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B cell biology

Constant protein production: 1000s of molecules/cell/sec2 

Longevity: native human plasma cells can persist for decades3

Inherently stealthy: naturally evade the immune system

1) Amanna, Carlson, and Slifka (2007) NEJM
2) Hibi and Dosch (1986) Eur J Immunol; Eyer et al (2017) Nat Biotech
3) Landsverk et al (2017) J Exp Med

Longitudinal analysis of serum 
antibody titers in 45 subjects1

B Cell Biology: Natural Sustained Protein Production and 
Bone Marrow Engraftment Without Conditioning
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Engineered B Cell Medicines (BCMs)
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BCMs Are Uniquely Suited for Sustained Supply of Biologics

The challenge: culturing, engineering, and differentiating B cells. 

Capable of making versatile biologics 
Stable protein expression

Continuous secretion
Durable 

Engraftment without pre-conditioning
Long-term persistence

Redosable
Inherently immunologically stealthy

Favorable 
attributes

Figures created with BioRender.com

Engineered B Cell Medicine (BCM)
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BCMs Are Engineered and Differentiated Ex Vivo to Serve 
as Protein Factories in the Body Upon Infusion

Figures created with BioRender.com 5
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>90% Gene Editing Efficiency in Primary B Cells

Optimization parameters
Electroporator & electroporation code

Guide:Cas9 ratio
RNP concentration

Cell concentration during electroporation
Day of electroporation

Optimization of DNA editing and gene KNOCK OUT

Figures created with BioRender.com

AAV6
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Up to 60% Transgene insertion in Primary B Cells

Optimization parameters
AAV MOI

Timing and duration of AAV transduction
Transduction volume
Media composition

Optimization of transgene KNOCK IN

Figures created with BioRender.com

AAV6
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Efficient Production of Engineered BCMs in Less Than Two 
Weeks* 
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*Nat Commun 2022 Oct 16;13(1):6110. doi: 10.1038/s41467-022-33787-8
8Figures created with BioRender.com
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PBS only Non-engineered Luciferase-engineered

Engineering strategy

NOG-IL6

Gene-Edited
BCM

PBS                         Luc-BCM

Demonstration of Long-term Engraftment of Engineered 
BCM in Mice, >100 days

9Figures created with BioRender.com



Activity of Therapeutic Proteins from Engineered BCM with 
Broad Utility in Rare Diseases and Cancer

Engineered BCM BiTE  (CD19 x CD3) for ALL*Engineered BCM for Hypophosphatasia

BCM
GFP

BCM
BiTE PBS
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MC3T3 cells under Osteogenic Conditions PDX Model of ALL 

Treatment with 
PPi and BCM 
demonstrates 

robust 
mineralization

(+) Control BCM HPP(-) Control

No PPi 
demonstrate 

robust 
mineralization

Treatment 
with PPi 
inhibits 

mineralization

ALP BCM demonstrates ability to abolish PPi-induced 
mineralization defect

ASM BCM demonstrated in vitro phenotypic correction by 
reducing sphingomyelin in SMPD1-KO HAP1 cells
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SMPD1-KO HAP1 cells 

Engineered BCM for Niemann Pick B Disease 
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*In collaboration with Seattle Children’s Research Institute, David J Rawlings & Richard G James
Reference: Edelstein et al., Development of ex vivo precision gene engineered B cell medicines that produce highly active and sustained levels of transgenic 
anti-tumor biologics, SITC 38th Annual Meeting, November 1-5, 2023

(+) WT HAP1
cells

(-) SMPD1-KO 
HAP1 cells

BCM + SMPD1-
KO HAP1 cells

Bodipy labelled sphingomyelin
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BE-101, Be Bio’s 1st development BCM program, Produces Active 
and Sustained Levels of FIX for the Treatment of Hemophilia B

Sustained hFIX plasma level for
at least 168 days

Padua FIX activity using immune-capture 
chromogenic assay
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hFIX: human FIX as measured by immune capture MSD assay

A Pre-IND meeting has been completed and a robust package of preclinical studies is nearing completion in 
anticipation of a first-in-human clinical trial in 2024 for people with moderately severe to severe hemophilia B. BE-101
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Small Biologics

Non-Ab 
Proteins

Peptides IgG IgA IgM

Full Length Antibodies

T Cell 
Engager

Bispecific Fusion 
Protein

Multi-Target

Protein 
Classes

Onc Hem
Onc RareMetabolic Hem

Rare
Be Bio

Programs

Versatile Plasma Cell Biosynthetic Capacity: 
BCMs Created Across Protein Classes and Applications

Multiple inc. 
Onc , I&I

Eng. prototype 
(Onc, ID)

Multiple inc.
Onc , I&I
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Day 3 Day 6 Day 8

Decreasing IgM

CD20–

4.2%
CD20–

75.0%
CD20–

52.1%

IgG+

12.4%
IgG+

47.9%
IgG+

79.1%

IgM+

39.8%
IgM+

30.5%
IgM+

6.91%

Increasing IgG

*In Collaboration with NIH/NHLBI, C. Dunbar & D. Young

Fundamental Validation: Engraftment without 
preconditioning demonstrated using NHP BCMs*
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Imaging of Ex Vivo Expanded NHP Plasma Cells

Reference: David J Young, et al., Rhesus antibody secreting cells differentiated ex vivo from B cells engraft without preconditioning in an autologous host and represent a 
novel modality for cell and gene therapy, ASGCT 26th Annual Meeting, May 20, 2023

20% of total cells dosed engrafted into the plasma cell niche by day one

89Zr Labeled Rhesus Plasma Cells

Standardized 
Uptake Value
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• Durable 
• Redosable

Conclusion

Transformed the power of B cells into a platform for the advancement of 
B cell-based medicines

Demonstrated the versatility and modularity of BCM by successful 
production of highly divergent biologics

Demonstrated the potential of BCM with broad and meaningful therapeutic 
utility in rare diseases, cancer, and beyond

BCM • Without Preconditioning
• Autologous and allogenic

Will file the 1st IND in 2024 for persons with hemophilia B (BE-101) 
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Questions?
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And please see our poster at Poster Session 2      1/24/2024 7:30:00 PM
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