











Figure 5 VIl enhances phenotype and function of CAR-T cells derived from B-ALL patients. (A) Graphical representation

of Tn (CCR7+/CD45RA+), Tcm (CCR7+/CD45RA-), Te (CCR7-/CD45RA-) and Tte (CCR7-/CD45RA+) subsets in CD4 and
CD8 CAR T-cells determined by flowcytometry, +SD, and percentage CD95+ positive cells, subgated from the Tn population,
+SD/individual data points. (B) Percentage CD27+/CD28+and IL2+/Granzyme—- in CD4/8 CAR T-cells at end of manufacture,
determined by flowcytometry, graphs depicting individual data points. (C) CD4/CD8 CAR fold expansion following a 7-day
co-culture with irradiated RAJI-19KO or RAJI-19WT target cell lines. +SD/induvial data points. (D) Graphs depicting % killing
of RAJI-19GFP target by NT or CAR T-cells in a 72-hour killing assay at the end of manufacture or post rechallenge where NT
or CAR-T co-cultured with RAJI-19WT targets for 7 days prior. Results from all conditions were normalized to the untreated
NT condition at each E:T ratio, graphs show individual data points. (E) Cytokine concentrations measured by CBA from day 3
of the 7-day co-culture with RAJI-19WT targets, graphs show individual data points. (F) Cytokine Strength Index, calculated
by multiplying the MFI of each cytokine with the percentage of cells producing each, grouped into effector (IFN-y/TNF-o) and
stimulatory (IL-2) in end of manufacture CD4/8 CAR-T derived from B-ALL patients in small-scale assessments, +SEM. (G)

Percentage of CAR CD4 Th1, Th2, Th17 and TREG subsets determined by flowcytometry post overnight stimulation at 1:1 with
RAJI-19WT targets, graphs show individual data points. (H) CytolD, Mitrotracker Green and JC-1 staining of CAR and CAR CD8

T-cells for autophagy, mitochondrial mass and A¥Ym, aggregate (red) to monomer (green) fluorescence assessments, depicting

individual data points. (A-H) n=6, Two tailed Mann-Whitney U test, ns p>0.05. *p<0.05and **p<0.01. (A-E, G, H) Circle symbols

on graphs represent patients in remission and square symbols represent patients with CD19+ relapse. MFIl, mean fluorescence
intensity.

B-ALL patient derived VIII-CAR in vitro showed
improved survival and expansion with and without target
(figure 5C). Contrary to what was observed in healthy
donors, end of manufacture patient-derived UT-CAR vs
VIII-CAR showed significantly higher cytotoxicity and

GZMB production (83% vs 42%, respectively). A less
significant decrease in GZMB production was seen in
VIII-CAR vs UT-CAR in healthy donors and may explain
the comparable cytotoxicity observed at the end of manu-
facture here but not in patients (online supplemental
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figure 7B). Nonetheless, similarly to what was observed
in healthy donors, VIII-CAR demonstrated significantly
improved cytotoxicity at rechallenge ‘stress’ test across all
E:T ratios, even in ALLCARI19 ‘non-responder’ patients
(figure 5D) and retained higher production of GZMB
(online supplemental figure 7B). Importantly, this was
associated with improved cytokine secretion following
RAJI-I9WT co-culture, with increases in IL-2, IFN-y,
TNF-0, and IL-6. IL-22 and IL-17A levels were increased
in some (but not all) B-ALL patient samples (figure 5E),
and while significant increases in IL-4 and IL-10 were
observed, overall concentrations were low.

In healthy donors, we showed that VIII positively
impacts  polyfunctionality, predominantly through
increased production of the effector cytokines IL-2,
IFN-y, and TNF-0, (figure 3C and online supplemental
figure 4). In B-ALL patient-derived CAR-T products, we
measured cytokine secretion following overnight stimu-
lation with RAJI-I9WT targets using intracellular flowcy-
tometric analysis. Results revealed a significant increase
in the levels of the effector cytokines IL-2, IFN-y, TNF-c,
in both VIII-CAR CD4 and CDS8 conditions (figure 5F
and online supplemental figure 7A). While some patient-
derived VIII-CAR products demonstrated an increase
in Th1 and Th17 subsets (akin to healthy donors), this
was variable between patients. No enrichment for Th2 or
TREG subsets was observed in patient-derived VIII-CAR
products (figure 5G).

Analysis of autophagy, mitochondrial mass and A¥m in
patient-derived VIII-CAR showed a significant increase in
autophagic vesicles by CYTO-ID, a significant reduction in
mitochondrial mass by MitoTracker Green, and a marked
increase in AWm by JC-1 assessment (figure 5H), demon-
strating that a profile for metabolic fitness and autophagy
can be induced even in poor quality patient material.

Together, this suggests that modification of manufac-
ture to incorporate VIII has the capability to functionally
enhance patient products that are otherwise at risk of
CD19+relapse.

AKTi VIII can be scaled to produce superior AUTO1 patient
products on the CliniMACS Prodigy

To test whether the desirable phenotypic and functional
profiles of VIII-CAR in vitro and in vivo can be repro-
duced at clinical scale, we used surplus leukapheresis
from three B-ALL patients on ALLCARI9 and manu-
factured VIII-CAR in parallel with the conventional
trial manufacture process using the CliniMACS Prodigy.
Despite a reduction in T-cell expansion with VIII, scaled
manufacture comfortably generated the 410x10° AUTO1
target dose specified on study. VIII-treatment showed
similar transduction efficiency to the standard manu-
facture process, but with non-significant trends toward
enrichment for Tscm/Tcm subsets, increased effector
cytokines IL-2, IFN-y, TNF-o. (figure 6A—-C) and a reduc-
tion in GZMB which increases in VIII-CAR at rechallenge
(online supplemental figure 7C,D). To assess function in
vivo, we tested products manufactured from a trial patient

with CD19+relapse in an NSG NALM6 mouse model in
three cohorts: 1x10° NT/UT-CAR/VIII-CAR. Bi-weekly
BLI revealed improved tumor control (figure 6D,E) and
survival (figure 6F) in all mice treated with VIII-CAR over
UT-CAR, suggesting that VIII in clinical-scale manufac-
ture can restore functionality and improve efficacy even
in heavily pretreated patients.

DISCUSSION

Preclinical studies of adoptive T-cell immunotherapy
show that Tscm/Tcm subsets provide greater proliferative
capacity, enhanced metabolic fitness and superior anti-
tumor responses than Te/Tte subsets in patients.* * *!
Thus, to improve CAR-T products, several studies have
sought to modify manufacture to promote Tscm/Tcm
skewing, through the inclusion of small molecule inhibi-
tors targeting T-cell differentiation,' "> 1°**#* where the
PI3K inhibitor BBO07 has been used in CAR-T manufac-
ture for a multiple myeloma trial (NTC03274219).*

VIII-driven AKT inhibition during FMC63-CD28z
CD19CAR manufacture has been shown to generate
early memory Tecells with enhanced antitumor efficacy.'”
Mousset et al cautioned against its use in mixed CD4,/CD8
cultures due to the risk of a Th2-skewed final product."
In contrast, we observed a VIll-associated skew toward
Thl and Th17 polarization in AUTOI1, without a signal
for Th2/TREGs. The different results may be explained
by variations in experimental conditions including choice
of effector cells (CAR-T vs unmodified T-cells), strength
in T-cell activation protocols and the VIII concentrations
tested."

Th1/Th17 polarization is desirable for adoptive cell
therapy. Thl subsets secrete IFNy, enhance CD8 expan-
sion and improve antitumor activity.” * Th17 subsets
have similar antitumor properties to Thl, but with a less
differentiated phenotype, harboring plasticity under
conditions of repetitive stimulation.” Previous studies
implicate ICOS in the induction and regulation of Th1/
Th2 and Th17 responses.”® * Here, transcriptomic anal-
ysis of VIII-CAR CD4 T-cells showed enrichment for
ICOS, supporting this hypothesis. Together, this data
strongly favors the integration of VIII into mixed CD4/
CD8 cultures for the generation of AUTOI. A funda-
mental question for this project was whether the benefits
conferred by VIII on CAR-T phenotype/function were
unique to CD28z endodomain CAR-T constructs, as the
majority of testing has been conducted in CAR-T models
bearing CD28z endodomains, manufactured at small
scale with IL-2 supplementation and dynabead/soluble
CD$ antibody protocols.' * 1 # CD28 signaling is more
heavily dependent on AKT than 41BB signaling, such that
the impact of VIII on 4-1BBz endodomain CAR-T models
cannot be directly inferred from CD28z data.® % Thus,
for biological relevance to the AUTOI1 program, where
the CAR construct is designed with a 41BBz endodomain,
and where manufacture incorporates TransAct activa-
tion and IL-7/IL-15, we have tested GMP-grade VIII ex
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Figure 6 VIl can be scaled to produce superior AUTO1 patient products on the CliniMACS Prodigy. (A) Total number of T-cells
and CAT CAR transduction percentage at the end of scaled manufactures with (VIIl) or without (UT), individual data points+SD.
(B) Graphical representation of Tn (CCR7+/CD45RA+), Tcm (CCR7+/CD45RA-), Te (CCR7-/CD45RA-) and Tte (CCR7-/
CD45RA+) subsets in CD4 and CD8 CAR T-cells determined by flowcytometry, +SD and percentage CD95+ positive, subgated
from Tn population, +SD/induvial data points. (C) Cytokine Strength Index of effector (IFN-y/TNF-o) and stimulatory (IL-2)
cytokines at the end of manufacture in CD4/8 CAR-T derived from B-ALL patients in prodigy scale assessments, +SEMand
percentage of cells producing GZMB in total CAR-T at end of manufacture and rechallenge +SD. (A-C) n=3, Two-tailed Mann-
Whitney U test, ns p>0.05. (D) Tumor burden measured by bioluminescent imagining (BLI) in NALM6 tumor established mice

treated with NT T-cells or CAR T-cells manufactured with (VIIl) or without (UT) Akt VIII +SEM. (E) Overall survival of mice. (F)
Representative BLI images of 4 mice pre NT/CAR treatment (day 4) and post (day 10/17). (D-F) Cells derived from one ALL
patient, n=5 mice per group. Two-way ANOVA corrected for multiple comparisons by Tukey’s test on log transformed data, ns
p>0.05, **p<0.001 and ****p<0.0001. Differences in survival were determined using Mantel Cox test. CAR, chimeric antigen

receptor. ANOVA, analysis of variance.

vivo with a view toward enhanced clinical scale CAR-T
manufacture.

Consistent with the CD28z-CAR preclinical data, VIII-
treated AUTO1 products showed transcriptional depen-
dence on FOXOl,31 Tscm/Tem enrichment, superior
in vitro expansion, enhanced cytotoxicity and superior
tumor control in vivo."” '® This commonality of readout
despite differing CD19-binding scFv moieties and
different endodomains suggests a broadly applicable

mechanism of action, agnostic to CAR structure. Of note,
discrimination of the functional benefits of VIII was not
obvious here in vitro by conventional cytotoxicity assay,
but instead by our novel rechallenge stress test and the
readouts from the Isoplexis polyfunctionality platform.
Together, these assays delineated the biological advan-
tages of VIII in AUTOI manufacture and highlight the
importance of potency assessment when investigating
potential changes in CAR-T manufacturing protocols.

12

Mehra V, et al. J Immunother Cancer 2023;11:€007002. doi:10.1136/jitc-2023-007002

1ybuAdos Aq
Pa108101d "$80IMIBS Areiqi 10N ¥e €207 ‘6T Jequisidas uo /wod fwg onl:dny wouy papeojumoq "£Z0Z Jequialdas €T U0 Z00L00-£20Z-0M/9ETT 0T Se paysiignd 1siy 11soued Jsylounww| ¢


http://jitc.bmj.com/

In our analysis, VIII was associated with an autophagy
signature in CAR T-cells. Autophagy plays an important
role in the generation and maintenance of memory T-cell
during contraction.”’ ** This is likely to be important
for CAR-T efficacy, as high circulating Tn/Tcm and
CCR7+CD27+ populations positively correlate with anti-
tumor response.”**® Here, VIII-treated cells also displayed
hybrid features of longevity (Tcm), with an increase in
FAO and effector (Te) function, with high-A¥m (ie,
high stored energy contributing to enhanced effector
function®)but without an overt change in glycolysis or
SRC.” These findings identify multiple active metabolic
pathways required to support the energy requirements
of rapid activation, expansion, and longevity in VIII-CAR
CD8s. Together, these data support the integration of VIII
into the AUTOI1(41BBz) CAR-T manufacture process.

A focus for this project was whether VIII could
potentially rescue product phenotype and function in
ALLCARI9 study patients where AUTOI1 on trial did not
confer durable persistence/response. To this end, we
evaluated leukapheresis material from patients on the
ALLCARIY9 study with and without durable remissions.
Despite a paucity of Tn and CD27+/CD28+ subsets in
B-ALL patient leukapheresis material compared with
healthy donor material, VIII exposure ex vivo appeared
to enrich for desirable Tscm/Tcm subsets and yielded
functionally superior AUTO1 products in vitro and in vivo
compared with UT-CAR. This was particularly notable in
patients with CD19+ relapse on study. These data further
support the integration of VIII into the AUTO1 CAR-T
manufacture process and may be particularly valuable for
patients with impaired T-cell fitness who are potentially at
higher risk of relapse with conventionally manufactured
CAR-T.

There are no current CAR-T clinical trials using VIII-
cultured products, which may in part be due to a lack of
access to cGMP grade VIII. Through an academic collab-
oration with Professor Harry Dolstra at the Radboud
University Medical Center, we have been able to access
cGMP grade VIII for scale-ups and process development
work. We identified 2.5 pM VIII as the optimal concen-
tration for functional benefits. The higher concentra-
tion affected expansion more so than 1 pM used in other
CAR-T studies,15 16 however, CAR-T doses as stipulated for
the ALLCARI19 trial were reached for all patient products
manufactured atscale with 2.5pM-VIII. Expansion is recog-
nized to drive differentiation”; in limiting excessive and
unnecessary expansion ex vivo, we may protect AUTOI1
products from terminal differentiation. This data illus-
trates that VIII can be integrated into the cGMP AUTO1
CAR-T manufacture process without compromising yield,
even in poor quality patient starting material.

While in this study we demonstrate that addition of
VIII enhances phenotype and performance of AUTOI
products, we continue to question how VIII-based culture
compares with other CAR-T manufacturing advances such
as shortened manufacture protocols (1-5days),*** some
without a T-cell activation step,*. Biotech companies such

as Novartis (Tcharge),”® and Gracell Biotechnologies
(F—CAR—T)57 have developed a shortened manufacture
process to 1-4days in vitro. This approach has potential
advantages of less time in cGMP with subsequent impacts
on lowering costs of staff/room hire per product and a
reduction in vein-to-vein time, critical for patients with
rapidly progressive chemo-refractory disease. From a
product perspective, shorter ex vivo expansion in the
absence of CD3/CD28 activation is proposed to preserve
T-cell stemness in the final product.”®®’

As the technology stands, shorter manufacture proto-
cols possess several challenges which may impede their
broad deliverability into the clinic. First, much higher
T-cell numbers are required at baseline for a non-
expansion protocol, and this may be difficult to obtain
from lymphopenic patient leukapheresis. Second, high
viral vector volumes are required to modify large cell
numbers ex vivo, thus negatively impacting the cost per
patient product, as vector is the most expensive compo-
nent of current CAR-T manufacture processes. Third,
Tn/Tscm subsets are often under-represented in patient
leukapheresis, particularly in heavily pretreated, older
patients.5 623

By contrast, VIII-based manufacture does not require
higher starting T-cell numbers, nor higher vector
volumes, and consistently yields Tn/Tscm/Tem enrich-
ment, even in heavily pretreated patient starting mate-
rial. In our hands, AUTO1 characterization as early as
day 4 of the manufacture process shows a significant
difference in Tscm populations between VIII and UT
cultures, suggesting a tangible benefit from VIII, even in
short duration manufacture, and the integration of VIII
in shortened manufacture protocols is worthy of further
investigation.

In summary, we have shown that VIII can improve the
phenotype and functionality of AUTOI in both healthy
donor and B-ALL patient material, with gains observed
in patients who experienced CDI9+ relapse on the
ALLCARI1Y study. It is possible that VIII-based manu-
facture may help to prevent CD19+ relapseand CAR-T
failure for future patients. Based on this data, we have
developed a ¢cGMP manufacture process incorporating
VIII which is currently being tested in a UCL CAR-T trial
of multiple myeloma (NCT04795882) with plans to inte-
grate this into other CAR-T trials.
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Supplementary Figure 1. Comparison of VIII (Merck) vs VIII-GMP (Ardena) and titration of VIII-
GMP.

(A) Total T-cell fold expansion by the end of manufacture at Day 8 (B) % Tcm subset in CAR CD8s
at Day 8, determine by flowcytometry as (CD62L+/CD45RA-) and (CCR7+/CD46RA-). (C)
Extended phenotyping depicting % CD27+/CD28+ cells characterised by flowcytometry.
Representation flowcytometry plots from one donor in the UT and 1uM VIII-GMP are depicted to the
right. (D) CD4/CD8 CAR fold expansion following a 7-day co-culture with irradiated RAJI-19WT
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target cell lines. (E) Graphs depicting % killing of RAJI-19GFP target cells post rechallenge of NT or
CAR T-cells in a 72-hour killing assay. Results from all conditions were normalised to the untreated
non-transduced (NT) condition at each E:T ratio. All data sets compare 1uM VIII-Merck and 1pM
VII-GMP. VIII GMP is further titrated to 2.5uM and 5uM at n=2 per condition + SD and/or

individual data points.
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Supplementary Figure 2. Summary of CAR-T phenotype throughout manufacture.

Graphical representation of Tn (CCR7+/CD45RA+), Tcm (CCR7+/CD45RA-), Te (CCR7-/CD45RA-
) and Tte (CCR7-/CD45RA+) subsets in total CAR T-cells determined by flowcytometry, + SD at
baseline and throughout manufacture. Statistical comparisons were made against paired UT sample in
each subset at matched timepoints, n=6. Two tailed Mann-Whitney U test, ns P>0.05, *P<0.05 and **
P<0.01.
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Method: Systemic leukaemia was established via intravenous injection of 5x10° NALM6-FLUC
followed by 5x10° non-transduced (NT) or CAR T-cells 4 days later. Tumour burden was measured
bi-weekly via bioluminescent imaging (BLI) using the IVIS spectrum in-vivo imaging system (Perkin
Elmer) following intraperitoneal (IP) injection of 2mg D-luciferin in 200ul PBS. Photon emission
from NALMG6 cells was measured as photons/sec/cm?2/steradian. Mice were humanely euthanised Day
21 and spleen/bone marrow samples were harvested in cold Hanks Balanced Salt Solution (HBSS)
(Sigma Aldrich) for downstream analysis. Spleens were gently pressed over a 70um and subsequently
a 30um cell strainer to dissociate. Bone marrow was flushed with PBS from femoral shafts over a
70um and subsequently a 30um cell strainer. CountBright™ beads were added to samples to
determine absolute cell numbers, and flowcytometry was performed on the BD LSRFortessa™ and

analysed using FlowJo v10 software.
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Supplementary Figure 3. In-vivo model and CAR T-cell analysis from mouse spleen and bone

marrow at Day 21.

(A) Tumour burden measured by bioluminescent imagining (BLI) in NALM6 tumour established
mice treated with non-transduced (NT) T-cells or CAR T-cells manufactured with (VIII) or without
(UT) + SEM (B) Residual percentages of total T-cell and tumour cells in mouse spleen and bone
marrow at Day 21, depicting individual data points (C) Percentage of CAR+ CD4/8 in spleen and
bone marrow at Day 21 in NALMG6 tumour established mice treated with UT/VIII CAR T-cells,
depicting individual data points. (D) Frequencies of CCR7+/CD27+ in total CAR T-cells and
CD27+/CD28+ in CD8 CAR T-cells in bone marrow of mice treated with UT/VIII CAR T-cells,
depicting individual data points. (E) Graphical representation of Tn (CCR7+/CD45RA+), Tcm
(CCR7+/CD45RA-), Te (CCR7-/CD45RA-) and Tte (CCR7-/CD45RA+) subsets in total CAR T-cells
from bone marrow determined by flowcytometry, = SD. (A-E) Cells derived from one healthy donor,
n=4 mice per group. (A) Two-way ANNOVA corrected for multiple comparisons by Tukey’s test on
log transformed data, ns P>0.05 and ** P<0.01. (B-C) Two-way ANNOVA corrected for multiple
comparisons by Bonferroni’s test, ns P>0.05. (D-E) Two tailed Mann-Whitney U test, ns P>0.05.
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Supplementary Figure 4. PAT PCA of polyfunctional profiles.

Polyfunctionality Activity Topography (PAT), Principal Component Analysis (PCA) of CD4 and
CD8 T-cell subsets demonstrating primary polyfunctional profiles where radius is proportional to
secretion frequency. Determined using Isoplexis™ platform, following 20-hour 2:1 RAJI-I9WT:CAR

stimulation, n=4.
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Supplementary Figure 5
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Supplementary Figure 5. CAR T-cell transcriptome signature

(A-B) Heat map representation of transcripts specific to cell activation, FOXO1 and effector function
in CD8 CAR T-cells and FOXO1/co-stimulatory transcripts in CD4 CAR T-cells. Colour represents
low to high transcript expression. Rows are specific to each gene and columns highlights expression
in each donor following UT/VIII manufacture. Only significantly differentially expressed pathways

and genes are included in figures at a p<0.05 cut off.
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Supplementary Figure 6. Phenotype analysis of baseline T-cells derived from healthy donor and B-
ALL patients.

(A) Graphical representation of Tn (CCR7+/CD45RA+), Tcm (CCR7+/CD45RA-), Te (CCR7-
/CD45RA-) and Tte (CCR7-/CD45RA+) subsets in total T-cells from healthy donor (HD) and B-ALL
patients at baseline determined by flowcytometry, = SD. (B) Percentage CD27+/CD28+ in total T-
cells from healthy donor (HD) and B-ALL patients at baseline, depicting individual data points. Black
squares in patient group represent patients in remission and red squares represent patients with CD19+

relapse. (A-B) n=6, Two tailed Mann-Whitney U test, ns P>0.05 and ** P<0.01.
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Supplementary Figure 7. Intracellular cytokine production

(A) Pie chart of proportion of intracellular cytokines measured by flowcytometry following RAJI-
I9WT stimulation in B-ALL patient CAR-T manufactured at small-scale. Arcs represent proportion
of single or polyfunctional secretion. (B) Percentage of total CAR-T producing GZMB in healthy
donor (HD) or B-ALL patient in small-scale assessments at the end of manufacture or at rechallenge
using CAR-T co-cultured with RAJI-19WT targets 7-days prior, = SD. (C) Pie chart of proportion of
intracellular cytokines measured by flowcytometry following RAJI-I9WT stimulation in B-ALL
patient CAR-T manufactured at Prodigy scale. Arcs represent proportion of single or polyfunctional
secretion. (D) Percentage of total CAR-T producing GZMB in B-ALL patient Prodigy-scale
assessments at the end of manufacture or at rechallenge using CAR-T co-cultured with RAJI-1I9WT
targets 7-days prior, = SD. (A-B) n=6. (C) n=3 (B) Two tailed Mann-Whitney U test, ns P>0.05.
*P<0.05 and ** P<0.01. (D) n=3, Two tailed Mann-Whitney U test, ns P>0.05.
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