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The Proteasome:
Primary Means of Intracellular Protein Degradation

* Ubiquitously expressed and highly conserved

Proteasome Structure

*  Controls cellular functions via protein degradation
Regulatory

*  Degradation of misfolded/damaged proteins cap

*  Regulates cellular function (eg, cell cycle) via targeted
protein degradation

« Validated target in plasma cell neoplasms E::;eolytic
*  Bortezomib (VELCADE®)
*  Carfilzomib (KYPROLIS®)
*  Ixazomib (NINLARO®) Regulatory

cap
e 2 major forms of the

*  Constitutive proteasome

Walz, et al. J Struct Biol. 1998;121(1):19-29.

. Immunoproteasome
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The Immunoproteasome Is a Unique Form of the Proteasome

Constitutive Immuno- *  Immunoproteasome active site subunits

proteasome proteasome induced in nonimmune cells upon
N g exposure to inflammatory cytokines (eg,

interferon-y)

£

e Expression is increased in multiple
autoimmune disorders

- Chymotrypsin-like: Targets of approved proteasome
inhibitors (bortezomib/carfilzomib/ixazomib)

- Targets of KZR-616

Unique N-terminal threonine protease active sites

Ubiquitous Expression Immune System
(eg, heart and liver) (eg, lymphocytes)
EZA e DS
LIEE SClENGCES OCroettnupiViNes al. Nat Rev Immunol. 2010;10(1):73-78. 5



Distinct Cellular Effects of Dual Proteasome Inhibition Versus
Selective Immunoproteasome Inhibition

Dual-targeting Proteasome Inhibitors! Selective Immunoproteasome Inhibitors?#
M h
Myeloma Cell ’z‘a%c’:ropge
. 5 P TNF-a
Bortezomib 5 IL-23
Carfilzomib
* Dual inhibition is required for ONX 0914 l Thl, Th17

cell death KZR-616

T Treg

* Induction of polyubiquitinated
(unfolded) proteins

* Cell death as a result of the

unfolded protein response . l Autoantibodies
Apoptosis
E A 1. Parlati F, et al. Blood. 2009;114(16):3439-3447. 2. Muchamuel T, et al. Nat Med. 2009;15(7):781-787. 3. Ichikawa HT, et al. Arth Rheum. 2012;64(2):493-503. (IS
z LIFE SCIENCES 4. Khalim KW, et al. J Immunol. 2012;189(8):4182-4193. G pS

Abbreviations: IL, interleukin; TNF, tumor necrosis factor; Th, T helper; Treg, regulatory T cells.



KZR-616: A First-in-class Selective Inhibitor of the
Immunoproteasome

*  Derived from medicinal chemistry efforts focused on
potent and selective inhibition of LMP7 and LMP21

) (o o o)
e Results from phase 1 healthy volunteer studies k,N\)LNJ\’TH,, N(?«?
(N=100): H 0 H o
HO
OMe

KZR-616

*  Consistent pharmacokinetics and pharmacodynamics
with repeat subcutaneous (SC) administration

o

*  Target inhibition achieved at doses >30 mg/kg 'L MP2 a0
‘0‘“ >\ 3 -
«  Biologic activity established; consistent with e % MECL1

preclinical models

-~
z LIE EES C1 Eﬁc ES 1. Johnson CN, et al. J Med Chem. 2018;61(5):1774-1784. 5 N
Abbreviation: LMP, low—molecular mass protein. 7



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

Glomerular Nephritis Glomerular Sclerosis
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B Vehicle B 10 mg/kg SC QODX3

B 5 mg/kg IV QODX3 E MMF 30 mg/kg QD

z LIE EES Cl Eﬁc ES Abbreviations: dsDNA, anti—-double stranded DNA antibody; IgG, immunogloblulin G; IV, intravenous; LN, lupus nephritis; MMF, mycophenolate mofetil;
NZB/W F1, New Zealand black x New Zealand white first filial generation; QD, once a day; QOD, every other day; QODX3, every third day; SC, subcutaneous.
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KZR-616 Treatment Results in Inhibition of Immune Response
Pathways

NZB/W F1 KZR-616 Top Regulated Gene Modules Reduced by FSGEA
10 kg SC QODx3 . . .
24 weeks mgl/lg l? x3) Hallmark Interferon Alpha Response . Cytokine signaling
‘ weeks Reactome IFN Apha Beta Signaling
__Halllmark IFNg Resonse . Innate and adaptive immune response
Reactome Cytokine Signaling in Immune System 2
i Reactome Immune System . i i
Protei . Reactome IFNg Signaling IL6, JAK, STAT3 signaling
roteinuria Reactome Innate Inmune System . f
Reactome Toll Receptor Cascades : Type linterferon
4 Hallmark Allograft Rejection
g Reactome IFN Signaling 1 g . B cells and plasma cells
LI.M5.0 Regulation of Ag Presentation and IR 1+ = .
@ 3 0 ¢ ImSig_B_cells 3 Reduced by IPA Analysis
=2 ehicle ewman_common_genes 2
S ZR-616 Hallmark_| |L6 JAK_STAT3_Signaling N . Th1 pathway
= mark Inf “Angelova_T_cells a >
&) Hallmark Inflammatory Response m . 6 <i : n o
(@) o . W_atlkins_B_cgaIIs 1,2 IL-6 signaling 3 =
24 26 28 30 32 34 36 DC.MS.10 Mitochondrial Respiration S . NF-kB signaling (indirect) | 'S €
) Angelova_TGD 3 F]
Weeks of Age Qiagen_Transcription_Factors ) N e
9 Reactome Regulation of IFNa Signaling e . CD28 signaling a 2
® (’ LI1.M4.3 Myeloid Cell Enriched Receptors and Transporters -
Reactome Adaptive Inmune System 1Y . PKCB signaling
Blood Q Kidney L1.M43.0 Myeloid, Dendritic Cell Activation via NFkB (1) 19
ImSig_Macrophages @ . : : :
oid. ond | Abbas 2005_M elc()ld SLE in B cell signaling - 1S
L1.M43.1 Myeloid, Dendritic Cell Activation via NFKB (1l . . = &
Spleen Y D106 cell c TREM1 signaling 2 5
Reactome PD1 Signaling | % g
. Reactome Activated TLR4 Signaling . BCR signaling
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| itv® Path Analvsi LLM156.0 Plastna Cells & B calls ’ ST
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S Q
& & eﬁ
9 R p
Abbreviations: BCR, B cell receptor; CD, cluster of differentiation; FGSEA, fast gene set enrichment analysis; IL, interleukin; IPA, ingenuity pathway analysis; JAK, janus
K E A kinase; NF-kB, nuclear factor kappa B; NZB/W-F1, New Zealand black x New Zealand white first filial generation; PKC, protein kinase C; QODX3, every third day; SC,
LeE Sl e hcee subcutaneous; SLE, Systemic lupus erythematosus; STAT, signal transducer and activator of transcription; Th, T helper; TREM, triggering receptor expressed on 9

myeloid cells.



KZR-616 Treatment Decreases Lupus Gene Signature Pathways in
NZB/W Mice That Are Increased in Active Human SLE

Canonical Pathways via IPA  NzB/W __Human

Role of NFAT in Regulation of the Imnmune Response
PKCB® Signaling in T Llymphocytes
Dendritic Cell Maturation
Systemic Lupus Erythematosus In B Cell Signaling Pathway

Crosstalk between Dendritic Cells and Natural Killer Cells

TREML1 Signaling

Role of Pattern Recognition Receptors in Recognition of Bacteria and Viruses
iCOS-iCOSL Signaling in T Helper Cells

Th1l Pathway

B Cell Receptor Signaling

Interferon Signaling

Systemic Lupus Erythematosus In T Cell Signaling Pathway

GP6 Signaling Pathway

NF-xB Signaling

Production of Nitric Oxide and Reactive Oxygen Species in Macrophages
PI3K Signaling in B Lymphocytes

CD28 Signaling in T Helper Cells

Tec Kinase Signaling

Fcy Receptor-mediated Phagocytosis in Macrophages and Monocytes

Type | Diabetes Mellitus Signaling

Senescence Pathway

Phospholipase C Signaling

Calcium-induced T Lymphocyte Apoptosis

Leukocyte Extravasation Signaling

NF-xB Activation by Viruses

Hepatic Fibrosis Signaling Pathway

RANK Signaling in Osteoclasts

GM-CSF Signaling

IL-6 Signaling

(4
O ()
’\/ A% o
) E A Ren J, et al. Front Immunol .2019;10:2512. + A
c GEO accession # GSE36700 and GSE72535.

‘. LIF SCIENCES

91005 7

Abbreviations: IPA, Ingenuity Pathway Analysis; NZB/W, New Zealand black x New Zealand white; SLE, systemic lupus erythematosus.

KZR-616—treated NZB/W
mice

« Spleen

«  Kidney

Human tissues from patients
with active SLE

«  Synovium

«  Skin

«  Tubulointerstitium

«  Glomerulus

10



KZR-616 Treatment in Mice Inhibits Genes Upregulated in the
Glomerulus and Tubulointerstitium of Patients With LN

Glomerular Genes

TUBB6
TRIP134
TLR7 4
TLR24
TLCD3A -
TAP2+
TACC3H
ST6GAL1H
RGS10+
RGS14
RAD51AP1+
PRC1+
PPP1R14B
PLEKHO1+
NUSAP1 -
NRASH
MSR14
MMP2
MFGE8=
MAP4K4 -
LGALS3+
ITGAM
FGR
EZH2 4
CBFB -
DOCK10+
CCNB24
CD72+
CYTH4
CTSK
CRIP1+
CCNA24
CNPH
ARRB2+

ARL4CH

A

SCIENCES

22 KE

.. LIF

-4 -2 0
Log2FC KZR-616 Treated vs Vehicle

Abbreviations: LN, lupus nephritis; Log2FC, log2 fold change.

2

Gene list from Berthier, CC et al. J/ Immunol. 2012;189(2):988-1001.
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KZR-616 Treatment Decreases IgG Levels and B-Cell Subsets and Affects
Multiple Inflammatory Gene Expression Modules in Patients With SLE

19G Gene Modules

2500 “LIM144 cell cycle, ATP binding*
DC.M8.42 Cell Cycle

L1.M4.0 cell cycle and transcription

LI.M4.1 cell cycle (1)

DC M3.3 Cell Cycle

DC.M5.6 Mitochondrial Stress / Proteasome
DC M5.7 Inflammation

DC.MS.1 Inflammation

DC.M47 Cell Cycle Erythrocyte gene modules have lower

DC M2.3 Erythrocytes

DC.M2.1 Enytirocyies expression in patients with SLE relative

DC M6 18 Erythrocytes
LLM173 eryifrocyte dferentiaton to HVs and are upregulated after
Watkins_Erythroblast

LI.M47.0 enriched in B cells (1) treatment

LI.MB9 enriched in B cells (V1)
DC.M4.10 B cell
Watkins_Neutrophils

DC.M3.2 Inflammation

LI.811 Activated (LPS) dendritic cell surface signature

ImSig_Neutrophils These immune gene mOdU|eS

LI.M16 TLR and inflammatory signaling

DC M4 .6 Inflammation have hlgher expreSSion in

DCM4.13 Inflammation . . .
DC.M5.12 Interferon patients with SLE relative to
LI.M37.1 enriched in neutrophils (1)
DCM7.1 Inflammation HV and are dOWnregulated
LI.S4 Monocyte surface signature
REACTOME_INTERFERON_ALPHA_BETA_SIGNALING after KZR-616 treatment
LIM11.0 enriched in monacytes (I}
DC.M4.14 Monocytes
Watkins_Monocytes

DC.M5.8 Protein Synthesis

DC M3 5 Cell Cycle

DC.M4.3 Protein Synthesis
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LIFE SCIENCES > : ] i . 12
Abbreviations: BL, baseline; HVs, healthy volunteers; IgG, immunoglobulin G; SLE, systemic lupus erythematosus.



KZR-616 Targets Multiple Points in the Pathogenesis of SLE
Targeted by Biological Agents

Infliximab . .
Bortezomib nflixi % ? . KZR-616 Treatment Decreases Multiple Therapeutic
)& o Ar 2 :é{ 20 ' Targets in NZB/W Mice
OQ (* ] 'b Blisimimod TNF-
Etanercept Rituximab ﬂ“‘ TACI -
A yss/B ;7/ Tabalumab TACIR 4
4;; " Ocrelizumab » W/ RXE:
IFNA : ¥ )N Obinutuzumab Ifnarl-
£ p 4| IFNaA
\ . A
Abetimussodium ’Ed’:i/*.;/. — DZZQ‘QEPmtuzumab o . C%thé(4-
ratide ; irukuma d
‘1\ Tocszzumab ¥IL6R %O 88‘212:
Abatacept Laquinimod / > : / ¢ e % %%2]?9'
‘\ < YIFNAR% 3 Rontalizumab B CBM-IX: P<0.05, FOR=0.01
(
, _ o:f o BAFF R
. Anifrolumab o IFN-a Kinoid BAFFA
e > 1 APRIL -
Sifalimumab J J ! U
_ 4 3 2 1 0 1
g BigerimoedLuguzor Log2FC KZR-616 Treated vs Vehicle
Treated Spleen
‘u LIE EES Ci :ec gs Sciascia$, et al. F1000Res. 2018;7(F1000 Faculty Rev):970. Y

Abbreviations: Log2FC, log2 fold change; NZB/W, New Zealand black x New Zealand white; SLE, systemic lupus erythematosus. 13



Summary of KZR-616 Effects in Mouse Models of Lupus

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

*  Effect due in part to depletion of activated B cells and plasma cells

. IGene expression profiling reveals inhibition of multiple gene modules and pathways associated with
upus

e Similar findings demonstrated in SLE patients

*  Favorable safety, tolerability, and clinical activity in SLE patients (Abstract #3444277)

*  KZR-616 is currently being evaluated in a Phase 2 trial in LN (MISSION)

Phase 2 Trial Design

i

12-
MEEK mission
. Safety
Adult patients i 21 Immunosuppressant + KZR-616 60 mg* SC | follow-up or
with LNA (n=20) once weekly (n=20) open-label
*1st dose is 30 mg SC extension
stud
ALN patients (Class Ill or IV +/- Class V) Week 24
significant proteinuria despite standard therapy Primary Endpoint
ENDPOINTS 1°: Efficacy 20 L__NcT03393013__|

Safety and tolerability;
additional renal response parameters (eg, CRR);
extra-renal SLE disease indices; PROs

Number of patients with 250%
reduction in UPCR

“ L EES Ci Eec o Abbreviations: CRR, complete renal response; LN, lupus nephritis; NZB/W F1, New Zealand black x New Zealand white first filial generation; PRO, patient-reported | b

outcome; SC, subcutaneous; SLE, systemic lupus erythematosus; UPCR, urine protein/creatinine ratio.



