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' Amgen Countermeasures for Bone and Amgen-Sponsored Studies
- Muscle Loss in Space and on Earth

RS 4 4 Commercial Biomedical Test Module (CBTM) [
CBTM-1

m STS-108, 12-05-2001, 11 days 20 hours

m Tested bone antiresorptive (Osteoprotegerin)
CBTM-2

m STS-118, 08-08-2007, 12 days 18 hours

m Tested muscle growth promoter (Myostatin inhibitor)
CBTM-3
m STS-135,07-08-2011, 12 days 18 hours

m Tested bone growth promoter (Sclerostin inhibitor)

Muscles and Bone Respond

Muscles and Bone Respond __ to Unloading

to Loading

. - . Percent change in BMD per
® Transduction of mechanical

spaceflight
loads

Forces transmitted through hard
and soft tissues

Generate chemical signals
between and within
musculoskeletal tissues

Alter cellular and intracellular
processes to induce tissue
growth

LeBlane [IMINI 2007




Astronaut Musculoskeletal
Fitness

Reduce health risks to acceptable limits
Maximize crew time availability for mission

m ISS crew expected to exercise a
couple of hours/day, 7 days per week

= Too much exercise can be a physical and
psychological burden

m Crews should not have to rely on
exercise
= Crisis or emergency situations
= Injury or iliness

Pharmaceutical Development

Early Target Preclinical Research Clinical Research Commercialization
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Identification of target
and validation

Molecule / therapy
selection

Study of toxicology
and pharmacology

Process development
Delivery methods

Demonstrate safety

Terrestrial Musculoskeletal
. i Problems
m Disease / genetics
Post-menopause osteopor osis
Muscular dystrophy
Amyotrophic lateral sclerosis
Cancer / AIDS cachexia
Obesity / diabetes

m Disuse
Casting
Bedrest
Spinal cord or nerve injury

Surgery / rehab / disuse

m Aging
= Male & female osteoporosis

= Sarcopenia

Biotech / Pharma R&D

Biotech / Pharma industry spends > $70B annually on R&D

R&D process takes 12-15 years with 10%-30% success rate at a
cost of ~$1B per drug brought to market

Failure of drugs can drive real cost to ~$4B per successful drug

Discovery |
Preclinical 67% (Preclinical)

Phase 1
70%-90%
Phase 2
40%-70%
Phase 3
65%-80%
FDA Review /

Approval

Postmarketing
Testing

80%-90%




Target |dentification Key Individuals at Amgen

Early stage research targets are identified by
m David Lacey — m:ejj]]

mining information from various sources

i Internal discovery research m Former Director of Metabolic Disorders

o1 fterature J ® Former Senior Vice President for Research
m Paul Kostenuick

~ Scientific meetings
m Lead Amgen PI for osteoprotegerin study (STS-108)

m HQ Han
m Lead Amgen PI for myostatin inhibitor study (STS-118)

r Collaborations
m Contacts in field

® Licensing opportunities

m Chris Paszty

Once a potential target is identified it is assessed against many criteria m [ead Amgen PI for schlerostin antibody Stud\' (STS_l 3 5)

Tissue Homeostasis Bone Homeostasis

Construction

Osteoclasts

Bone Replaced about every 10 years

Muscle Likely “replaced” even more frequently




Spaceflight Experiment Design Animal Enclosure Module (AEM)
m:c:m NASA  Ames Research Center

Female, 9 week C57Bl/6 mice

Airin

. S Water Box
= Duration 12-13 days

Mice flown in Animal Enclosure

Modules (AEMs)

Food Bars

24-30 mice in flight

24-30 mice in ground controls 5

12-15 mice as baseline controls Daily Crew i el = Water Lixit
Observations | <t

f in Flight ‘
Tlight vs. Ground Fl Air Out
(filter underneath)

Treatments

®  Drug therapeutic vs. vehicle (“placebo™) X .
. " |’ | Inside Orbital
Temperature, humid carbo Environment

h AEMs turned and kept in vertical position for ground controls
Simulator at

J‘ KSC * Schedule offset from launch by ~48 hours

« Air flows from top to bottom, waste filter below “floor” on bottom

Discovery of Osteoprotegerin OPG / RANK Signalling

m OPG was discovered and patented in 1997 prT——— = OPG is a naturally
R produced inhibitor of

; : RANK ligand (RANKL)
screened for novel genes and proteins .
' RANKL signals through

m OPG was identified as TNF receptor 5 : ; RANK receptors on
superfamily with surprising skeletal effects 4 Ul e osteoclast precursor cells

through an Amgen genomics program that

m Discovery considered landmark event that : and osteoclasts to induce

: C b TROM: ' S o C 1
enabled a new understanding of bone biology O e . : bone resorption
i : Bench to &
and the dey

m OPG Ligand was identified soon after in 1998 as e

R, Nat Rev Dr
a cytokine that regulated osteoclasts and induced
bone resorption

Lack of OPG Normal PG ExtraOPG




RANK Ligand Inhibitors

Tested on mice flown
on STS-108

Developed into drug
approved by the FDA
in 2010

~‘\
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to bedsi
development of denosumab. L.
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MHC-lla
MHC-lIx
MHC-lIb
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Gastrocnemius Plantaris Saleus

From Fitts, Riley and Widrick, (2000),
J Appl Pysiol, 89:823-839.

m Similar levels of muscle atrophy occur in mouse (12 days), rat
(14 days) and human (17 days) soleus

STS-108 Results

Proximal Tibia

Bone mineral density greater
J O +32%

™~

1%

in flight treated mice than flight
untreated OR ground controls

Other measures also significantly

Total BMD (mglcm’)

improved in treated mice

= Trabecular bone properties

"
u BOI]( ng‘(h Ground VEH Flight VEH Flight OPG
= Markers of bone resorption

% mineral co

= Dry mass, mineral mass,
Spaceflight increased bone resorption AND reduced formation.
OPG did not affect bone formation parameters — effect exclusively

through inhibiting resorption consistent with expectations

CBTM-1 Publications
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Lacey, DL, e, SJ, Pecaut, M] Effect of spaceflight on immunity in the C57BL/6 mouse,
Part II: Activation, cytoki ythro plate App iol 94:2095-2103; 2003.




OPG Drug Development Muscle Homeostasis

Amgen selected Denosumab (fully human monoclonal antibody to
RANK Ligand) as the drug to take into clinical trials
FDA approved Denosumab in 2010

= Initially for the treatment of postmenopausal osteoporosis (Prolia)

= Subsequently for treatment of bone meta

Sales for Prolia and Xgeva were in excess ()f $1.2B in 2012

Amgen conducting additional clinical trials for other indications
Prolia — rtheumatoid arthritis
Prolia - glucocorticoid induced osteoporosis ‘pmm"
S Synthe:
Prolia — male osteoporosis
Xgeva — cancer related bone damage (multiple myeloma)
geva — prevention of bone metastases in breast cancer

Xgeva — prevention of bone metastases in prostate cancer

Discovery of Myostatin Myostatin Signalling
(a.k.a. GDF-8)

m Discovered by Se-Jin Lee and Alexandra _— SN = Myostatin signals through
McPherron at Johns Hopkins University in 1997 T e/ B activin Type II receptors

= Identified as a member of the TGF-§ superfamily of signaling

' : : m Intracellular cascade
proteins that regulates development and tissue homeostasis; . .
N R ultimately leads to protein
= Myostatin found to be expressed almost exclusively in skeletal ;

muscle and act as a negative regulator of muscle growth; 20000 0000 degfﬁdﬂtlon and muscle
= The myostatin gene is a highly conserved across multiple - wasting
species : o .
P m Variety of myostatin

m Regulation of myostatin has been shown to be inhibitors have been studied

quite complex




Myostatin’ s Obvious Effects

Texel Sheep

Blue Belgian
Cattle

Genetically created
deficient myostatin gene
(Mouse knockout)

Myostatin Inhibition on STS-118

AT Y
NASA R

Ames Research Center

Tested myostatin inhibitor to mitigate
disuse muscle loss on STS-118

= Flightvs. ground

= Drug vs. vehicle (placebo)
Flew 24 mice housed in 3 AEMs
Evaluated soluble decoy activin Type 1B
receptor (SActRIIB)

= Primarily binds myostatin and activin
Anticipated positive effects on both muscle
AND bone

Myostatin and Humans

But not just cattle, dogs, and mice...

3 4 51 & T|ls

2 3
Index patient

EZ=31lem?

Schuelks, et al. NEJM, 2004

Myostatin Inhibition Results

Body mass (g)
ght Mass Change (g)

Pre-flight Post-flight

] Body mass Lean mass

I Ground Placebo © peoos
[ Flight Placebo - p<0.01
= Flight Drug - p<0.001
GP FP =

Lean Carcass (9) | 829+ 008 7780097 | 9955011

Calf (mg) 1212120 £36" 1328241°

TA (mg) 446+

EDL (mg) 209+

Triceps (mg) |66+

Biceps (mg) 107 +

m Treatment found to be highly effective




M-Cadherin

MHC Type IIB

Ground Flight

Flight + Drug

100+ m

Soleus
~

Gasfrocnemius

Spaceflight
Reduced myofibril size
Caused fiber type switching from slow to fast twitch

SACctRIIB treatment during spaceflight
increased the myofibril size
activated muscle satellite cells

CBTM-2 Publications

G apes SK, Pecaut
), Effects of s i : nt gene
Appl Physiol, 106
“Shifts in
arrow C s (
Allen DL, Bandstra ER, i 0 k LS, Kostenuik PJ 0 s
Lacey DL, Hammond inwand rg 2 , Barth JL. (2009)
“Effc eflight on murine skeletal muscle gene expressi | Appl Physiol,

] (2009)
] Appl Physiol, 106(
Lebs V/, Fa, V, Woc °C ) AM, ut, MJ, Gridley, DS,
Stodieck, LS, Fergu /L 2 D ysis of spaceflown mutine
i nd glu icoid

Drug Effects on Bone

Myostatin/activin inhibition
mitigates bone loss
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Other Indications for Myostatin
Inhibitors

m Cancer cachexia
m “Reversal of cancer cachexia and muscle wasting by ActRIIB antag
leads to prolonged survival”, (2010), X Zhou ez a/, Cell, 142:531-543.
m Chronic kidney disease

® “Pharmacological inhibition of myostatin suppre
inflammation and muscle atrophy in mice with chronic kidney d
(2011), L. Zhang et al, FASEB J, 25(5):1653-1663.

m Also, Chronic obstructive pulmonary disease
(COPD), glucocorticoid-induced muscle wasting
and Type II diabetes




Myostatin Inhibitor Drug Bone Homeostasis

Development

m Stat“s

Amgen AMG-745 Cancer Phl Licensed to Atara
(Peptibody) (BioServe Led)

Wyeth MYO-029 Various MDs Ph II Stopped, acquired by
(decoy receptor) Pfizer

Acceleron ACE-031 Duchenne MD ~ Ph I Stopped, acquired by
(antibody) Shire

Eli Lilly L.Y2495655 Cancer Ph II Active
(antibody)

Pfizer PF-06252616 Various MDs Ph1 Active
(antibody)

Milo Follistatin gene ~ Various MDs Active 3

Biotechnology  therapy Osteocyte

Osteoclasts

Osteoblasts

Discovery of Sclerostin Sclerostin Antibody

(McClung, ASBMR, 2012)

m Sclerostin was first described in 2001 associated Sclerostin naturally inhibits bone formation

with research on patients suffering from AMG 785 (sclerostin antibody) chosen as lead molecule for

: : development (collaboration with UCB Pharmaceuticals)
sclerosteosis causing bone overgrowth )

o - . Block sclerostin (#a sclerostin antibody; SclIAB)
Osteocytes exhibit mechanosensory function

® Inhibit the inhibition bone formation = bone formation

and are thought to underlie bone growth u Infrequent dosing

stimulatory responses to loading & Minimalsideleffcets

.. Administration of sclerostin antibody increases bone mass, decreases

Sclerostin is secreted by isk. and improves fr: ealing i ; -
J fracture risk, and improves fracture healing in multiple species

QEiiEeEyEs and inhibits At 1 year, spine bone mineral density (BMD) increased by:

osteoblasts — thllS, A = 4% with alendronate (Fosamax)
inhibiting bone formation .

= 11.3% with sclerostin antibody

7% with teriparatide (Forteo)

Li et al. JBMR, 2008, 23(6):860-869.




Sclerostin Antibody on ST S-135

Tested sclerostin antibody (mouse version)
to mitigate bone loss o 135

= Flight vs. ground

= Drug vs. vehicle (placebo)

Flew 30 mice housed in 3 AEMs. Ground
controls housed in AEMs in environment
simulator.

Single injection of SclAb (100mg/kg) or
vehicle given to mice

Work supported by Amgen, UCB, NASA
Johnson Space Center and NASA Ames
Research Center

Collaboration included Univ. or Colorado,
Univ. of North Carolina and Harvard School
of Medicine

CBTM-3 Publications

n, E, Lemur, M, Loui:
9 urya,
M, Lotinun, S, Baron, R, Paszty, C dieck, LS and Ferguson, (2012),
in Antibody Treatment Improves Bone Mass, Microarchitecture and Mechanical
uttle Missio

atz, |, Warmington, K, Tan,
todieck, LS, Bo s
M, (201 § y on the Skeleton in Mice
Flown on the s A and N\ -HRP IWG abs
, Bouxsein, Bateman, s . rui Living; nith, C.,
y; todieck, LS, Ellman, R, Spatz, ], Warmington, K, Tan, HL,
Hill, D, Maura, S., Cureton, A, Lotinun, S, Paszty, C and Ferguson, VL, (2012), “Effects of
Spaceflight an in Antibody Countermeasure on the Mechanical Propetties of Bone
in Mice’ B abstract.
Additior ts and publications from biospecimen sharing program are starting to
appeat.

STS-135 Results

Bone mineral density greater
in flight treated mice than flight
untreated OR ground controls

Other measures also significantly

Total aBMD (glem®}

improved in treated mice

= Microarchitecture bone properties prea e i
= Bone strength and stiffness
m Markers of bone formation

Spaceflight increased bone resorption AND reduced formation.

SclAb cleatrly increased bone formation, despite unloading, and
completely prevented the negative effects of spaceflight on skeletal
tissues.

Sclerostin Antiobody Drug
Development

= Amgen/UCB selected Romosozumab (fully human monoclonal

antibody to sclerostin) to evaluate in clinical trials
= Phase II trials have ed at doses up to 210mg and relatively infrequent
treatments (up to 3 months between injections)
® Drug appears safe and well tolerated
Amgen/UCB ate now conducting a Phase III clinical study for
postmenopausal osteoporosis
5,000 patients as test subjects for study
AW fl'ﬂCtul'CS at 1 ye ter treatment
® Results expected in ~2015
If approved by the FDA (expected in ~2017), Romosozumab could
become the clinical gold standard for treatment of postmenopausal
0Steoporosis.
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Future Potential for ISS
Rodent Research

Early Target Prec | Research Clinical Research Commercialization
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These studie shown the value of the spaceflight mouse models
in testing novel musculoskeletal therapeutics

Current efforts by NASA and CASIS will make it possible to study
mice exposed to long-duration microgravity

Would enable studies of extreme disuse that mimic sevete neuto-
degenerative disorders (e.g., ALS, neuropathies, spinal injury, etc.)

Discovery of new drug targets and therapeutic compounds is possible
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