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Multispecific antibodies - a growing family
Multispecificity can be achieved through various engineering options

Bispecific ADC DAC Radioimmuno
conjugate AOC

On the 
market*

In active 
development*
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Promise 1: conjugates 
enable access to the CNS 

through peripheral 
administration.

BrainshuttleTM (BrS) TfR-
binding antibody with 
optimized properties

Oligonucleotide 
Therapeutic

(ONT)
BrS-oligo 
conjugate

The concept: BrainshuttleTM based delivery of ONTs
Building on Roche’s clinically validated brain delivery system 

Promise 2: the ability to 
“enter” the brain via all of 

the capillary system 
offers excellent tissue 

biodistribution.

Promise 3: oligos have a  
long duration of action in 
the target tissue/ cells.
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Conjugate design: Mixing modalities offers plenty of choices
A multi-dimensional optimization challenge

Conjugation Linker Connection
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Early steps - learning through failure
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Conjugate design: Mixing modalities offers plenty of choices
A multi-dimensional optimization challenge

Conjugation Linker Connection

Initial decision: utilize readily available technologies and compounds
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Early constructs
Random conjugation, “high” DAR and simplistic linkers

LYS

CYS

or

Jacob Ravn, Kerstin 
Hofer, Rainer E. Martin
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Non-binding IgG = antibody PK 
without any target interaction

Performance of early constructs

Target binding IgG = expected 
antibody PK, including target 

mediated drug disposition 

Target binding conjugate 
(analyte = mAb)

Target binding conjugate 
(analyte = ASO)

C57BL/6

30 mg/kg 
SD IV

DAR ~2.5

Issue: brain delivery is driven by exposure → poor PK profile prohibitive

Poor PK profile and linker instability

Sabine Lohmann, Ben-
Fillippo Krippendorff
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CMC-inspired design considerations for AOCs
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Back to the drawing board - AOC design
Major considerations

1. Choice of conjugation technology - control the DAR and multiple other design 
considerations

1. Optimization of the conjugation process - driver for the discovery process & 
future CMC “outlook”

1. Selection of the conjugation site - major determinant of conjugate 
performance

1. Reality check and adoption to CMC - fine tuning of the process
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Choice of conjugation technology
Hypothetical production cost considerations as a major indicator of performance and CMC fitness

Conjugation 
approach 1

Conjugation 
approach 2

Conjugation 
approach 3

● Oligo and mAb (conjugation-ready!) as main cost drivers - other raw materials often negligible
● Efficient mAb production, excess of oligo required and reaction conversion rates are key factors
● Optimization of reaction conditions and (reduction of) purification steps essential
● Not shown here: facility fit considerations

Steffen Schulze, Maximilian Hartl
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Reality check and adoption to CMC - process design
Research meets CMC

K-tag SpacerQ-tag Click 1 Click 2K-tag SpacerQ-tag

1-step conjugation process 
(enzyme only)

2-step conjugation process 
(enzyme and click)

Kerstin Hofer, Kathryn Perez, 
Jasmin Groegor, Michael 
Tischler, Maximilian Hartl

vs
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Reality check and adoption to CMC - key steps
Major aspects/ cost drivers

Linker

Tag

Linker

Tag
+

1

4

Costs of the individual 
components

addition of the linker (!)

2 Efficacy of the 
conjugation reaction

3 Excess of oligo 
required

Purification of the desired 
product

removal of undesired 
products (!)
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Reality check and adoption to CMC - outcome
Research meets CMC

K-tag SpacerQ-tag Click 1 Click 2K-tag SpacerQ-tag

1-step conjugation process 
(enzyme only)

2-step conjugation process 
(enzyme and click)

2-step approach enables the optimization of all important 
process steps
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Kerstin Hofer, Kathryn Perez, 
Jasmin Groegor, Michael 
Tischler, Maximilian Hartl
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Status
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The current design of Roche’s BrS-oligo conjugates
Tool “chassis” to explore important research questions 

Conjugation 
site - HC297

Linker - short & 
stable

Conjugation 
technology I -
KTG enzyme

Q-tag K-tag Spacer Click 1 Click 2

Conjugation 
technology II -

click Oligo - DAR of 1Antibody - 1-
armed IgG1 

type 

Sela et al. Bioconjug Chem. 2023 Nov 15;34(11):2096-2111

https://pubmed.ncbi.nlm.nih.gov/37916986/
https://pubmed.ncbi.nlm.nih.gov/37916986/
https://pubmed.ncbi.nlm.nih.gov/37916986/
https://pubmed.ncbi.nlm.nih.gov/37916986/
https://pubmed.ncbi.nlm.nih.gov/37916986/
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In vivo activity of BrainshuttleTM-oligo conjugates
Continuously optimized designs show significant and sustained target reduction

Target hTg

MD IV

DAR 1.0

Sabine Lohmann, Katharina Lutz, Charlotte Bon

Up to 70 % target reduction by selected oligo candidates

Re
la

tiv
e 

ta
rg

et
 e

xp
re

ss
io

n 
(%

 o
f 

sa
lin

e)

Compounds
1 2 3 4 5 6 7 Saline



18

Acknowledgements

Selected graphics were created with BioRender.com

+ Steffen Schulze
+ Maximilian Hartl

http://biorender.com.


19

Backup
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KTG-based conjugation process
A unique member of the transglutaminase family

Kerstin Hofer, Jacob Ravn, Rainer E. 
Martin, Tatjana Sela, Tom Quaiser

Kutzneria albida
transglutaminase

Q-tag

K-tag

KTG reaction

Linker-ASO
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Doing now what patients need next
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