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Novartis Institutes for BioMedical Research
Addressing unmet medical need with our Disease Areas, Institutes, Enabling Platforms
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Degradation of Extracellular Protein Targets
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Adapted from

Ruffilli et al., Proteolysis Targeting Chimeras (PROTACS): A Perspective on Integral Membrane Protein Degradation. ACS Pharmacol. Transl. Sci. 2022, 5, 10, 849-858.
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Targeted Plasma Protein Degradation (TPPD)

Extracellular degraders tackle cell surface membrane and soluble plasma targets

Plasma

Degradation
Receptor

Ideal TPPD receptors will:
» Deliver target to endolysosomal system
* Not be degraded along with target
» Recycle constitutively and rapidly
« Have high capacity to internalize target

« Have low safety concern with reduced
capacity (inhibition benign)

Membrane 43 a
I
Target QpaSa S

Degradation o
Receptor Lysosome
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The Asialoglycoprotein Receptor (ASGPR)

A high density, rapidly internalizing scavenger receptor of the liver

Das, S. et al. Asialoglycoprotein receptor and targeting strategies in “Targeted Intracellular Drug Delivery by Receptor Mediated Endocytosis”, Springer 2019 d |
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Searching For The Best Therapeutic Applications

Diseases driven by soluble circulating factors
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Cholesterol Levels Are One Of The Primary Risk
Factors For Development Of Atherosclerosis & CVD

LDL deposits cholesterol in the
artery walls and starts the process
of atherosclerosis.

Atherosclerotic
plaque S

LDL .
’ “Bad” Cholesterol Platelet-rich
thrombus
Left anterior
descending
artery
FADAM.
27-8 A) Ischemic Stroke Acute Coronary Syndrome

of US adults have high
LDL-C (=130 mg/dL)
(according to 2015-2018 data)

v Atherosclerosis is a progressive inflammatory and pro-thrombotic
disease, exacerbated by high levels of LDL-cholesterol

Tsao CW, et al. Heart Disease and Stroke Statistics-2022 Update: A Report From the American Heart Association. Circulation. 2022 Feb 22;145(8):e153-e639
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Genetics, Lifestyle, And Diet All Play A Role In CVD

The REAL reason dinosaurs became extinct
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Schlegel V, et al. Low PCSK9 levels are correlated with mortality in patients with end-stage liver disease. PLoS One. 2017 Jul 20;12(7):e0181540.
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The Role Of PCSK9 In Modulating LDL Levels

LDL

Hepatocytes

LDLR
recycling

O LDL cholesterol

LDLR
degradation

Y LDL-Receptor (LDLR)

o) PCSK9

LDL

Statins, along with diet and exercise, are often not enough for many
patients to reach their recommended LDL target level.
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Proving The Technology - PCSK9 As A Case Study
TPPD represents

PCSKO9 ligand PCSK9
X (LMW or Biologic) siRNA } linker
} ASGPR ligand
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Design Principles of Extracellular Degraders
A modular bifunctional design enables access to diverse extracellular target space

TARGET

Target I l . Receptor
[ Ligand Lmkerl I Ligand I

RECEPTOR .

Target & Receptor Ligands:
* Protein or Peptide-based
« Aptamer-based

« LMW-based
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Towards An Extracellular PCSK9 Degrader

« Synthesize and characterize bifunctional ligands

Bifunctional Antibody
ASGPR Ab — PCSK9 Ab

ASGPR PCSK9

Compound 5

o-a

GalNAc trimer — Antibody
[GalNAc], — PCSK9 Ab

Compound 10
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Compound 10 Synthesis ABZENA
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Compound 10 Characterization ABZENA

A. Size exclusion chromatogram (A = 280 nm) for
triGaINAc-PCSK9 Ab (10) (blue trace); Dulbecco’s
PBS, pH 7.0 blank (black trace).

B. Analytical Summary for triGalNAc-PCSK9 Ab (10)

Analysis Results

triGaINAC PCSK9 Ab (10) Py

Appearance

Clear solution

DAR variants (LC-MS)

DAR 3: 5%
DAR 4: 95%
Average DAR: 4.0

DPBS

% Purity (SEC) 94.9% monomeric
Endotoxin (EU/mg) 0.22
Concentration (UV) 8.3 mg/mL
Amount (by UV Analysis) 9.9mg

Average MW 155,680 Da

Compound quality and integrity are
paramount for further studies
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Biophysical Validation Of Bifunctionals ===

Surface Plasmon Resonance (SPR)
Receptor Q‘@
%

Avi-Target immobilized on streptavidin chip

Sensorgram (SPR results)

[Bifunctional]

300 @ - 250nM
@ -125nM
S 200 @ - 62.50nM
f @ - 31.25nM
2 @ - 15.63nM
2 ©-0nM
< -
0
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Flow Induced Dispersion Analysis (FIDA)

Receptor
(Indicator-Alexa488)

o N

Binary complex

Ternary complex
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Towards An Extracellular PCSK9 Degrader

« Validate bifunctional binding

Bifunctional Antibody
ASGPR Ab — PCSK9 Ab

ASGPR PCSK9
Kp =3 nM Kp = 0.05 nM
Compound 5

o-a

GalNAc trimer — Antibody
[GalNAc], — PCSK9 Ab

PCSK9
Ko =0.05nM

ASGPR
Kp=3nM
Compound 10
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GalNAc trimer
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Cellular Validation Of Bifunctionals D)

Labeled Plasma

Degradation
Receptor

(+7-) FACS

Imaging

Lysosome
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Towards An Extracellular PCSK9 Degrader

» Assess cellular uptake
>
<
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Merged image
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Compound 15
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In Vivo Assessment Of Bifunctionals E=n

Target Bifunctional

Time (min) el 0 5 15 30 60 120 240 360

N T R S T L O

Target

... Monitor Target Clearance...
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Towards An Extracellular PCSK9 Degrader

« Evaluate PCSKO9 target clearance in vivo

Challenge: PCSKO9 clearance is largely through
s liver low density lipoprotein receptor (LDLR)
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LDLR KO Animals Provide A Better Window
To Detect Facilitated Clearance Of PCSK9

PCSK9 Clearance
WT vs LDLR (-/-) mice
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== | DLR (-/-)
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GalNac Trimer - Fluor is Rapidly Delivered to
LDLR (--) Mouse Liver

~
@ Cy5.5-GalNAc conjugate

ey i i > (2 mg/kg)
H%‘L’Wu*ﬁ’oﬁzuwuw’w’”‘“"”N ° t =0 min: Probe injection (tail vein) t =30 min; 8 hrs. -' o -
—_ Fluorescent dye control Cy5.5 (2 mg/kg) In vivo and ex vivo
Or Cy5.5-GalNAc conjugate (2 mg/kg) imaging
Compound 24 Cy5.5 dye control GalNAc-Cy5.5 control ligand
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Plasma PCSK9 Clearance is Achieved ABZENA
With Antibody-Based Bifunctionals

Bifunctional Antibody
ASGPR Ab — PCSK9 Ab

ASGPR PCSK9
Compound 5
30007  1:1 bifunctional:PCSK9 @ 0.22 mg/kg
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Plasma PCSK9 Clearance is Achieved With
“LMW”-Based Bifunctionals
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Plasma PCSK9 Clearance Does Not Occur
with Only Target Ligand Or Receptor Ligand

Compound Terminal PCSK9 pw. | A%s.
(mg/kg) Concentration (pM) | Vehicle | Vehicle
- Vehicle 1101
R -+ 15(0.2) 184 0.0002 83
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PCSKO clearance requires formation of ternary complex
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Plasma PCSK9 Clearance Is Inhibited By
Excess Target Ligand Or Receptor Ligand
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Monofunctional ligands will compete with bifunctional ligands to inhibit clearance.
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In Conclusion

Extracellular targeted protein degradation (eTPD)
« Emerging approach for tackling membrane and soluble targets

ASGPR
« High-density, high-capacity shuttle to endolysosomal system

Bifunctional compounds to ASGPR and PCSKO9 feasible: quality is paramount

Circulating PCSK9 cleared in vivo in mice by
 bispecific antibodies

« antibody conjugates

« small molecules
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Harnessing ASGPR-Dependent Degradation

Pioneering efforts in this space date back > 35 years

Effect of Tris-Gal-Chol on the liver association and serum decay of 12%]-LDL

100 liver 100 20/0 serum
o 80 4 20/200 v go-
8 8
Gal OCH, |
no we 2 o % o
Gal OCH,—C-~N—C—CH,—N—C—(CHy)—C— 2 E_f
| £ E
Gal OCH, - 80 - 404
) o
Diagram I. The structure of Tris-Gal-Chol. ot e
- zud
20 20/200
5 15 30 5 15 30
Time (min)

+ “ltis concluded that Tris-Gal-Chol incorporation into LDL leads to a markedly increased
catabolism of LDL by the liver which might be used for lowering serum LDL levels.”
TJ van Berkel et al., 1985 (PMID: 2579071)
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