Preclinical and Clinical Development of a Second Generation Peptide Copolymer for the Treatment of Multiple Sclerosis

Joseph Kovalchin!, Jeffrey Krieger!, Ingrid Dufour!, Kathy Collins!, Michelle Genoval, Michael Augustyniak!,
llyson Masci!, Kristen Rafusel, Alain Patat?, Uday Patel!, Edward Mascioli!, Eric Zanelli!

IPeptimmune, In ney Street, Suite 380 Cambridge, MA-02139, USA
2Biotrial S.A., rue Jean-Louis Bertrand, 35000 Rennes, France

Clinical Data

Evids

Abstract

PI-2301 is a novel compound in a class of autoimmune therapeutics called peptide
copolymers. Copolymers are random mixtures of peptide sequences comprised of limited

Objectives

To evaluate the safety, tolerability, and carly immunological effect(s) following SC
administration of PI-2301 in a Single-Ascending-Dose, first-in-man study involving
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numbers of amino acids. Copaxone® is a copolymer that has been approved as a primary healthy, male adult volunteers. Total dose|  Dose Predicted C,, Fold below PI-2301 SC Administration in Human Healﬂly Subjects
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characterized by the activation and expansion of T-cells and monocytes producing IL-4, IL- clearance, mean residence time, ...) of PI-2301 in human serum using a newly validated NOAEL 25.000 3.180 Ea :: ;;-i‘o‘: fzmg‘ conditions s sy sy sy sy
5, IL-10, IL-13, and CCL22. This regulatory response is believed to interfere on the proprietary method. £, -PL230l GOmg) atsites of
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expansion of autoreactive Ty, 1/T,,17 cells. PI-2301 has shown superior efficacy as compared 1 Lo ae || @ | ag|n| @ |agln| @ | e || @ |ae
to Copaxone in experimental allergic encephalomyelitis (EAE), an animal model which To use PK and PD parameters to establish a link between preclinical and clinical g s
resembles multiple sclerosis, in both daily and weekly dosing regimens. We now report the observations and to help us predict the most efficacious doses to be used in further 0035 | 0.0005 0.0001 50,000 £ o L2l w2 3l e s s w0lsls w20l
results of a Single-Ascending-Dose, first-in-man study evaluating the safety of P1-2301 in clinical studies. 0.100 | 0.0014 2.86 0.0002 17,500 2
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defined Minimal Anticipated Biological Effect Level (MABEL) and 50,000-fold below the 10.000 | 0.1429 333 0.0182 175 3 v oo o T T oo To ol To s Te e
No Observed Adverse Effect Level (NOAEL) in the most sensitive animal species. ) 30.000 0.4286 3.00 0.0545 58 =
Readouts included safety, pharmacokinetics, T-cell recall, and antibody response to PI-2301, ® 8 cohorts of 7 subjects each; 56 total 60.000 | 0.8571 3.00 0.1090 39 - — o Prosits | 2] 40 | 2 | 3|60 |3 |3 60 |4 |als0]s|1]0]3
serum cytokines and chemokines. This study represents the first step in the development of = 5 active drug, 2 placebo in cach cohort O el °) o
an improved peptide copolymer with immunomodulatory properties for the treatment of The table above shows the ascending doses in the SAD study design and their relation to fme (min; Notes: Placebo (N=16) and active dose groups 0.35, 0.1, and 0.3 me/subject (N=S cach) did not have any
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multiple sclerosis. Dose (MRSD) 0.0005me/ks or 0.035m for 8 70-kg h bioct: this MRSD. Healthy male human subjects were dosed once subcutaneously with a single- One individual experienced a rash in Cohort#5: 3.0 mg
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Background

PI-2301 is a novel compound in a class of autoimmune therapeutics called peptide

= Healthy normal men
= Dosed sequentially (one subject per day, 3 weeks between start of cach cohort)

= Safety review meeting after cach cohort

dose, a predicted Cmax was calculated using the formula (defined during our mouse PK
studies)
Cmax (ng/mL) = 127.2 x SC dose (mg/kg)

Each anticipated Cmax was then compared to the observed Cmax achieved in mice dosed
with 25mg/kg (NOAEL).

measured using a proprietary PK assay.

Evidence of PI-2301 Immune Priming in SAD Subjects
- PI-2301 Proliferation Assay, IL-13, and IFNy Four-day Recall, 10pg/mL -

copolymers. Peptide copolymers are random mixtures of peptide sequences comprised of " Review included clinical safety data, EKG, hematology, chemistry, urinalysis, z B
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¥ 5 ] H thawed at once and re-stimulated at 4x10° PBMCS/vwell for 6 days with PI-2301, 10pg/mL. Supernatants were collected on day 6 prior to the addition of *H-thymidine (proliferation
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Male CD-1 mice from CRL were dosed once subcutaneously with Osmitrol or 25mg/kg of P1-2301 or Cop-1. Blood [Compound] (3D [Compound] (3D C Oncluslons

Macrophages was collected from individual mice at 1, 8, 15, 30, 60, 90, 120, 240, and 480 minutes after dosing. Serum and plasma
Microglia were collected.  Serum concentrations of PI-2301 and Cop-1 were measured using & proprietary pharmacokinetic
assay. Plasma concentrations of CCL22 and CXCLI3 were tested using commercial ELISA assays.

¥ SC administration of PI-2301 in a Single-Ascending-Dose, first-in-man study involving healthy, male adult volunteers is
FACS Analysis of Bone Marrow Derived Cells Cultured with PI-2301 or Cop-1 showing populations of CD11b*/F4/80* and CD11b*/F4/80" safe and well tolerated.

Media Control P1-2301 at 124M

¥ Mild and transient injection site adverse events were observed in a dose-dependent manner.

o ppis
o ¥ We have developed pharmacokinetic assays that allow for the detection of PI-2301 and Cop-1 in serum.

¥ Serum levels of PI-2301 and Cop-1 correlate with plasma levels of CCL22 and CXCLI3.
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¥ PI-2301 is more bioavailable than Cop-1. (could explain superior efficacy)

) can be detected after a single
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¥ Bidence of T-cell priming (s nd cytokine p
o o PLBS0T b e ope (ddld not shown) and humans.

Percentage of CDIIL/F4B0° (%)

v No appreciable titers of PI-2301-reactive antibody were observed after a single compound administration in humans.
(data not shown)

[Compound] (1) (Compound] D,
Bone marrow cells were isolated from naive female SIL/J mice. T- and B- cells were depleted (Miltenyi beads) andcells were resuspended in 10%FBS/HL-1 with S0uM 2-ME, IL-3, TNF-a (10ng/ml and 2.5ng/m
respectively; R&D Systems) with or without P1-2301, Copaxone®, or PLP139-151 peptide. - Cultures were incubated at 37°C with 6%CO, in 24 well plates (1x106 cells/well). After 6 days of culture, Ig/iml LPS (Sigma)
was added and the cultures were incubated for an additional two days. Culture supernatants were collected at SD7 and SD9 and tested for TNF-a and CXCLI3 by ELISA (R&D Systems). Cells for FACS analysis were
collected on SD1 both pre- and post- depletion. On SDY), cells were collected from the wells by scraping and where then stained for flow cytometric analysis using CD3:FITC, B220:PE, CD§3:PE, CD11b:PerCP-CYS.5,
and CD11PE-CY7 from BD; and F4/S0:FITC from eBioscience.

v Multiple-Ascending-Dose study is currently underway in Secondary Progressive MS patients.




