Transcutaneous Immunization:
Vaccines Delivered
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* Focus: delivery of vaccines to the skin

 In Gaithersburg, 53 employees
— Experienced management team
— Preclinical, formulation, patch manufacture
— Clinical testing, (2000 active patches placed)
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Vaccination via a Skin Patch

« Scientific Rationale
 Human proof of concept
* Development strategy

« Patch technology

* Biodefense application
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Fundamental Observation

» Adjuvants activate skin immune cells,
enhance immune responses to vaccines

« Potent adjuvants can be safely delivered
via the skin

* Antigens and adjuvants are readily
delivered into the skin
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Transcutaneous Immunization:
Antigen and Adjuvant Delivery via a Patch
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Adjuvants Enhance Immunity in the Context
of the Skin: Universal Finding
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TCI: Applicable to a Wide Variety of Antigens

Transcutaneous Immunization (TCI) With Multi-Valent (9)
Pseudomonas Polysaccharide-Toxin A (PPA) Conjugate
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Transcutaneous Immunization: Delivery of
Different Types of Vaccines and Antigens

— Multivalent subunit vaccines
* Trivalent split-virus influenza

« ETEC colonization factors & toxin (CFA1, CS3, CS6, LT)
» Conjugated multivalent polysaccharides, Hib
« HIV
* Anthrax (rPA)
Toxoid vaccines
Casn « Tetanus and diphtheria toxoids
~ —IToxins - CT, LT, Exo A

— Particles

* Virosomal vaccines

* Virus-like particles- human papilloma virus
— Inactivated bacterial whole cells - H. pylori, ETEC
— Live Viruses
— DNA
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Skin immunization made possible

.k . . : . A
Transcutancous Immunization with Bacterial ADP-Ribosylating by chglEraRiogt

Exotoxins, Subunits, and Unrelated Adjuvants Nature 1998;391:651
Infect Immun 2000;68:5306
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Immunostimulant patch containing heat labile ter#in ﬂ%ﬁ E. coli

enhances immune responses to injeccted #’nflue.nka
activation of skin dendritic €

Transcutaneous immunization: T-cell
responses and boosting of existing immunity

Vaccine 2001:19:2701

Transcutaneous immunization of domestic ani
opportunities and challenges
ADDR 2000;43:45

Transcutaneous immunization: A human delivery




Langerhans Cells

» Network of barrier immune cells
— [Immune surveillance
— Orchestrates immune response

* High levels of co-stimulatory
molecules/cytokine

* Antigen presentation results in T and B
cell activation

LCsinsitu
« Cover 25% of human skin surface area, ,
highly superficial R) 3 ‘
» |deal targets for immune manipulation A ' o
» Activated by adjuvants delivered to the ’ ¥

skin
Human LC, 400x
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LT as Adjuvant

LT ( heat labile enterotoxin from E. coli)
* Readily produced at commercial scale
* Natural product/natural human exposure

« Long history of experimental use as adjuvant
 Demonstrated clinical activity as adjuvant on the skin
* Potent

« Safely used on the skin-P2DBPC
« Stable/stable in formulation
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FITC/LT
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Clinical Proof of Principle

¢ Safe
* Adjuvant effect

* Delivery of large proteins possible
— Transcutaneous vs transdermal

* Relevance of preclinical animal data?
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Human Antibody Responses to Colonization Factor
(rCS6) and LT: Critical role of the adjuvant, delivery of
large molecules
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Safety and immunogenicity of a prototype enterotoxigenic Escherichia coli vaccine administered transcutaneously.
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IOMAI Infect Immun 2002 Apr;70(4):1874-8
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Gauze/Tegaderm “Wet” Patches
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Conclusions

» Large molecules readily delivered in context
of human skin
— LT 86kD
— CS6 1,500 kD
— Transdermals<0.5kD

* Adjuvant plays critical role for immunogenicity

« Responses robust-equivalent to natural
iImmunity generated by ETEC infection
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Second Major Application

* Transcutaneous immunization (TCI)
— Adjuvant and antigen delivered together

* Immunostimulant patch-(LT |S Patch)

— LT alone in conjunction with injected
vaccine
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LT IS Patch for Influenza Split Virus
Vaccine: Enhanced Immunnogenicit /
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(Serum IgG to Johannesburg B Strain)

1,000,000 p =.0005 p = .0002 p = .0036
184,424
208,929 .

—8- _8

= 93,585
S 100,000 _g_ O e
g
=
5
£ 10,000 _§_8’868
= O
(%%
2 O
1,000 . . . .
nolLT SuglLT 25ug LT S50ug LT

LT patch
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Phase lla LT IS Patch in the
Elderly-Enhanced Immunogenicity =

Flu VOO2A Day 21 Seroconversion
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LT Alone as Strategic Focus for

Development of Skin Patches

Delivery,Safety, Stability

LT alone applications
— IS Patch using LT alone with flu
— LT ETEC immunogen, anti-toxin immunity

Formulate manufacturable LT patches
Optimize using LT immune response readout

Leading to Patches with LT and 2nd antigen)
— LT+Anthrax
— LT+Flu
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Effect of Human Stratum Corneum Disruption:
Using LT Patches-anti-L T IgG as readout
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Figure 1: LT 1gG response after one and two dosesin NLT 105 — Eight subjects per group
were pretreated with the indicated methods as described, then vaccinated with 50ug or
400ug LT on Day O and Day 21. LT 1gG ELISA was run on sera from Day O, 21, and 42,
reported as fold increase of relative ELISA units.

From: Expert Review of Vaccines 2:253-267, April, 2003
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Development Strategy

Flu Vacci
Delivered
Needle

» LT alone applications 7

« ETEC

.'ﬂ —p Drainingslmph Node

Immune Response
LT Specific ASC Responses

« TCl-adjuvant and antigen
— Anthrax
— Flupatch
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Anthrax vaccine by TCI
rPA as antigen

LT as adjuvant
Delivered together
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Spore forming, gram+ rod
Inhalation anthrax 90% fatal
Toxin-PA component binds
PA antibodies protective




Anthrax Patch = <~
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A/J mice were topically immunized with 50 ug rPA alone or with LT (1 ug, 4 ug or 20 ug). Two days prior to
immunization, the dorsal caudal surface was shaved. Immediately prior to immunization, the shaven skin
was hydrated and pretreated with emery paper (10 strokes) to disrupt the stratum corneum. Patches were
prepared by loading 1 cm diameter gauze pads affixed to an adhesive backing with 25 ul rPA alone or with LT.
Patches were applied for 18 hr, removed and the skin rinsed. Three doses applied (day 0, 14, 28) and serum
collected 2 weeks post-immunization. Serum anti-rPA IgG titers were determined by an ELISA method.
Geometric mean titers for each group (N = 5/ group) is indicated.
Confidential to lomai Corporation
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Transcutaneous Immunization with rPA and LT-
Adjuvant Elicit Anthrax Toxin Neutralizing Antibodies

B. anthracis toxin neutralizing antibody
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Protection Against Inhalation Spore
Challenge

Group |No. of AJ mice Vaccination (TCI) I mmunization Challenge results
LT* (ug) rPA* (uq) Route Protection (%)

1 10 20 50 TCl 100

2 10 4 20 TCI 100

3 2 1 5 TCl 100

4 8 20 0 TCI 0

5 10 0 50 TCI 100

6 10 Alum 5 IM 100

7 10 naive 0
Immunized day 0, 14, and 28, challenged 3 wks after last dose

IOMAI/DSTL
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Rabbits Immunized with a Protein in Adhesive
Patch Containing LT and rPA
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Conclusions

 Clinical experience in 16 trials validate the
safety and immunogenicity of TCI

 Clinical experience is critical for exposing
the viabllity of vaccine technologies

* Vaccine delivery via a patch is feasible and
task Is to develop a commercial product
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