Allogeneic natural killer cells engineered to express HER2 CAR, interleukin 15, and TGF-beta dominant

negative receptor effectively control HER2* tumors
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INTRODUCTION CAT-179 CAR-NK cells kill HER2* SKOV3 cells in vitro and produce e CAT-179 cells are efficacious in vivo against HER2+ tumor and enable
Despite the success of HER2-targeted therapies in HER2+ breast and gastric cancer, additional therapies are interferon gamma prolonged survival of mice

needed to address treatment-resistant metastatic disease. Adoptive immune cell therapy is a promising

therapeutic modallty given the remarkable clinical responses seen with autologous chimeric antigen receptor A. Cytotoxicity B. Cytokine production

(CAR) Tcellsin h logical mali ies. However, success of cell therapy in solid tumors has been more * No construct A. Study design B. Tumor signal quantitation

limited. Three major impediments to the success of adoptive cell therapies in solid tumors are the * Transposon construct

heterogeneity of antigen expression, the immune suppressive tumor microenvironment (TME), and the
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inherent of uring cells and variability of these cell
products. Engineered, off-the-shelf, allogeneic Natural Killer (NK) cells provide a solution to these challenges.
We describe here CAT-179, a novel transposon engineered CAR-NK cell therapy for HER2+ solid tumors. CAT-
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179 cells express three transgenes: a HER2-directed CAR to effectively eliminate tumor cells, a transforming . sa
aline
growth factor 3 (TGFB) dominant negative receptor (DNR) for resistance to TGFB-mediated immune ° 5 £ Transposon  No construct
I K . X B o Effector Target col ato o .
suppression in the TME, and interleukin 15 (IL15) cytokine to enhance NK cell persistence and activity for " construct 10"
) X . A)  CAT-179 cells engineered with the transposon construct show CAR-driven cytotoxic activity. Cells were tested for in vitro cytotoxicity activity by co- C. Tumor images
durable response. CAT-179 addresses key hurdles to allogeneic cell therapy for solid tumors and is a culturing with SKOV3-fluc tumor cells (SKOV3 cells engineered to express firefly luciferase) for 24 hours at the indicated E:T ratios in the presence of
promising new therapeutic approach for HER2 expressing breast, gastric and other tumors. antibodies that block the endogenous NK activating receptors (284, NKp30, NKp46, NKG2D, and DNAM-1) in order to determine the degree of CAR- Transposon  No 7 1420 “© 6 80 100
specific killing without background from innate cell killing. construct constuct saline ttt N
B) CAT-179 cells produce interferon gamma (IFNy) in response to target cells. Supernatant from the SKOV3-fluc cytotoxicity assay (in panel A) was i Days Post First Dose 1 NKIP dose (Days0.7.8 14)
collected and IFNy levels were determined using a human cytokine MSD ECL assay kit. Data shown s from an E:T ratio of 8:
. . . . . . D. Mouse survival
o Overview of CAT-179 for HER2* breast and gastric cancer TGFB-DNR in CAT-179 protects NK cells from TGFf-mediated immuno-
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HER2-CAR suppression by dual DNR and trap mechanisms s w0 — Transposon consinct
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A. DNR protects engineered NK cells from B. DNR protects neighboring non-engineered 3 s 60 .
Donor-derived peripheral TGFB induced signali NK cells from TGFB induced signaling (trap) te @ - Saline
cell source o Allogeneic, ready access ignaling ignaling (trap) < 4
m o0
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1 Engineering TeBuSter™ tansposon | atible 2, £ 20 40 6 8 100
method system . g ™ Days Post First Dose
Cell process Engineered and expanded. High yield . LI
Secreted IL15 R L R T "R
Formulati Cryopreserved Off the shelf Torspam
ormulation fropresenve © e Ters gl - A) Schematic of in vivo efficacy study design. NSG mice (n=10) were intraperitoneally (IP) injected with 1x106 SKOV3-luciferase tagged (SKOV3-fluc)
C. DNR protects against downregulation of NK D. DNR restores NK cytotoxicity in the presence HER2* ovarian cancer tumor cells. 4 million CAR*NK cells engineered with the transposon construct (12 million total NK cells), 12 million mock
activating receptor DNAM-1 of TGFB engineered cells, or saline were dosed IP after tumor cellinjection on day 0 and again on days 7 and 14.
CAT-179is a P! off-the-shelf all i d NK cell. It is derived from peripheral blood NK cells that are engineered using the 4000- NoTGFP o B) SKOV3-fluc mice were imaged (usmg an IVIS in vivo imaging system) at the indicated time points to quantify tumor burden. Luciferase signal is
TcBuster™ transposon system (Bio-Techne). CAT-179is engineered to express a HER2-targeting CAR for specific targeting to HER2 positive B = e » T reported as flux *p<0.05 using non-p: t-test at individual time points between transposon construct and both controls.
tumors, a secreted IL15 to enable NK cell persistence, and a TGFf-dominant negative receptor (DNR) to provide resistance to the suppressive g - - TGFp Flux signal in control arms were not included in the analysis after >/=40% of the mice in the group died or were euthanized due to tumor burden.
effects of TGFf in the tumor microenvironment. 2 o % » C) Representative bioluminescence images of tumor in mice.
H E D) Kaplan-Meyer analysis demonstrates significant (p<0.0001 ) prolonged survival of mice dosed with transposon construct engineered NK cells in the in
2 1000- » = vivo efficacy study relative to control arms.
High efficiency engineering of CAT-179 NK cells with CAR, DNR, and —— -~ et e ___________________________________________|
i i ™
IL15 is enabled by the non-viral TcBuster™ transposon system A) DN engineered or mock control engineered NK cells were treated with recombinant TGF1 for Lhr and then fixed, permeabilized, stained for SUMMARY AND CONCLUSIONS
phosphorylated SMAD2 (pSMAD) and analyzed by flow cytometry. % of pSMAD2 positive cells was determined by gating on engineered NK cells.
A. Engineering process } ) B) DNR engineered or mock control engineered NK cells were treated with recombinant TGFp1 for 1hr and then fixed, permeabilized, and stained for
Perberd Eectroporatonof phosphorylated SMAD? (pSMAD) and analyzed by flow cytometry. % of pSMAD2 positive cells was determined by gating on non-engineered NK cels. We describe here the evaluation of CAT-179, a novel engineered NK cell therapy expressing
« Consistently high efficiency (PENK) cel fnisnsdiiing ) DNR engineered or mock control engineered were treated with or without 10 ng/ml TGF[ for 5 days. Cells were then stained for DNAM-1 and
wimliple donors (40-80%) solation oo analyzed by flow cytometry by gating on the engineered population. MFI= mean flucrescence intensity. HER2-CAR, TGFB-DNR, and IL15.
« Hundreds of doses from a single ) - D) DNR engineered or mock control engineered NK cells were pre-treated with 5 ng/m TGFf for 5 days then co-cultured for 3 hours with K562- + We have demonstrated high efficiency engineering of the large (~4Kb) cargo containing CAR, IL15, and DNR in CAT-179
leukopak v Po— Yol luciferase-tagged tumor cells to evaluate innate NK mediated cell kiling either in the presence of TGFP (orange) or the absence of TGF (blue). using the non-viral TcBuster™ transposon system (Bio-Techne). Transposon engineering of CAT-179 results in stable
. ;ﬂi‘;/;‘?;g‘;;’j‘i"e::gg% nd Taboise expression of CAR (45% CAR at day 14 post gene delivery) without the need for post-engineering selection.
activity pumha"N Engl neered IL15 Supports CAT-179 Ce" Survlval in vitro and pel‘5|5tence * CAT-179 demonstrates HER2-CAR-driven interferon gamma production and tumor cell killing in vitro when co-cultured
i C. Expression of Construct Components i i with HER2: tumor cells. ; A~ ) ) o
B. Construct Schematic " P \ L15 Expression in vivo « The TGFB-DNR in CAT-179 demonstrates resistance to TGFp mediated immunosuppression, as evidenced by reduction in
. N " " TGFp-induced phosphorylation of SMAD2 in both engineered cells and non-engineered NK cells, as well as prevention of
7 A. In vitro survival B. In vivo persistence : : o 3 g PRy
g 0 6 2500000 5 P . - TGFp-induced downregulation of NK cell activating receptor DNAM-1 and restoration of NK cell cytotoxic activity. These
" - 3 30 % s 2 2000000 g 1 s data suggest CAT-179 cells will be protected from TGFB-mediated immune suppression in the TME and can protect
2 ) 3 =~ Transposon consinuct s ighboring cell
Transposon Construct ¥ 20 . 3 S - . \—I\i neighooring cells. . _— R . .
PO 2, 3 1500000 No construct g o1 + The engineering of IL15 in CAT-179 significantly enhances survival in vitro without the need for exogenous cytokines.
0 1 - 3 A Moreover, CAT-179 cells show enhanced persi: in vivo over i cells up to 40 days in NSG mice.
° 0 © 500000 5 0.01 réi\f\ + Finally, CAT-179 show potent anti-tumor activity in vivo against the xenografted HER2+ SKOV3-fluc ovarian cancer cell line
CAR DR Transpesen - Noconstuct o T T T - and lead to a significant survival benefit in tumor bearing mice.
s ) 1 B »
A) NK cell engineering: NK cells were isolated from peripheral blood and activated. A mixture of TcBuster™ (Bio-Techne) transposase-encoding mRNA Days after cytokine withdrawal Days aftr IV injection
and transposon plasmid encoding the transposon construct was then added to the activated NK cells for electroporation. Engineered NK cells were ) ) CAT-179 addresses key hurdles to allogeneic cell therapy for solid tumors and is a promising
then expanded with feeder cells and cryopreserved. A) To evaluate the function of engineered IL15, NK cell d with the ‘were compared with mock engineered cells (no h . h f 2 . b . d oth
B) Schematic of the transgene elements, separated by 2A sequences, and their relative positions within the transposon plasmid. TGFB-DNR structure is construct) for their ability to survive in vitra in the absence of exogenous cytokine support. Cells were cultured for 14 days in the absence of new therapeutic approach for HER2-expressing breast, gastric and other tumors.
described in Wieser et al. 1993. exogenous cytokine and NK cells were counted over time.
€) Engineered expanded NK cells were characterized for CAR, TGFfI-DNR, and IL15 expression 14 days after electroporation. CAR and DNR expression B) To evaluate the impact of engineered IL1 on persistence of NK cells in vivo, 4 million CAR" cels (12 million total cels) engineered with the transposon
were determined by flow cytometry. IL15 expression was quantified by Meso Scale Discovery (MSD) ELISA by plating 160,000 NK cells with SKOV3 construct or mock ) were injected (IV) in NSG mice (n=5) and NK cells counts were monitored over time in e

tumor cells and recovering supernatants after 24 hours in culture. blood samples by flow cytometry (staining for hCD45*, hCD56* cells).




