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ABSTRACT

RESULTS

RESULTS RESULTS

Ricin iIs a plant-derived toxin that, when inhaled in sufficient quantity,
causes a rapidly progressive respiratory syndrome that can result in death.
A vaccine derived from the A-chain moiety (RiVax™) has been developed by
using conventional aluminum adjuvant, lyophilized In conjunction with 104'5 100 *
glassifying excipients, and tested in a nonhuman primate (NHP) model of :
Inhalational ricin toxicity. Rhesus macaques were either sham-vaccinated
or vaccinated three times one month apart with 100 micrograms of
lyophilized vaccine reconstituted with Water for Injection. NHPs were =10 3+
exposed to an aerosolized ricin toxin (=3 X LDg,) 45 days after the last :
vaccination. In the first of two cohorts of six NHPs each, all of the NHPs In
the vaccinated group survived exposure (6/6), with no adverse signs of
gross lung pathology. In the second cohort, 5/6 vaccinated NHPs survived;
one NHP was euthanized on the 7th day post-exposure. Because a delayed
death is atypical in this model, it is hypothesized that death was due to a
secondary bacterial infection not related to ricin exposure; pathology is
pending. All NHPs in both control groups (6/6) died within ~36 hours of
exposure and developed severe lung damage, including characteristic 10 *- 0 PR . . .
hemorrhage and edema. All of the vaccinated NHPs developed ELISA- y ' 0 5 10 15
reactive antibodies (immunoglobulin G (IgG)) after two vaccinations and o
toxin neutralizing antibodies after the third vaccination. Previous studies

with this lyophilization technology have demonstrated that the RiVax™

vaccir_1e IS Stéble for at I_east 12 m(?nths at 40°C an_d the re’Fained_ potency Is | vaccination l-challen ge -
associated, in part, with retention of the native configuration of the

antigenic portion of the protein. Thus, this prototype vaccine overcomes Fever Intensity
cold-chain requirements. It has demonstrated safety and efficacy Iin a Study Day v — 3p=003

I p<.0001 I

*Late death not directly attributed to ricin intoxication
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lethal aerosol NHP model of ricin toxicity. The results of this study indicate 4.0 - 2; 20 - SN FNST IS <iad X
that RiVax™ has great promise for protection against ricin exposure in | §§ 25 1 I LSS LR G S 3
humans and further clinical development of RiVax™ is ongoing to establish >0 %g 20 1 B et SNSRI
its safety profile. This research was supported with funding from NIH/NIAID c . = 12 POTT o A R S % ’
grant UO1 AIO8 2210. % 2000- T o | al e B v%
E eL_), 1.0 31 ' o0 — .
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Ricin, a plant toxin capable of being weaponized, has well documented $ 1000- Z%J: 10 -
toxicity. It is known to be lethal by the aerosol route, resulting in epithelial = a
necrosis within hours of exposure, multifocal hemorrhagic edema and O t4p- 20 é
death within 12-36 hours. Antibodies to the ricin A chain (RAC) toxin can g_
prevent morbidity and mortality, therefore a vaccine is considered the T 30 - ——SHAM
most feasible means to address the possibility of a biological attack of S:J 0 A A S o S A S ——Ricin Rivax Vaccine
aerosolized ricin. The vaccine component that has been tested in this :' o: jrr f : - 4.0 . . . . . . . . . . . . . .
study is RiVax™-TR. RiVax™-TR contains a modified RAC, genetically + o 17T 2 3 4 5 6 7 &8 9 10 M 1213 14
altered to eliminate both the toxicity attributed to the enzymatic activity Study Day 150 - Histopathology of lungs from animals either vaccinated with
of ricin (active site modification) as well as the toxicity attributed to RiVax™-TR (Panels A, B) or sham vaccinated (Panels C, D) and then
T . - Neutralizin nti i liev rrel with pr Y - ’ ’
vascyl_ar _Ieak, which is a seconFjary toxicity [vascular Igak site (VLS) S fefl_“: alizing antibodies believed to correlate th protective i exposed o a lethal dose of aerosolized ricin:
modification]. The drug product is lyophilized as an aluminum-adsorbed etticacy. 100 - I panel A (RiVay™.TRY: otherwi abl ' luna:
product for reconstitution with sterile Water for Injection, USP. 5 Neutralizing antibodies consistently observed after 3 vaccinations —~ i anel A (RiVax'™-TR): otherwise unremarkable normal lung;
(minimum level 640) I= ‘ il » Panel B (RiVax™-TR): mild hyperplasia and focal inflammation;
. - T & 7
%) TS . S i . .
Ribbon  diagram  of  RiVax™ 5 Neutralizing antibody response on Day 110 measured prior to ricin & 50 - '.' | « Panel C (Sham): marked edema and lung fibrin accumulation; and
(Protein Data Base, PDB,1RTC): exposure, suggesting that the generation of neutralizing antibodies is < & oI | l 13 . * Panel D (Sham): massive edema and associated inflammation.
relatively slow. S o W MR . o LV Roadael fud
) ACtlve Slte In purple % ! J':.°.-°;-':. (:.Iu;.l:.:.;-'r:i;:v(;..,n'.‘.;",. ‘:'I- (:.:.';' ] :.-{:.:' R te = ot 1~ : GO ol C O N C L U S I O N S
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= VLS site in orange L IR g
= Residues mutated (Y80, V706) 50 - _ _ _ _
to inactivate each site in —-SHAM 5 RiVax™-TR was 100% (11/11) efficacious in the
green.— | 50- ~Ricin Rivax Vaccine NHP primate model of lethal aerosolized ricin
= Active site residue Y80 was -100 . . . . . . . . . . . . . . _
changed to A and the VLS V76 o~ 40- . o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 toxin.
residue was changed to M. S < 30 - _ o
o é 30- o . 5 Animals were exposed to an aerosol of ricin
O ~— ® | - - -
L . toxin 3-5 times the amount that Is known to
T n - _ i i
< o o result in death of untreated animals.
= 0 - o 1 ]
STU DY DE SlG N PlaEn | w . & i : 5 RAC antibodies were significantly increased
0 - - 5 WS paret ke I g, R 0T BR R T 00 B B

YT T after 2 vaccinations while neutralizing
antibodies were consistently elevated after 3

Sham RiVax-TR

Male and female Rhesus macaques were vaccinated a total of three times,

DRespiration Rtae (breaths/min)

on Days 0, 30 and 60 Oon [_)ay 1%0_, NHPs were _aerosol exposed to a target > | ! I vaccinations.
dose of 3xLDg, of ricin toxin. Clinical observations were recorded at least -10 -
twice daily. SL_er|vors were humanely euthanized 14 days post-challenge and 15 § Heart rate and temperatu re were significantly
gross necropsies were performed on all NHPs. 100- : ——SHAM ] ] ] ]

: 20 - o Ricin Rivax Vaccine different in RiVax™-TR vs. Sham vaccinated

Dose Regimen ELISA TNA & RiVax-TR .25 — iIndividuals
(M) z - - sham |
] - ' ' - - i i i - -
Control 6 Shamvaccinated Days1, 14, Days 15, 3 > Days Post-Intoxication § Morbidity was also improved, with significant
30, 45, 60, 30, 45, 60, O o i i i
RiVax™-TR 12 100 mg RiVax™-TR 75 75 = © § 4 sham-vaccinated and 8 RiVax™-TR vaccinated animals were differences in both lung organ weights and lung
% ><3 10'5 implz_ante_d with telemetry devices 30 days prior to initiating histopathology on necropsy.
Aerosol exposure: After plethsymography measurements, each anesthetized s o vaccination (Day -30).
monkey was Chal(len?ced with l’ir:?in aerosol usmgblthr? dhead-onlyla)erozol > 3 5 Telemetry data was monitored throughout vaccination (not shown) 5 Neutrophilia occurred in both RiVax™-TR and
exposure system (performance characteristics established previously). This Zz y and after ricin intoxication (see above araphs ] i i i i
challenge was performed in a class lll biosafety cabinet within the BSL-3 . o o _ ( _ graphs) _ Sham-vaccinated anlmals, |nd|cat|ng a robust
level laboratory. Ricin aerosols were generated directly into the chamber 5 Statistically significant differences in l?o_dy_temp_eraj[ure fluctuations Innate iImmune response to ricin intoxication.
using a Collison three-jet nebulizer (BGI Inc., Waltham, MA). Integrated air 1=+ - - - - - - - - and heart _rate were ok_)served after ricin |nt0>_(lcat|0n between the
samples were obtained during exposure using an all-glass impinger (AGI) = a = < © N o T + Sham-vaccinated and RiVax™-TR vaccinated animals.
drawing from a port centered on the side of the chamber. ¥ ¥ ¥ * * A & No changes in telemetry were observed during vaccinations with For additional information:
|—————vaccination == |=challenge = either the Sham vaccine or the RiVax™-TR vaccine (data not Dr. Oreola Donini
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