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Summary LipidCrystal Nanoparticles, Cochleates, have been shown to efficiently formulate and stabilize oligonucleotides. Oligamieieochleate formulations are

stable on the shelf, in tissue culture, and in biological fluids. The unique and proprietary cochleate delivery mechanisgutptie oligonucleotide from the external M AT | N A S
environment, concentrates it to the target tissue, and safely and efficaciously delivers the oligonucleotide into the taadetvhile exhibiting extremely low toxicity.

Importantly, cochleate antimicrobial formulations have been scaleap to 100 liter, commercial size batches under GMP condispand the lead cochleate product, BIOPHARMA
Amphotericin BCochleates, (CAMB), Is entering phase 2 human clinical trials.
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How Cochleates Encapsulate Drugs CellTargeted Delivery particles < 1 micron
. 1 Activated cells, including macrophages and virally infected cells, readily

o " S engulf cochleates and their cargo

; i 1Once inside the macrophage, the low level of calcium in the cytoplasm

. ) causes the cochleate to open, releasing the cargo molecule
b p /[ Phagocytosis of High Calcium Divalent cation concentrations
wp o O - nanocochleate . ..
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secretions are such that the
cochleate structure is maintainec
| Hence, the majority of cochleate
associated molecules are prese
in the inner layers of a solid,
stable, impermeable structure.
Once within the interior of a cell,
however, the low calcium
concentration results in the
opening of the cochleate crystal
and release of the entrapped APL.
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Cochleate delivery vehicles have been shown to medraldioavailability
for injectable drugseduce toxicityand significantlgnhance intracellular
drug deliveryCochleates are stable, ligidystalnano-particles composed
of simple, naturally occurring materials: phosphatidylserine and calciu
They have a unigue multilayered structure consisting of a large,
continuous, solid, lipid bilayer sheet rolled up in a spiral or as stacked
sheets, with no internal aqueous space. This unique structure provide
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within the interior of the cochleate remain intact, even though the oute
layers of the cochleate may be exposed to harsh environmental conditions
or enzymes.

COCHLEATE DELIVERY OF OLIGONUCLEOTIDES

siRNANanocochleateg In Vitro Delivery In Vitro- Macrophages in Mouse Peritoneum
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ORAL DELIVERY OF AMPHOTERICIN B COCHLEATES IS EFFICACIOUS AGAINST DISSEMINATE

CAMB
1+ Oral administration of AmBcochleates has been shown to be as effective as equivalent, injectable doses of the leading AmB l{altlENels

Rhodaminelabelled cochleate uptake by mouse macrophages
Vivo. mouse macrophages isolated 6 hours after infp&ritoneal

Cochleates deliver siRNA at high efficiency to every cell in the culture injection of 500Ky rhodaminelabelled cochleates (25% rhodamine
positive at 6 hours, 19% positive at 24 hours). 200x magnification

formulation (Fungizone) in mouse models of systemic candidiasis aspergillosis Liduld
1 AmB-cochleates also demonstrate substantially lower toxicity than existing commeréiaB products.

1 AmB-cochleates showed good safety in rats and dogs in 7 and 28 day toxicity studies.

1 A commercially viable and cost effective manufacturing process for AcnBhleates has been developed, and scalgul 100 liter
GMP batches of AmBochleates have been produced.

1 An IND for AmBcochleates is open, and data from a phakehuman clinical trial were supportive of further studies.

1 A phase 2a efficacy study is targetedbegin in Q2 2016.

FORMULATION AND DELIVERRN &G INHIBITION OF INFLUENZA INFECTION

BALB/c mice were infectethtranasally(100pfu/mouse) with the PR8 serotype and then treated 5 hours later by either intranasal «
Intravenous administration of the indicated amounts of an influenza vigbecific SIRNA and control siRNA in eitlechleate SIRNA

RESULTS formulation or nonformulated forms. The lungs were harvested 48 hours pasfiection and viral titer was measured from lung

Targeting to Infected Tissue homogenates by MDGKIA assay.

Drug Levels Higher in Infected Tissues Intranasal Administration olsiRNACochleates Intravenous Administration oBIRNACochleates

Mice:BalldC, 25¢g, 10 mice/group v
Infection: 1 x 16CFU/mI, 0.2 mi/mouse, tail vein

] % Candida MIC
Treatment: 15 dailydoses in 0. 2ml of: Candida MIC

wAmMB; Cochleatdntragastricat 0.5, 1.0, 2.5, 5.GAMBmM¢gkg
wAmBisomdntragastricat 10mg AmB/kg
BT
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24H Vi D15 D16 i CAVB.PO, 10 g Kg g Inhibits Influenza Virus Production 200 Fold Inhibits Influenza Virus Production 20 Fold
[ | | 1 [ | [ [; —&— Fung, IP, 2 mg /Kg Lung
|nfeCti0n Begin End End % —A— CAMB PO, 10 mg /Kg lung (outlier)
treatment treatment protocol g 10,00 ;

wFungizondP 1mg AmBkg, (Positive Control)

0.10

wEmpty Cochleates, Intergalactic (Negative Control) s 1 1 1 1
Tissue Burden: Kidneys and lungs in saline, serial 10x colony count dilutions Treatment Day

0

Oral CAMB Efficacy

Survival
Low Dose-Tissue Burden Study 100 & Oral Ambisome (LAMB) at
%0 10mg/kg does not result in
wLow dose oral CAMB reduce: . 100% survival, (90%).
. 70
tissue burden by 2 logs. F 60 w IP Fungizone (DAMB) at
: wHigh dose oral CAMB sterilize = 1mg/kg does not resultin FORMULATION AND DELIVERY OF ANTISENSMDNAE MODEL OF B CELL LYMPHC
7 lung and reduces tissue g w0 100%survival, (70%).
burden in kidneys by 4 logs. a & w IP Fungizone at 2mg/kg 120
6 _ . 20 results in 100% survival.
wOral CAMB efficacy similar to 10 Resultsg 100 PUMp
2 ° IP Fungizone . w Oral CAMB at 0.5mg/kg _ _ _ - Continuous ﬁfeccﬁ:gztse:f .
5 4 ' T T results in 100% survival w Encochleation protects the antisense DNA from degradation. & subcutaneous ot
> Empty Cochleates Days - § infusion; total 8.5 ’
-3 ungizone (2m I I Tall I A mg/ mouse
2 A Br; - (fO:vK;L;PO . o % —— CAMB (05 mg/kg PO) ) W Iincochlegted an.tls;en'se DNA can be given by injection rather 5 @ aphoose  LaMaimouse
mb-Cocnieates (U.om f 24d )
1 AmE-Cocheates (1mglkd) PO o DAMB (Imgkg [P—>  70% - CAMB (2.5 mg/kg PO) than continuous Infusion. % 40 or 24 days phosphodieste
O AmBCoshleates (2.5mghg) PO - DAVE (2 mgkglP)——> 100% T eABEnIleRe) - - 100 @ Encochleated antisense DNA is about 5 times for effective = l
AmB-Cochieates (5mgkg) PO T CANBROmIKFO) than free antisense DNA.
Kidney A LAMB (10 mg/kg PO)—  90% ¢ CAMB (20 mglkg PO) 0
Control Sense IL-10 Untreated Antis;nse IL-10 AntCi:gr?slialtf 10
ORAL DELIVERY OF CAAHBUMAN PHASE | CLINICAL TRIAL: PHARMICOKINETI . '

Oral Administration of CAMB in Humans: A Phase | Study of Tolerability and Pharmacokinetics FORMULATION AND DELIVERY OF DNA PLASMID EXPRESSING GFP

500 mg 400 g 500 g In Vitro Delivery To Cultured Cells In Vivo- Injection into Mouse Leg
C hang/ml)
Mean 28.11 37.09 40.76
SD 17.06 8.66 6.48
Median 30.8 40.1 39.45
Range 0 -48.2 22.2 -45.9 29.8 - 53.1
AUC ,,(ng.h/ml)
Mean 407.4 522.9 624.5
SD 302.3 274.0 294.9
Median 396.1 609.2 636.7
Range 0 - 853 0 - 816 0 - 1092
:Arg(%(:) 3 1 1 DNA cochleates prepared by the trapping Left panel black and white image of c57 mouse after receiving intramuscular injection of Sfplcochleates
method were used to deliver a green without casein and 50uL 4mM CacCl2 solution. Area injected (right leg) was shaved before injection.

fluorescent protein gfp) expressing plasmid - : : i - i - \
10 SKOV3 cells. At least 75% of the colls were Right panel Image is same field under fluorescence. GFP signal is the sharp green in the middle of the sha

expressinggfp 72 hours after addition of area, distinct from the light green haze that is background from the exposed skin. Picture was taken 72hrs &
cochleates. injection although fluorescent signal was seen 24hrs after injection also.

+ Preliminary pharmacokinetic assessment indicated increase€ i and AUC with increasing dose.
T PreliminaryC, ., and AUG ,, are compatible with prior results from animal toxicology studies.

SUMMARY AND CONCLUSIONS

COCNCLUSIONEOCHLEATE FORMULATION AND DELIVERY OF OLIGONUCLEC

t In infected mice treated with oral CAMB at 10mg/kg, the liver, lung, and kidneys showed reproducible and quantifigble T Cochleates have been used to formulate and stabilize a wide variety of biologically active molecules,
levels ofAmBthat achieved their maximal levels (~ 015ug AmB(g tissue) early in the treatment schedule. Including oligonucleotides.

+ Fungizonereated mice showed lower tissue concentrations at early times, but nearlyftéd higher accumulated 1 Stable formulations of encochleated oligonucleotides have been developed.
AmB levels in liver and lung T Encochleation can achieve greater than 90% of the initial oligonucleotide present in end product.

+ Plasma AmB levelsr oral CAMBwere at or below the limit of quantitation (50ng/ml). ¥ Cochleates protect_ollgonucleondes frqm degradation. N

1 Rapidtissue penetration to above MIC occurred in the infected organs of animals with invashaadidiasis while no +Cochleate formula_thns are safe, newxic, and reduce toxicity. _ _
such accumulation occurred in the organs of healthy animals, consistent with the targeted therapy concept. T Cochleates are efficiently taken up by target cells and release the therapeutic molecule intracellularly.

T Encochleated oligonucleotide formulations deliver oligonucleotides into catiwvitro at high efficiency
with no toxicity.

OralAdministration of Drugs Formulated into Cochleates T Encochleated oligonucleotide formulations have shown activilyvivoin a mouse models.

. : e . . T Cochleate formulations have been scaleg using commercially viable manufacturing protocols.
Can Change the Pharmacokinetics, Biodistribution and TOIerablllty of the Drug T Anti-microbial cochleate formulations are in phase Il human clinical trials.



