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Abstract

Background Gene-modified cell therapy with regulatory T cells (Tregs) is a promising approach to prevent graft
rejection and induce immunological tolerance in organ transplantation. We are developing a cell therapy comprising
autologous naive Tregs that are isolated from leukapheresate, transduced with lentiviral vector encoding a chimeric
antigen receptor (CAR) recognising human leukocyte antigen class | molecule A*02 (HLA-A*02), and expanded ex vivo
before cryopreservation as resultant drug product (TX200-TR101). In an ongoing first-in-human study (NCT04817774),
kidney transplant recipients will receive a single infusion of TX200-TR101 2-3 months after transplantation. The phase
0 study described here evaluated the feasibility of manufacture of TX200-TR101 for the target population, i.e., end-
stage renal disease (ESRD) necessitating kidney transplantation. Participants in this study did not receive an infusion
of drug product.

Methods Four patients with ESRD and HLA-A*02 negative typing underwent leukapheresis to collect starting mate-
rial for manufacture of TX200-TR101. Manufacturing success criteria were predefined as a batch of CAR-Tregs with cell
quantity in each batch > 10* cells/kg body weight, cell viability > 70%, transduction efficiency = 20% and hypometh-
ylation of the FoxP3 gene (Treg-specific demethylated region [TSDR]) = 80%. Other manufacturing variables included
Treg identity and maturation by phenotyping, residual bead count, vector copy number, endotoxin level, sterility,
and presence of mycoplasma. The characteristics of leukapheresate starting material and drug product from patients
with ESRD were compared with those from commercially purchased leukapheresate from 10 healthy donors.

Results No safety issues were identified during leukapheresis collections. Batches of drug product were manu-
factured from all 4 patients with ESRD and met the predefined success criteria. There was some variability in leuka-
pheresate starting material in terms of volume of apheresis and total leukocyte counts between patients with ESRD
and healthy donors, but percentage differential white blood cell counts were comparable. The quality, quantity

and functional activity of manufactured CAR-Tregs were similar between ESRD patients and healthy donors. CAR-Treg
drug product from one patient with pre-existing lymphopenia had similar high quality but reduced cell quantity
compared with batches from the other patients with ESRD, although yield was still above the predefined target mini-
mum number of cells.

Conclusions Manufacture of high-quality naive CAR-Tregs from patients with ESRD is safe and feasible.
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Background

Kidney allotransplantation is the treatment of choice
for patients with ESRD but requires lifelong immuno-
suppressive treatment to prevent rejection and failure
of the allograft [1, 2]. Successful management requires
a balance between the risk of allograft rejection from
too little immunosuppression versus the drug-related
toxicities of overimmunosuppression, such as the bur-
den of infectious complications and de novo malignan-
cies [1, 2].

With rapidly growing knowledge on regulatory T
cells (Tregs) as key mediators of immune homeostasis,
there is increasing interest in the use of Tregs for adop-
tive cell therapy in transplantation medicine [3-6]. We
are developing a Treg therapy (TX200-TR101) com-
prising autologous naive Tregs (CD4"/CD45RA"/
CD257/CD127°"/8) to prevent immune-mediated
graft rejection and induce immunological tolerance
following human leukocyte antigen class I molecule
A*02 (HLA-A*02)-mismatched kidney transplantation
[7]. HLA-A*02 was chosen as a target antigen because
it is frequently linked to donor (HLA-A*02-positive)
to recipient (HLA-A*02-negative) transplant incom-
patibility, with reports of 21-28% of kidney transplant
recipients in Europe and the United States receiving an
HLA-A*02-mismatched kidney transplant [8—12].

In clinical practice, it is intended that white blood
cells (WBCs) will be collected by leukapheresis up to
6 months prior to planned transplant surgery from an
HLA-A*02-negative recipient designated to receive a
living-donor kidney transplant from an HLA-A*02-
positive donor (Fig. 1). The naive Tregs will be isolated
from leukapheresate, then genetically modified with a
lentiviral vector encoding for a chimeric antigen receptor
(CAR) specific to the mismatched donor HLA-A*02 anti-
gen and expanded ex vivo to produce TX200-TR101 [7].
The transplant recipient will receive a single intravenous
infusion of TX200-TR101 between 2 and 3 months after
transplant surgery.

The manufacturing process for the drug product was
established using leukapheresates collected from healthy
HLA-A*02-negative donors. Due to the scarcity of naive
Tregs in the starting material, together with the strin-
gent isolation process to obtain a highly pure population,
the quantity of target cells to be seeded for the expan-
sion steps for TX200-TR101 manufacture is low. In con-
trast to conventional CAR-T cell products, for which
the percentage of conventional T cells (Tconv) (CD4*
and CD8™) represents a high proportion of the total
WBC population in the starting material (leukaphere-
sate), the proportion of cells that are naive Tregs (CD4"/
CD45RA™/CD25%/CD127"°%/"¢8) in the leukapheresate is
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Fig. 1 Manufacture of TX200-TR101 for use in kidney transplantation. (1) HLA-A*02-negative kidney transplant recipients designated to receive

a mismatched HLA-A*02-positive organ undergo leukapheresis to collect white blood cells. (2) Naive Tregs (CD4*/CD45RAY/CD25*/CD1 271w/
"®9) are isolated, transduced with a lentiviral vector encoding the HLA-A2-CAR and expanded ex vivo before cryopreservation of the drug product
(TX200-TR101). (3) The transplant recipient will receive an intravenous infusion of the autologous HLA-A2-CAR-Tregs between 2 and 3 months
after kidney transplantation. CAR, chimeric antigen receptor; CD, cluster of differentiation; CMO, contract manufacturing organisation; HLA-A*02,

human leukocyte antigen class | molecule A*02; Tregs, regulatory T cells
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approximately 30-fold lower (in-house unpublished data).
Furthermore, the factors that determine the quantity and
behaviour of circulating naive Tregs under chronic renal
replacement therapy have not been studied. Thus, this
manufacturing feasibility study was designed to investi-
gate the manufacturing process of TX200-TR101 for the
target population of patients with ESRD necessitating
kidney transplantation, before initiating a first-in-human
clinical trial (STEADFAST) [7]. Patients participating in
this manufacturing feasibility study did not receive an
infusion of TX200-TR101.

The characteristics of leukapheresate starting mate-
rial and drug product from 4 patients with ESRD were
compared with those for commercially purchased leu-
kapheresate from 10 healthy donors. For patients with
ESRD, all batches of drug product were manufactured at
the sponsor’s manufacturing facility. For healthy donors,
batches of drug product were either manufactured at the
sponsor’s manufacturing facility or under good manu-
facturing practice (GMP) conditions at a contract man-
ufacturing organisation; the characteristics of the drug
product manufactured at the two different facilities were
similar; thus, data for healthy donors are presented as a
single group in this publication.

Methods

Study design

We conducted an open-label, single centre, manufactur-
ing feasibility study (protocol TX200-KT01) to produce
a cell therapy (TX200-TR101) by transducing naive Tregs
obtained from leukapheresis material from HLA-A*02
negative ESRD patients with a CAR that would recognize
the HLA-A*02 antigen. This was a phase 0 manufacturing
feasibility study (no therapeutic intent) and the manu-
factured cell product was not administered to the study
participants.

The primary objective was to evaluate the full manu-
facturing process and to characterise TX200-TR101 in
terms of cell quantity, viability, transduction efficiency
and FoxP3 hypomethylation. Secondary objectives were
to assess the safety of the leukapheresis procedure in
patients with ESRD and to characterise TX200-TR101 in
terms of Treg identity and maturation, recovery of viable
T cells, residual impurities, endotoxin, sterility, myco-
plasma and vector copy number (VCN).

The study was conducted at the Centre Hospitalier et
Universitaire de Nantes in collaboration with the Etab-
lissement Frangais du Sang for leukapheresis and the
Unité d’Ingénierie Cellulaire for cryopreservation of leu-
kapheresis material. The study protocol, its amendments,
and information provided to patients were reviewed
and approved by an independent ethics committee.
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All patients provided written informed consent before
participation.

Patients underwent a screening visit to assess eligibil-
ity and a leukapheresis visit up to 21 days later. The leu-
kapheresis procedure followed local centre guidelines. A
single course of leukapheresis (~ 2.5 total blood volumes)
using the Spectra Optia leukapheresis system (Terumo
BCT) was conducted within 21 days after screening.
Local guidelines were followed for leukapheresis. One
bag of leukapheresate with a volume of~100-250 mL
was collected from each patient. Safety assessments
(adverse events, laboratory parameters, 12-lead elec-
trocardiogram, physical examination and vital signs)
were assessed at screening, pre- and post-leukapheresis.
Patients were contacted by phone within 3 days after leu-
kapheresis to check their clinical status.

It was planned to manufacture 6 batches of TX200-
TR101, to allow the assessment of naturally occurring
variabilities inherent to using a biological starting mate-
rial. Up to 9 patients were to be enrolled to achieve this
aim. The first patient was enrolled in April 2019; enrol-
ment was paused in April 2020 due to the COVID-19
pandemic. At that time, 4 patients had undergone leu-
kapheresis and completed the study as planned. A deci-
sion was taken to terminate the study in August 2021
as patients with ESRD continued to be at high risk for
severe COVID-19 and the primary objective of the
study, to evaluate the manufacturing process for TX200-
TR101 from patients with ESRD, had been met with the 4
patients already enrolled.

Study population

Patients aged between 18 and 70 (inclusive) years with
ESRD, HLA-A*02 negative typing, body weight>50 kg,
and haemoglobin > 100 mg/L were eligible for the study.
Patients had to have full blood count, coagulation screen,
biochemistry, and urinalysis without any clinically signifi-
cant abnormalities except for parameters related to the
underlying pathology, normal or non-clinically signifi-
cant abnormality in electrocardiogram, adequate venous
access for apheresis and no other contraindications for
leukapheresis. Women of childbearing potential had to
have a negative serum pregnancy test at screening and
leukapheresis visits.

Manufacturing

Leukapheresate from patients with ESRD was trans-
ported to the Unité d’Ingénierie Cellulaire at ambi-
ent temperature, where peripheral blood mononuclear
cells (PBMCs) were concentrated by centrifugation.
The cell pellet was resuspended in 5% human serum
albumin and underwent standard analytical testing,
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including complete cell count, before cryopreservation in
a solution containing 10% dimethyl sulphoxide. The cry-
opreserved product was shipped in vapour phase liquid
nitrogen (<140 °C) to the manufacturing site at Sangamo
Therapeutics France SAS. Naive Tregs were isolated
from thawed leukapheresate using an automated cell
separation system based on MACS® technology. Isolated
Tregs were expanded in vitro prior to transduction with
a GMP-Grade third-generation self-inactivating HIV-1
derived lentiviral vector that encodes for an HLA-A*02-
specific CAR (produced at Lentigen Technology Inc.,
Gaithersburg, MD, USA). For information, the HIV-1-de-
rived lentiviral vector used to express the anti-HLA-A2
CAR has been produced in commercially large-scale by
Lentigen Technology Inc. The transgene lentiviral back-
bone and lentiviral vector helpers are Lentigen’s pro-
prietary plasmids (confidential). Transduced cells were
activated with anti-CD3/anti-CD28 beads, expanded,
washed, and harvested to provide TX200-TR101 drug
substance. Drug substance was then formulated, finished
and cryopreserved as TX200-TR101 drug product.
Cryopreserved leukapheresates from 10 consented
healthy human donors were purchased from HemaCare
(Charles River). Batches of drug product from 5 healthy
donors were manufactured at Sangamo Therapeutics
France SAS as described above. The manufacturing
process was then transferred to a contract manufactur-
ing organisation in Europe, where batches of drug prod-
uct from 5 different healthy donors were manufactured
under GMP conditions. The full panel of functional
assays (see below) was not conducted on every batch of
drug product manufactured from healthy donor material.

Characterisation of drug product
Manufacturing success criteria were predefined as a
batch of CAR-Tregs with cell quantity in each batch of
at least 10" cells/kg body weight, cell viability of>70%,
transduction efficiency of >20%, and hypomethylation of
the FoxP3 gene (TSDR) of>80%. Other manufacturing
variables included Treg identity and maturation by phe-
notyping, count of residual beads and VCN. Compendial
tests according to the European Pharmacopeia were also
conducted for endotoxin, sterility, and mycoplasma.

Cell quantitation and analysis by flow cytometry was
conducted using the MACSQuant® Analyzer 10 (Milte-
nyi Biotec).

Absolute cell count and cell viability

Absolute cell count was determined volumetrically by
flow cytometry immediately after thawing of drug prod-
uct. Cell viability was determined by adding propidium
iodide (PI) (130-093-233, Miltenyi Biotec) to the cell
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sample immediately before starting the cell count. Pl is a
fluorescent intercalating agent used to stain DNA inside
cells with compromised membrane; it cannot perme-
ate viable cells. Viable cell recovery was determined as
the percentage of the total number of viable cells in the
thawed drug product compared to the number of cells
initially frozen.

Transduction efficiency

Identification and quantification of the HLA-A*02 CAR
expressed on the cell surface of the transduced Tregs
was based on the use of Dextramer® consisting of a dex-
tran polymer backbone carrying the HLA-A*02 antigen
labelled with phycoerythrin (PE) (WB2666-PE, Immu-
dex). For estimation of background noise, Dextramer
blank (NI13233-PE, Immudex) labelled with phycoeryth-
rin only was used. Results are expressed as the percent-
age of anti-HLA-A2 CAR expressing cells among living
cells, measured by flow cytometry.

FoxP3 Hypomethylation

The percentage of TSDR within the FoxP3 locus was
measured by Precision for Medicine GmbH (Berlin, Ger-
many), using quantitative PCR (qPCR). Briefly, genomic
DNA was isolated using the DNeasy blood and tis-
sue Kit (Qiagen). After bisulfite conversion of genomic
DNA, PCR products were generated with methyl- and
non-methyl-specific primers for FoxP3 TSDR. Amounts
of methylated and unmethylated FoxP3 DNA were
estimated from calibration curves. The proportion
of unmethylated DNA was computed as the ratio of
unmethylated FoxP3 TSDR-DNA and the sum of methyl-
ated and unmethylated FoxP3 TSDR-DNA.

Treg identity and maturation status phenotyping

For Treg identity phenotyping (expression of FoxP3 and
CD62L), the human antibodies VioGreen-conjugated
anti-CD4 (130-113-230, Miltenyi Biotec), PE-conju-
gated anti-CD25 (130-113-282, Miltenyi Biotec), APC-
Vio770-conjugated anti-CD127 (130-113-416, Miltenyi
Biotec) andPE-Vio770-conjugated anti-CD62L (130-113-
621, Miltenyi Biotec) were used for surface membrane
staining and AlexaFluor 647-conjugated anti-FoxP3
antibody (560,045, BD Biosciences) was used for intra-
nuclear staining. For Treg maturation status phenotyping
(expression of CD45RA and CD27 among CD4" cells),
the human antibodies VioBlue-conjugated anti-CD4
(130-113-219, Miltenyi Biotec), APC-conjugated anti-
CD27 (130-113-636, Miltenyi Biotec), and PE-conju-
gated anti-CD45RA (130-113-366, Miltenyi Biotec) were
used for surface membrane staining.
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Residual beads count

Cells in the drug product were lysed to release any resid-
ual beads. Beads were separated from cell debris using a
magnet (DynamagTM-15), resuspended, concentrated
and counted by flow cytometry. The lower limit of quan-
tification was 200 beads per 1x 107 Tregs.

Vector copy number

A duplex quantitative real-time polymerase chain reac-
tion (qQPCR) assay was used to detect both the HIV-PSI
gene (specific sequence of the lentiviral vector used in
the process) and the human albumin gene (housekeep-
ing sequence) in a single reaction tube. Each target was
amplified by a different set of primers and a uniquely-
labelled probe distinguishing each PCR amplicon. The
qPCR amplification was performed using the Bio-Rad
CEFX96 or equivalent system.

HLA-A2 CAR-Treg functional assays

Activation capacity was determined by measuring the
percentage of CD69-expressing cells among CD4P*/CAR
HLA-A*02P° cells by flow cytometry following activa-
tion for 24 h with HLA-A*02P°° PBMCs or HLA-A*02"8
PBMCs. PE-conjugated anti-CD69 (130-112-613, Milte-
nyi Biotec) was used for surface membrane staining.
Controls were included in the assay, including no activa-
tion and polyclonal activation through the T cell recep-
tor (TCR) using anti-CD3/CD28 coated Dynabeads®
(40203D, Life Technologies). Results are expressed as
the difference in levels of CD69-expressing cells under
the activation conditions of HLA-A*02P°° PBMCs versus
HLA-A*02"*¢ PBMCs.

CAR-Treg proliferation was determined using adeno-
sine triphosphate (ATP) quantitation by bioluminescence
(luciferin/luciferase reaction). HLA-A2 CAR-Tregs were
stimulated with HLA-A2 Dextramer or Dextramer blank.
Positive and negative controls were included in the assay,
i.e., polyclonal stimulation through the TCR using anti-
CD3/anti-CD28 coated Dynabeads or no activation. The
proliferation of HLA-A2 CAR Tregs was measured after
3 days using CellTiter®-Glo 2.0 (G9241, Promega) col-
orimetric assay. Light output (relative light units) was
measured with the GloMax® luminometer (Promega).
Results are expressed as the ratio of ATP biolumines-
cence between HLA-A2 Dextramer and Dextramer blank
activation conditions.

Suppressive capacity was determined by measuring the
proliferation of allogeneic Tconv (CD4*CD257) by flow
cytometry when co-cultured with drug product. Tregs
were expanded during 24 h in medium without IL-2 to
suppress any activation signal; allogeneic Tconv (HLA-
A*02 negative) were thawed the same day and maintained
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in the same condition. At the end of the 24-h expan-
sion without any activation, Tconv were stained with
eFluor450 (65—-0842-85, eBioscience), a cell proliferation
dye used to monitor individual cell divisions. Immedi-
ately after staining, the Tconv were preactivated for 24 h
through their TCR using anti-CD3/anti-CD28 coated
Dynabeads to induce proliferation whilst Tregs were pre-
activated through their CAR with HLA-A*02 Dextramer
or Dextramer blank. After 24 h of activation, Tregs and
Tconv were co-cultured for 3 days at Tconv:Treg ratios
ranging from 1:1 to 16:1. Cell proliferation was measured
by flow cytometry.

Results

Study population of patients with ESRD

Four patients (3 men and 1 woman) aged 41 to 63 years
with ESRD were screened for the study, underwent leu-
kapheresis and completed the study as planned. Body
weight ranged from 63 to 80 kg, body mass index from 23
to 25 kg/m? and estimated glomerular filtration rate [13]
from 5 to 20 mL/min/1.73 m”.

The patients had various medical histories and ongoing
illnesses at screening as might be expected for this patient
population. All 4 patients had hypertension, dyslipidae-
mia and anaemia, all medically treated. Causes of ESRD
were congenital polycystic kidney disease, type 1 diabetes
and hypertensive nephropathy in two patients. Of note,
1 patient had ongoing grade 2 lymphopenia at screening
with a lymphocyte count of 0.7 x 10°/L (normal range 1.5
to 4x 10°/L) and a leukocyte count of 4.4 x 10°/L (normal
range 4 to 10x 10°/L). Two of the patients were on dialy-
sis (three-times weekly); for these patients the leukapher-
esis was conducted on a dialysis-free day.

Safety of the leukapheresis procedure for patients

with ESRD

No safety issues were identified during the leuka-
pheresis procedure in any patient. No serious adverse
event or abnormality of Common Terminology Crite-
ria for Adverse Events (CTCAE) grade 3 or higher was
reported. Twelve procedure-emergent adverse events
were reported (Table 1). Post-procedure haematologi-
cal profiles were consistent with those anticipated with
leukapheresis.

Characterisation of leukapheresate starting material

from patients and healthy donors

The volume of apheresis and total leukocyte counts
in leukapheresates (starting material) were generally
higher for the 4 patients with ESRD compared with
commercially purchased leukapheresates from 10
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Table 1 Summary of procedure-emergent adverse events

MedDRA preferred Number of Number of events
term patients with

events CTCAE CTCAE Total

grade 1 grade 2

Haemoglobin 3 2 1 3
decreased
Asthenia 2 1 1 2
Leukopenia 2 2 0 2
Anaemia 1 0 1 1
Paraesthesia 1 1 0 1
Nausea 1 1 0 1
Cough 1 1 0 1
Hypertension 1 0 1 1
Total 4 8 4 12

There were no adverse events of CTCAE grade 3 or higher.

CTCAE Common Terminology Criteria for Adverse Events, MedDRA Medical
Dictionary for Regulatory Activities

healthy donors (median leukocyte counts: 20.1x 10’
cells for ESRD patients vs 11.0x 10° cells for healthy
donors). However, differential WBC counts, expressed
as a percentage of total leukocyte counts, were com-
parable in leukapheresates from ESRD patients
and healthy donors (Fig. 2). Naive Treg frequencies
amongst leukocytes in thawed leukapheresates from
patients with ESRD ranged from 0.35% to 0.96%. Naive
Treg counts for leukapheresates from the 10 healthy
donors used for this comparison were not analysed,
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but naive Treg frequencies in subsequent commercially
purchased leukapheresates from other healthy donors
ranged from 0.52% to 2.69% (unpublished data from
n=26, N Lounnas-Mourey, 2023), with a generally
higher range than observed for patients with ESRD.

Characterisation of drug product from patients and healthy
donors

Batches of drug product with the quality attributes of
a CAR-Treg cell therapy were manufactured for all 4
patients with ESRD and met the predefined success cri-
teria (see Methods) for cell quantity, cell viability and
FoxP3 hypomethylation. In addition, all four batches met
the predefined success criteria for transduction efficiency
(>20%), with no statistically significant difference in the
level of transduction efficiency between batches manu-
factured from ESRD and healthy donors (Tukey—Kramer,
p=0.38). The batch of CAR-Tregs from the patient
with pre-existing lymphopenia had similar high quality
but lower cell quantity than the batches from the other
patients with ESRD, although yield was still above the
predefined target minimum number of cells.

The naive Treg population (CD4%/ CD25%/ CD45RA™/
CD127°"/"¢8) was>93% in all batches of TX200-TR101,
from both patients and healthy donors (Fig. 3a). The pheno-
typic markers FoxP3 (intranuclear transcription factor) [14]
and CD62L (L-selectin adhesion molecule expressed on the
surface of naive T cells) [15] were used to confirm the purity
of the manufactured Tregs. The CD4'/CD25"/FoxP3*
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Fig. 2 Differential white blood cell counts in leukapheresates. Boxplots of differential cell counts (expressed as percentage of total leukocytes)

in fresh leukapheresate from patients with ESRD (n=4) and commercially purchased leukapheresate from healthy donors (n=10). The box
represents the interquartile range; the median value divides the box in two parts; whiskers represent minimum and maximum values; X represents
the mean value. Individual data points (other than minimum and maximum values) are shown as open circles. No statistically significant differences
in the means between the two populations (ESRD patients vs healthy donors) were observed
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a. Treg identity phenotyping
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population was>85% and the CD4"/CD62L* population
was >94% in all batches from patients and healthy donors
(Fig. 3a), demonstrating a highly pure Treg population.

At the start of the manufacturing process, naive
Tregs were isolated based on the expression of CD4%1/
CD45RA*/CD25%/CD127°/"8, To show the stability
of the naive profile of cells at the end of the manufac-
turing process, we evaluated co-expression of CD45RA
and CD27 among CD4™" cells, as markers of naive Tregs
[16]. We confirmed that Tregs were predominantly still
present in naive status (CD4*/CD45RA1/CD27") at the
end of the manufacturing process (Fig. 3b). In contrast,
percentages of effector memory 1 (central memory;
CD4"/CD45RA™/CD27"), effector memory 2 (CD4*/
CD45RA™/CD277) and effector (CD41t/CD45RA*/
CD277) Tregs were low (<7%) in all batches of drug
product from ESRD patients and healthy donors.

The stability of the naive status of CAR-Tregs on freeze/
thawing was evaluated for 4 batches of drug product
manufactured from healthy donor material. No loss of
naive phenotype was observed after storage at<-140 °C
for up to 12 months.

All batches of drug product from patients met release
criteria for visual inspection (no visible particles), myco-
plasma testing (negative), bacterial and fungal sterility
(no growth), endotoxin (<5 EU/mL), vector copy num-
ber (<5 copies/CAR-Treg) and residual beads (below
lower limit of quantification of 200 beads/10” Tregs).
The batches of drug product manufactured from patient
material had quality attributes that were consistent with
batches manufactured from healthy donor material.

Functional activity of drug product from patients
and healthy donors
By introducing an HLA-A2 CAR into naive Tregs, our
therapeutic hypothesis is that the CAR-Tregs will engage
the target antigen HLA-A*02 in the kidney graft and pro-
duce an immunoregulatory effect. Engagement of the
HLA-A2 CAR with HLA-A*02 PBMCs in vitro consist-
ently induced the activation of the CAR-Tregs, as demon-
strated by upregulation of cell surface expression of the
activation marker CD69 [17] above the level of expres-
sion of CD69 on cells that were stimulated with control
(HLA-A*02"® PBMCs). Activation capacity (defined as
the difference in the level of expression of CD69 between
cells stimulated with HLA-A*02P°°* PBMCs versus HLA-
A*02"°¢ PBMCs) was similar for cells manufactured from
material from ESRD patients and healthy donors (median
values of 84.5% and 80.0%, respectively) (Fig. 4a).
Activation of HLA-A2 CAR-Tregs through the CAR by
the HLA-A*02 antigen consistently induced CAR-Treg
proliferation in vitro, as demonstrated by ATP produc-
tion measured with a bioluminescence assay (Fig. 4b).
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This assay indicates the presence of metabolically active
cells and is directly correlated to cell proliferation [18].
Median values for the ratio of ATP production for cells
stimulated with HLA-A2 Dextramer versus blank Dex-
tramer were 1.50 and 1.58 for batches of drug product
manufactured from ESRD patient material and healthy
donor material, respectively, demonstrating similar levels
of induced proliferation in vitro.

The suppressive capacity of the HLA-A2 CAR-Tregs
was measured as their ability to suppress in vitro prolif-
eration of Tconv (CD4*/CD257). For all manufactured
batches of TX200-TR101, it was consistently shown that
Tregs, pre-activated through the CAR with HLA-A2 Dex-
tramer, exerted a dose-dependent suppressive effect on
Tconv proliferation in vitro (Fig. 5). Median percentage
suppression for CAR-Tregs manufactured from ESRD
patients was lower than that observed for healthy donors
(28.5% vs 54% at 1:1 ratio of Tconv:Treg). However, the
assays for ESRD patients and healthy donors were per-
formed at different times using different batches of rea-
gents. The batch of HLA-A2 Dextramer used in assays
with ESRD patient material consistently gave lower sup-
pression values, even with CAR-Treg material from other
healthy donors tested during the same period.

Statistical analysis

All cell populations were analysed by one way analysis of
variance using SAS JMP v16.1, to assess mean differences
between batches manufactured from patients with ERSD
and healthy donors with the confidence quantile set to a
limit of 95% (a=0.05). Tukey—Kramer analysis was per-
formed on all pairs and no statistically significant differ-
ences in the means between the two populations were
observed.

Discussion

This study was conducted to ensure that manufacture of
clinical grade cell therapy product from the target pop-
ulation of patients with ESRD was safe and feasible by
assessing full-scale manufacture for TX200-TR101 drug
product (HLA-A2 CAR-Tregs) using leukapheresis from
patients with ESRD awaiting kidney transplantation.

We found that the leukapheresis procedure was well
tolerated in patients with ESRD and that it could be fit-
ted around the patients’ routine dialysis schedule. There
was some variability in volume of apheresis and total leu-
kocyte counts in leukapheresates obtained from patients
with ESRD and commercially purchased leukapheresates
from healthy donors, but differential WBC counts in
starting materials were comparable.

We successfully obtained highly purified, naive Tregs
from patients with ESRD and confirmed the feasibility
of the subsequent manufacturing process for production
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Fig. 4 Functional activity of HLA-A2 CAR-Tregs through the target antigen HLA-A*02. a Percentage of CD69 + cells among CAR-Tregs

under conditions of no activation (negative control), polyclonal activation through the T cell receptor (TCR) with anti-CD3/anti-CD28 (aCD3/
aCDB8) coated beads (positive control), specific activation via the CAR using HLA-A*02P°* PBMC or control (incubation with HLA-A*02"9 PBMC).
Delta PBMC is the difference in percentage of CD69" cells under activation conditions of HLA-A*02P°* PBMCs versus HLA-A*02"¢? PBMCs. b Ratio
of ATP production measured by bioluminescence assay for HLA-A2 CAR Tregs activated through their TCR (positive control) versus no activation
(negative control) or HLA-A2 CAR Tregs activated with the target antigen HLA-A*02 using HLA-A2 Dextramer versus Dextramer blank (control).
Boxplots show data for batches of TX200-TR101 manufactured from patients with ESRD (n=4) and healthy donors (n=6)".The box represents

the interquartile range; the median value divides the box in two parts; whiskers represent minimum and maximum values; X represents the mean
value. Individual data points (other than minimum and maximum values) are shown as open circles. No statistically significant differences

in the means between the two populations (ESRD patients vs healthy donors) were observed. 'There was insufficient final product available from 4
of the healthy donors for all of the tests; consequently, the activation assay and the proliferation assay were only conducted on 6 out of the 10
batches manufactured from healthy donor material
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of the antigen-specific drug product (HLA-A2 CAR- quality CAR-Tregs and all batches of drug product met
Tregs). The underlying condition of patients with respect  prespecified release criteria. It was possible to manufac-
to concurrent illness, concomitant medications or dialy-  ture a batch of drug product from all 4 patients, includ-
sis did not impact on the ability to manufacture good ing a patient with underlying lymphopenia, although
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the resulting CAR-Treg cell quantity was lower for this
patient. Phenotypic markers demonstrated the high
purity of Tregs obtained from patient material and matu-
ration status markers confirmed that Tregs were predom-
inantly present in a naive status. The stability of the naive
phenotype of the CAR-Tregs was maintained on freeze/
thawing cycle. The characteristics of TX200-TR101 were
broadly comparable regardless of the source of starting
material (patient or healthy donor).

We showed that the engineered HLA-A2 CAR-Tregs
were functional in vitro. They could be successfully acti-
vated and were shown to proliferate upon engagement
with their target antigen, HLA-A*02. Furthermore, HLA-
A2 CAR-Tregs, preactivated with HLA-A*02, exerted a
dose-dependent suppressive function on Tconv prolifera-
tion in vitro. The observed percentage suppression was
lower for CAR-Tregs derived from patient material com-
pared with healthy donor material, but we consider this
more likely due to variability of the assay and different
lots of reagents used in the two sets of assays rather than
a true difference in functional activity.

We have previously published data on the in vivo effi-
cacy of the HLA-A2 CAR-Tregs in a xenogeneic graft-
versus-host disease (GvHD) model [19]. We showed that
mice injected only with HLA-A*02+PBMCs displayed
significant GvHD, quantified with increased GvHD
scores, whilst GVHD scores remained low in mice co-
injected with TX200-TR101 CAR-Tregs.

In clinical practice, it is hypothesized that after intra-
venous infusion of TX200-TR101 to HLA-A*02 nega-
tive transplant recipients who have received a transplant
from a HLA-A*02 positive donor, the HLA-A2 CAR-
Tregs will migrate into the HLA-A*02 positive graft tis-
sue, where they are expected to activate upon binding to
the HLA-A*02 MHC class I molecules expressed exclu-
sively in the allograft [7]. Upon activation, the Tregs are
anticipated to proliferate and expand within the allograft
and acquire their full immunosuppressive capacities [7].
The immunosuppressive function of Tregs is expected to
dampen effector and cytotoxic T cell activation respon-
sible for rejection of the graft whilst educating dendritic
cells to present alloantigen to donor naive T cells in a
non-immunogenic fashion and thus establish immuno-
logic tolerance. It is proposed that these effects will, in
turn, allow for the gradual reduction and potential cessa-
tion of immunosuppressive therapy, which would enable
patients to avoid the cumulative toxicities associated with
such therapies.

The tolerability and safety of Treg therapies have been
demonstrated in early phase clinical studies in trans-
plantation and autoimmune disease [20-26]. In 2020,
the ONE Study consortium published data from a series
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of studies performed in living-donor kidney transplant
recipients treated with regulatory cell therapies, includ-
ing polyclonal and donor-reactive Tregs, that showed
first evidence that immune cell therapy is a potentially
useful therapeutic approach [24]. They showed that
regulatory cell therapies are safe and that living-donor
kidney transplant recipients receiving immune cell
therapy have fewer infectious complications compared
with a reference group of kidney transplant recipients
on standard-of-care immunosuppressive therapy. Most
of the patients on cell therapy, in whom minimization
of immunosuppression was attempted, could be suc-
cessfully weaned to monotherapy within the first year
post-transplantation without an increased risk of rejec-
tion [24]. Immune monitoring of peripheral blood leu-
kocyte populations showed a return towards a state
of immune homeostasis, providing evidence that cell
therapy has positive systemic immunological effects
[24]. The two individual studies included in the ONE
Study that used polyclonal, autologous Tregs observed
excellent allograft survival 4 years after kidney trans-
plantation, along with substantial tapering of immuno-
suppressive treatments [25, 26].

Most Treg clinical studies performed to date have used
polyclonal cells expanded ex vivo. The current study
demonstrates the feasibility of collecting leukapheresate
from patients with ESRD and manufacturing a Treg cell
therapy product engineered to have specificity to a sin-
gle antigen, thereby greatly increasing the potency of the
Tregs to exert their tolerogenic effects upon encounter-
ing the target antigen, compared to antigen-nonspecific,
polyclonal Tregs.

Participants in this manufacturing feasibility study
did not receive an infusion TX200-TR101 after success-
ful manufacture of drug product. However, a first-in-
human dose-ranging study to assess TX200-TR101 in
living-donor kidney transplant recipients is now ongo-
ing (NCT04817774; STEADFAST) [7]. The STEAD-
FAST study represents the next frontier in adoptive cell
therapies, being the first clinical study to our knowledge
to administer a CAR-Treg therapy to humans. For living-
donor transplantation, the starting material (leukaphere-
sate) for manufacture of TX200-TR101 will be collected
up to 6 months before the planned date of transplanta-
tion [7]. Previous studies have shown that pharmaco-
logical immunosuppression and previous acute rejection
episodes in kidney transplant recipients do not specifi-
cally alter the frequency, phenotype, or maturation of
natural Tregs in vivo [3, 22]. Thus, patients who have
already received allogeneic kidney transplantation may
also potentially be candidates for TX200-TR101 autolo-
gous Treg therapy in the future.
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Conclusions

The manufacture of high-quality naive HLA-A2 CAR-
Tregs from patients with ESRD is safe and feasible. The
quality, yield and functional activity of the manufac-
tured drug product, TX200-TR101, were similar between
patients with ESRD and healthy donors.
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