R —

» e

" AD-A258 618 "
A

THE DEVELOPMENT OF CARRIERS AND ADJUVANTS FOR USE WITH PEPTIDES
TO INDUCE MUCOSAL AND SYSTEMIC IMMUNITY AGAINST BIOLOGIC TOXINS

MIDTERM REPORT
RUTH ARNON
JUNE 30, 1991

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Fort Detrick, Frederick, Maryland 21702-5012

Contract No. DAMD17-92-2-0015 DTE@

B ECTE
EO 161982

Weizmann Institute of Science
Department of Chemical Immunology
P.0O.B. 26
Rehovot 76100, Israel

Approved for public release; distribution unlimited.

The findings in this report are not to be construed as an
official Department of the Army position unless so designated
by other authorized documeéents




REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

P01 rPOOMAG DUrden *or IRy  CIECLUN I ATGIRUGA | S3LMalng ) 1.€73GP * “Oul D81 *SI00FIE. ACILAING (e tume ‘Or

. . A d RVIPWING .AIIUCHIOM M ATCNING eXdting data SOurces,
FAPENAG 20D MINTAINING NG 12T ALEIED, and (S DIRUING /D ey Ew:Ag the SHeTOn Of QM ation  Yeng (smments 1 orging z#-‘ Durden eatimgte Of ?nv o(he? 3500t Of they
CCHECTION I AT MILON, ACUANAG WGGEITGAY 'OF reduing thn Durden 13 N ef AGIONA Headquarten Sernvum, Srectorate fo .nformation Qoeratiory and tegorty, 1215 jeMencn
Dawis Mighway. Swite *204 Arhnqgton, /4 (21024307 and tO the Ot e of Mar sgement 4nd Sudqget. Pigerware Reducton Promect (0764.3108), washington, IC 20903

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE
June 30, 1991 Midterm

3. REPORT TYPE AND OATES COVERED

1 Dec 89 - 30 May 91

4. TITLE AND SUBTITLE

The Development of Carriers and Adjuvants for
Use with Peptides to Induce Mucosal and Systemic
Immunity Against Binlogic Toxins

S. FUNDING NUMBERT
DAMD17-92-2-0015

{t61101A

6. AUTHOR(S)
Ruth Arnon

3M161102BS12 AA
DA330873

7. PERFORMING ORGANIZATION NAME(S) AND ADORESS{ES)
Weizmann Institute of Science:
Department of Chemical Immunology
P.0.B. 26
Rehovot 76100, Israel

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADORESS(ES)
U.S. Army Medical Research & Development Command
Fort Detrick

Frederick, Maryland 21702-5012

10, SPONSORING / MONITORING
AGENCY REPOAT NUMBER

11. SUPPLEMENTARY NOTES

123. OISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release;
distribution unlimited

12b. OISTRIBUTION CODE

13. ABSTRACLT (Maximum 200 words)

4. SUBJECT TEAMS
RA 1; Immunogenicity; Ricin; Scorpion toxin;
Peptide

15. NUMBER OF PAGES

5. PRICE COOE

OF REPORT CF THIS PAGE OF ABSTRACT
Unclassified Unclassified

17. SECURITY CLASSIFICATICR |18, SECURITY CLASSIIICATION | 19. SECURITY QLASSIFICATION 120, LIMITATION QOF ABSTRACT

NSN 7545.01-280-5500

Standard Form 298 'Rev 2-89)
Prewcnord Dy ANY Std 239418




P.2

GRANT NO. DAMD17-90-Z-00153 PI: RUTH ARNON
SCIENTIFIC PROGRESS )

: 1. Peptide vaccines:

To eliclt neutralizing immunity against Ricin using analogous
synthetic peptldes two approaches were pursued. The rirst approach
utilized sequences from the putative active site of the enzymatic
activity (Ricin A peptides) and the sacond from the part of the B
¢hain containing tas major galactose binding site which facilitate
¢ell entry (Ricin B peptidas). .

a, Riein A chain:

i.bata from 16 vaccines (11 hydrophoblcally-linked protecsome-
lipopeptide vaccines (in saline) and S covalently-linked XLE-
peptide vacclnes (emulsified in Complete Freund's Adjuvant (CFA})
representing 8 areas orf Ricin A chain were analyzed and compared
(see enclosed Table 1), Anti-peptide and anti-Ricin A protain IgG
was successfully induced against most of the area except 199,122
and 203, The proteosome vaccine for the 161 area was significantly
superior to the XLH/CFA system in inducing anti-Ricin A protsin IgG
and for the 190 area was superior in Inducing both anti-protain and
anti-peptide IgG.The titer c¢f antl-peptida2 Ig5 induced by pepride
from region 5 (199 and 203) was low and Rlcin A chaln protein was
not reccgnized at all by these antibodles. None of the vaccines
induced dexectaple nautralizing antidodies Iin an in vitro assay
using native Ricin; nor did the peprides inrhibit neutralization ¢f
Ricin A polycional sara.aAmino acids 209 ana 211 of Ricin A chain
are consldered critical to its enzymatic activity. Vacclnes
containing peptide 199-221 however were not immunogenic; although
immunizacion with vacsines containing 120-214 did induce high-
titered IgG against 190~214 (Table 1), peptide 199-221 was not well
recognized by these antibcdies indicating that IgG to the critical
209-211 area is still lacking. for that purpose vaccine contalning
peptide 205-213 was used. Tals vaccine was also ineffective against

both the homolegous peptide and Ricin A.
1i. 13 peptides from 9 areas of Ricin A chain were delivered to
the piv. of patnophysiology, USAMRIID, in ordar to determine if one
of these areas would be recognized by & neutralizing MAb available
to The USAMRIID. A peptide conta.ining amino acids 91-117 was
strongly recognized by tha MAb but an overlapping peptide
containing 107~132 was not indicating that the protective
monoclonal interZeres with Ricin A toxicity by reccognizing the area
contained in anine acids 91-110. On receipt of the MAb fron
USAMRIID, we confirmed thesa results.Three 10-ner peptides {91=100,
¥6-103 and L01~110) wera synthesized, purifisd and tested in keth
direct dindaing and inhibiticn BLISAs to determine which part of 91-
117 1s active.None of thase short peptides weare active.
Accordingly, a3 15-mer, 96-120, and a 20-mer, 91-i10, wers
svnthesized,purified and tested as above. Both of these pept*des




. in fetal calf serum none 2f the 40 MABs that recognized Ricin A
chain in ELISA neutrallized Ricin toxicity.

P.3

were positive indicating that the active site is defined by the 13-
ner, 9%6-1190.

iii, New vaccines were made using XIH or protecsome preparations
that are superior in develcping anti-protsin antibodles (MgC-I ana
GClaX~R) with peptide 91-117 that reacts with the reutralizing
monoclone, Serum PELYSA results are pending completion of
irmmunization.

jcin in:

i.Data from 8 vaccines (7 hydrophobically-linked proteosomae-
lipopeptide vaccines (in saline) and 1 covalently-linked XLM-
peptide vaccine (emulsified in Complete Freund's Adjuvant (Craj)
representing pectides from the two hcmologous galactose binding
site on the Ricin B chain were analyzed (see enclosed Table 2).
3ince two Ricin B peptides 236-2%7 and 244-25%52 fronm the 2nd binding
site induced antibodies that reccgnized the horologous peptides but
did not recognize native Ricin B protein, rive other peptices were
synthesized, purified and vaccines were made Irom the rirst
putative site (20-28,20~47) and thae second (232-239,247-258) .These
vaccines induced anti peptide but not antl Ricin 3 protein
antibodies,

ii.Peptide 230-257 was complexed to 5 different preparations of
protecsomes to determine if changed presentation of this peptide
induced IgG that recognize the protein: A new lot of meningococcal
proteosones made in Israal (MgC-I), and 3 proteosome preparations
made by Dr. Mylan Blake at the Rockerfeller Univ., N.Y.: MgC-R, anq
2 gonococcal proteosomes: GC-Std-R, and GC-X-R (lacking class 3
pretein). Significantly, the standard MgC proteosons induced the
highest anti-peptide titers whereas the others induced better anti-
protein titers, especially Mgc-I, which elicited the poorest anti-
peptide titars (Table 3).Hence two new Ricin B peptide vaccines
were made with the GC-X-R ana MGC-I linked to 244-262 peptice which
induced anti Ricin B titers of 25,000 (0.d.>0.5) with anti-peptide
titers of 6,400 Iindicating the efficacy of tnis approach.
Neverthaeless, non ¢f thesa vaccines induced detsctarle neutralizing
antibodies in an {n vitro assay using native Ricin.

. cls uct :

Meutralizing MAB®s to bhoth A and B chains of Ricin can ke used to
identify peptides that represent neutralizing epitopes of <the
toxin.

a.Ricin A chain

Sera of mica inmunized with Ricin A chain showed a) high titered
Eolyclonal anti-ricin A antibodies by ELISA and western blcts and
r) low-titered activity in an in vitro assay daveloped to test for
neutralization ¢t native Ricin. Spleens of these animals were used
for fusion and 40 MAbs were identified that reccgnized Ricin A,
Although 1t was initjially found that many of these had neutralizing
activity as well, {t was subsequently shown that the this was due
to a factor 1n the horse sorum used TO grow tne cells. When regrown

b.Ricin B chain

Polyclonal antlsera fron mice immunized with Ricin B c¢hain
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neutralized Ricin at a titer of 1:9000 after 2 boosts. From tha
hundreds of Mabs that bound to Ricin B chain in an ELISA, whan tha
two hybridomas sslected for sub-cloning were expanded. and grown to
ascites fluid, one clone was found to be supericr in neutralizing

toxicity in vitro - this clcne will be tested for in vive
neutralization. :

B. SE3: Proteosome vaccines nade from 12 lauryl-cysteine
peptides werae tested for induction of binding antibodies to the
natjve SEB protein and to homologous and overlapping peptides in an
ELISA. Sera were alsc sent to Dr. P. Genski at WRAIR for
functional assays and for comparison with KIH-covalently couplad
peptide vaccines. The data are sumrarized in Table 4 below.

SEB is not toxic in vitro and is toxic at low doses only in man
and mcnkey. In order to test the SEB vaccines made, new ideas for

a mouse model for SE3 toxicity were testad for the second time and
data confirmed feasibility of the weodel.

c. ETQR] N : Ricin & peptides RA144 and lauryl-
cysteine-RAl44 wers purified in large quantity to make vaccines for
oral lmmunization of pregnant rabbits to test colestrum and lung
lavags for secretory IgG and IgA. The protocel included SEB alone
or coupled to beads, Ricin A alone or coupled to beads, RAl44 alone
cr c¢oupled %o beads, or lauryl-cystzine or proteoscomes.Vaccines
tested did not give high antibody titers in c¢elostrum cr lung
lavage following oral immunization cf rabbits.A murine systenm was
daveloped to evaluate induction of IGA in the respiratory tract and
protectjion against respiratory infection fellowing intranasal
immunization using peptide vaccines.Mice immunized intranasally
with Ricin A or Ricin B peptides complexed to protecsomes inducad
low levels of specific IgA and IgG in bronchial lavage fluids and
sara, respectively. Cholera toxin B chain (CT3) enhanced immunity
when mixed with free Ricin A peptide or with Ricin B peptide
complexed to proteosomes.A new protccol was designed to induca
Figher levels of antibedy (2 series, 3 weeks apart, of 3 weakly
immunizations). Secretory immunity experiments using shigella LPS
with proteosomes to evaluate oral and intranasal immunization using
antigens of known military importancs indicate that at least thrae
deses are needed for optimal responses.
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IRNUNOCENICETY OF RICIN A »geTiOE VACCINES V3ING
PROTEOSOME-LIPOPEPTIDES (in  NS) or KLU-DEPTIDGN cin  CFAY:
TERTIARY MURINE  1oG RESPONSES ulmuurod by ELISA

Reciprocai Serum  Tiger }
Ares carriury Peptide (0.0. > 0.5) Againgt
4djuvant Locatfon
{Czadded riein A Nomologous
Cysteine) Protein Pepeice
F ———— ——— e
1 Protecsome €1564-170 3,200 1,400 -
-
LH/CTA C144173 8,400 1,600
e Protecsome 189-184 3,80 3,200
pProtessome C161-184 3,200 3,200 5‘ -
XLU/CFA C141-184 - 50 6,400
3 Proteosane C171-198 200 806
Proteoscme C177-1%4 6,400 12,000 -~
¥
KLH/CFA C17¢-198 3,220 §,400
[ Protecscroe €190-218 §1,200 6,400 +
XLN/CPA €190+215 1,600 830
S fratecsone 199-224 <« 50 400
XL4/CFA £195-221 . <« 50 50
& Pratacacne e$1.117 1,500 - 3.0
7 Protessome ¢107-132 1,80C 3,200
8 Protsogone £132-148 ~50 (%]
Ss protecsome €205-213 50 00




P.6

TABLE  2: INMUNCGENTCITY of  PROTECSCHE-LIPOPEPTIOE (in  NS) of  KLN*
PEPTIOE ¢in  CFRA)  VACCINES frea the 8 CHAIN  of RiCIN: TERTLIARY
MUR]HE 190 RE3PCNNSS AQAINST NEHOL OROUS RICIN PROTEIN ar

PEPTIDAS a8 mrasurad by BLIBA

Rictn Carrier/ Source Peptice eciprocal serun  Titer
Acea: . Adjuvant of tocation (0.0, > 0.5) Agairst
Peptide (C=odced S RS

Cystaine) Nerologous Homalogous

Prote‘n Peptide
9 Protecsome Ricin 8 £230-357 100 3,400
10 droteoscme Ricin & §244+262 200 1,600
10 Proteroscae lliein 8 £244-262 200 53
98 drotecsome Ricin 8 €232- 239 <50 400
10e Sroteoscre Ricin 0 €247-256 59 400
11 2reteosome Ricin ¢ €047 $0 $,400
Vls Proteosome Rigin 8 ¢20+28 59 1.400
13D drcteosome Ricin 8 u $33:47 <50 300
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YABLE 3s  DWMOGENICITY of  PAOTEORONE-LIACMPTION VACCINES ‘rom the 8 CrAlX of
RICIN: SECONOARY and TERTIARY RINE 196 REIHONIES 1CAINST NCMOL SCuUe
RICIN  PROTEIN or PEPTIDES a8 seagured by fLisA
Riein Protececmess Reciprocal serum TSP 1
A~na: Stdw  standard (0.0, = 0.5} Ageinet !
l= [sraet
(rew) Sourcs Peptide
L 4] of Location
rROCKateiler Peptice {Graciced Nomalogous Homol ogonus
MgCe meningo- Cysteine Protain Peptide
)
coced
. GCs i
9«\:o¢ci ] r ] 30 ] PL l 30
geraticelly
lacking Class
i SRR S SR
9 Sed.  mgC Rieim 8 €230-2%7 $9 30 3,200 25,500
9 »"e-1 Riein 8 €230-247 50 1,400 800 12,400
v MgC R ANein 3 €230-257 «$0 200 59 3,200
y GC-Z1dx Ricin @ €230-257 100 200 800 3,200
_____9 {13 81 Rigin 8 $230-2¢7 400 400 ¢ <00 t,500
10 ac-x-¢ Rictn 8 $244-202 25009 4,400
10 MGC-1 tiein 8 C24k- 282 25000 8,400
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TABLE &2

1RRNCCENICITY OF PROTECSCHE-LIPOREATIOE VACCINES
USING  SE3  PEPTIDES: TERTIARY AND  QUATERNARY
MURINE  IgG RESPCHSES | AS MEASURED IN AN ELISA

oot
i Reeiprees! Serum  Titer (0.D. > 0.5)  Ageirets
o, ! Peptice
1 tecation $13  Pratain Semol tgous
i Paptide
tertincy | qusternery terciery
1 1-39 3,200 8,400 | 1.600
2 21-30 : "800 12,800 800
3 ¢1-70 (3,200 12,800 102,000
1 41-92 5,000 - 102,400 204,900
1 e $3-112 < %0 < 50 . 102,300
7 101130 « %0 < $0 220
a 113144 12,800 35,400 102,300
T 120-140 | PR 12,300 204,300
i “a 159,188 . 6,400 800 200
[ -1 121-26 800 300 300
2 101.220 420 1,400 400
'3 20239 00 ' 400 59
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B. SECRETORY IMMUMITY: MNice were immunized intranasally with
three Ricin A poptides thet wers recognised f; tha protective andsi- '
Ricin A mAb (RA91~117, RA91-110 and RAS6-110). Peptides that were '
hydrophobically ccaplexed to protecscaes wera found more potent in
inducing anti-Ricin XgA and 290 ia btonchiaﬁ and inteatinal lavage
fluids and sera than thoss linked covalle.xt’:{ to carrier proteln,
KLE. Priming intranasally was found supezior to parenteral priming.
Remarkably high anti-Ricia titers were cbtained with RA96-110

complesed to proteosomes (serum titer >400 at ‘o.d 1.0 for bronchial
Igh and 200 for sera IgA in some animals).




