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The Proteasome: Primary Means of Intracellular Protein

Degradation

cap

Proteolytic

core

Regulatory

cap

J. Struct. Biol. 1998, 121, 19.

Ubiquitously expressed and highly
conserved

Controls cellular functions via protein
degradation

* Degradation of misfolded/damaged
proteins

* Regulates cellular function (e.g. cell cycle)
via targeted protein degradation

Validated target in plasma cell
neoplasms

*  Bortezomib (VELCADE®)

e Carfilzomib (KYPROLIS®)

* Ixazomib (NINLARO®)

2 major forms of the 20S core
* Constitutive proteasome
* Immunoproteasome



The Immunoproteasome is a Unique Form of the Proteasome

Chymotrypsin-like (CT-L):

1° Targets of approved proteasome
inhibitors
(bortezomib/carfilzomib/ixazomib)
(BTZ/CFZ/IXA)

f Targets of KZR-616

Immunoproteasome active site
subunits induced in non-immune
cells upon exposure to
inflammatory cytokines (e.g. IFN-y)
e Expression is increased in multiple
autoimmune disorders

Constitutive proteasome Immunoproteasome |

Unique N-terminal Threonine protease active sites

Ubiquitous Expression Immune System
(e.g. Heart and Liver) (e.g. lymphocytes)

Groettrup, et al. Nat Rev Immunol. 2010
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Distinct Cellular Effects of Dual Proteasome Inhibition vs.
Selective Immunoproteasome Inhibition

Dual-Targeting Selective Immunoproteasome
Proteasome Inhibitors Inhibitors

Myeloma Cell

TNF-a
IL-23
bortezomib
carfilzomib
* Dual inhibition required for
cell death ThlTh1l7
* Induction of polyubiquitinated
(unfolded) proteins Treg
* Cell death as a result of
unfolded protein response
auto-
Ab

Parlati et al. Blood 2009
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Rapid Improvement in Systemic Lupus Erythematosus (SLE)
Symptoms and Lupus Nephritis (LN) Disease Seen with
Bortezomib Therapy
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SLEDAI- SLE disease activity index

Median SLEDAI

* Baseline: 14

* PostBTZ: 4
Durable reduction in SLEDAI
improvements
Reintroduction of other
therapies maintains responses

Median proteinuria
* Baseline: 2.2 g/day
* Post BTZ: 0.87 g/day

Continued reduction in proteinuria

seen post treatment

AEs occurred in 92% of patients
and 58% discontinued due to AEs

Alexander et al. Ann Rheum Dis. 2015
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Immunoproteasome Inhibition Replicates the Activity of
Bortezomib in Mouse Models of SLE and LN

LIF
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Selective immunoproteasome inhibition (ONX 0914) resulted in equivalent efficacy as dual

inhibitors

Therapeutic benefit of ONX 0914 seen at sub-maximum tolerated doses (MTD)

Equivalent improvements in autoantibody reduction, blockade of IFN-a production and

reduced antibody secreting cell (ASC) formation

EZ

SCIENCES

Ichikawa et al. Arthritis and Rheumatism 2011

7



-

KZR-616 Blocks Inflammatory Cytokine Production In Vitro

LPS Stimulation
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KZR-616 Blocks LN Disease Progression in NZB/W F1 Mice

Glomerular Nephritis Glomerular Sclerosis
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KZR-616 Treatment in NZB/W F1 Mice Reduces Plasma Cell
Formation

Bone Marrow Spleen Splenic Plasma Cells
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(CD45+CD19+) (CD45+CD19+lgD-/GL7+) |
3107 o 105- Spleen Short-Lived Plasma Cells
9 " 5x105
S 2x107; 21.5x10% Veh KZR-616 o 4x10°
=] . g - 0]
3 . ¥ S 1x108 * et 079 | "1, | |04 0 3x10°
T 1x107- = £l o g 200
@] 8 5x105 B X F 1x105
*k% £
0 04 2. 0
Plasma Cells Pl?CSDrTI]I?8+Cf)”S Long-Lived Plasma Cells
(CD138+k+) X r 1.5x105
2x10° R
10 n % L%)) 1x105
"2 3x1054 %1'5)(106 @| T
g *k 8 1x106 o 5x104
9 2x10°% " et . e : :
3 1x105) & 5x105 - « light chain « light chain T ——
0 0 ,
Vehicle KZR-616 MMF

Vehicle KZR-616 MMF
*=P<0.05; *=P<0.01;***=P<0.001 by One-Way ANOVA

de KE ZAR Muchamuel ACR 2017 10

SCIENCES



KZR-616 Treatment Results in Inhibition of Immune
Response Pathways

NZB/WF1 KZR-616 Proteinuria \
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regulation of lymphocyte activation
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KZR-616 Treatment Modulates Multiple Immune Response
Pathways in the Kidneys of Diseased Mice
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Top Canonical and Disease Functions Modulated in the
Spleen and Kidney of KZR-616 Treated NZB/W F1 Mice

Top Canonical Pathways S K Top Disease andf Biofunctions ¢ g

| eukopoiesis

Hematopaoiesis of mononudear leukocytes
L ymphopaoiesis

Homeostasis of leukocytes
Homeostasis of blood cells
Lymphocyte homeostasis

T cell homeostasis

T cell development

Cell movement

Differentiation of T lymphocytes
lInfection of mammalia

Migration of cells

Cell survival

ICell movement of blood cells

| =ukocyte migration

Cell viability

Differentiation of phagocytes

ICell movement of myeloid cells
Differentiation of antigen presenting cells
Cellular homeostasis

Immune response of cells

Cell movement of leukocytes

Cell movement of phagocytes
Duantity of lymphatic system cells
Cell movement of neutrophils

Cell viability of leukocytes
Quantity of lymphocytes
Development of phagocytes
Hematopoiesis of phagocytes

¢ [Duantity of IoG

] Engulfment of cells

Fhagocytosis

-5.196 _ - 3.900 Quantity of mononudear leukocytes
Chemotaxis of neutrophils

PKCB Signaling in T Lymphocytes

Role of NFAT in Regulation of the Immune Response

Neuroinflammation Signaling Pathway

Dendritic Cell Maturation

B Cell Receptor Signaling

Calcium-induced T Lymphocyte Apoptosis

PI3K Signaling in B Lymphocytes

TREM1 Signaling

Phospholipase C Signaling

iCOS-COSL Signaling in T Helper Cells

Th1Pathway

CD28 Signaling in T Helper Cells

Interferon Signaling

Production of Nitric Oxide and Reactive Oxygen Species in Macrophages
Acute Phase Response Signaling

GP6 Signaling Pathway

FAT 10 Cancer Signaling Pathway

Inflammasome pathway

Tec Kinase Signaling

T Cell Exhaustion Signaling Pathway

HMGB 1 Signaling

Role of Pattern Recognition Receptors in Recoanition of Bacteria and Viruses 7
PPAR Signaling 3
Th17 Activation Pathway B
NF-«B Signaling :
FcyRIIB Signaling in B Lymphocytes

i
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Mice Treated with KZR-616 Showed Broad Reduction of
Inflammatory Cytokine and Chemokine Gene Expression
in the Kidneys

Cytokines/Receptors

Mx1
IFNG +
IFNGR1
IFNGR2 -
IL1B 1
L2
L4
IL6
L7+
IL10 -
IL11+
IL12B o
IL13
IL15+
IL17A -
1L18
IL10RA 1
IL34
IL1F6(IL36) =
TGFB1+
TNF
TGFBR1
IL18R1+
IL18RAP =
IL1IR1 -
ILIRN -
ILAR 4
IL7TR =
IL23R -
ICAM1
VCAM1+

Chemokine/Chem Receptors

Ccl2 (MCP-1) 1
CCL4 (MIP1b)
CCL5 (Rantes) -
Ccl6 -

Ccl7 (MCP)
Ccl8 (MCP2)
CCL124

CCL17 (TARC)
CCL20 (MIP3A)
CCL21 (6Ckine) -
CCL3L34
CCR2

CCR5 A

CCR6

CCR7

CX3CR1 (Fraktalkine) -
CXCL2+

CXCL3 (GRO) 1
CXCL6 (GCP-2) 1
Cxcl9 (MIG) 1
CXCL10 (IP-10)
CXCL12 (SDF1) -
CXCL16+
CXCR3H
CXCR4
CXCR5
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KZR-616 Treatment in Mice Inhibits Genes Upregulated in
the Glomerulus and Tubulointerstitium of LN Patients

Glomerular Genes Tubulointerstitial Genes
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Comparison of Pathway Changes in Kidneys to KZR-616

Treatment with Various Lupus Models and Therapeutic Agents

Canonlcal Pathways

Dendritic Cell Maturation
Neuroinflammation Signaling Pathway
Phospholipase C Signaling

Role of NFAT in Regulation of the Immune Response
TREM1 Signaling

Tec Kinase Signaling

HMGB 1 Signaling

Production of Nitric Oxide and Reactive Oxygen Species in Macrophagey
Colorectal Cancer Metastasis Signaling

PKCH Signaling in T Lymphocytes

Acute Phase Response Signaling

PI3K Signaling in B Lymphocytes

PPAR Signaling

IL-8 Signaling

ERKS Signaling

B Cell Receptor Signaling

Integrin Signaling

Fcy Receptor-mediated Phagocytosis in Macrophages and Monocytes
IL-6 Signaling

NF-«B Signaling

RhoGDI Signaling

Signaling by Rho Family GTPases

Osteoarthritis Pathway

P38 MAPK Signaling

Th17 Activation Pathway

Actin Nudeation by ARP-WASP Complex

Type I Diabetes Melitus Signaling

Regulation of Actin-based Motility by Rho
Cholecystokinin/Gastrin-mediated Signaling

INOS Signaling

Leukocyte Extravasation Signaling

Ghoma Invasiveness Signaling

Role of Pattern Recognition Receptors in Recognition of Bacteria and Vlmse,

NGF Signaling
Gaq Signaling
GP6 Signaling Pathway
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GEO accession#t GSE32583 and GSE72410

IFNo accelerated lupus model

Disease and Bio Functians

Cell movement

Cell viability
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Migration of cells

Homing of cells

Chemotaxis

Cell movement of phagocytes
Binding of leukocytes
Chemotaxis of myeloid cells
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Leukocyte migration

Adhesion of immune cells

Cell movement of myeloid cells
Activation of cells

Homing of leukocytes

Cell movement of tumor cell lines
Infection of mammalia

Cell movement of leukocytes
Chemotaxis of leukocytes
Phagocytosis of cells

Immune response of cells
Endocytosis by eukaryotic cells
Activation of blood cells
Leukopoiesis

Migration of tumor cell lines
Phagocytosis

Recruitment of leukocytes
Internalization of cells
Recruitment of phagocytes
Inflammatory response
Activation of leukocytes
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KZR-616 Reduces Splenic Expression of Genes Associated with
ASC Generation and Plasma Cell Differentiation

Plasma Cell Plasma Cell
ASC Genes Differentiation Genes Differentiation Genes (IPA)
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KZR-616 Synergizes with MMF in NZB/W F1 Mice and Induces
Selective Inhibition of the Immunoproteasome in Healthy

Volunteers

Mouse Model Efficacy
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KZR-616-002: A Phase 1b/2 Study of KZR-616 in SLE and LN
Patients

Phase 1b Initial Phase 2
SLE and LN (SLEDAI 24) Lupus Nephritis
Prior SOC treatment required Treatment during induction phase of therapy
90 mg BiE 616 Follow Up 3 mo.nths 3 months
(n=6) — : ¥ ‘
3 months 3 months N =16 MMF / Pred Follow Up
placebo
75
me 616 016 FellzaviUp 3 months 3 months
(n=6) [ J 1 1
' v f \ 1
3 months 3 months |V||V|F/ Pred
60 mg 616 616 Follow Up KZR-616 (Dose 1)
(n=6) \ . I Y J 3 months 3 months
3 months 3 months f A M A 1
MMF / Pred Follow U
45 mg 616 616 Follow Up N =16 KZR-616 (Dose 2) L
(n=6) L n J
Y Y
3 months 3 months
Endpoints Endpoints
1°: Safety 1°: Safety
2°: Recommended Phase 2 doses, Plasma PK 2°: Efficacy (Complete and partial renal response rates, SLEDAI-2K,

Exploratory: Efficacy, PD & Biomarkers, Pharmacogenomics BILAG, corticosteroid use)

Exploratory: PD, Biomarkers, Pharmacogenomics
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Summary of KZR-616 Effects in Mouse Models of Lupus

Highly active in the NZB/W F1 mouse model of SLE/LN

 Complete resolution of proteinuria

* Reduced autoantibody levels

* Reduced renal IgG deposition

* Prolonged renal response in mice even after treatment withdrawal
Effect due in part to depletion of activated B-cells and plasma cells

Gene expression profiling reveals inhibition of multiple pathways
* Down regulation of multiple immune response pathways
e Glomerular and tubulointerstitial renal pathology
* Decreases multiple cytokines and chemokines in spleen and kidney
e Plasma cell differentiation and ASC generation

Synergizes with MMF in NZB/W F1 mice
KZR-616 is currently being evaluated in a Phase 1b/2 trial in SLE and

scleNces  4/9/2019 20
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