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B cellsasdrugfactories

Companiesare engineeringB cells to
produce gene-encoded medicines,
butclinical proofofconceptis
needed to convince the doubters
that this platform can deliver.

By Cormac Sheridan

arly observations from the world's

first clinical trial of B cell ‘biofac-

tories’, engineered to produce

therapeutic proteins continuously

inside a person’s body, has given
the field grounds for optimism. These B cells
are taken from a patient and engineered in
the lab such that, once differentiated into
antibody-producing plasma cells — how they
would normally respond to invading patho-
gens — they instead make therapeutic pro-
teins. These medicines made in situ require
neither immunosuppression nor lymphode-
pletion and could offer developers a way to
deliver genetic cargoes acrossawhole range of
conditions that is safer and less cumbersome
than current approaches.

Immusoft was first into the clinic with an
engineered B cell therapy (Table 1). A phase
1 trial started late last year of its lead pro-
gram, iduronicrin genleukocel-T (ISP-001),
in patients with mucopolysaccharidosis type
L Itinvolves the delivery of B cells engineered
ex vivo to express a-L-iduronidase, the lyso-
somal enzymewhose absence causes the fatal
genetic condition. “We're getting encouraging
dataonour first patient. We've seen excellent
safety after reinfusing the cells, without any
use of conditioning, as well as initial pharma-
codynamic effects,” says Immusoft CEO Sean
Ainsworth.

e

B cells that differentiate into plasma cells secrete huge amounts of antibedies to fight
infection, and could be induced to produce other therapeutic molecules.
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B cells asdrug factories

Companies are engineering B cellsto

produce gene-encoded medicines,
butclinical proofofconceptis
needed to convince the doubters
that this platform can deliver.

By Cormac Sheridan

Later this year, Be Biopharma aims to
become the second firm to move an éngi-
neered B cell therapy into clinical develop-
ment, for treating hemophilia B. 1t will shortly
submit to the US Food and Drug Administra-
tion an Investigational New Drug (IND) filing
for testing BE-101, This treatment comprises
patients’ B cells modified ex vivo using
CRISPR-Cas9 to express the Padua variant
of the F9 gene, which encodes a highly active
form of coagulation factor DX (F1X).

These pioneering programs will provide
early insights into the potential of these
long-lived B ceil factories to improve the
delivery of therapeutic proteins. The clinical

B cells that differentiate into plasma cells secrete huge amounts of antibodies to fight
infection, and could be induced to produce other therapeutic molecules.

possibilities appear to be vast, given the vari-
ous shortcomings of classical enzyme replace-
menttherapy, antibody therapy, gene therapy
and different forms of cell therapy. These
include suboptimal pharmacokinetic profiles
and dosing regimens, immunological barriers
to rediosing, and the need forimmunosuppres-
sion (in the case of systemically administered
gene therapies employing viral vectors) or
harsh preconditioning regimens (required
for engineered T cell, natural killer cell and
hematopoietic stem cel therapies).
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Companiesareengineering Bcellste
produce gene-encoded medicines,
but clinical proofofconceptis
needed to convince the doubters
that this platformcan deliver.

By Cormac Sheridan
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B cells that differentiate into plasma cells secrete huge amounts of antibodies to fight
infection, and could be induced to produce cther therapeutic molecules.

Developers aim to harness B cells’ intrinsic
ability to produce and secrete large quanti-
ties of antibodies, which they do as plasma
cells. Studies in mice and non-human pri-
mates — as well as Immusoft’s initial clini-
cal observations — suggest it is possible to
administer modified plasma cells {differen-
tiated antibody-producing B cells) without
first subjecting patients to toxic lymphode-
pleting agents. “They engraft without any
preconditioning,” says Rick Morgan, CSO
at Be Bio. “We expect that to be validated in
the first patient.” When transferred, modi-
fied plasma cells home to and engraftin the
bone marrow, which provides them with a
substantial niche. “The mechanism I don’t
fully understand,” says Richard James of the
University of Washington, who co-founded
Be Biowith David Rawlings of the Seattle Chil-
dren’s Research Institute. But, he adds, sev-
eral decades of researchsuggestthat the bone

marrow niche available toantibody-secreting
cells is never fully occupied. “If we put, say,
250 million more cells in, that is not going to
saturate things.” Work is ongoing to establish
whether other agents may improve engraft-
ment through other mechanisms. “There
might be conditioning agents that would
improve plasma cell engraftrment. Ijust don’t
thinkit's going to be chemotherapy,” he says.
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Companiesare engineeringBcellsto
produce gene-encoded medicines,
butclinical proofofconceptis
needed to convince the doubters
that this platform can deliver.

F

B cells that differentiate into plasma cells secrete huge amounts of antibodies to fight
infection, and could be induced to produce other therapeutic molecules.

If needs be, modified plasma cells also can
be redosed, although that may not even be
necessary given their long survival: plasma
celis persist for over adecade.

TheBcellengineering concept may appear
novel in terms of commercial biotechnology
activity, batit has been a longstanding goal
of academic scientists. Delivery of genetic
cargo to B cells was a major obstacle initially.

“They were refractory to lentiviruses,” says
Morgan. In addition, feeder cellsorhuman or
fetal bovine serum were required to provide
cytokine signals to enable B cells to expand
and differentiate in vitro, but these were not
compatible with good manufacturing practice
requirements.

Through trial and error, different groups
have come up with B cell culture systems that
are compatible with their use as biofactories.
These protocols support B cell expansion, dif-
ferentiation and activation by exposing them
atdifferent intervals to various combinations
of eytokines, including interteukin(IL}-2,1L-6,

L . IL-10, 1L-15, type linterferon, B cell activating

nature biotechnologv
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First-in-class T cell
engager approved for
lung cancer

Table 1] Engineered B cell therapiesin development

Developer Program Indication Description Status
immusoft lduronicrin Mucopolysaccharidosis  Autologous Sleeping Phase |
genleukocel-T  typel Beauty-engineered
{ISP-001) B cells producing
o-L-iduronidase
Be Biopharma  BE-101 Hemophitia B Autologous B cells IND filing
engineeraed ex vivo with planned
CRISPR-Cas@to express the  mid-2024
£9 Padua gene
Walking Fish ~ WFX-001 Fabry disease B-galactosidase A produced  IND-enabling
Therapeutics® in enginesred studies
B cells
- Sangameo — Not available Hemophilia 8-~ - — Autologous B cells Preclinical -

Therapeutics

engineered ax vivo with zinc
finger nucleases to express
the F9

Padua gene

Saurces: ClinicalTrials.gov, PubMed, company websites, *The company has closed.

factor and a proliferation-inducing ligand
{Aprib), as well as to CD40 and Toll-like recep-
tor 9 stimulation.
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First-in-class T cell
engager approved for
lung cancer

Table 1| Engineered B cell therapies in development

Developer Frogram Indication Description Status
Immusoft lduronicrin Mucopclysaccharidosis  Autologous Sleeping Fhase |
genleukocel T typel Beauty-engineered
(15P-Q01) Beells producing
a-L-iduronidase
Be Biopharma BE-101 Hemophilia B Autologous B cells INE filing
engineered ex vivo with planned
CRISPR-Cas@ o expressthe mid-2024
F& Padua gene
Walking Fish WFX-001 Fabry disease B-gelactosidase A produced  IND-enabling
Therapeutics? in engineered studies
Bcells
Sangamo Not available Hemophilia B Autclogous B cells Preclinical
Therapeutics engineered ex vivo with zihc

finger nucleases to express
the F9
Padua gene

Sources: ClinicalTrials.gov, PubMed, company websites. *The company has closed.

The modified cells were then exposed to a
cockeail of growth factors to skew their dif-
ferentiationtoaB celllineage. The resulting
plasma cells secreted the antibody at up to
1.5 micrograms per milliliterinvitro, but the
protocol was never tested in patients. The
original process took six weeks, which was
not commercially viable, says Immusoft’s
Ainsworth. The company subsequently
developed a process that used isolated
B cells as starting material and required
just a week to produce expanded and dif-
ferentiated plasma cells expressing a target
protein. [thas also moved away from its origi-
nal lentivirus-based gene delivery platform.
“We're currently using a transposon system —
we found it works very well with B cells, and
it’s much easier to handle than virus,” he says.
It developed its capabilities with the Sleep-
ing Beauty transpoeson system through its
acquisition in 2016 of Discovery Genomics.
As well as providing efficient gene delivery,
italso offers greater packaging capacity than
adeno-associated virus (AAV) vectors. “We've
been delivering multiple proteins from a

natiirahintonka ~1-—

single construct,” he says. Their method
employs electroporation to deliver both an
mRNA encoding the transposase enzyme
and the transposon sequence containing the
gene of interest. More recently, Immusoft
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First-in-class T cell
engager approved for
lung cancer

Table1]Engineered B cell therapies in development

Developer Program Indication Description Status
immusoft Iduronicrin Mucopolysaccharidosis  Autologous Sleeping Phase !
genleukocel-T  type1 Beauty-engineered
{ISP-001) B cells producing
a-L-iduronidase
Be Biopharma  BE-101 Hemophilia B Autologous B cells IND filing
engineered ex vivo with planned
CRISPR-Cas9toexpressthe mid-2024
F8 Paduagene
Walking Fish ~ WFX-001 Fabry disease B-galactosidase A produced  IND-enabling
Therapeutics® in engineered studies
Bcells
Sangamo Not available Hemophilia B Autologous B cells Preclinical

Therapeutics

engineered ex vivo with zinc
finger nucleases to express
the Fg

Padua gene

Sources: ClintcalTrials.gov, PubMed, company websites. *The company has closed.

“ i

gene of interest. More recently, Immusoft
licensed intellectual property from the Uni-
versity of Minnesota, which opens up possi-
bilities in genome editing of primary B cells.
Both ISP-001 and a follow-on program, [PS-
002, currently in IND-enabling studies for
mucopolysaccharidosis type Il (also called
Hunter syndrome), will, however, continue
10 employ the Steeping Beauty technology.

The company expects aninitial clinical read-
out from the trial of ISP-001 by early to mid-
2025, says Ainsworth. The primary endpoint
of thestudy is safety. Given the experimental
nature of the therapy, patients continue to
receive enzyme replacement therapy. Treat-
mentinterruption can only be contemplated
later, when the efficacy of the therapy hasbeen
established.

Be Bio uses two distinct delivery technolo-
gies in its ex vivo gene editing process. [t
employs electroporation to transfer into B
cells a ribonucleoprotein that comprises the
CRISPR-Cas9 editing reagents. [tusesan AAV
vector to deliver the DNA template encoding
the gene ofinterest, which isinsertedinto the
B cell genomeat the Cas9 nuclease cutsite (the
CCRSlocus) by homology-directed repair. The
company reported at the American Society of
Hematology last year that it canreproducibly
attain atransgene insertion efficiency greater
than 50%.
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vector to deliver the F9 Padua sequence, In
a mouse model, they detected high plasma
fevels of human FIX-Paduathat, they state, cor-
respond to 15% of normal human FIX activity.

Should either program progress, they
would face competition from AAV-based gene
therapies: CSL Behring’s Hemgenix (etrana-
cogene dezaparvovec), whichit licensed from
Amsterdam-based uniQure; and Pfizer’s newly
approved Beqvez (fidanacogeneelaparvovec),
which it licensed from Spark Therapeutics (now
partof Basel, Switzerland-based Roche)a dec-
ade ago. Neither is suitable for children, how-
ever, as the therapeutic effect of the therapy,
which is directed at FIX-producing liver cells,
would be diluted out as they grow. Moreover,
the duration of their effects in eligible adult
patients is not known at this point, but only a
single dose of AAV vector is feasible because
of the antibody responses they elicit, “You're
effectively immunized against that class of
agent,” says Morgan. The hope is that engi-
neered B cells — which are expected to persist
formany years —will bypass that problem while
at the same time offer greater flexibility in
terms of the dosages that can be administered
todifferent patients, depending on theirneeds.

Althoughthelistof clinical-stage programs
isshort, the number of proteins that develop-
ershave produced inthe lab fromengineered
B cellsis long and varied. It includes antibod-
1P
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Developing engineered B cells for condi-
tionsthatarealready well servedisalong-term
effort. James Voss at the Scripps Research
Institute is working on a functional cure for
HIV-1infection by engineering B cells te pro-
duce broadiy neutralizing antibodies directed
against the virus. The approach goes beyond
harnessing the cells’ protein-producing prop-
erties. The cells are engineered to be respon-
sive in vivo to animmunogen or a vaccine. “A
normal B cell will respond to vaccination by
going through clonal expansion, germinal
center maturation, and finaily it will differ-
entiate to long-lived plasma cells, which are

actually going to secrete a soluble form of
that B cell receptor, an antibody,” says Voss.
“That’s what we want in the end is this effec-
tor antibody response’” His group does so by
mtroducing a gene expression casseite that
encodes a full light chain but just the vari-
able region of the heavy chain, which is then
spliced toendogenous heavy chainsequences.
“If you use those endogenous heavy chain con-
stantgenes, that allows youto haveall the nor-
malfunctions of a B cell,” hesays. The efficiency
isquitelow, but thatis offset by the engineered
B cells’ responses to vaccination. “One of the
nice things about our approach is we do get
a significant in vivo expansion depending on
theimmunogen that youuse, andsowecanget
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Hisgroup has also contributed to an effort,
led by Adi Barzel of Tel Aviv University in
Israel, to developaninvivo B cell engineering
technique, which entaiis the simultaneous
administration of two AAVs, encoding, respec-
tively, a Cas9 enzyme and a broadly neutral-

izing HIV-1-directed antibody. To minimize

indiscriminate DNA cutting in cells thatwere

not co-transduced with the two vectors, the -

groupincluded the guide RNA sequence with
the antibody sequence, instead of with the

Cas9 sequence. To further minimize off-target :

DNA double-strand breaks in non-target tis-

sues, they placed the Cas9 enzyme gene

sequence under the control of a B cell-specific

promoter. In mice already exposed to HIV-1,

the transduced B cells underwent activation .

and differentiation to antibody-producing .

plasma cells, yielding neutralizing antibody
titers up to 6.8 micrograms per milliliter. [n
contrast with ex vivo methods, the approach
is, the study authors argue, “simple, fast and
costeffective,”and it doesnotrequireamatch
between donor and recipient. An early-stage
firm, Tabby Therapeutics, is taking forward
thisapproach, although itsinitial program will
focus onexvivoengineered B cellsfor cancer.

As yet, large pharma interest in this emerg-

ing area has been minimal. Takeda, of Osaka, :

Japan, entered an alliance with Immusoftbackin
.
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