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RA

Prevalence Patients today

Patient prospects

Disease association

1. Scott DL, et al. Lancet 2010;376:1094—-1108; 2. Overman CL, et al. Arthritis Care Res
2014;5:671-782016 Apr;55:607-14; ; 3. Takahashi K, et al. BMC
Musculoskel Dis 2015;16:269;

4. Gerlag DM, et al. Rheumatology
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Figure 2 | Type | and Il cytokines (red), which are blocked by Jakinibs, are major drivers of autoimmune diseases
such as rheumatoid arthritis. Within the rheumatoid joint, fibroblast-like synoviocytes (FLSs) are major sources of



Pharmacotherapy for RA has evolved

« Therapies for RA have come a long way in the last 100 years
* However, new agents and treatment strategies are still needed

Gold salts?

Rarely used today
Long period of
administration before
effect

1920s

Sulphasalazine!

» Second most
common DMARD in
Europe in 1990s

Glucocorticoids?

» Rapid anti-inflammatory
effects

» Recent evidence of limited
DMARD activity

» Long-term side effects

D-penicillaminel

» Rarely used today

» One of the more
toxic DMARDs

Methotrexate!
+ Became gold
standard therapy

Biologic TNF

inhibitors?

+ Revolutionised
RA treatment

1940s

1950s

1960s

Azathioprine
mycophenolic acid!t
» Possibly beneficial

Antimalarials?

» Less efficacious than
other DMARDs
» Less toxic

1980s

1990s 2000s

®
Leflunomide?

+ Similar effects to
sulphasalazine
and methotrexate

Cyclosporine A,
tacrolimus, .
sirolimus?
« Effective

+ Toxicity precludes
widespread use

JAK inhibitors®
* Small molecules

2010s

Biosimilars*
* Cost
competitiveness

Biologics
non-TNF inhibitors?

T-cell co-stimulation
IL-6 inhibitor

IL-1 inhibitor

Protein CD20 inhibitor



Biologics







Defined treatment goals in RA

Goal-oriented Primary target for
treatment governed treatment of RA is
by a strategic remission or low
approach? disease activityl?

Modern
treatment
for RA

Treatment should start immediately
Closely monitored using foIIowing diagnosis and be adapted
composite disease if the goal is not reached within

activity measures? 3 or 6 months!

Patients should be

1. Smolen JS, et al. Ann Rheum Dis
2014;73:492-5009.

2. Smolen JS, et al. Ann Rheum Dis
2010;69:631-37.



Over time clinical outcomes have improved for patients with
RA

(A) - Disease Activity Score (DAS28) (B) Functional Disability (HAQ-DI)

© o o
~ 0] ©
Ly |

-DI (95% ClI)
o o
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Mean DAS28 (95% ClI)
N
T

207 h ' 1l al
But there Is still a long way to go
[ i
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Calendar year Calendar year
Year 1989 | 1990| 199| 1992 | 1993 | 1994 | 1995| 1996 | 1997| 1998 | 1999 2000| 2001 | 2002 | 2003 | 2004 | 2005| 2006 | 2007 | 2008
1
N 164| 172| 193| 236| 271| 332| 368| 398| 443| 478| 517| 538| 551| 571| 595| 634| 654| 686| 724| 780
observed

HAQ-DI, Health Assessment Questionnaire-Disability Index.
1. Kievit W, et al. Rheumatology 2013;52:1500-1508.



Not enough patients are achieving treatment goals with
existing biologics

Percentage of patients with RA according to disease
activity measured by DAS28 criterial

m m (2 /]
18,7 AN 17,21

Satisfaction of control of RA symptoms?

16 14,8

15,1 51,2
10,3 44,9 ’

34,8 37,6
21,3 22,70 202 19,1 24,7

1. Haugeberg G, et ai. Arthiitis Res Triel.
2015;17:219.

2. De Mits S, et al. PLoS O 2013 iNov
28;11(11).

DAS238, disease activity score in 28 joints.




RA MTX-naive MTX-experienced Anti-TNF-experienced
ACR20 ACR70 ACR20 ACR70 ACR20 ACR70

Anti-TNF

Anti-IL-1

Anti-IL-6

Patients fulfilling
Anti-T-cell ACR criteria

costimulation

[ >70-100%
[] >50-70%
Anti-B-cell [ >20-50%
[ 10-20%
MTX

Figure 1 | Generalized ACR20 and ACR70 response rates to different

therapies in patients with RA. The data are based on trials of anti-TNF
agents,12:39:46:47:49,51-5589 gnakinra (anti-IL-1),** tocilizumab (anti-IL-6),3%€4°3
abatacept (anti-T<cell-costimulation),234244 rituximab (anti-B-cell),224%48 and MTX
(MTX-naive control arms of biologic agent trials). ACR20 and ACR70 indicate
improvement, according to ACR criteria, of 220% and >70%, respectively.
Abbreviations: MTX, methotrexate; ND, not done; RA, rheumatoid arthritis.




Fatigue remains a significant problem for patients
with RA

RABBIT registry: Severity of fatigue in patients with RA (N=3875)
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Fatigue severity score
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Severity of fatigue in 8 years of RA (N=626) Fatigue scores in patients with RA have not improved
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No significant change in mortality

« Standardized mortality ratio 1.28-2.98*

Observed and expected mortality in
patients with rheumatoid arthritis?

)

Z
~—~
z

— Observed
Men -=' Expected
95% CI (observed)

(&)
|

57 Women — Observed

-=+ Expected
4- 95% CI (observed)

N
]

Mortality rate (per 100 py)
T

Mortality rate (per 100 py)
w
|

2 o
i 14 T~
07 I I I ---I____ 07 I I I I
1970 1980 1990 2000 1970 1980 1990 2000
Calendar years Calendar years

*Differences: diagnosis methods, geographical location, demographic characteristics, study design, follow-up, disease status in the past three decades.
1. Gabriel SE, Michaud K. Arthritis Research & Therapy 2009;11:229; 2. Humphreys JH. Arthritis Care Res (Hoboken) 2014;66:1296-1301.



HR-QoL in patients with RA compared with the general
population

csDMARD PF 1st bDMARD PF
N=1,113 N=1,352 100

MH MH

BP

German
population

RA population .
For each therapy stratum: German population (50-59 years of age) RA population

Il B Baseline

[ | Month 24

bDMARD, biological disease modifying antirheumatic drug; BP, bodily pain; csDMARD, conventional synthetic disease modifying antirheumatic drug; GH, global
health; HR-QoL, health-related quality of life; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, social functioning; V, vitality.
1. Gerhold K et al. Rheumatology (Oxford) 2015;54(10):1858-1866.



The capacity to work in patients with RA compared
with the general population

Sex Age at diagnosis

golb= gl
5 5 5 5
= 5
o8 © 3
S5 S5
n 'pn " 'n
GRS GRS
n o n @
5 2 g2
T = T =
S g
Q0 Q0
=0T =0T
-36 -30 -24 -18 -12 6 1 6 12 18 24 30 36 -36 -30 24 -18 -12 -6 1 6 12 18 24 30 36
Months before and after RA diagnosis Months before and after RA diagnosis

Olofsson T, et al. Ann Rheum Dis
2014:73:845--535.



Patients are less likely to respond to subsequent biologics

As the number of previous TNF-inhibitors increase, patients are less likely to respond to
subsequent biologics,
as demonstrated by a recent literature review*

Number of Biologics Used

4. Rendas-Braun R, et al. Arthritis Res
Ther 2011:13:R25.



Sustained Remission Is Uncommon In
Clinical Practice in Patients With RA

100 1 -4~ DAS28-CRP <2.6
S 90 — DAS28-CRP <2.3
é 80 1 - CDAI
g 70 - —— SDAI
&)

g 60 - o ACR/EULAR
=5
= 50 7
IS
< 40 7
©
= 30 - _
2 =
5 20  e—
Ik i ' I
a 10

0 -

0 1 2 3 4 5 6 7

Time in Remission (y)

Kaplan-Meier survival curves for subjects maintaining remission
(assessed according to 5 remission definitions)

Prince FHM et al. Arthritis Res Ther. 2012;14(2):R68.
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Protein kinases
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Imatinib
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Kinase domain P -2. SHC

. Substrate cannot
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Tumor cell
™ cannot proliferate
avK

Imatinib competitively binds
to site and inhibits protein
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History

* |In 1956, Edmond H. Fischer and Edwin G.
Krebs

 The 1990s may be described as the “"decade of
protein kinase cascades”


https://en.wikipedia.org/wiki/Edmond_H._Fischer
https://en.wikipedia.org/wiki/Edwin_G._Krebs
https://en.wikipedia.org/wiki/Edwin_G._Krebs

Kinases Classification

Protein kinases (MAPK,JAKS)
Lipid kinases (PI3K)
Carbohydrate kinases

Other kinases
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Protein kinases groups

AGC kinases - containing PKA, PKC and PKG.

CaM kinases - containing the calcium/calmodulin-dependent protein kinases

K1 - containing the casein kinase 1 group

CMGC - containing CDK, MAPK, GSK3 and CLK kinases.

STE - containing the homologs of yeast Sterile 7, Sterile 11, and Sterile 20
kinases

TK - containing the tyrosine kinases.

TKL - containing the tyrosine-kinase like group of kinases.


https://en.wikipedia.org/wiki/Protein_kinase_A
https://en.wikipedia.org/wiki/Protein_kinase_c
https://en.wikipedia.org/wiki/Protein_kinase_g
https://en.wikipedia.org/wiki/CaM_Kinase
https://en.wikipedia.org/wiki/Casein_kinase_1
https://en.wikipedia.org/wiki/Casein
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase
https://en.wikipedia.org/wiki/MAPK
https://en.wikipedia.org/wiki/GSK3
https://en.wikipedia.org/wiki/CLK1
https://en.wikipedia.org/wiki/Tyrosine_kinase

Protein kinases (1agivéunon)

« Serine/threonine- directed protein kinases

* Tyrosine- directed protein kinases (PTKS)



Tyrosine- directed protein kinases
(PTKS)

« Janus family (JAK1, JAK2, JAKS, Tyk2)
« Syk family

« Src family



Janus family kinases (JAKS)

* A subgroup of Intracellular Proteins, non-receptor
protein tyrosine kinases

— Four JAK family members: JAK1, JAKZ, “The two_face(;";‘{‘m‘;f@od of gates,
JAK3 and TYK?2 doors and passages”

— Seven STAT family members: STAT1, 2, 3, 4,
5a, 5b and 6 activate transcription3

Characterised by two adjacent kinase domains
(JH1 and JH2)

Implicated in cell growth, survival, development JAK JAK
and cell differentiation

- Essential for immune and hematopoietic cells


//wikipedia/commons/a/a9/Janus1.JPG
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Toll / IL-1R IL-17 PI3K

NFyB Signalling Signalling Signalling CAMP / PKA
Signalling C del Cascade! Cascade* Signalling
Cascade! ascade Cascade?

MAPK
Signalling
Cascade?

BN
Cell
Membrane
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© FOCUS ON CYTOKINES IN DISEASE

Infliximab
Certolizumab
daimindy
_ Golimumab
Tocilizumab Etanercept Anakinra
Ustekinumab TNF Canakinumab
Mepolizumab Rilonacept
Type /11 IL-1 IL-17 SCF/RTK  TGF-B Fingolimod
f SE=E=spUID 333831 ] 1i4!
| Tofacitinib | ¢ G LEeeee itceete DG Gt et et O L e e R e e (i
LAk p Calcium
TA ct mobilization

Nucleus
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Binding of cytokine receptors activates JAK signalling pathways

Activated JAKs phosphorylate the
receptors that dock STATs

Activated JAKs phosphorylate
STATs, which dimerise and
move to the nucleus to activate
new gene transcription

Gene
Transcription



* More than 500 kinases in the human kinome*
+ All have highly conserved active sites and use ATP as a cofactor?
» Competitive inhibition of ATP most common approach?

ATP bound to JAK3




JAKs use ATP to phosphorylate substrates Jakinibs block ATP binding to JAKs

Pseudokinase Pseudokinase

Figure 3| JAKs are composed of several key domains including a tyrosine kinase domain, pseudokinase domain,
FERM (band four-point-one, ezrin, radixin, moesin) domain, and SH2 (Src homology 2) domain. The tyrosine
kinase domain binds ATP hydrolysing it to ADP and catalyses both autophosphorylation and other substrates including
signal transducers and activators of transcription (STAIs). JAK, Janus kinase (JAK) inhibitors (Jakinibs) bind to the pocket
ordinarily occupied by ATF, thereby preventing JAKs from using ATP and phosphorylating their substrates.

joint-space narrowing, particularly at the higher dose latter being a key cytokine for NK-cell homeostasis®.
of 4 mg twice daily, and to a lesser degree with 2mg However, NK cell counts are only moderately reduced
twice daily™-"". in tofacitinib-treated patients and do not correlate with

infection risk®*®. Tofacitinib-treated patients also have



FUNCTION?

Current JAK inhibitors target different receptors based on
their selectivity

IFN-o/B IL-6 IFN-y L-12

y-chain cytokines
IL-2, IL-4, IL-7, IL-9,
IL-15, IL-21

J ‘ ‘ tofacitinib

‘ [ JAK 1,3,2
| | baricitinib
l Jalil,Z
JAK1 / JAK3 JAK1/TYK2 JAK1 /JAK2 / JAK1 /JAK2 JAK2 / TYK2 JAK2 / JAK2
< Growth / maturation * Antiviral TYK?2  Antiviral Innate immunity  Erythropoiesis
- lymphoid cells * Inflammation -+ Naive T-cell * Inflammation + Differentiation/ * Myelopoiesis
+ Differentiation / * Antitumor differentiation proliferation of * Megakaryocyte /
homeostasis « T-cell homeostasis Th17 cells platelet production
T cells, NK cells « Inflammation * Inflammation * Growth
» B-cell class * Mammary
switching development

+ Inflammation



Inhibitor JAK1 JAK?2 JAKS TYK2

Tofacitinib 15 77 55 489

Baricitinib 4 7 787 61l



SCIENCE * VOL. 270 * 3 NOVEMBER 1995

Mutation of Jak3 in a Patient with SCID:
Essential Role of Jak3 in Lymphoid Development

Sarah M. Russell, Nahid Tayebi,* Hiroshi Nakajima,*
Mary C. Riedy,T Joseph L. Roberts,i M. Javad Aman,
Thi-Sau Migone, Masayuki Noguchi, M. Louise Markert,

Rebecca H. Buckley, John J. O’Shea, Warren J. Leonardi

Males with X-linked severe combined immunodeficiency (XSCID) have defects in the com-
mon cytokine receptor y chain (y_) gene that encodes a shared, essential component of the
receptors for interleukin-2 (IL-2), IL-4, IL-7, IL-9, and IL-15. The Janus family tyrosine kinase
Jak3 is the only signaling molecule known to be associated with vy, so it was hypothesized
that defects in Jak3 might cause an XSCID-like phenotype. A girl with immunological
features indistinguishable from those of XSCID was therefore selected for analysis. An
Epstein-Barr virus (EBV)-transformed cell line derived from her lymphocytes had normal -y_
expression but lacked Jak3 protein and had greatly diminished Jak3 messenger RNA.
Sequencing revealed a different mutation on each allele: a single nucleotide insertion
resulting in a frame shift and premature termination in the Jak3 JH4 domain and a nonsense
mutation in the Jak3 JH2 domain. The lack of Jak3 expression correlated with impaired B
cell signaling, as demonstrated by the inability of IL-4 to activate Stat6 in the EBV-trans-
formed cell line from the patient. These observations indicate that the functions of y_ are
dependent on Jak3 and that Jak3 is essential for lymphoid development and signaling.



XSCID

(X-linked severe combined
Immunodeficieny)

o XaunAa ttoocooTtd Immunoglobulin G (IgG)

« Alatapaxn Asitoupyiac B AEpPOKUTTAPWYV

o 2XEO0V TTANPNG EAAEIYN T AEUPOKUTTAPWV


https://en.wikipedia.org/wiki/Immunoglobulin_G

Cell type

T-cells

B-cells

NK cells

Total

Normal lymphocyte count average (range)

3,680 (2,500-5,500)

730 (300-2,000)

[15]

420 (170-1,100)

0-3 months: 5,400 (3,400-7,300)

X-SCID count average (range)

200 (0-800)

1,300 (44 - >3,000)

<100

<2,000


https://en.wikipedia.org/wiki/X-linked_severe_combined_immunodeficiency
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XSCID

AOYW EAQATTWHATIKWY Y-chain
(gamma common chain)

e [L2ZRG => [L-2RG (y-chain)



L-15
L- 21

y-chain (yc)



The common gamma chain and X-SCID

Cytokine produced by:
IL-2: T cells IL-4: T cells, IL-7: stromal cells, IL-9: T cells IL-15: monocytes, IL-2:CD4* T cells  TSLP: stromal cells,
and DCs NKT cells, epithelial cells DCs and epithelial and NKT cells epithelial cells,
eosinophils and fibroblasts cells fibroblasts, mast
and mast cells cells and basophils
IL-2Rax ~ IL-15Ra ~
IL-2RB £

IL-7Ra | | TSLPR

‘& CJAKD Z' [ ) r:lmlz } v‘.&;

p. RN 2N 21N A
@ | o G @ | @ | @ | e |

STATI (sTam) (STATS) (STATS) STATI STATS
Receptor expressed by:
T cells, B cells T cells, B cells, T cells, pre-B cells T cells, mast cells, T cells and T cells, B cells, T cells, 8 cells,
and NK cells NK cells, mast cells and DCs epithelial cells and NK cells NK cells and DCs DCs, NKT cells
and basophils eosinophils and mast cells

Nature Reviews | Immunology

Rochman Y, Spolski R, & Leonard WJ (2009)



* To yovidIO TTOU KWOIKOTTOIEI VIO TAV Y-
chain BpiokeTal oTo Xpwuoowua X

[ y-chain (X/X) (+/+) , (-[+)

« A y-chain (X/Y) (+/Y) , (-/Y)






ATTOKAEIOTIKA!]
n Jak3 ouvdéeTal ye Tnv y-chain

S. M. Russell et al., ibid. 266, 1042 (1994

To yovidio yia Tnv Jak3 dev BpiokeTal OTO
XPWHOOWHO X

16. J. N. Ihle et al., Annu. Rev. Immunol. 13, 369 (1995)
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Essential Role of Jak3 in Lymphoid Development
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Mary C. Riedy,T Joseph L. Roberts,i M. Javad Aman,
Thi-Sau Migone, Masayuki Noguchi, M. Louise Markert,

Rebecca H. Buckley, John J. O’Shea, Warren J. Leonardi

Males with X-linked severe combined immunodeficiency (XSCID) have defects in the com-
mon cytokine receptor y chain (y_) gene that encodes a shared, essential component of the
receptors for interleukin-2 (IL-2), IL-4, IL-7, IL-9, and IL-15. The Janus family tyrosine kinase
Jak3 is the only signaling molecule known to be associated with vy, so it was hypothesized
that defects in Jak3 might cause an XSCID-like phenotype. A girl with immunological
features indistinguishable from those of XSCID was therefore selected for analysis. An
Epstein-Barr virus (EBV)-transformed cell line derived from her lymphocytes had normal -y_
expression but lacked Jak3 protein and had greatly diminished Jak3 messenger RNA.
Sequencing revealed a different mutation on each allele: a single nucleotide insertion
resulting in a frame shift and premature termination in the Jak3 JH4 domain and a nonsense
mutation in the Jak3 JH2 domain. The lack of Jak3 expression correlated with impaired B
cell signaling, as demonstrated by the inability of IL-4 to activate Stat6 in the EBV-trans-
formed cell line from the patient. These observations indicate that the functions of y_ are
dependent on Jak3 and that Jak3 is essential for lymphoid development and signaling.



«Jak1

Fig. 1. Defective expression of
Jak3 in an EBV-transformed B E
cell line from AP. Lysates from

a normal control (PN) the patient
(AP), and a patnent with XSCID
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probe (F). RNA was isolated with RNAzol (Tel-Test, Fnendswood Texas).

Fig. 2. Analysis of the Jak3 defects in AP. (A) Sche-
matic of the coding region for Jak3 (boxed) and 5
and 3’ untranslated (UT) regions. The seven Jak
homology (JH) domains are indicated by hatched
boxes, and the positions of the two mutations (m1,
insertion at nucleotide 1172; m2, nonsense muta-
tion at nucleotide 1695) identified in AP are shown.
(B) Sequencing of the m1 insertion (sequenced on
the reverse strand). Compare the AP mutation on
the right [the band corresponding to the sixth C
(asterisk) is identified by an arrow] to the wild type
on the left. (C) Sequencing of the m2 nonsense
mutation that resulted from a C-to-A transversion.
The bands corresponding to the normal (wild-type,

A
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5 ut JH7 JH6 YJH4JH3  JH2
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at right) and mutated (AP, at left) nucleotides are identified by arrows. See (24) for methods.

The identification of defective Jak3 ex-
pression in a case of SCID allows a number of

conclusions to be drawn. First, the diminished
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required for signaling through <y_-containing
receptors, is in contrast to other Jak family
kinases, Wthh are ubiquitously expressed and
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agents that block vy_-Jak3 association as im-
munosuppressants has been suggested (6).
The current study further suggests that any
agents that inactivate Jak3 function may be

potent immunosuppressants. Moreover, the
identification of Jak3 deficiency as the mo-
lecular basis for some autosomal recessive
cases of SCID will allow the development
of diagnostic procedures for identification
of Jak3-deficient SCID patients and carriers
and investigation into the possibility of
gene therapy for Jak3-deficient SCID pa-
tients, analogous to that being developed

for XSCID (23).
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Because of its requirement for signaling by multiple cytokines, Janus kinase 3
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with current therapies. Cytokine receptors,
which use the common gamma chain, or yc
[interleukin (IL)-2, -4, -7, -9, -15, -21], are
critical for the development and homeostasis
of immune cells, and patients with mutations
in yc suffer from severe combined immuno-
deficiency (SCID) (3, 4). These receptors all
require the cytoplasmic tyrosine kinase JAK3
for signaling, and patients lacking expression
of JAK3 also display a SCID phenotype (35,
6). On the basis of the critical but selective
role for JAK3 kinase in lymphocyte biology,
we searched for inhibitors of this enzyme as
potential immunosuppressive therapy.

The Pfizer chemical library was screened for
inhibitors of in vitro JAK3 kinase activity, pro-
viding the lead compound, CP-352,664. Exten-
sive chemical modification led to CP-690,550
(7) (Fig. 1A). Although CP-690,550 was highly
potent for JAK3 inhibition [enzyme inhibitory
potency (8) of 1 nM], it was 20- to 100-fold less
potent for JAK2 and JAKI, respectively ( Table
1). Because JAK2 mediates signaling via many
hematopoietic cytokines [e.g., erythropoietin,
thrombopoietin, and colony-stimulating factor
receptors (3)], potent JAK2 inhibition could re-
sult in anemia, thrombocytopenia, and leukope-
nia in vivo. In addition, CP-690,550 did not have
potent activity against 30 other kinases [all me-
dian inhibitory concentration (IC,,) > 3000
nM]. This included Lck, a key T lymphocyte—
signaling molecule downstream of the T cell
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Because of its requirement for signaling by multiple cytokines, Janus kinase 3
(JAK3) is an excellent target for clinical immunosuppression. We report the
development of a specific, orally active inhibitor of JAK3, CP-690,550, that
significantly prolonged survival in a murine model of heart transplantation and
in_cynomolgus monkeys receiving kidney transplants. CP-690,550 treatment
was not associated with hypertension, hyperlipidemia, or lymphoproliferative

disease. On the basis of these preclinical results, we believe JAK3 blockade by

CP-690,550 has potential for therapeutically desirable immunosuppression in

human organ transplantation and in other clinical settings.

[n spite of numerous treatment options for  the molecular targets for all currently used
organ transplant and autoimmune disease pa-  transplant drugs (cyclosporin A, tacrolimus,
ients (/), there remains a need for effective = mycophenolate mofetil, and sirolimus) are
aind safe immunosuppressive agents. The  ubiquitously expressed (2). In this respect, a
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Abstract

Introduction CP-690550 is a small molecule inhibitor of Janus
kinase 3 (JAK3), a critical enzyme in the signaling pathway of
multiple cytokines (interleukin (IL)-2, -7, -15 and -21) that are
important in various T cell functions including development,
activation and homeostasis. The purpose of this study was to
evaluate CP-690550 in murine collaaen-induced (CIA) and rat

Results CP-690550 dose-dependently decreased endpoints of
disease in both RA models with greater than 90% reduction
observed at the highest administered dose. An approximate
EDg, of approximately 1.5 mg/kg/day was determined for the
compound based upon disease endpoints in both RA models
examined and corresponds to CP-690550 serum levels of 5.8
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Abstract

Introduction CP-690550 is a small molecule inhibitor of Janus
kinase 3 (JAK3), a critical enzyme in the signaling pathway of
multiple cytokines (interleukin (IL)-2, -7, -15 and -21) that are
important in various T cell functions including development,
activation and homeostasis. The purpose of this study was to
evaluate CP-690550 in murine collagen-induced (CIA) and rat
adjuvant-induced (AA) models of rheumatoid arthritis (RA).

Methods CIA and AA were induced using standard protocols
and animals received the JAKS inhibitor via osmotic mini-pump
infusion at doses ranging from 1.5-15 mg/kg/day following
disease induction. Arthritis was assessed by clinical scores in
the CIA models and paw swelling monitored using a
plethysmometer in the AA model until study conclusion, at which
time animals were killed and evaluated histologically.

Results CP-690550 dose-dependently decreased endpoints of
disease in both RA models with greater than 90% reduction
observed at the highest administered dose. An approximate
EDg, of approximately 1.5 mg/kg/day was determined for the
compound based upon disease endpoints in both RA models
examined and corresponds to CP-690550 serum levels of 5.8
ng/ml in mice (day 28) and 24 ng/ml in rats (day 24). The
compound also reduced inflammatory cell influx and joint
damage as measured histologically. Animals receiving a CP-
690550 dose of 15 mg/k/d showed no histological evidence of
disease.

nclusion The efficacy observed with CP-690550 in CIA and
AA suggests JAK3 inhibition may represent a novel therapeutic
target for the treatment of RA.
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Inhibitors of the JAK family of nonreceptor tyrosine Kinases have demonstrated clinical efficacy in rheumatoid arthritis and other
inflammatory disorders; however, the precise mechanisms by which JAK inhibition improves inflammatory immune responses
remain unclear. In this study, we examined the mode of action of tofacitinib (CP-690,550) on JAK/STAT signaling pathways involved
in adaptive and innate immune responses. To determine the extent of inhibition of specific JAK/STAT-dependent pathways, we
analyzed cytokine stimulation of mouse and human T cells in vitro. We also investigated the consequences of CP-690,550 treatment
on Th cell differentiation of naive murine CD4" T cells. CP-690,550 inhibited IL-4-dependent Th2 cell differentiation and
interestingly also interfered with Th17 cell differentiation. Expression of IL-23 receptor and the Th17 cytokines IL-17A, IL-
17F, and IL-22 were blocked when naive Th cells were stimulated with IL-6 and IL-23. In contrast, IL-17A production was
enhanced when Th17 cells were differentiated in the presence of TGF-B. Moreover, CP-690,550 also prevented the activation of
STATI1, induction of T-bet, and subsequent generation of Thl cells. In a model of established arthritis, CP-690,550 rapidly
improved disease by inhibiting the production of inflammatory mediators and suppressing STAT 1-dependent genes in joint tissue.
Furthermore, efficacy in this disease model correlated with the inhibition of both JAK1 and JAK3 signaling pathways. CP-690,550
also modulated innate responses to LPS in vivo through a mechanism likely involving the inhibition of STAT1 signaling. Thus, CP-

690,550 may improve autoimmune diseases and prevent transplant relectlon by suggre&smg the differentiation of Bathogemc Thl
and Th17 cells as well as innate immune cell signaling. The Journal of Immunology, 2011, 186: 4234-4243.
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JAK Inhibition With Tofacitinib Suppresses Arthritic Joint
Structural Damage Through Decreased
RANKL Production
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Objective. The mechanistic link between Janus
kinase (JAK) signaling and structural damage to ar-
thritic joints in rheumatoid arthritis (RA) is poorly
understood. This study was undertaken to investigate
how selective inhibition of JAK with tofacitinib (CP-
690,550) affects osteoclast-mediated bone resorption in
a rat adjuvant-induced arthritis (AIA) model, as well as

sessed via quantitative tartrate-resistant acid phospha-
tase staining and degradation of human bone collagen,
respectively.

Results. Edema, inflammation, and osteoclast-
mediated bone resorption in rats with AIA were dra-
matically reduced after 7 days of treatment with the
JAK inhibitor, which correlated with reduced numbers
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