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Griffithsin (GRFT)

e Natural product Griffithsin isolated from
Griffithsia, red alga originally collected
off Chatham Island New Zealand

e @Griffithsin is a lectin, one of the most
potent HIV-1 entry inhibitors

e Targets the dense clusters of sugars
(glycans) present on the surface of HIV

e Efficiently manufactured in Nicotiana
benthamiana plants
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Manufacturing of
GRFT in Nicotiana

benthamiana
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griffithsin and validation of its safety and efficacy as
a topical microbicide component
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Towards a First-in Humans Clinical Trial
of GRFT Rectal Microbicide

1. Formulation Development
— Lisa Rohan & team (University of Pittsburgh)
— Charlene Dezzutti (University of Pittsburgh)
— Josh Fuqua (University of Louisville)
2. Pharmacokinetics and Pharmacodynamics Assay
Development
— Nobi Matoba & team (University of Louisville)
— David Garber (CDC)

3. Clinical Trial Design
— Ross Cranston (University of Pittsburgh)
— lan McGowan (University of Pittsburgh)
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Formulation Development

* Focus on rectal gel for pericoital use
* |nitial formulation was 0.1% GRFT carbopol gel
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Safety and Efficacy of Prototype GRFT
Rectal Gel in Colon Tissue Explants

%Viability of Control Tissues

[EEY
N
=]

g

co
o

=)}
==}

o~
[==)

)
=]

o

Colonic tissue

rGRFT

HIV p24 (pg/ul)

1000000

100000

g
g

1000

g

=
o

[y

Colonic Tissue

i —4—HIV-1 only

- + =@=rGRFT 500 nM

—4=—rGRFT 50 nM

=====rGRFT 5 nM

5 10 15 20 25
Day of Culture

Unpublished data; Charlene Dezzutti, Ph.D.




GRFT Preformulation Stability Concern: GRFT is susceptible to Oxidation

Griffithsin Oxidation in .02% Hydrogen Peroxide
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Engineering GRFT for Oxidation
Resistance

Substituted M78 with Q

M78 is exposed with great potential for oxidation
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SDS-PAGE
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Activity of Q-GRFT

Surface Plasmon Resonance gplzo ELISA
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Antiviral Activity IC50 19.88£9.75 14.74 £ 1.40
HIV Pseudovirus IC 90 880.8 + 424.6 1031 * 4.59
Q769.h5 (ng/mL)
IC 99 55304 + 15194 106973 + 12067
Affinity — Ky (nM) 40.4+3.3 37920
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Comparison of GRFT and QGRFT Oxidation
(with 0.02% H,0,)

100
T 80 93.27% 86.24%
2 68.20%
[ - 60 T
2
® 40
g
<
X 20 -
0.16%
0 | | | |
0 4 8 12 16 20 24

Time (hours)

Lisa Rohan and team, unpublished data

UL Meoicine -

PREVENT



Q-GRFT Manufacturing for
Formulation and Preclinical Toxicology

e Plants Harvested: 23Jun2015

 Total harvested material:
225.5kg

e Plant number harvested: 5983
e 87.2 grams purified Q GRFT
— 20,000 4 ml/0.1% doses

e 366.3 mg of purified Q GRFT per =
kg of plant material
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QGRFT Gel Formulation

Characteristic of the Gel

pH 7.1
Viscosity at 252C, cp 639.146 (RSD=2.437)
Osmolality, mOs/kg 356.67 (RSD=0.657)

 Formulations available at concentrations of 0.1%, 0.3%, 1% and 3%
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Pharmacokinetics and Pharmacodynamics
Assay Development

 Immunoassay methods (ELISA) for active GRFT
in rectal fluids

e Detection of GRFT in blood plasma
e Detection of anti-drug antibodies
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Immunoassay Design for Detection of
GRFT in Biological Fluids

Anti-Goat HRP

Anti-Goat HRP

GRFT

GRFT

"I HIV gp120

Rabbit anti-GRFT mAb
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GRFT stability in macaque rectal fluids
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Optimizing GRFT detection in ra
in support of GLP toxicology

Detection of GRFT in Rabbit Plasma

obit plasma

orogram
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Pilot Study in Rhesus macaques:
Carbopol 0.1% GRFT gel

e 6 Female Rhesus macaques treated
e Rectal fluids collected:

— Pre-treatment )
— Post-treatment a.
* 15 minutes - 3
e 30 minutes é”}!
e 2 hours \ £
e 24 hours '
e 7 days

e Assayed by mAb-capture ELISA
e Assayed by HIV pseudovirus infection assay
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PK of GRFT in Macaque Rectal Fluids

0.1% GRFT Carbopol Gel
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Anti-drug (GRFT) antibody detection

Plant-made
mAb anti-GRFT

M78Q GRFT

LLOQ

1.96 ng/ml

0.196 ng

LLOD

0.64 ng/ml

0.064 ng




A Randomized, Double-Blind Phase 1 Safety and
Pharmacokinetic Study of Griffithsin Gel

Administered Rectally to HIV-1 Seronegative
Adults

Ross D. Cranston MB ChB MD FRCP
lan McGowan MD DPhil FRCP
University of Pittsburgh



Protocol Summary

e Sample Size: Approximately 18 evaluable male participants

e Study Population: HIV-uninfected men between the ages of
18 — 45 years
e Study Sites: Magee-Womens Research Institute

(MWRI) at University of Pittsburgh
e Study Design: Randomized, double-blind, single-site trial

e Study Duration: Participant accrual will take approximately 6
months. Participants will be on study for
approximately 8 to 12 weeks. The total
duration of the study will be approximately 9
months

e Study Products: Q-Griffithsin gel
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Exposures
Arm N Me-thod o S (1-2 week recovery period between
Assignment Product
stages)
Stage 1- Single dose
1 3 Open-label Q-GRFT Stage 2- 7 daily exposures
Stage 3- 7 daily exposures
_ Stage 1- Single dose
2 10 Randomized | Q-GRFT Stage 2- 7 daily exposures
Stage 3- 7 daily exposures
_ Matched Stage 1- Single dose
3 5 Randomized placebo Stage 2- 7 daily exposures
Stage 3- 7 daily exposures
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Study Schema

Screening =—=>

Baseline

UL

SCHOOL OF
MEDICINE

Stage 1
Single-dose

open-label GRFT >| PSRTReview [=>>

exposure (n=3)

Stage 2

7 daily exposures
(n=3 open-label,
n=15 randomized

Stage 3

7 daily exposures
(n=3 open-label,
n=15 randomized

Stage 1
Single-dose exposure n=15
randomized to GRFT or placebo (2:1)
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