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The Incredible Story of Emily
Whitehead & CAR T-Cell Therapy

2012 first anti-CD19 CAR-T cell treatment
Acute lymphoblastic leukemia
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Claudin18.2-specific CAR T cells in gastrointestinal
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phase 1 trial interim results
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CD4+CD25+Foxp3+ Tregs: Master controllers of Immune &
Tissue homeostasis

Mutations in Foxp3 result in systemic AP"?‘“‘S
autoimmunity (IPEX) e,
Several autoimmune disease have a freﬂecto?; et [0
dysfunctional Tregs (e.g. T1D, MS, SLE, IBD) Tryptophsn bC *.\ #  (Neuteopnit) | 00 | SXci
Dt % SOCS3
)hl!\l‘,’lﬂ:‘ HO-1
IDO
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Promoting tissue repair & tissue homeostasis

Require activation through their TCR but can exert bystander suppression

TNFa



Adoptive transfer of Tregs “resets” immune responses in

Transplantation

multiple pre-clinical models

Autoimmunity / Inflammation

Recent-onset diabetes Toxin-induced colitis

(Jaeckel et al. 2005)

(Blat et al. 2014)

MHC-mismatch heart Tx MHC-mismatch islet Tx
(Tsang, Lombardi et al. 2008) (Lee et al. 2014)
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Adoptive Treg transfer in transplantation: rationale

Transplantation outcomes depend on the balance
between effectors and regulators

Immune Regulation is self-perpetuating

Local intra-graft regulation (or tissue adaptation) is
required for long-term engraftment



Adoptive Treg transfer in transplantation: dose,
specificity and lymphodepletion

Islet allograft, DST, Cy lymphodepletion and Ag-specific Tregs Lee etal. Am J Transplant 2014; 14: 27-38
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Depletion of Teffs + 5M of graft-specific Tregs  + 25-30M of polyclonal Tregs
without Tregs



Clinical trials using Tregs (2020)

Indications of Treg Trials
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Prevention of GVHD after HSCT using T-cell reduced allografts

Grade 23 Acute GvHD

Percent with Grade >3 aGVHD
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Induction of operational tolerance in living donor liver transplantation

Recipient

.I‘rradiated donor
eee PBMCs

oo

>

PBMC +/-
Splenocytes

Case Di.sease
Etiology
#1 HCV
#2 alcoholic
#3 NASH
#4 HBV, HCC
#5 PBC
#6 PSC
#7 NASH, HCC
#8 alcoholic
#9 PBC
#10 NASH, HCC

>
A
Anti-CD80 +
anti-CD86

cp
(mg/kg)

50
50
30
40
40
40
40
40
40

40

Infused cells
Total (x108)

6.1

254

7.9

24.5

6.3

7.0
5.9

12.0

Anergic lymphocytes
with donor-specific
suppressive capacity

Infused cells
CD4*CD25* (x107)

3.1
46.6
9.4
441

4.3

30.4
33

28.9

'HEPATOLOGY VK’TSLW

HEPATOLOGY, VOL. 64, NO. 2, 2016

A Pilot Study of Operational Tolerance
With a Regulatory T-Cell-Based

Cell Therapy in Living Donor

Liver Transplantation

Satoru Todo,'” Kenichiro Yamashita,'” Ryoichi Goto,” Masaaki Zaitsu,” Akihisa Nagatsu,? Tetsu Oura,” Masaaki Watanabe,”
Takeshi Aoyagi,” Tomomi Suzuki,? Tsuyoshi Shi * Toshiya Kami ? Norihiro Sato,* Junichi Sugita,®
Kanako Hatanaka,® Hisashi Bashuda,” Sonoko Habu,” Anthony J. Demetris,* and Ko Okumura’

Cyclophosphamide
(40mg/kg)
Day 5

Cell infusion
Day 13

Initiation of
drug weaning Complete drug
(month 6) Withdrawal

(month 18)
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Update 2019: out of the 7 tolerant patients, 1 patient died with normal liver tests; 6
patients are alive and off drugs (longest follow-up: 8 years off medication)



Trials of Immunosuppression Withdrawal and Spontaneous
Operational Tolerance in Liver Transplantation

Number of Success Rejection
Year Author AcuteIChronlc Graft loss (%)
patients A
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(IWITH trial)

Mazariegos

Devlin
Girlanda

Takatsuki
Pons
Eason
Tryphonopoulos
Tisone
Assy
Feng

Benitez

Garcia de la
Garza

Bohne

Shaked

Feng

18

26

21

18

104

34

26

20

102

24

34

76

88

20% of selected adult recipients

16.7

23.8

38

5.6

19

234

60

42

62.5

50

14

38

26/0

28/5.6

12/0

22/0

61/0

67/1.9

76.4/0

58/0

35/0

58/0

33/0.04

44/0

90

40

5.6



Spontaneous operational tolerance in stable liver Tx
recipients: a unigue experimental medicine model to study
human immunology

Stable liver
recipient
Immunosuppression 12 month
withdrawal follow-up .
6-9 months Stable liver
»  function & = TOLERANT
‘ normal histology

Abnormal LFTs
REJECTION

1999 Priority:
| Tolerance trials in kidney Tx
Immune

Tolerance 2022 Priority:
Network Tolerance trials in liver Tx



Percent survival

Late mortality in liver transplant recipients
(>1 year after transplantation)

100,
75+
- 2-3% yearly mortality
—< 1997
~--+1997 - 2000
25- —2000 - 2003
~--> 2003
0 .
1 8

Years to Censor

15

CAUSES OF DEATH (69% non-liver related)
* malignancy
* infection,

* multisystem failure
+ cardiac events
+ graft failure

UK Transplant Database
Gelson et al. Transplantation 2011



Clinical trials in liver transplantation tolerance at King’s (2014-2022)

0 Depletion
1 - ThRIL & polyclonal Treg
(MRC-DPES) transfer
9 - LIBERATE
LITE (Quell Therapeutics)
3 (MRC-DPFS) Depletion &
4 - Low-dose IL-2 L IFT CAR-Treg transfer
expansion of (NIHR-EME)
5 T endogeneous Tregs
Biomarker-
6 - guided drug
withdrawal
7 —
>8 =
v
Years
from Tx

Low immunological risk patients (no autoimmunity / no sub-clinical rejection)



Autologous Treg transfer: manufacture approaches

Polyclonal Treg Cell Tx
Transient Treg response, lack of

Non-specific
1st Gen expansion of persistence

endogenous Tregs Demonstrated safety in the clinic, signs of
efficacy in GvHD

Expansion of * Requires availability of antigenic targets

2nd Gen Donor-s pecific  Significant manufacturing challenges
Tregs * Clinical efficacy seen in Liver Transplantation

» Disease site-specific Treg activation via CAR/ TCR
» Engineered for Treg stability & enhanced function
» Scalable, robust manufacturing process

Engineered
34 Gen Treg Cell Therapy




GMP MANUFACTURE OF POLYCLONAL TREGs AT KING's

Polyclonal
Treg

expansio:
— CliniMACS

‘Immunomagnetic
selection

>100-fold expansion

aCD3/CD28 + IL2 aCD3/CD28 + 1.2 aCD3/CD28 +IL2
+ rapamycin + rapamycin + rapamycin
D Day 12 Day 24 D
pmc 00 2y ay ay 36
CD8+ depleted I I ! Cryopreservation
CD25+ enriched Feeding with IL-2 + Feeding with IL-2 + Feeding with IL-2 +
rapamycin every 2 rapamycin every 2 rapamycin every 2 FACS
days days days
100nM rapamycin v v 4 Phenotyp.e,
500iu/ml IL-2 suppressive
function,
stability

GIOVANNA
LOMBARDI

Release Criteria

>60% CD4+*CD25*FOXP3* and <10% CD8"
Bead removal (<100 x 3M)
Suppressive function (>60%)

Viability (>70%)
Sterility Safinia N. et al. Oncotarget 2016;7(7):7563-77

Clinical trials:
ThRIL
One Study
Two Study
GameChanger




‘ThRIL’: Single-arm phase | trial assessing the safety and biological
efficacy of ex vivo expanded polyclonal Tregs

Treg

~_manufacture_ 3x3 dose escalation design
-~ l 1 million Tregs/kg
e 4.5 million Tregs/k
ATG gsikg
L ! !
MRC | counci Treg isolation i 58 ng/ml i Sirolimus
at the_ time I 1
tr:LIsl‘;;?;nt R i 25 ng/mi Tacrolimus
(150mL blood) Month 3 Mor;th 12
16 months recruitment period
>
414 Patients . 32 Patients . 17 Patients . 7 Patients 3 Patient
Screened Eligible Consented l Transplanted Dosed
Logistical reasons Complications 2
Clinical Deterioration Failure to manufacture 2

minimum dose
Marginal DCD Graft

Sanchez-Fueyo A. et al. Am J Transplant 2020 Delisted

NoBR NN



‘ThRIL’: Single-arm phase | trial assessing the safety and
biological efficacy of ex vivo expanded polyclonal Tregs

ThRIL

Amended trial design: 6 patients dosed at 4.5 million Tregs/kg

Treg isolation
Enrolment (leukapheresis)

A4

Liver
Transplant

- Tacrolimus Serum Levels <5 ng/ml
<>
6-12 A A Months
Months Liver Treg

Biopsy Infusion

Sanchez-Fueyo A. et al. Am J Transplant 2020



‘ThRIL’: Immunomonitoring results

CD25highCD127- CD25highCD127-
1 million Treg/kg dose 4.5 million Treg/kg dose
30 15
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Sanchez-Fueyo A. et al. Am J Transplant 2020
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Bluestone J et al. Sci Transl Med 2015



ThRIL

‘ThRIL’: Immunomonitoring results

DONOR SPECIFIC HYPO-RESPONSIVENESS WITH PRESERVED
AND ANTI- CMV T CELL RESPONSES

Alloimmune responses
(low dose Tregs)

CMV responses

Alloimmune responses g
(high dose Tregs)

(high dose Tregs)

® Donor 50 n ] ® pp65 .
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40 = Thirdparty 0] l = PVA 0 . ]
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Sanchez-Fueyo A. et al. Am J Transplant 2020
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Creating 3™ generation Treg products:
multi-modular engineered Tregs

1st Gen

* Polyclonal Treg Cell

Tx or IL2 Muteins

» Transient Treg
response, limited
efficacy

2nd Gen

* Limited to diseases

with defined
antigens
* Clinical efficacy
seen in Liver
Transplantation
(Todo et al.)

39 Gen

Engineered Treg Cell Therapies

Engineered natural Tregs :

* Natural Tregs confer stability and functional potency
* Chimeric antigen receptor technology provide Ag specificity




CARs effectively promote the trafficking of Tregs to the target
tissue

PBMC PBMC PBMC

hA2 mA2 hA2 »
\[ A 5 ﬁ @ oo

| 1.V. injection of
Nsesaﬁ':rg:]’:slfm CAR*luciferase* Tregs
@ i and PBMCs

NSG + HER2-CAR
A2+ -=- mA2-CAR
100 —+— hA2-CAR H1k2

CAR-Tregs
Experiment

-

Ratio of luminescence
(A2'/A2 skin graft)
)
I\W

o
-

o

5 10 15 20 25
Days post Treq iniection

* Local accumulation, long-term persistence in lymphopenic host

* Unspecific CAR-Tregs also home, but do not persist in the allograft

. Radighce
(p/secicnfff/sr

Dawson et al. JCI Insight. 2019;4(6):123672



Treg engineering: from CARs to TRUCKSs &
more...

1st 2nd 3rd 4th
GENERATION GENERATION GENERATION GENERATION
(TRUCKs)

Ag specificity Stability & persistance
(TCR, CAR) (Foxp3 lock, I1L-2)

=

-
Safety Immunogenicity l ] l
(SUICIde SWItCh) (Oﬁ the Shelf) CD28/0X40/ cD28 CD28/0X40/
4-188 4-1BB
. 0X40/4-188
Regulability Functional ooy -
(replacement of endogenous improvement - o
TCR, SynNoth technology) (citokines) st exokines

BIOTECHNOLOGY
MIT
Technolog - : '
st Genome engineers made more than 13,000

CRISPR edits inasingle cell

A team at George Church’s Harvard lab wants to redesign species with large-
scale DNA changes.




QEL-001 LIBERATE Study: Phase I/ll Trial in Liver
pv— Transplantation

scFv

Megan Levings Giovanna Lombardi Elmar Jaeckel

VANCOUVER KING’S COLLEGE LONDON HANNOVER
(MacDonald et al. JCI 2016) (Boardman et al. AJT 2017) (Noyan et al. AJT 2017)

25% of our Tx population — mismatched for HLA-A2

SYSTEMIC WEAN TO
IMMUNOSUPPRESSION IMMUNOSUPPRESSION
FREE
: Autologous =
FOXP3+ Tregs Engin%rer:f; CAR-

z Proprietary / _
Apheresis Sorting Step B - @3
Proprietary c;@ Xz P iet Adopti
Transduction e s 0 g -y roprietary optive
Quell QEL-001 Ex-vivo & Cryopreservation transfer

Expansion Process Tech

Recipient HLA-A2- Vector
Donor graft HLA-A2+



QEL-001 Immune monitoring

Manufacturing Translational Immune Monitoring Clinical efficacy

Can we generate Do the CAR-Tregs Do the CAR-Tregs How do the CAR- Can CAR-Tregs

highly functional accumulate and maintain a stable Tregs modulate induce operational
CAR-Treg cells persist in target suppressive the immune tolerance /

in GMP process? tissue? phenotype? response? successful IS wean?

Serial biosample collection for each patient
Multiple liver biopsies
Peripheral blood collection

Extensive platform of immune monitoring
assays

Phenotypic characterization
Transcriptomic profiling

Treg functional assays

Que"Tx



Organ specific CAR-Tregs

Active

Sugar ligand (S)

Carbohydrate recognition
domain (CRD)

Stalk region

Transmembrane domain

Cytoplasmic domain

2 homologous subunits: H1 major, H2 minor
Expression on sinusoidal surface of hepatocytes
C-type lectin

Mediates endocytosis of plasma glycoproteins (with
removed terminal sialic acid residue on carbohydrate
moieties). Target in autoimmune liver disease.
Expression in inflammation/cirrhosis: increase in

expression (HepG2)

ASGPR1

©00 000 -

The ProteinAtlas



SUMMARY

Liver transplantation — unique experimental medicine model to
investigate the properties of immunomodulatory cell therapies.

Safety of polyclonal and antigen-specific Treg preparations

Engineered Tregs — strong pre-clinical rationale / safety /
pleiotropic immunosuppressive properties / manufacturability

Questions to be addressed — cell number, conditioning,
trafficking, longevity, overall potency, mechanism of action.
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