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Targeted protein degradation is a promising new therapeutic modality that enables the removal of
disease-causing proteins. First-generation protein degradation technologies have utilized the
ubiquitin proteasome system to successfully degrade intracellular proteins. Recently, a new and
attractive approach has emerged that enables the endolysosomal degradation of extracellular
proteins using the asialoglycoprotein receptor (ASGPR), an endocytotic receptor expressed
predominantly on the surface of hepatocytes. Various endogenous circulating extracellular
glycoproteins are internalized via clathrin-mediated endocytosis and then degraded in the
hepatocyte endolysosome. We describe herein the development of a novel ASGPR-targeting
chimera (ATAC) platform using bifunctional compounds containing Avilar’s novel, potent, small-
molecule ASGPR-binding ligands. For initial proof-of-concept studies, ATACs were designed
designed with Avilar’s proprietary technology to target two extracellular proteins with different
concentration and kinetic properties: one with high plasma concentration and a long half-life, the
other with low plasma concentration and short half-life. In vitro characterization of the ATAC
interactions with ASGPR and the target proteins, including binding, cellular uptake, and
degradation via the endolysosomal pathway will be presented.

ATACs Harness ASGPR Pathway to Degrade Extracellular Proteins

Proprietary Technology Platform to Design and Build ATACs               

Novel ASGPR Ligand Chemistry Enables Modular Design of ATACs

Proprietary ASGPR Ligands with Significantly Improved Affinity

IgG-ATACs Facilitate IgG Degradation in HepG2 Cells

IgG Degradation in Rat Hepatocytes Requires Lysosomal Function

IgG Intracellular Localization Following ATAC-Mediated Uptake

Confirmation of TNFa ATAC Binding and Characterization 
of Binary Complex

ATAC and ASGPR Mediated TNFa Uptake by ATAC 4 in HepG2 Cells

ATAC-Mediated TNFa Degradation by ATAC 4 in HepG2 Cells
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Abstract

ASGPR Key Role in Body’s Natural Cellular Degradation Machinery

Natural Endocytosis and Degradation 
of Endogenous Proteins via ASGPR

• ASGPR offers natural cellular machinery 
for extracellular degradation, analogous 
to E3 ligases in intracellular degradation 

• Cell surface receptor mediates the 
endocytosis and degradation of various 
endogenous glycoproteins in 
endolysosome

• Highly expressed on hepatocytes (~1M 
receptors per cell in humans)

• Endocytosed and recycled from 
endosome back to plasma membrane 
every ~15 minutes

Avilar ATAC Technology Platform

Novel ASGPR Chemistry

Proteome Mapping Extracellular Degradation Modeling

Modular Assembly
• Novel, sm all m olecu le , h igh  a ffin ity  ASGPR  

ligands designed using  X-ray crysta l structures

• Enab le  m onodentate chem istry  for m ax im um  
effic ien t use o f ASGPR , low  dose, path  to  ora l

• In form atics a tlas used  to  extensive ly  cata logue 
in form ation  about extrace llu la r p rote ins

• Advanced insigh ts for p ipe line target se lection , 
p rote in  ligand design , ATAC  deve lopm ent

• Advanced m odeling  in tegrates critica l factors 
driv ing  ATAC  degradation  PK :PD

• Pred ictive s im u la tion  data  to  e ffic ien tly  d rive 
optim ization  and  transla tion

• ASGPR  ligands dep loyab le  in  d ifferent ATACs 
targeting  d ifferent p rote ins

• Design  and optim ization  o f linkers and prote in  
targeting  ligands to  drive effic ien t degradation

ATAC Mediated Protein 
Endocytosis and Degradation

ATAC-2

ATAC-3

• Bi-functional molecules comprising ASGPR 
binder, optimized linker, and binder to a 
target protein 

• Shuttle target protein from circulation to 
endolysosome for degradation

• Modular: optimized ASGPR binders and 
linkers deployed in synthesis of ATACs with 
diverse protein targeting binders

• New class of degrader and basis for 
transformative first-in-class medicines

Compound ID GalNAc Bicyclic Bridged 
Ketal2 AVI-1 AVI-2 AVI-3

ASGPR SPR Binding: KD (nM) 52,800 1,650 720 210 24

Increase in Affinity (X Fold) 1 32 73 251 2200

• Synthesized hundreds of monosaccharide ligands3

• Many with KD £ 1,000 nM or even with KD £ 100 nM
• Determined >20 X-ray structures of ASGPR/ligand complexes

• Up to ~2,000-fold increase vs. GalNAc & >60-fold increase vs. bicyclic bridged ketal

ATAC Platform PoC Using Immunoglobulin G (IgG), a High Plasma 
Concentration and Long Half-Life Protein

• To exemplify our ATAC platform, we designed ATAC 
molecules to target and degrade IgG, a high 
plasma concentration and long half-life extracellular 
protein

• IgG is a ~146 kDa antibody and it is the major 
class of immunoglobulins

• IgG binds to cell surface receptors on many types 
of cells to trigger phagocytosis or antibody-
dependent cellular cytotoxicity5a

• IgG is the second most abundantly available and 
most common type of antibody found in blood

• IgG concentration5b

∘ 1.06 g/kg total body IgG = 74.2 g total in 70 kg 
human = 508 µmol

• Resynthesis properties
∘ t1/2 : 21 days
∘ 32 mg/kg/day = 2.2 g/subject/day = 15 µmol/day
∘ ~3% of total body IgG Overview of the major human plasma proteins6b

A ribbon representation of an intact IgG6a

ATAC 1 Binds to IgG and ASGPR and Depends on ASGPR 
for Activity

Biochemical Attributes* ATAC 1

ASGPR KD (nM) 6.2 x 10-3  ± 1.7 x 10-3

ASGPR kd (s-1) 2.3 x 10 -4  ± 8.6 x 10-5

IgG KD (nM) 2.3  ± 7.4 x 10-2

IgG kd (s-1) 1.4 x 10-2  ± 7.0 x 10-3

*D isso ciatio n (kd) rate  co n stants  an d  d isso c iatio n  co n stant (KD) d ete rm in e d  
using  a  1 :1  Langm uir b ind ing  m o de l (n  =  4 ); m e an  ± stan d ard  d eviatio n  (n  =  4 )

IgG-ATAC 1 Binds to ASGPR and IgG

SPR binding for ASGPR
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Ternary Complex Formation  and 
Cellular Uptake with IgG-ATAC 1

B.

Cellular Attributes ATAC 1

Cellular Ternary complex EC50 (nM) 1.8 ± 0.3

Cellular Uptake EC50 (nM) 13 ± 5.1
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• IgG is taken up into hepatocytes for 1h (T-0) and 
then degradation is monitored over time

• Uptake into hepatocytes requires IgG-ATAC (no
uptake with DMSO)

• IgG taken up in 1h (T=0) requires ~4h to be 
degraded.  Both full length IgG and degradation 
product (red box) levels decrease over time

• As was observed in HepG2 cells, pre-treatment
with the lysosomal function inhibitor Bafilomycin
A blocks IgG degradation (no IgG fragment)

• IgG degradation kinetics consistent in HepG2 cells 
and rat hepatocytes.

Study design: ATAC 1 and hIgG are incubated
with rat hepatocytes for 1h, cells are washed
to remove excess IgG and further incubated
for 0-4h, cells are then lysed, and IgG is
detected by Western Blot with anti-IgG
antibodies. Data is representative of 2
separate experiments in primary rat
hepatocytes

Study design: Incubate IgG+ATAC 1 with HepG2 cells for 1h, wash cells (T=0), fix cells at various time points and co-stain for IgG, 
lysosomal/endo-lysosomal marker LAMP2 and DAPI. Blue = DAPI (nuclei), green = IgG, red = LAMP2 (endolysosomal marker). Controls: 
HepG2 cells pre-treated with Bafilomycin A (lysosomal function inhibitor), HepG2 cells incubated with IgG and no compound (IgG+DMSO)

• IgG progresses through the endocytotic pathway to the endo-lysosome; colocalization of IgG 
(green) with endolysosome (red), starts at 1h (yellow)

• Degradation is complete by 4h (no yellow staining present) and depends on lysosomal function; 
in presence of BafA IgG (green stain) never enters the endolysosome (no yellow staining)

ATAC Platform PoC Using Tumor Necrosis Factor alpha (TNFa),
a Low Plasma Concentration and Short Half-Life Protein

• To exemplify our ATAC platform, we designed ATAC 
molecules to target and degrade TNFa, a low plasma 
concentration and short half-life extracellular protein

• TNFa is a homotrimeric cytokine that binds two 
receptors, TNFR1 and TNFR2

• Engagement of TNFa with TNFR1 and TNFR2 initiates 
signaling cascades that result in inflammatory 
responses and control of apoptosis

• Soluble TNFa MW: 17 KDa, and assembles as a 51 
KDa trimer

• Concentration: 2-20 pg/mL in healthy people and up 
to 5000 pg/mL in sepsis patients' serum7a

Biochemical/Cellular Attributes* ATAC 4

ASGPR KD (nM) 0.72

ASGPR kd (s-1) 1.6 x 10 -3  

TNFα FP IC50 (nM) 180

ATAC 4 binds to both ASGPR and TNFa
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Time-dependent ternary complex formation 
between TNFa, ATAC 4 and ASGPR is observed
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• Uptake of TNFa mediated by ATAC 
4 is observed in HepG2 cells

• Low-level background TNFa uptake 
by cells presumably due to 
endogenous TNFR binding

• Significant uptake of TNFa requires 
the presence of an ATAC

• ASGPR is required to achieve 
significant ATAC-medicated TNFa
uptake in HepG2 cells (no uptake in 
ASGPR knock-out cells)

Study design: 0.5 µM ATAC 4 and 0.5 µM human TNFa were pre-
incubated for 18h to allow formation of stable complexes. ATAC 4/ TNFa

complexes or TNFa alone were incubated for 0-3h on HepG2 cells. Cells 
were washed and lysed for Western blot analysis. TNFa and actin were 
detected with anti-TNFa and anti-actin antibodies, respectively, and 
800cw-conjugated secondary antibody.

TNFa Uptake in HepG2 cells
HepG2 HepG2 ASGPR-/-
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• Degradation of TNFa requires the 
presence of ATAC 4

• Background TNFa internalization by 
cells presumably due to endogenous 
TNFR binding 

• Half-life of TNFa degradation 
upon uptake by ASGPR is 15-30 min

• TNFa is fully degraded after 4h

• ATAC 4 and TNFa pre-incubated 
to allow formation of complex

TNFa Degradation in HepG2 cells

Actin

TNF

0 h   0.5 h   2 h

0.5 µM
TNFa

0.5 µM TNFa +
0.5 µM ATAC 4

TNFa (ng)

C
el

ls
 o

nl
y

0 h    15’    0.5 h  1 h     2 h   4 h    24 h 2.5  1   0.4

Study design: 4 and human TNFa were pre-incubated for 18h to allow formation 
of binary complexes. 4/ TNFa complexes or TNFa alone were incubated for 2h on 

HepG2 cells. Cells were washed, incubated with cell media without reagents for 
0-24h and subsequently washed and lysed for Western blot analysis. TNFa and 
actin were detected with anti-TNFa and anti-actin antibodies, respectively, and 
800cw-conjugated secondary antibody.

• Avilar created a library of proprietary, small molecule, high affinity ASGPR ligands

• We combined proprietary ASGPR ligands with IgG and TNFa ligands and linkers in modular 
manner to optimize ATAC functionality

• To exemplify our ATAC platform, we designed ATAC molecules to target and degrade two 
extracellular proteins with different concentration and kinetic properties: one with high plasma 
concentration and a long half-life, the other with low plasma concentration and short half-life

• As an ATAC platform proof of concept, we demonstrated in vitro ligand binding, ternary complex 
formation, cellular target uptake, and target degradation in liver cells for IgG and TNFa
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Novel high affinity monosaccharides superior to historical GalNAc analogs

• > 20 X-ray structures
• Hundreds  o f nove l 

ligands 
• Strong patent esta te

A vilar’s Structure-G uided  
M onosaccharide  D esigns

Avilar’s novel monosaccharides3 enable structurally and functionally differentiated ATAC degraders

• M odu lar construction  o f pM -b ind ing  ATAC
• Transla tes to  e ffic ien t hepatocyte uptake
• Structura lly  stream lined
• S im plified  chem istry  and low  M W  

B identate  A TA Cs M onodentate  A TA CsPrevious D egraders D isp lay Three  
G alN A c M onosaccharide  A SG PR  M otifs

GalNAc requ ires m u ltiva lency (av id ity) to  
enhance receptor b ind ing  beyond the 
low -µM  leve l to  ach ieve effic ien t 
hepatocyte uptake4

Novel, ­affin ityGa lNAc, ¯affin ity

A SG PR -B ind ing  M otif

peptide 
or SM

Ab

Target Prote in-B ind ing  M otif L inker

Vary ing  rig id ity, 
length  and branch ing  

Time (sec)

Re
sp

on
se

 u
ni

t (
RU

)

C. ASGPR-inactive control ATAC 2 does not engage with  ASGPR

ATAC 1 does not form the ternary complex and is not taken up by HepG2 cells 
lacking ASGPR
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ATAC requires cells with functional 
ASGPR receptor for TCF and uptake
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ATAC-dependent IgG uptake results in 
IgG degradation

• Continuous uptake of ATAC 3 + IgG for up 
to 48h

• Lyse cells and detect full length IgG and 
IgG degradation products by immunoblot

Degradation of endocytosed IgG-ATAC 
complexes is fast

• Uptake of ATAC 3 + IgG for 1h
• Wash cells, lyse after 30 min to 4h
• Detect full length IgG and IgG 

degradation products by immunoblot
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Study design: TCF assays: HepG2 cells (WT or ASGPR-KO) were incubated with fluorescently labeled human IgG and ATAC 1, ATAC 2 or 
DMSO on ice for 1 hr.  Cells were washed and surface IgG was measured by flow cytometry (MFI).  Uptake assays: HepG2 cells (WT or 
ASGPR-KO) were incubated with fluorescently labeled human IgG and ATAC 1, ATAC 2 or DMSO at 37°C for 6 hrs.  Cells were washed 
and surface+internal IgG was measured by fluorescence microscopy (ratio of IgG+ cells/total cells)
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