
Purpose:

Btk is an essential element of BCR signaling in B cells and FcgR signaling in 

monocytes/macrophages, and is considered an ideal molecular target for the 

treatment of autoimmune diseases such as rheumatoid arthritis.  PCI-45292, was 

derived from the chemical scaffold of PCI-32765 1,2,3, a first-in-man Btk inhibitor 

currently in Phase I/Ib clinical trials in patients with NHL/CLL 4.Both PCI-32765 and 

PCI-45292 are irreversible inhibitors of Btk, forming a covalent bond with the 

sulfhydryl group of Cys-481 at the ATP-binding site.  The two compounds were 

evaluated in vitro for their effects on human lymphocytes, monocytes, and 

basophils, and in vivo for therapeutic effects in multiple models of arthritis.

Methods and Results:

In Btk biochemical assays, PCI-32765 and PCI-45292 have an IC50 of 0.7 nM and 

1.4 nM, respectively.  PCI-45292 was a more selective inhibitor of Btk than either 

PCI-32765 or dasatinib, with no significant inhibition of VEGFR2, EGFR, JAK(1, 2 

or 3), or Abl.   Both PCI-32765 and PCI-45292 were potent inhibitors of human B 

cell activation following BCR stimulation by anti-IgM with an EC50 of 2 nM while 

failing to inhibit T cell activation at concentrations up to 2,000 nM.  Both com-

pounds also inhibited anti-IgE mediated upregulation of CD63 in human whole 

blood basophils with an EC50 of 20-100 nM.  In addition, PCI-45292 inhibited 

cytokine release from human monocytes at 20-100 nM but did not inhibit IgG-

mediated phagocytosis at concentrations up to 10,000 nM.  In vivo, both Btk 

inhibitors dose-dependently inhibited inflammatory synovitis, pannus formation, 

synovial fluid cytokines, cartilage damage, and bone erosion in both preventive 

and established murine collagen-induced arthritis (CIA) models.  PCI-32765 and 

PCI-45292 inhibited overt manifestations of arthritis in mice with ED50 values of 

2.23 and 0.61-0.75 mg/kg/day, respectively.  In a murine collagen-antibody-induced 

arthritis model (CAIA model), PCI-45292 completely suppressed the development of 

arthritis at doses 0.8 mg/kg/day.  In glutathione binding assays, the rate of 

glutathione conjugation was 20 fold lower for PCI-45292 than for PCI-32765.  In 

human liver microsomes, the half-life of PCI-32765 was 2.5 min compared to 19.2 

min for PCI-45292.  Pharmacokinetic studies in rats showed that the bioavailability 

of PCI-32765 and PCI-45292 was 22.8% and 24.7%, respectively.  Hepatic 

extraction ratio, a measurement of first-pass metabolism, was 0.690 and 0.289 for 

PCI-32765 and PCI-45292, respectively.  Based on pharmacokinetic/efficacy 

relationships in mice and inter-species scaling of clearance, the daily efficacious 

dosage of PCI-45292 was estimated to be ≤10 mg/patient/day.

Conclusions:

PCI-45292 is a potent irreversible inhibitor of Btk that suppresses B cell activation 

following BCR stimulation and inhibits monocytes/macrophage release of pro-

inflammatory cytokines and chemokines following FcgR activation.  PCI-45292 was 

shown to have increased selectivity for Btk inhibition over other tyrosine kinases, a 

reduced potential for off-target protein binding, and improved metabolic stability.  

Also, PCI-45292 had a more potent effect in ameliorating inflammation and tissue 

damage in CIA and CAIA models when compared to PCI-32765.  PCI-45292 is 

currently undergoing preclinical development for autoimmune applications.

• PCI-45292 is a potent and selective small-molecule inhibitor of Btk.  PCI-

45292 inhibits downstream events mediated by BCR and FcgR/FceR

stimulations in B lymphocytes and monocyte/macrophage/mast cells.  

Human primary B lymphocyte activation, proliferation and cytokine 

secretion were compromised.  Monocyte/macrophage and mast cell 

cytokine/chemokine (TNFa, IL-6, MCP-1) release was inhibited following 

FcgR/FceR activation.  These cells all contribute to the pathogenesis of 

rheumatoid arthritis (RA).

• PCI-45292 potently and dose-dependently inhibits clinical arthritis in CIA 

studies in mice and rats with ED50 values of 0.61 to 0.75 mg/kg/d and 0.09 

mg/kg/d, respectively.  Of note, PCI-45292 treatments suppressed myeloid 

cell infiltration into joints, and protected cartilage and bone integrity.

• PCI-45292 potently inhibits Arthus reactions and disease progression in 

CAIA models. These responses do not rely on suppression of B cell 

functions.

• PCI-45292 is optimized for selectivity, reduced potential for off-target 

protein-binding, reduced first-pass clearance, and potent activity in 

preclinical models of arthritis following oral administration. 

• ED50 values for the active-site Btk occupancy assay in mice (0.63 mg/kg) 

and the activity in the murine CIA model (0.61 to 0.75 mg/kg) were similar. 

• Btk inhibition is a promising approach for the treatment of autoimmune 

diseases such as RA.  PCI-45292 is currently in preclinical development.

Disclosure:  All Pharmacyclics affiliated authors are 
employees and shareholders of Pharmacyclics.
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Figure 1. PCI-45292 is a selective and covalent inhibitor
of Bruton’s Tyrosine Kinase (Btk)
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A) Co-crystallization of PCI-32765 in Lck active site, indicating the position of Cys-481 in the 
structurally similar Btk active site.  As previously reported, PCI-45292 binds to Btk Cys-481 
and only 10/500 human kinases contain a Cys at this position.1 B) Following Ambit selectivity 
screen  of PCI-45292 vs. 440 human kinases, biochemical IC50s were derived; C) Btk is 
downstream of BCR signaling in B lymphocytes.  In addition, Btk is downstream of FcgR 
signaling in monocytes, macrophages and neutrophils5.  These cells are effector cells in the 
pathogenesis of RA (D).
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INTRODUCTION

Cell Activation Assay Readout IC50 µM

Human primary B BCR CD69 0.01

Human primary B BCR proliferation 0.01

Human PBMC BCR PhosphoFlow

pBtk (Y223), pPLCg, pErk1/2

0.03-0.1

Human PBMC BCR TNFa, IL-6 release 0.05

THP-1 FcgR TNFa, IL-6, MCP-1 release 0.01-0.05

Human 

Monocytes

FcgR TNFa, IL-6, MCP-1 release 0.01-0.05

Human 

Macrophages

FcgR TNFa, IL-6, MCP-1 release 0.01-0.2

Human Mast Cells FceR TNFa, IL-8 release 0.003

Human Basophils

(WB) 
FceR CD63 upregulation 0.02-0.1

Figure 2. PCI-45292 inhibits BCR driven human primary B cell function
and FcgR and FceR pathways in human primary monocytes, 
macrophages and mast cells, respectively.

RESULTS

Figure 5. PCI-45292 inhibits immune-complex mediated inflammation models, 
Collagen-Antibody Induced Arthritis models and Arthus Assays
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• Bruton tyrosine kinase Btk is required for B-cell receptor (BCR) 

signaling

• Mutations in Btk cause the human genetic disease X-linked agamma-

globulinemia (XLA).  In XLA patients, inactivation of Btk blocks signals from the 

BCR that are required for normal B cell maturation.

• A wide range of studies have shown that antigen binding to the BCR leads to 

Btk phosphorylation and activation.  Btk in turn phosphorylates PLCγ, and is 

required for sustained Ca++ signaling and activation of the downstream 

effectors NFκB and ERK.

• The effect of XLA mutations is primarily limited to B cells.  Thus Btk is an 

attractive kinase target for selectively inhibiting the BCR pathway and 

subsequent autoantibody production.

• Btk is important in immune-complex mediated FcgR and FceR

pathways.

• Immune complex  (IC) mediated FcgR and FceR activation of pro-inflammatory 

cytokine/chemokine release contribute to infiltration of neutrophils, 

macrophages, and mast cells; pannus, cartilage erosion and bone resorption.

• BCR signaling and IC mediated activation of FcgR and FceR pathways 

are important for pathogenesis of autoimmune diseases, such as 

rheumatoid arthritis.

• PCI-32765 is a selective Btk inhibitor with potent clinical activity in B cell 

malignancies4, served as a chemical scaffold for lead optimization.

• Preclinical development candidates were evaluated for off-target tyrosine 

kinase inhibition, glutathione binding, human liver microsomal metabolism, and 

in vivo pharmacokinetic/pharmacodynamic characteristics.

• Optimized compound PCI-45292 was shown to have improved activities in the 

mouse CIA, CAIA and Arthus models.
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Figure 4. PCI-45292 dose-dependently ameliorates clinical arthritis in 
treatment CIA models

PCI-45292 potently inhibits collagen-induced arthritis in mice and rats. (A) PCI-45292 qd treatment was initiated in a CIA model once 
DBA/1 mice exhibited a clinical score of at least 1.5 (max 5).  Duration of treatment was 12 days.  The 0.8 mg/kg treatment achieved 
disease stasis and 3.2 mg/kg treatment regressed disease. (B) Histopathology of joints shows inhibition of  inflammation, pannus, 
infiltration and cartilage erosion.  (C)  Micro-CT analysis of joints and bones from CIA mice show clear improvement in bone integrity 
following 3.2 mg/kg PCI-45292 treatment. (D) Serum cytokines IL-1b, IL-6 and KC are significantly reduced following treatments. (E) 
PCI-45292 suppresses inflammation and swelling in mice with fully established clinical arthritis (F) PCI-45292 ameliorates clinical 
arthritis in Lewis rats at relatively low doses.

Figure 6. Dose-dependent Btk active-site occupancy in 
splenocytes from mice administered with PCI-45292

RESULTS

A) Schematic illustrating the probe, a fluorescent derivative of PCI-45292 that binds at the 
same site as PCI-45292.  Probe labeled Btk can be visualized by fluorescent gel scanning 
and is used to detect occupancy of Btk by PCI-45292.  B) Splenocytes from mice 
administered with vehicle only or PCI-45292 at 5 dosages were labeled with the probe.  
Spleen samples were collected ~4 hours post-dose. C) PCI-45292 occupancy is calculated 
by digital quantification of fluorescent Btk band, normalized with Btk expression on a 
Western blot.  The active-site occupancy is 100- [(FL intensityt/Btkt)/ [(FL 
intensityv/Btkv]*100.  ED50 of probe occupancy was 0.63 mg/kg/d.
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Figure 3.  PCI-45292 is optimized for a reduced potential of
off-target protein binding and increased metabolic stability
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AUC/dose

Range

AUC/dose

(gh/mL)

AUC-Driven 

Projected ED50
(a)

(mg/kg)

Body 

Weight

(kg)

Oral ED50

(mg per 

patient)

Low

(- 2SE)
0.2739 0.026 70 1.8

Mean 0.2873 0.027 70 1.9

High

(+ 2SE)
0.3013 0.028 70 2.0

Figure 7. Reduced hepatic extraction ratio in rats and 
projected median oral efficacious dose (ED50) of PCI-
45292 in humans

(a) Based on AUC of 0.0077 µgh/mL at ED50 in rat collagen induced arthritis model.

● Significant clinical activity expected at daily doses ≤ 10 mg per 

patient per day
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PCI-45292 potently inhibits disease progression in CAIA models and Arthus reactions. (A) DBA/1 mice were treated with PCI-45292 in a collagen 
antibody induced arthritis (CAIA) model for 14 days.  PCI-45292 dose-dependently inhibited clinical arthritis (n=10). (B) Histopathology of joints 
shows inhibition of inflammation, pannus, bone damage and cartilage erosion.  (C)  Micro-CT analysis of joints and bones from CIA mice 
show clear improvement in bone integrity following 3.2 mg/kg PCI-45292 treatment but not dexamethasone treatment. 
(D) PCI-45292 dose-dependently  inhibits immune-complex mediated Arthus reaction in Balb/c mice.  Statistical analysis was performed with Prism.
* p< 0.05, ** p< 0.01, *** p< 0.001, 1-way ANOVA with Bonferroni post-tests.

F

A B

C Btk inhibitors based on the 
chemical scaffold of PCI-32765 
were optimized.  PCI-45292 was 
selected for its reduced 
reactivity with glutathione 
(GSH) (A, B) and its increased 
metabolic stability (C).

● Hepatic extraction ratio of PCI-45292 and PCI-32765 in

rats was 0.289 and 0.690, respectively.

● Bioavailability of PCI-45292 and PCI-32765 in rats was 24.7% 

and 22.8%, respectively.
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* Modified from Wong et al., (6)

Figure 8.  Postulated mechanism of action of 
PCI-45292 in collagen- induced arthritis model

Initiation Propagation Tissue Damage

Pannus

Periphery Synovium

CD40L

CD40

TCR

MHC

Immune Complex

Btk

FcgR

FcgR

TNFa

IL-1b

IL-8/KC

T

B

Mast

Macrophage

IL-17

Joint Bone/Cartilage

PMN

Osteoclast

Synovial Fibroblast

MMP

H+

CatK

O2
-

PGE2

IL-6

BCR

FcgR

FcgR

FcgRDC

IL-2

45292

45292

45292 45292

FceR

MCP-1

RANKL

Btk

Btk

Btk

Btk

Btk

FcgR

Bt

kCys-481 in Btk

Co-crystal of PCI-32765 in Lck Sequence alignment with other kinases
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** p ≤ 0.01 repeated measures ANOVA (days 3 – 12), Dunnett’s multiple comparison test, n=12

37%

60%

82%

92% 96%

0%

25%

50%

75%

100%

P
e
rc

e
n

t 
B

tk
 

A
c
ti

v
e
 S

ti
e
 O

c
c
u

p
ie

d
(m

e
a
n

 ±
S

D
)

Dosage of PCI-45292

Probe

-Labeled Btk

100   101    102   103     200    201   202    300    301    302   400    401    402     500    501    502    600   601     602

0.4 mg/kg        0.8 mg/kg       1.6 mg/kg         3.2 mg/kg         6.4 mg/kg

Total Btk 

Vehicle  PCI-45292

Abstract #286

** p ≤ 0.01 repeated measures ANOVA (study days 9-15), 

Dunnett’s multiple comparison test, n=9
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Btk RPIFIITEYMANGCLLNYLREMRHR 

Bmx YPLYLVTEYLSNGCLLNYIRSHGKG 

Tec KPIYIVTEFMERGCLLNFLRQRQGH 

Txk KPLYIVTEFMENGCLLNYLRENKGK 

Itk APICLVFEFMEHGCLSDYLRTGRGL 

EGFR STVQLITQLMPFGCLLDYVREHKDN 

Erb2 STVQLVTQLMPYGCLLDHVRENRGR 

Erb4 PTIQLVTQLMPHGCLLEYVHEHKDN 

Jak3 PELRLVMEYLPSGCLRDFLQRHRAR 

Blk EPIYIVTEYMARGCLLDFLKTDEGS 

Compound ID Substitution
GSH Conj Rate 

(ng/min)

Fold 

Improvement

PCI-32765 None 125.7 1.0

PCI-42986 #1 26.9 5.6

PCI-45261 #2 0.87 178

PCI-41290 #2 0.43 356

PCI-45273 #2 0.72 219

PCI-45292 #3 6.38 21.6

PCI-45286 #3 2.40 60.6

PCI-32765 PCI-45292

Tyrosine 

Kinase
Fold Selectivity for 

Btk

Fold Selectivity for  

Btk

Btk -- --

Itk 17 122

Bmx 1.0 1.3

Tec 77 45

EGFR 76 >1000

JAK3 52 >1000

HER2 24 >1000

HER4 1 11

Blk 1 2

Lck 10 11

C-src 372 227

Lyn 75 51

Yes 1 1.3

Csk 7.2 4.3

VEGFR2 572 >1000


