pathogenic agents by cytotoxic T lymphocyte

induction.

10. The use according to claim 9, characterized in that
the fatty acid - derived chain is 2-aminohexadecanoic acid or

one of its derivatives.

11. The use according to claim 9, characterized in that

the fatty acid - derived chain is N-g-palmitoyllysine or one

of its derivatives.

12. The use according to claim 11, characterized in
that the fatty acid - derived chain is N,N -
dipalmitoyllysine.

13. The use according to claim 9, characterized in that
the fatty acid - derived chain is pimelautide or trimexautide

or one of their derivatives.
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14. The use according to one of claims 8 and 9,

characterized in that the steroid group is N-g-[(cholest-5-

enyl-3-oxy) -acetyl] lysine or one of its derivatives.

15. The use according to one of claims 8 and 9,
characterized in that the steroid group is (cholest-5-enyl-3-

oxy)acetic acid or one of its derivatives.

16. The use according to one of claims 8 to 15,
characterized in that the pathogenic agents are viruses, in
particular the HIV1l and HIV2 viruses, in which case the
peptide part is a fragment of a protein of the HIV1 and HIV2

viruses.

17. The use according to claim 16, characterized in
that the peptide part is a fragment of the protein encoded by
the ENV gene and in particular the 312-327 fragment or 302-
336 fragment.

18.‘ The use according to one of claims 8 to 15,

characterized in that the pathogenic agents are parasites.



