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1. Peptides as Drug Candidates
While certain peptides, such as Desmopressin (DDAVP), have been successfully commercialized,
there are several perceived hurdles that have prevented peptides from becoming generally
accepted as a viable drug class. These perceived hurdles largely involve difficulties with
administration and stability, as well as perceptions about difficulty of manufacturing and lack of
applicability to a broad range of targets.! Certainly, the concept of using peptides as drug
candidates has little appeal in the industry because of the history of these difficulties. The biases
that exist against their use as drug candidates, are well-engrained. For Allosteramers™ however,

these biases are not necessarily relevant.

e “Peptides are Unstable”: It is believed that peptides are notoriously unstable and are
proteolysed within minutes of entering either the blood or the GI tract. This is true for
peptides based on L-amino acids; however, Allosteramers™ are based entirely on D-
amino acids. It has been well-known for decades that D-amino acid based peptides are
not degraded by acids as they are made in low pH environments?, are not degraded by
proteases3 and would largely not be expected to be further metabolized* The resulting

1 Goldberg M, Gomez-Orellana I. “Challenges for the oral delivery of macromolecules.” Nat Rev Drug
Discov. 2003 Apr;2(4):289-95. Review.

2 Sigma Alrich - Genosys website

http://www.sigmaaldrich.com/Brands/Sigma Genosys/Custom Peptides/Key Resources/Peptide FA
General Questions.html#104039

3 Miller S, Simon R, Ng S, Zuckermann RN, Kerr ] and Moos W, “Comparison of Proteolytic Susceptibilities
of Homologous L-Amino Acid, D-Amino Acid, and N-Substituted Glycine Peptide and Peptoid Oligomers”, Drug
Development Research, 35: 20-32, 1995.

4 While there are no publications that we could find that specifically look at hepatic and other metabolism
of peptides (other than protease degradation), it is a fairly well-accepted concept by experts, and none of the
marketed peptides, to our knowledge, have ever demonstrated any significant metabolism other than
proteolytic degradation. See for example, the European desmopressin package insert in the Electronic
Medicines Compendium at
http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentlD=659; also see Byetta

pharmacology review at http://www.fda.gov/cder/foi/nda/2005/021773 Byetta pharmr.PDF. In one
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mechanism of clearance is via renal excretion. It has been shown that peptides based on
D-amino acids delivered orally or by injection can be almost completely recovered
unmodified in the feces or urine of mice.5

o “Peptide Cost of Production is Too High”: It is generally perceived that peptides are
quite expensive to produce. While this would be true for many peptides in the 20+
amino acid range (e.g., Fuzeon®), Allosteramers, which are 7 to 10 amino acids in length,
are significantly less expensive to produce on a per-weight basis than monoclonal
antibodies. It is expected that the cost of the D-amino acids will largely drive the cost of
the full length peptides. Based on our discussions with peptide expertss, we believe
APG2305 can be produced at $50K/kg at 300+Kg scale and possibly as low as $2K/Kg at
scale of several metric tons. Compared with monoclonal antibodies, where the material
costs are 2% to 5%, but an additional 10% to 15% is required for in-licensed
technologies, the total cost of goods of Allosteramers will be well under 10% total
assuming we aim for a dosing in mice of 10mg/kg/day or less.”

e “Peptides are Weak and Unspecific Binders”: Based on the industry’s experience with
peptides other than hormone-based peptides (i.e., novel technologies such as phage
display), there is a perception that novel peptides are weak binders and not selective.
While some peptides derived from phage display can have binding affinities in the nM
or pM range8, most are in the uM range. Additionally, random peptide sequences
derived from such technologies sometimes bind nonspecifically because of charge and
thus their specificity is questioned. In contrast, Allosteramers™ can consistently be
developed that are in the nM or pM range. Additionally, the Allosteramers tested by
Allostera for their binding characteristics have always demonstrated, similar to that
seen with MAbs, single-site saturable binding with little to no non-specific binding.

e “Peptides Can’t be Effectively Delivered”: Finally, it is perceived that most or all peptides
must be delivered by injection. While this perception is true for most peptides,
particularly those that are long L-amino acid-based peptides, it is not true for all
peptides. While peptides do not remotely conform to the Lipinski “Rule of Five” for oral
bioavailability (BA)?, at least 10 peptides in development now or in the past have good
oral activity (See next section). Although Allostera has not conducted much work in this
area until recently, 2 out of 3 of its peptides tested have sufficient oral activity to
support their further commercialization.

While the disadvantages of most L-amino acid-based peptides appear to far outweigh their
advantages in terms of the above four problems, Allosteramers™ do not appear to have these
problems. Thus, Allosteramers are expected to be relatively stable in the GI tract and the blood, are
expected to be sufficiently inexpensive to produce, have tight and specific binding and are often
orally active. Allosteramers will also have predictable drug properties. They are recognized by the
body as being familiar, but all-D-peptides are largely inert to protease degradation and metabolism.

exceptions, there are some experts who have commented that oxidation of phenylalanines may occur in the
liver, but thus far none of our Allosteramers™ in development has a phenylalanine.

5 Pappenheimer R, Karnovsky ML, Maggio JE. "Absorption and excretion of undegradable peptides: role
of lipid solubility and net charge.” ] Pharmacol Exp Ther. 1997 Jan;280(1):292-300.

6 For example, Alex Faessler, President and COO of Bachem USA.

7 This assumes a revenue stream of about $20K per patient-year and a dosing per patient of about
1mg/kg which is about 1/10t that of the target dosing in mice.

8 Welch BD, VanDemark AP, Heroux A, Hill CP, Kay MS. “Potent D-peptide inhibitors of HIV-1 entry.” Proc
Natl Acad Sci U S A. 2007 Oct 23;104(43):16828-33. Epub 2007 Oct 17.

9 Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. “Experimental and computational approaches to
estimate solubility and permeability in drug discovery and development settings.” Adv Drug Deliv Rev. 2001
Mar 1;46(1-3):3-26. Review.
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They are excreted rapidly from the blood by the kidneys thus their half life is predicted to be 1 to 4
hours, lending themselves well to once or twice daily dosing.

2. The Case for Oral Activityof Al | ost er amer s ™

The general case for the oral activity of all peptides is a difficult case to make because several
companies, including Unigene, Emisphere and Apollo Life Sciences, have spent the past 15 to 20
years attempting to deliver macromolecules via oral administration with only limited success. The
specific case for the oral activity of Allosteramers™, however, is a different matter and essentially
boils down to several separate concepts:

1) Certain clues exist about why certain peptides are inherently orally active: Certain
peptides are indisputably orally active, suggesting that the Lipinski “Rule of Five”10 is not
the rule that governs inherent oral activity of peptides. A list of 12 peptides known to have
inherent oral activity is provided in Appendix A. While there is very little research in the
literature that sheds light on inherent oral bioavailability of peptides, there are several clues
that have emerged including the following:

a. Paracellular absorption: There are three ways that drugs can be absorbed in the
gastrointestinal tract: (i) transcellular carrier-mediated transport, (ii) transcellular
passive transport and (iii) paracellular transport (i.e., between cells). Hydrophobic
drugs designed with the Lipinski rules in mind generally are absorbed via
transcellular passive transport. Hydrophilic molecules, in contrast, are usually
actively transported through cells (such as sugars and di- and tri- peptides) or are
absorbed by the paracellular route. Given that peptides are generally hydrophilic
and are not expected to comply with the Lipinski rules, it is assumed that they
generally will be absorbed in the GI tract via paracellular transport. In general, most
peptides in development for oral formulation have focused on the paracellular route
of transport.

Tight Junction Pores

Tight
Junction

b. The Gut is Leaky: In paracellular transport, there are pores in the gut epithelia
between cells (i.e. the tight junctions) that allow molecules of a certain size and
shape to enter. These pores are the openings to narrow ducts (“fibrils”) that allow
solutes to pass from the gut lumen into the blood usually because of osmotic
pressurell, The structure and selectivity of the fibrils involves proteins such as
occludins and claudins!2. Claudins are held largely responsible for the variations
seen in paracellular transport in various tissues, such as the gut, lung, blood-brain
barrier and kidney. Initially, the name “tight junction” was used because electron
micrographs incorrectly suggested that the junction was static and impenetrable,

10 Lipinski CA, Lombardo F, Dominy BW, Feeney P]. “Experimental and computational approaches to
estimate solubility and permeability in drug discovery and development settings.” Adv Drug Deliv Rev. 2001
Mar 1;46(1-3):3-26. Review.

11 Van Itallie CM, Anderson JM “The molecular physiology of tight junction pores.” Physiology (Bethesda).
2004 Dec;19:331-8. Review.

12 Mitic LL, Van Itallie CM, Anderson JM. “Molecular physiology and pathophysiology of tight junctions I.
Tight junction structure and function: lessons from mutant animals and proteins.” Am ] Physiol Gastrointest
Liver Physiol. 2000 Aug;279(2):G250-4. Review.
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but it is now known that these pores are regulated and dynamic -- they break and
re-anneal and their permeability in the gut is responsive to stimuli such as foods
(e.g., glucose), cytokines, hypoxia and bacterial toxins!3. They are sometimes large
enough to accommodate leukocytes and large molecules.!*  Additionally, their
density and size varies throughout the digestive tract with very few pores in the
stomach, large pores with good density in the upper small intestine and small but
quite dense pores in the large intestine!> resulting in approximately 200 to 2,000
cm? of total cellular surface area available for paracellular transport in the gut. 16
2) L1117 OOA Careiuliqué lAllosteramers™ have a special combination of properties
which make them uniquely suited among peptides for oral absorption including the
following:

a. Allosteramers™ are stable in the gut: It has been known for many years that L-amino
acids are notoriously difficult to protect from degradation in the GI tract and that
peptides based on D-amino acids are effectively inert from degradation (see section
about “Stability” above). In fact, it has been shown in at least two reports that all-d-
peptides, protected from degradation versus their L-versions, can cross effectively
into the blood from the gut.l7.!8 Even the best protection of L-peptides from
degradation in the gut still allows a significant amount to be degraded which
significantly reduces oral bioavailability.1® Further, most unprotected peptides will
have a half-life in the blood in the order of minutes because of blood proteases,
reducing the amount that becomes available to the site of action. Thus, it would
appear that peptides need to be inherently protected from degradation, like
Allosteramers™, in order to have inherent oral bioavailability.

b. Allosteramers™ are small and flexible: While early studies showed that molecular
weight of hydrophilic molecules was an indicator of paracellular transport
permeability20, it now appears that the shape and flexibility of the molecule in
solution may be more relevant.2! We can easily test this hypothesis with the
addition of prolines and other shape-confining amino acid combinations in our
peptides. The fact that most Allosteramers™ are generally derived from
unstructured regions of the receptor may provide them with the flexibility required
for them to “snake” through the paracellular transport fibrils. Additionally, all
Allosteramers™ are generally small (8-10 amino acids) so the effect of molecular

13 Van [tallie CM, Anderson JM “The molecular physiology of tight junction pores.” Physiology (Bethesda).
2004 Dec;19:331-8. Review.

14 Ibid.

15T Johnston, personal communication

16 Salamat-Miller N, Johnston TP “Current strategies used to enhance the paracellular transport of
therapeutic polypeptides across the intestinal epithelium.” Int ] Pharm. 2005 Apr 27;294(1-2):201-16.
Review

17 Navab M, Anantharamaiah GM, Hama S, Garber DW, Chaddha M, Hough G, Lallone R, Fogelman AM.
“Oral administration of an Apo A-I mimetic Peptide synthesized from D-amino acids dramatically reduces
atherosclerosis in mice independent of plasma cholesterol.” Circulation. 2002 Jan 22;105(3):290-2.

18 Brenneman DE, Spong CY, Hauser JM, Abebe D, Pinhasov A, Golian T, Gozes 1. “Protective peptides that
are orally active and mechanistically nonchiral.” ] Pharmacol Exp Ther. 2004 Jun;309(3):1190-7. Epub 2004
Mar 8.

19 Personal communication with representatives from Unigene.

20 Powell DW., Barrier function of epithelia. Am ] Physiol. 1981 Oct;241(4):G275-88. Review.

21 Salamat-Miller N, Chittchang M, Mitra AK, Johnston TP “A randomly coiled, high-molecular-weight
polypeptide exhibits increased paracellular diffusion in vitro and in situ relative to the highly ordered alpha-
helix conformer.” Pharm Res. 2005 Feb;22(2):245-54.
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weight and/or secondary structure causing a large effective “radius” would be
minimal.

c. Allosteramers™ are hydrophilic: Hydrophobic molecules to our knowledge have
never been observed to navigate through the paracellular transport channel, most
likely because they will naturally avoid the hydrophilic environment of the channels
in favor of the hydrophobic environment of cell membranes. In contrast,
Pappenheimer demonstrated that small all-D-peptides could be made significantly
more permeable by paracellular transport by making them more hydrophilic.22
Certainly, drugs coated with water molecules may provide better candidates for
paracellular transport. Allosteramers™ are almost always hydrophilic.

Most peptides in development do not have all the qualities above (all-D, short, flexible
and hydrophilic) and therefore would not be expected to be inherently orally active. It
appears to be quite difficult to use formulations to make peptides more orally absorbable
that do not start as having some inherent oral bioavailability.

Interestingly, there may be additional sequence-specific peptide transporters involved
as well; unlike most drugs, peptides have specific transporters in the gut that allow them to
pass into the blood even more efficiently than their corresponding single amino acids.z3
Both small and long peptides are able to be absorbed. 2425 We have not investigated this
possibility.

3) The bar for absolute oral bioavailability of! 1 1 I OO A @Aoiv:AM® Eave assumed that
the inherent absolute oral bioavailability of APG2305 and other Allosteramers™ will be
around 3%. This is supported by mouse PK studies, as mentioned below. It should be noted
that our goal of >3% is a lower bar than might be expected. This is because the minimum
absolute oral bioavailability is determined solely by the ability to deliver consistent,
efficacious levels of drug in a cost effective way, and we believe 3% will allow us to achieve
that goalze.

22 Pappenheimer ]R, Karnovsky ML, Maggio JE, “Absorption and excretion of undegradable peptides:
role of lipid solubility and net charge.” ] Pharmacol Exp Ther. 1997 Jan;280(1):292-300.

23 Webb KE Jr, Matthews ]JC, DiRienzo DB. “Peptide absorption: a review of current concepts and future
perspectives.” ] Anim Sci. 1992 Oct;70(10):3248-57. Review.

24 Roberts PR, Burney ]D, Black KW, Zaloga GP. “Effect of chain length on absorption of biologically active
peptides from the gastrointestinal tract.” Digestion. 1999 Jul-Aug;60(4):332-7.

25 Zaloga GP, Siddiqui RA. “Biologically active dietary peptides.” Mini Rev Med Chem. 2004 Oct;4(8):815-
21. Review.

26 Assumes a 100kg man needs a 100mg tablet b.id. and the Allosteramer™ has a 3% absolute oral
bioavailability. We get to this assumption as follows: assume a 2hr half life for the Allosteramer™ (2-4 hr
expected), If the IC50 of the Allosteramer™ is 1nM, then in order to get blood levels that are above the IC50
for at least 8 hrs, one needs 2(8hrs/2) = 24 = 16-fold excess in the blood. Assuming a 30-fold excess (to be
conservative and account for up to 2-fold variability from patient to patient), one would need 30nM in the
blood. Assuming an Allosteramer that's 1000 daltons (ours are generally 700-1000 daltons), the total
concentration in the blood in grams is 30nM = (30x10-moles/L)*(1000g/mole) = 30x10-6g/L; assuming a
100kg man, and that the drug will be uniformly distributed in the full 100L of liquid (note, this is a
conservative assumption since, given its hydrophilicity, the Allosteramer™ is unlikely to be distributed to fat
tissue, and a 100kg man is not 100% water, so the blood concentrations are likely to be higher), then the total
mass of the drug in a human soon after administration should be: (30x10-6g/L)*(100L)*(1000mg/g) = 3mg. If
Absolute oral bioavailability is 3%, then the effective oral dose will need to be (1/3%)*3mg = 100mg twice
daily. Assuming 100mg b..d, and 6 months of treatment, the total drug per patient is
100mg*2/day*180days*(1g/1000mg) = 36g per course of treatment. If the total cost of the drug is
$50,000/kg, then the total cost per patient is 36g * ($50/g) = $1,800. It should be noted that many of these
assumptions are conservative so this represents a worst case scenario; we would expect ultimate drug costs
per course of treatment to be less than this (for example, many of our second-generation Allosteramers™ are
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Generally, the first problem with oral delivery is consistency: with agonists or
competitive inhibitors, large variation in absorption or metabolism may be enough to
discontinue drug development. This is because a higher level of drug will have a larger
pharmacological effect (and vice versa for a lower level of drug), so consistency from
patient to patient is a critical factor. Certainly, patient-to-patient variability could be the
single most important “real-life” issue in drug development and should not be
underestimated, particularly with peptide absorption. In response to this issue, companies
will generally target an absolute oral bioavailability of greater than 50% so that any
variability will be dampened. In the case of Allosteramers™, there are two factors which
will likely allow consistency even if the absolute oral bioavailability is low: (i) there largely
no expected first pass metabolism which will significantly reduce variability. While
absorption and renal excretion will continue to result in some variability from patient to
patient, first pass metabolism often represents the largest source of drug oral
bioavailability; and (ii) the non-competitive mechanism of Allosteramers™ will likely allow
us to achieve a consistent pharmacological effect despite absorption variability: once
saturation of the Allosteramer™ target sites is complete, no additional pharmacological
effect can occur. Thus, as long as the blood level of an Allosteramer™ is above its efficacious
concentration, a large amount of variability can be allowed without sacrificing the
consistency of the pharmacological effect. Of course, as we increase dose high above the
IC50, the risk of toxicity increases. In this case, the therapeutic index of our compounds will
be critical. While Allostera has not completed formal toxicity studies, we have not seen any
outward signs of toxicities to date from delivery of any Allosteramer delivered at the
effective dose or slightly higher. In Allostera’s PK studies, a 5mg/kg IV dose of APG2305 in
mice resulted in blood levels 1,000 to 10,000-fold higher than the drug’s EC50 for over an
hour (see Figure 1) without any outward signs of toxicity. Additionally, a dose of APG2305
5mg/kg delivered by oral gavage to mice resulted in blood levels that would be predicted to
remain above the EC50 (about 1ng/ml) for 8 to 12 hours. Thus, like many oral drugs, we
believe our Allosteramers™ can be delivered at high blood levels with minimal off-target
effects, although this remains to be fully tested.

in the picomolar range for potency providing an improvement of 100 to 1000-fold better than these
assumptions).
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Figure 1: PK Study of APG2305 in Mice
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The second problem with oral drug delivery is tied into the first: achieving this
consistency of pharmacological effect but doing so in a cost effective way. Clearly, the
competitive agents in the marketplace will determine the benchmark for what cost of good
are required. For many small molecule drug development programs such as lipid lowering
agents, the price per gram of product is largely fixed, and usually at a very low rate (e.g.,
$10-$50 per course of therapy). Thus, it is important to have not only very high oral
bioavailability (i.e., so that drug is not wasted), but also a very low cost of goods sold.
Allosteramers™, in contrast, will be playing in fields dominated by monoclonal antibodies,
not small molecules. Given that nearly all monoclonal antibody programs are targeting high
value added indications, we believe that targeting such indications will support total COGS
of $1,000 to $5,000 per patient per course of therapy. Thus, the main question for
Allosteramers™ will be how much drug will be needed per course of therapy and whether
that amount will be feasible with a COGS of <$5K. Fortunately, a drug with nM or sub-nM
potency such as an Allosteramer™, will require a small amount of drug for its therapeutic
effect. Thus, with standard assumptions, we can calculate that we would need an absolute
bioavailability of 3% or more if we have a 1nM potency or better to have a COGS of <$5K.
Importantly, the assumptions on which this calculation is based are generally conservative
and have a 12-fold cushion built in: we assume the results seen in a mouse translate directly
to a human whereas the rule of thumb is that the effective human dose per kg is often about
12-fold less than that in mice because of various ADME effects. Thus, given the cushion in
other assumptions, our assumption of 3% is 12 to up to 20-fold higher than what may be
minimally required for feasible COGS?27.

To be sure, there are a number of commercialized orally administered drugs with
very low absolute oral bioavailability including alendronate (Fosamax®; 0.6%?28),

27 Another factor is potency: while the COGS will very likely be adequate for a 3% Allosteramer™ with nM
potency, we can develop (and have developed) second generation products with pM potency which will
further increase our “cushion” by a factor of 1,000.

28 http: //www.fda.gov/cder/foi/label /2008/020560s052,021575s013,021762s0061bl.pdf
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ibandronate sodium (Boniva®, 0.6%2°), oral desmopressin (0.2%3°), and saquinavir
(Invirase®, 4%31).

Given these considerations, we believe a >3% target for absolute oral bioavailability
is fair because it is conservative and has several precedents. Of course, an achievement of
15% oral bioavailability would decrease overall COGS by a factor of five (versus an assumed
3% absolute oral BA), or would allow us to provide a larger dose to assure better coverage.

Taking these three concepts together, it is clear that Allosteramers™ fall into a unique category.
Most peptides in development were derived from natural hormone-based peptides in the human
body or phage display screening procedures. The optimal delivery of those peptides is generally
determined after an active peptide is discovered and developed. Most of these peptides, therefore,
are based on L-amino acids, most are long (>20 amino acids), and very few are hydrophilic. It
should be noted that long peptides tend towards neutrality, and that generally only short peptides
have a chance of being significantly hydrophilic. Sometimes D-amino acids are added to stabilize
the molecule, but this can result in a change of structure and reduction of binding if the peptide
relies on secondary structure for its binding characteristics.

Thus, most peptides begin life with many strikes against them - in order to be orally active, they
must be significantly protected from degradation and they must be coupled with specific carriers
developed for macromolecules such as those developed by Unigene, Emisphere and Apollo Life
Sciences. This has proven to be a difficult task.

If, on the other hand, one had a technology, such as Module X, that could develop multiple,
highly potent, short D-peptides with completely different sequences, one could screen for those that
are the most hydrophilic and those that have the best inherent oral activity. Assuming the resulting
peptides have nM potency and would be orally active in a mouse model at <10mg/kg/day (our
target) any resulting peptides would be immediately druggable. Out of 3 different Allosteramers™
screened for oral activity to date, two have had sufficient oral activity for further commercial
development.

Given that most peptides in development do not have the appropriate properties for inherent
oral activity, is it not surprising that most companies don’t consider peptides as a viable drug class.
Allosteramer™ peptides uniquely have the characteristics for inherent oral activity and we have
demonstrated such oral activity (see next section). We are not aware of another technology that
can achieve these optimal characteristics on a consistent basis against many different targets.

3.Examples in Allostera’s Pipel

Of our 50+ Allosteramers™ in our pipeline, we have tested only three to date for oral activity,
APG2309, APG2305 and APG101.10. Both APG2305 and APG101.10 are sufficiently orally active,
while APG2309 was slightly orally active, but not sufficient for further development.

3.1. APG2305: Oral Inhibitor of IL23R

As shown in Figure 2: Oral APG2309 in PMA Skin Inflammation Model in Mice; Not Sufficient
Oral ActivityFigure 2, the IL23R-specific all-D-peptide APG2309 was not sufficiently orally active at
20mg/kg/dose twice daily for four days in a mouse model of PMA-induced skin inflammation.
Although some reduction in inflammation was seen at 20mg/kg/dose, the reduction was not as
great as that seen with 1mg/kg delivered i.p.

29 http: //www.fda.gov/cder/foi/label /2007 /021455s0051bl.pdf
30 http://www.mhra.gov.uk/home/groups/l-unitl /documents/websiteresources/con2033808.pdf

31 http://www.fda.gov/cder/foi/label /2005/021785s001,002,020828s019,020,020628s022,0231bl.pdf
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We decided to evaluate a second IL23R inhibitor, APG2305, taken from a different area of the
IL23R. This 8 amino acid all-D-peptide was hydrophilic, negatively charged and active in our initial
screen. As shown in Figure 3, APGG2305 demonstrated an ability to reduce PMA-induced
inflammation in the same mouse model as above when delivered twice daily by i.p. injection
(0.5mg/kg/dose) or by oral gavage (2.5mg/kg/dose).

Figure 4 shows a mouse model of experimental autoimmune encephalomyelocytis (EAE), a
model commonly used to represent the autoimmune disease multiple sclerosis. In this model,
APG2305 was able to completely prevent the onset of disease compared with control animals,
whether delivered by i.p. injection or by oral gavage. A reduced dose and a treatment study is
planned.

Finally, as shown in Figure 5, a PK study was completed in both rats and mice. The lower limit
of quantification of the LCMS assay was 5- to 25-fold higher than the IC50, so data analysis was
limited; however, we could conclude that the half life in mice of orally administered APG2305 was
approximately 1 to 2 hours, and that the resulting blood levels would be predicted to be above the
IC50 for 8 to 12 hours. We also concluded based on AUC of both the oral dose and IV dose (see
Figure 1, above), that the absolute oral bioavailability in mice was approximately 3%. The value in
rats was difficult to determine given the limited data, but may have been about 1%, but that the
blood levels also would be predicted to be above the IC50 for at least 8 hours. These values support
the concept of twice daily dosing.

Figure 2: Oral APG2309in PMA Skin Inflammation | Figure 3: Oral APG2305 in PMA Skin Inflammation; Oral
Model in Mice; Not Sufficient Oral Activity activity at 2.5mg/kg/dose twice daily
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3.2. APG101.10: Oral Inhibitor of IL1R

We have not completed a PK study for APG101.10 because of lack of sufficient funds; however,
three different functional studies suggest that APG101.10 is orally active at appropriate doses.

As shown in Figure 6, in a model of IL1-induced hypotension in rats, APG101.10 (1mg/kg)
delivered by i.p. injection blocks the reduction of blood pressure caused by IL1. Similarly,
APG101.10 delivered by oral gavage (1.8mg/kg) also significantly blocks the reduction of blood
pressure in the animals.

As shown in Figure 7, both a 1mg/kg dose of APG101.10 delivered by oral gavage and a
5mg/kg dose of APG101.10 delivered by i.p. injection similarly reduce inflammation in a TNBS-
induced colon inflammation model (similar to Crohn’s disease) in rats as measured by
myeloperoxidase, macroscopic evaluation and histological evaluation.

Finally, Figure 8 shows a uric acid-induced gout inflammation model in mice. In this model a
dose of 1mg/kg delivered by i.p. injection similarly reduced inflammation compared with a dose of
4mg/kg delivered by oral gavage. All these results suggest that APG101.10 is clearly orally active;
however, without definitive PK data, it is impossible to determine its absolute oral bioavailability.

Interestingly, Figure 9 shows that APG101.10 fluorescently labeled with FITC can be visualized
inside two different cell lines. The peptide appears to accumulate in the cytosol and particularly at
the cell nucleus membrane. It should be noted that IL1R is also located at the nuclear membrane
and is believed to be the primary intracellular receptor for IL1-alpha signaling.32 While it is not
unheard of for peptides to enter cells, such as pVEC, antennapedia/penetratin, TAT, transportan
and polyarginine,33 it does appear to be outside the norm. One study suggested that both
transportan and penetratin can penetrate a layer of caco-2 cells suggesting that these peptides
would also be orally bioavailable.34

32 Werman A, Werman-Venkert R, White R, Lee JK, Werman B, Krelin Y, Voronov E, Dinarello CA, Apte RN.
“The precursor form of IL-1alpha is an intracrine proinflammatory activator of transcription.” Proc Natl Acad
Sci US A. 2004 Feb 24;101(8):2434-9.

33 Jones SW, Christison R, Bundell K, Voyce C], Brockbank SM, Newham P, Lindsay MA. “Characterisation
of cell-penetrating peptide-mediated peptide delivery.” Br ] Pharmacol. 2005 Aug;145(8):1093-102.

34 Lindgren ME, Hallbrink MM, Elmquist AM, Langel U. “Passage of cell-penetrating peptides across a
human epithelial cell layer in vitro.” Biochem ]. 2004 Jan 1;377(Pt 1):69-76.
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Figure 6: Oral APG101.10 in IL15-Induced Hypotension in Rats
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Figure 7: Oral APG101.10 in TNBSnduced ColonInflammation in Rats
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Figure 8: Oral APG101.10 inpaw joint edema
induced in model of gout (uric acid) in the mouse
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Appendix A
List of Peptides with Known Inherent Oral Activity

D-4F (APP018): D4F is an 18 amino acid all-D-peptide with reported inherent oral
activity being developed by Novartis. It was in-licensed from Bruin Pharma and is
currently in Phase II testing for atherosclerosis. The PK Phase I data has been
published3s. In this paper, humans were dosed orally with up to 500mg of unformulated
peptide (25% sucrose / water) in a single dose; the absorption was “less than 1%”
(although we have no idea how they made this determination since there was no IV
arm) but still appeared to work well on the HDL inflammatory index. Fasting helped
oral bioavailability. The half life appears to be about 3-4 hours. There were no
particular safety issues. We think this is likely to be quite analogous to Allostera’s
peptides (although ours are much smaller - 8 to 10 versus 18 amino acids): the potency
of the effect allows low oral bioavailability to still be feasible. Formulation will help.
Novartis is currently running a phase II trial.

ARI-1778 (Reverse D-4F): This is an 18 amino acid all-D-peptide with the exact
sequence of D4F but in the reverse configuration. It is being evaluated in preclinical
studies by Arisaph for atherosclerosis and has reported inherent oral activity. There’s
no published data that we could find other than on the website for the company.
d-NAPVSIPQ: d-NAPVSIPQ (AL-408 or NAP) is an 8 amino acid all-D-peptide with
reported inherent oral activity in preclinical development by Allon Therapeutics; the L-
amino acid intranasal version (AL-108) being developed by Allon and ]J&J, recently
completed Phase Ila in Alzheimers disease.

d- SALLRSIPA: d-SALLRSIPA (AL-309 or SAL) is an 8 amino acid all-D-peptide with
reported inherent oral activity also in preclinical development by Allon for Alzheimer’s
disease. This is a D-version of the all-L-peptide, AL209, which is also in preclinical
development by Allon. The only published data is from an NIH paper which suggest
about a 3 to 5-fold difference between the effects of L and D-versions in a functional
study36. While this might imply 20-30% oral bioavailability, it is quite difficult to infer
absolute oral bioavailability from this data.

AOD9604: 16 amino acid (L?) peptide (derived from human growth hormone)
inherently orally bioavailable previously in Phase II for treatment of obesity; currently
in development for treatment of osteoporosis; being developed by Metabolic
Pharmaceuticals

CT-112: an 8 amino acid (L?) peptide (derived from platelet factor 4) with oral activity
developed as an anti-inflammatory for treatment of arthritis by Curative Health
Services, but was discontinued in 1995.

GHRP-6 is a 6 amino acid partial-d-peptide which releases growth hormone that has
been delivered orally

35 Bloedon LT, Dunbar R, Duffy D, Pinell-Salles P, Norris R, DeGroot B], Movva R, Navab M, Fogelman AM,
Rader D]. “Safety, pharmacokinetics, and pharmacodynamics of oral apoA-I mimetic peptide D-4F in high-risk
cardiovascular patients.” ] Lipid Res. 2008 Jun;49(6):1344-52. Epub 2008 Mar 6.

36 Parnell SE, Chen SY, Charness ME, Hodge CW, Dehart DB, Sulik KK. “Concurrent dietary administration
of D-SAL and ethanol diminishes ethanol's teratogenesis.” Alcohol Clin Exp Res. 2007 Dec;31(12):2059-64.
Epub 2007 Oct 19.
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e (CLX-0100: 18-amino-acid all-L-peptide with inherent oral activity isolated by Calyx
Therapuetics (currently out of business) from the extract of a tropical plant (mo-
mordica charantia) known for its glucose-lowering activity for treatment of diabetes;
discontinued.

e Desmopressin: (DDAVP; 1-desamino-8-D-arginine vasopressin) a 9 amino acid partial-
d-peptide marketed by Sanofi-Aventis for bedwetting syndrome and frequent urination
caused by diabetes

e C(Cyclosporin: (Neoral®) an 11 amino acid cyclic peptide marketed by Novartis for
prevention of organ rejection; note the cyclic nature of this peptide may not make it
analogous to linear peptides.

e APG2305: Allostera’s 8 amino acid all-D-peptide that inhibito IL23R has inherent oral
activity and 3% absolute oral bioavailability formulated with saline and delivered by
oral gavage.

e APG101.10: Allostera’s 7 amino acid all-D-peptide that inhibits IL1 has inherent oral
activity
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