
92.9

90.4

15.7

1.97

94.2

57

39.5

0.27

2.80

78.4

7.5

31.9

17

39.7

28

43.1

A
nt

ib
od

y
A

mCD45

+ PBS

ABE8e-SpRY
sgRNA-NTC

ABE8e-SpRY
sgRNA-49.3

+ CIM053-ADC

Antibody B mCD45 Antibody B

HSPCs variant 3B (ABE8e-SpRY +sgRNA-49.3)
HSPCs wt (ABE8e-SpRY +sgRNA-NTC)
Jurkat

0

0.0
01

4
0.0

04
0.0

12
0.0

370.1
1
0.3

3 1 3 9
0.00

0.25

0.50

0.75

1.00

CIM053-ADC (nM)

Li
ve

H
SP

C
s

co
un

tr
el

at
iv

e
to

co
nt

ro
l

0

0.0
01

4
0.0

04
0.0

12
0.0

370.1
1
0.3

3 1
0

10
20
30
40
50
60
70
80
90

100

CIM053-ADC (nM)

Va
ria

nt
3B

ba
se

ed
iti

ng
in

liv
e

ce
lls

(%
)

0

0.0
01

4
0.0

04
0.0

12
0.0

370.1
1
0.3

3 1 3 9
0

5000
10000
15000
20000
25000
30000

50000
100000

CIM053-ADC (nM)

C
el

ln
um

be
r(

FA
C

S
co

un
t)

0

0.0
01

4
0.0

04
0.0

12
0.0

370.1
1
0.3

3 1 3 9
0

5000
10000
15000
20000
25000
30000

50000
100000

CIM053-ADC (nM)

C
el

ln
um

be
r(

FA
C

S
co

un
t)

Overlay of live

HSPCs

PB
S

PBS 1nM Saporin 0.125nM AbA-Saporin 1nM AbA-Saporin

PBS 1nM Saporin 0.125nM AbA-Saporin 1nM AbA-Saporin

1n
M

Sa
po

rin

0.0
15

62
5

0.0
31

25

0.0
62

5
0.1

25 0.2
5 0.5 1

PB
S

1n
M

Sa
po

rin

0.0
15

62
5

0.0
31

25

0.0
62

5
0.1

250.2
5 0.5 1

0.0

5.0×103

1.0×104

1.5×104

2.0×104

0.0

5.0×103

1.0×104

1.5×104

2.0×104

2.5×104

3.0×104

C
el

ln
um

be
r

C
el

ln
um

be
r

Antibody A - Saporin (nM) Antibody A - Saporin (nM)

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

B
as

e
ed

iti
ng

fre
qu

en
cy

in
liv

e
ce

lls
(%

)

Base edit 1
Base edit 2

Variant 1
Antibody A+ cells
Antibody Alow cells
Antibody A-cells

Variant 2

Base edit 3

38.5

21.5

37.9

43.0

19.9

35.1

19.1

1.80

76.1

4.56

0.15

93.3

61.5

12.8

58.5

16.6

15.3

57.4

0.032

97.3

VARIANT 2 (ABE8e-NG + sgRNA-44)

VARIANT 1 (ABE8e-NG + sgRNA-7)

Antibody B

A
nt

ib
od

y
A

Molecular Shielding of the Pan-Hematopoietic Marker CD45 May Enable a Targeted Universal Approach for Replacement of the Hematopoietic System
Simon Garaudé1, Romina Marone1, Rosalba Lepore1,2, Anna Devaux1, Anna Camus2, Izabela Durzynska2,3, Eva-Maria Grossjohann2, 

Andreja Knezevic2, Ian Kirby4, Patrick H. Van Berkel4, Christian Kunz3, Stefanie Urlinger2 and Lukas T. Jeker1
1University of Basel and Basel University Hospital, Department of Biomedicine, Basel, Switzerland, 2Cimeio Therapeutics, Basel, Switzerland, 3Ridgeline Discovery GmbH, Basel, Switzerland, 4ADC Therapeutics (UK) Ltd, London, UK

Contact
1. Palchaudhuri, R., Saez, B., Hoggatt, J. et al. Nat Biotechnol 2016
2. Walton RT. et al. Science 2020 

References

- The pan-hematopoietic marker CD45 is critical for the function of
immune cells (i.e, CD45 mutations can lead to severe combined
immunodeficiency (SCID)).

- CD45-targeted surrogate antibody-drug conjugates (ADCs) enable
chemotherapy-free hematopoietic stem cell transplantation (HSCT) in
mice1.

- Complete eradication of CD45+ cells could represent a universal
approach to reset the hematopoietic system for hematologic
malignancies or severe autoimmune diseases - independent of the
cellular origin of a hematopoietic disease.

- CD45-targeted cell depleting therapies are currently limited to a single
pre HSCT dose since continued full depletion would be detrimental.
However, targeted post HSCT therapy would be desirable for disease
control.

- Here, we describe the identification of a CD45 base editable shielding
variant paired with the development of a new and potent CD45-
targeting ADC (CIM053-ADC). When engineered into HSPCs this
CD45 variant may enable safe post HSCT CD45-targeted therapy.

Introduction
- Using computational rational design in combination with guidance

from alanine scanning as well as a comprehensive base editor
screening, we identified amino acid substitutions that can be
introduced by base editors to act as molecular shields. Edited
cells (e.g. T cells, HSPCs) are resistant to targeting by CD45-
directed ADCs in vitro.

- Biophysical characterization of shielding variants revealed that
some amino acid substitutions impair the biophysical properties of
CD45 and result in reduced/abolished binding of antibodies that
are not directly interacting with the modified amino acid residue.
This suggests that shielding might result from major
conformational protein changes and not through the elimination of
a direct interaction point.

- CD45 variant 3B completely shields from the novel humanized,
engineered CIM053-ADC while maintaining intact protein
properties.

- Co-culture of variant 3B edited HSPCs with tumor cells enables
selective depletion of tumor and unedited HSPCs while edited
HSPCs are protected from CIM053-ADC in vitro.

- CD45 variant 3B edited HSPCs engraft and differentiate normally
in vivo.

- A single dose of CIM053-ADC potently depletes unedited CD45
expressing cells while shielded hematopoietic cells persist.

- Collectively, our results demonstrate the identification of a
molecular shield that can be installed in HSPCs by an adenine
base editor. When paired with the CD45 targeting CIM053-ADC, it
may enable a near universal strategy for the chemotherapy and
irradiation-free replacement of the hematopoietic system. The
combination therapy may also enable tumor-selective post-
transplant maintenance therapy or applications beyond
malignancies.

Conclusions

4. Base editing in CD34+ hematopoietic stem and progenitor cells (HSPCs) in vitro

Results

6. Variant 3B shields hematopoietic cells from CIM053-ADC killing in vivo 

5. Variant 3B shields HSPCs from CIM053-ADC killing while unedited HSPCs 
and co-cultured tumor cells are selectively depleted 
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1. Identification of base editable regions in CD45 extracellular domains that 
could provide shielding from targeted therapies

3. Variant 3 shows favorable biophysical properties and completely abolishes 
binding to antibody B

2. Variants 1 and 2 shield human T cells from antibody-drug-conjugate (ADC)

A: Crystal structure of CD45 domains 1+2 (PDB: 5FMV); CD45 domains 1+2 were computationally identified as suitable 
for targeted therapy and contain antibody A and B epitopes  B: Base editor screening targeting computationally 
selected extracellular regions of CD45 domains 1+2 predicted to be amenable for shielding. (Plasmid-based screen in 
K562 cells; Sanger sequencing 3 days post-electroporation).

A/D: Flow cytometry profiles of variant 1 and 2 bulk base edited T cells after 72h of incubation with antibody A-
Saporin (ADC) B/E: Quantification of A and B.  C/F: Sanger sequencing of sorted live cells confirms enrichment of 
variant 1 and 2 base edits with increasing ADC concentrations

Flow cytometry profile of base edited CD34+ HSPCs 12 days post-electroporation with base editor mRNA and sgRNA. 
Variant 3 editing efficiency was improved by repositioning sgRNAs using Cas9-SpRY’s relaxed PAM recognition capabilities2. 
sgRNA-49.3 reduced bystander editing (not shown) and increased on-target editing (25-fold) resulting in Variant 3B.

A/B: Absolute cell count of wt-HSPCs:Jurkat and Variant 3B-HSPCs:Jurkat co-cultures after 72h of incubation with 
CIM053-ADC concentrations, a novel humanized and engineered monoclonal antibody against hCD45 conjugated to a 
potent toxin (co-cultures seeded at 1:1 cell ratio) C: Comparison of HSPC survival ratios between A and B D: Sanger 
sequencing of all sorted live cells from co-culture conditions confirms enrichment of base-edited Variant 3B expressing 
HSPCs using CIM053-ADC at increasing concentrations.

A B
C

D E

F

A B C D

CD45
Domains 1 and 2

A B
A: Flow cytometry of DF-1 cells transiently overexpressing CD45 wildtype and variants confirms reduced/abolished 
antibody binding to CD45 variants B: Real-time affinity determinations of monovalent, biomolecular interactions using 
biolayer interferometry confirm 100- to >1000fold reduced binding affinity (KD). C: Biophysical protein characterization 
shows that Variant 3 retains protein stability and low aggregation propensity while Variants 1 and 2 have reduced protein 
integrity.
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A: Human (antibody A)/mouse chimerism is comparable in mice reconstituted with wt-HSPCs or Variant 3B-HSPCs (12 
weeks post HSPCs injection) demonstrating unaltered engraftment capacity of engineered HSPCs. B/C/D: Spleen, 
blood and bone marrow cell differentiation profiles are comparable between mice reconstituted with wt-HSPCs or 
Variant 3B-HSPCs E: Variant 3B shields bone marrow hematopoietic cells from CIM053-ADC killing in vivo.
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