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Background: Engineering T cells by means of a chimeric antigen receptor (CAR) have recently provided
potentially therapeutic efficacy in different clinical trials with hematological cancers [1-2]. CARs generally
comprise a single-chain variable fragment from antibody (scFv) for tumor recognition coupled to an
intracellular CD3 signaling domain and, depending on the CAR generation, one or two co-stimulation
signaling domains (e.g., CD28 or 4-1BB) [3]. Following the engagement of the CAR with its target, a specific
immune response is triggered resulting in the tumor cell killing.

NK cell activating receptors (e.g., NKG2D and NKp30) used for CAR design represent a valuable tool for
tumor elimination. Indeed, many NKG2D ligands are expressed at the surface of transformed cells yet
absent in healthy tissues [4-5]. For instance, B7H6, a stress-induced ligand for the NK-activating receptor
NKp30, is widely expressed at the surface on different tumor cell lines and some human cancers, while it was
shown absent on normal tissues under steady state conditions [6-7]. Therefore, B7H6 CAR T-cell strategy
would represent an attractive approach to target a broad range of cancers.

RESULTS

B7H6 CAR designs and expression in human T cells

Celyad's B7H6-specific CARs were constructed by fusing the single chain-variable fragment (scFv) derived
from a mouse (m) or human (h) antibody against B7H6 (called TZ47.39) to human CD28 hinge (H),
transmembrane (TM) and cytoplasmic (CYP) domains, followed by a 4-1BB cytoplasmic domain for 3™
generation CARs and a human CD3C cytoplasmic domain [8] (Figure 1A). This B7H6-specific CAR sequence
was fused to a furin cleavage site T2A in frame with a truncated human CD19 (tCD19) serving as a surrogate
marker of CAR expression. B7H6-specific CAR/T2A/tCD19 cassette has been cloned into the MMLV-
derived retroviral backbone (pSFG).

In order to assess the surface expression of the anti-B7H6 CARs, transduced human PBMCs were stained
with anti-CD19 and anti-CD3 antibodies and analyzed by flow cytometry. As shown in Figure 1B and C, 2@
generation anti-B7H6 CAR has a better transduction efficiency compared to 37 generation CARs (up to 40%
and 20% respectively).

B7H6 expression on tumor cell lines

A panel of human cancer cell lines representative of various tissues was screened for B7H6 expression in
order to identify potential targets for anti-B7H6 CAR T cell therapy. B7H6-specific mRNA levels were
assessed by gRT-PCR (Figure 2). B7H6 presented a heterogenous expression profile among different
cancer cell lines, ranging from 0,12 in human breast adenocarcinoma MCF-7 cells to 6,11 in human
neuroblastoma IMR-32 cells. Five out of ten cell lines showed a high B7H6 expression (superior to 1), namely
Colo 205, IMR-32, K562, Raji and Ramos. Hela, PANC-1 and HDLM-2 cells had an intermediate expression
level (between 0,5 and 1), while Ovcar-3, and MCF-7 displayed the lowest levels of B7H6 expression (inferior
to 0,25).

2"d and 3" generation B7H6 CARs-mediated IFNy production

To compare the ability of 2" and 3" generation B7H6-CAR T cells to produce IFNy in response to tumors
cells, a co-culture of Mock or B7H6-specific CAR T cells and K562 or PANC-1 cells was realized. As illustrated
on Figure 3, IFNy release was observed when B7H6-specific CAR T-cells were challenged with the tumor
cells. However, the IFNy production was higher by anti-B7H6 2"? generation CAR T-cells compared to 3
generation CARs for both tumor cell lines.

FIGURE 1: Design and expression of anti-B7H6 CARs
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FIGURE 4: /n vitroIFNy production and cytotoxicity mediated by B7H6 -
specific CAR T cells in response to cancer cells
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RESULTS

2"d generation B7H6 CAR-mediated IFNy production and cytotoxicity in response to
multiple tumor cell lines
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As 2" generation mouse anti-B7H6 CAR T cells seem to show better transduction levels and /n vitro IFNy
production, we used this CAR design for further analysis. In order to screen if IFNy is produced by B7H6-CAR
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A) A B7H6 CAR was created by fusing mouse or human anti-B7H6 DNA with the CD28 hinge (H), transmembrane (TM) and
cytoplasmic (CYP) domains, followed by 4-1BB cytoplasmic domain for 3" generation CARs, a CD3 cytoplasmic domain, a T2A
sequence and a truncated CD19 DNA sequence. B) Human PBMCs transduced with anti-B7H6 CARs or Mock T were stained with
anti-CD3 and anti-CD19 Abs and analyzed by flow cytometry. C) The mean percentage of CD19-positive T cells is represented (N = 2

donors + SEM).

FIGURE 2: B7H6 mRNA expression
in multiple tumor cell lines
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Graph shows B7H6-specific mRNA levels normalized by the
geometric mean of 3 housekeeping genes (B-Actin, GAPDH and
Cyclophilin) among the cancer cell lines catalogue. Histograms
represent means + SD of experimental triplicates.

FIGURE 3: IFNy production by 2"? and
3rd generation B7H6-specific CAR T
cells
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B7H6-specific (mouse or human 2" and 3" generation CAR)
and Mock (tCD19) CAR-T cells were co-cultured with K562
and PANC-1 cancer cells at a E:T ratio of 1:1. After 44h-
incubation, culture supernatants were harvested and IFNy
production was quantified by ELISA. Data points represent
means + SEM from 2 independent donors.
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A) B7H6-specific and Mock (tCD19) CAR-T cells were co-cultured with cancer cell lines at a E:T ratio of 1:1. After 44h-incubation, culture
supernatants were harvested and IFNy production was quantified by ELISA. Data points represent means = SD from at least 5 independent
donors. B-C) B7H6-specific and Mock (tCD19) CAR-T cells were co-cultured with (B) adherent and (C) suspension growing cancer cell lines at a
E:T ratio of 1:1. After 44h-incubation, culture supernatants were harvested and LDH activity was measured by means of a colorimetric substrate.
LDH release values are expressed relatively to the maximal LDH release induced by 1% Triton X-100. Histograms represent means + SEM of

experiments performed with at least 7 independent donors.

FIGURE 5: Transduction efficiency and IFNy production of fresh and
cryopreserved anti-B7H6 CAR T cells
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A) Human PBMCs transduced with mB7H6 2.1 CAR or Mock were stained fresh or after thawing (cryo) with anti-CD3 and anti-CD19 Abs and
analyzed by flow cytometry. The mean percentage of CD19-positive T cells is represented (N = 2 donors + SEM). B) Fresh or cryopreserved
B7H6-specific and Mock (tCD19) CAR-T cells were co-cultured with K562 and PANC-1 cells at a E:T ratio of 1:1. After 44h-incubation, culture
supernatants were harvested and IFNy production was quantified by ELISA. Data points represent means + SEM from 3 independent donors.

FIGURE 6: Anti-B7H6 CAR T cell impact on Colo 205 tumor-bearing mice
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Irradiated NSG mice were injected (i.v) or not (CTRL) with 20.10° B7H6-specific and Mock CAR T cells 15 days after colorectal tumor cell line
(Colo 205) administration (s.c). A) Data represent the tumor volume measured every 4 days (every curve represents an individual mouse).
B) Kaplan-Meier plot of survival (A-B) Two to four mice per group were injected with T cells from 3 different donors.
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T cells in response to multiple tumors cells, a co-culture of B7H6-specific CAR T cells and different tumor
cell lines was conducted. As illustrated on Figure 4A, IFNy release was observed when B7H6-specific CAR T-
cells were challenged with K562, Hela, Ramos, Raji, IMR-32, PANC-1 tumors cells but not with Ovcar-3,
MCF-7 and HDLM-2 (low levels of mMRNA B7H6 measured, see Figure 2). Surprisingly, no IFNy was detected
in supernatants of B7H6-specific CAR T-cells co-cultured with the Colo 205 cell line. As expected, no IFNy
was released by the negative control (Mock(tCD19) T-cells) when challenged with cancer cells.

igh /in vitro potency efficiency of anti-B7H6 CAR T cells was confirmed by LDH Cytotoxicity Assay. Indeed,
shown at Figure 4B and C, anti-B7H6 CAR T cells were able to mediate a specific killing (measured by LDH
tivity released by damaged cancer cells) against different B7H6-positive suspension and adhesion
owing tumor cell lines.

ryopreservation of 2"d generation B7H6 CAR T-cells

Maintenance and preservation of cells is a critical aspect of cell-based therapies, and cryopreservation is
often necessary to handle the logistical burden and worldwide distribution of the drug products. However,
freezing, storage and thawing of samples can be substantial sources of stress for the cells. To study the
impact of freezing and thawing of anti-B7H6-CAR T cells, we compared the transduction levels and IFNy
production of fresh or thawed anti-B7H6-CAR T cells. As shown at Figure 5, the transduction levels (Figure
5A) and the IFNy release (Figure 5B) were comparable between fresh and cryopreserved anti-B7H6-CAR T
cells.

Anti-B7H6 CAR T cell efficacy in vivo

Since anti-B7H6 CAR were functional in vitro, we then studied the therapeutic efficacy of anti-B7H6 CAR T
cells in vivoin irradiated NSG mice injected subcutaneously with colorectal Colo 205 tumor cells on day 0 and
treated or not (control mice) with Mock or anti-B7H6 CAR T cells on day 15 when the tumor was established.
As shown in Figure 6A and B, though a variability in tumor growth was observed for Mock T cell-injected
mice, mice injected with anti-B7H6 CAR T cells had a tendency to display stabilized tumor growth and to
have a better survival rate compared to control mice. However we didn't observe any tumor regression.

CONCLUSION

In conclusion, our data suggest that:
* B7H6 mRNA s expressedin multiple tumor cell lines,

» 2" generation mouse anti-B7H6 CAR T cells have higher transduction and production of inflammatory
cytokines compared to 3" generation mouse or human anti-B7H6 CAR T cells,

* Invitro, 2" generation mouse anti-B7H6 CAR T cells show efficient cytotoxicity in response to different
tumor celllines,

* Cryopreservation of 2" generation CAR T-cells do not reduce transduction and potency post-thawing
and

* Invivo,the tumor growth seems to be stabilized and the survival seems to be improved in mice treated
with anti-B7H6 CAR T cells. These results need to be confirmed.



