—ANCTOR A Scalable, iPS Cell Derived Lymphocyte and Myeloid Multi-Cell-Type Matihew Angelr | Coroe parmenter, fan Hayl, Christopher B. Ronde’

'"Factor Bioscience Inc., Cambridge MA

B OSCIENC Therapeutic Platform for Enhanced Tumor Cell Killing

Summary 1 iPSC Lymphoid and Myeloid 2 Macrophage Progenitor Cell Growth and Characterization e Fgure 10. Flow Cytometry of Fresh versus cryopreserved Cytotoxic
. ' . ’ o . e > Lymphocytes. The flow data shown was performed with the addition
. . . D I ffe r e n t I a t I O n 0 V e rVI e W Surface Expected 175 Bioreactor Total Viable Cells Harvested from T75 Total Viable Cells Harvested from Bioreactor CD16 - 19 13 Of d human fC blOCker- The AttUﬂENXT Was Used for data CO”eCtion-
Induced pluripotent stem (iPS) cell-derived lymphocytes (e.g., T cells and NK m 0.06+07 206403 c3 : Desired NK characterization (CD56bright/CD16dim ) was maintained
. . . . . . .OE+ 1.8E+08 . .
cells) have shown clinical promise to treat hematological malignancies due | .. oo . L6Ew0s — o after cryopreservation. TCR and CD7 remained unchanged, as well as
. . . . Lymphoid . 2 14E408 e maintenance of key negative markers (CD11b, CD14, CD19).
to high cytotoxic effects. More recently, myeloid cell therapies (e.g., insage CD11b + | 8 99 989| 9% 75 99 $ 60807 S s el coa
I I - H K T 5.0E+07 g
monocytes and macrophages) have grown in interest due to their ability to Cp14 + |31 99 99 | 97 99 99 £ 4oe07 g e -~ s
infiltrate and modulate a cancerous solid tumor environment. Despite . ymphoid K Media o [ a0 [0 e RO ouo § orr / coto
. . . . . . . . v rogenitor media > 2.0E+ > 4.0E+07
preliminary success, several challenges remain, including poor infiltration of | —= i cell 4 Do coas P L oe107 o 0
cytotoxic lymphocytes into solid tumors and insufficient cytotoxicity of . T = 0 1817 20 2 27 30 32 34 a1 48 56 62 65 69 72 75 76 0 6 8101215 182022252933 35 39 41 42.43.46 47 5055 60 61,65 6870 o1t
. . . . _ ‘ i Days in T75 Days in Bioreactor CD14
mye|0|d cells. We hypothesged that a multl-cell-type.th.e fel Ry eolnRiristinig O.li;sBc;onrqeeadcigor' 'K'r:'ee;of TLR4 ¥ - 84 o4 | o8 . T75 - Total macrophage progenitor expansion (D75) >100x Bioreactor - Total macrophage progenitor expansion (D70) - 22x
ooth lymphocyte and myeloid cells may work synergistically to overcome the GO . . - Flow Cut - ) . T b viabl ) ” - i 5 e 75 and
SN : - : ormation media e igure 3. Flow Cytometry of Macrophage igure 4. The sum of the viable macrophage progenitor cells harvested from the an
(12 days) . . . . -
mitations of each cell type, enhancing t.he overall CytOtOX,ICIty and efficacy. ' Sy ——— Macrophage progenitor cells overtime. The flow data bioreactor throughout the culture period. Cells were harvested throughout the duration of 4 M u | t | -ce | | Ty p e In-V | tro AS sessment
Here we report advances in the generation of a scalable bioreactor-based O ey P e shown was performed with the addition of the culture period while being maintained in macrophage progenitor media. Cells were
orocess for parallel differentiation of mMRNA reprogrammed iPS cells into a human fc blocker. The AttuneNXT was characterized via flow cytometry and cytokine secretion. Functional assessment via 24 HourCytotonicty —PBMCisolated D14/ CDS6 + cels o e Cioure 11 Isolated hu-PBMC mixed cell
both CD14+ (>95% positive) macrophages and CD56bright/CD16dim NK cells used for data collection. Cells in the T75 cytotoxicity and transfection were performed. The T75 was seeded at ~1 EB/cm2, <1M cells. 2 | e ¢ 5 ec tc;toxicit assav. CD14+ and CD56+
' - - - ype cy y y.
. . had improved surface marker expression Throughout the culture period >80 days, over 80M CD14+ cells were harvested from the T75. . :
that can be combined to form a multi-cell type therapy i i i i iation i i o . =P . - > q 2° cells were isolated from fresh huPBMC's
' Figure 1. Overview of scalable IPSC differentiation into lymphoid  after D14, and maintained high levels of On DO of the bioreactor culture, 8M cells were seeded. Over 70 days, 180M CD14+ cells were nd immediatelv co-incubated with SKOV3
and myeloid cells. On DO, iPSCs were thawed directly into a PBS 0.1L  expression for key myeloid and harvested. Cells maintained high viability (>95%) while in culture. *indicates when a large g s /‘% % ncer colls Cel?/s ere activated Usine 1L
e cellderived vertical wheel bioreactor at 40,000 cells/mL and allowed to recover in macrophage markers (>90% for CD14, harvest (>50% of total cells) was performed. P % % — 100k100k : cancer <! After o acees e &
mixed cell-type therapy mTeSR+. After cells had formed aggregates (> 50 pm), a 100% media CD33, CD45) and were negative for key ; { % % P e o g - harvested.and flowed on ’the AtUNeNXT
change was performed and all aggregates were placed in EB i <100 % W e -
® 4 o Solid tumorinfiltration formgtion mzdia to generate CDgB%H%mbryoid ch))dies (EB's). After 12 H&pg%d markers (=10% €05, €015, €056 e %// %/ The CD14+/CDS6+ cells showed synergistic
- a’ Cytokines ——— fg;‘l'r‘a?ttmni“ﬂ days in EB media (D18), EBs were harvested from the bioreactor and T e okcos SOOI with 100K (DL with &, _, el tu:lnor cellbkllllr;g 10 ; Z§OV3 ovarls A canlcer
| - . . A o 3 | , , . . N S cells (combined: 15.6%; macrophage alone =
& cytotoxic cells divided .IntO. further IymphOId or myEI‘OId dolfferentlathn. FOr | Macrophage Cytotoxicity versus SKOV3 cells Flgure 5. ASSGSSlng baseline macrophage CYtOtOXlClty. he CytOtOX|C|ty of macrophage B (( 001 " NK | nO g 50/p( <go 05) e
i i P lymphoid differentiation, EB's were dissociated and placed into static - progenitor cells was measured after a 24 hours and 1 week of co-incubation period with an ovarian ='5.10) pThe' co;nbinaecci) cgll_s s.hos/vsd R
| | 6 well plates. Cells remained in lymphoid progenitor media for 2. 0 x cancer cell line (SKOV3) at a 5:1 E:T ratio. The percent dead was determined via a live/dead stain increased clustering and tumor cel
- \ weeks followed by NK media for 2 weeks (46 days total). For myeloid 3 (7-AAD). After 24 hours or 1 week, cells were harvested and stained with CD45 to differentiated
G ineage were harvested as EBs, and plated into a coated T75 at 1 EB i | between the effector cells (CD45+) and the target cancer cells (CD45-). Cytotoxicity was determined engagement.
Sl i = , i, per cm”2 in macrophage progenitor media. After 10 days, CD14+ cells 2 10 by the percentage CD45- cells (x axis) that were also 7-AAD positive (y axis). Baseline cancer cell
bl pegan to bud off of the EBs. After 14 days in the T75, (D32), cells in ; death was accounted for by subtracting the average spontaneous cancer cell death from the e e s e ik e SN GLTNE e N
>USPENSIon WETe harvested frqm s.tatlc.and seeded into a new "BS 5 . . percent killed in the presence of the macrophages. Macrophages were more effective at killing Lo : - 0T RN T B N N N N N RN N Y (RN N
Wacropflagef'a. < B8 0.1L bioreactor. Cells were maintained in both the T75 and bioreactor 0 B SKOV3 cells over a longer timepoint. Increased clustering was seen after 72 hours. NK ol R s b F TR N O O O I T BT N —
AR T for >70 days (>D88) and maintained a high viability (>95%). 75 pioreacto onca Bieactor maorstazes o O T N Y Y T Y N Y TV I N Y Y, Y O YT O Y
“ SKOV3 - 24 hours SKOV3 -1 week gﬁggn:;m - Ploreactormacrophages - suspension 4.76(* * 55.04.  29.99 908.42  7.40* o 712 33.77* 25.11] 3179 898.69* 2801.13[* 45.66
Scramble mRNA - bioreactor macrophages 32.26) 190.94 236.51 456.40 7613.95| 13272.21 1258.8_ 38.931 4497 23239 47091] 247.69 173.78 18616.43  23.86 4747.88] 37.98 281.34
Bioreactor macrophages 1 week 27.27]  340.87 193.83 2840.30] 2852.31] 8671.05] 156.7 31.15 37.56 235.03] 85.46] 200.29  93.14 62419.60 8.79 7097.81 258.74
T75 _ Macro ha e Pro enltorforma-l-lon huROR1 mRNA static transfected macrophages - 19.62 90.43* 104.41 228.31| 724.38 8280.75* 25.49:* 21.91* 28.25* 153.61: 96.03 85.49 13527.76* 21.91] 8801.59 16.520 197.46
b1195 B 14 - Static huROR1-CAR mRNA transfection Suspeon asedFPmRNA transfection F|gu re 6. MRNA Transfection of macrophages. Cells were 3382115712 Macrophages (D44) 83.38 24513:3;51 299.5) 15332(3)** - 1723_;8,22 134319 34.73 fég 55.00 i 3500 i o a6l 31
% Negative +huROR1-CAR AP i I 4 transfected with 1ug/1M cells of MRNA encoding a GFP protein or U205 + Bexcaster Mesmopbezes T I I Y MR I Y IR B oox e
Conclusions humanized ROR1-CAR protein. Cells were either removed and 208+ Biorector macrghases - L vesk | 7015
plated in static and allowed to recover for 48 hours prior to T e T
) transfection or maintained in Suspension culture and the mRNA SKOV3 + NK 5.36]* 82.79 19.02] 7730.28] 16886.05  3.71* 5520 1029 54.39 92.46  113.70] 954,34 36089 52,59 212.76
e . . . . . SKOV3 + T75 macrophages (D.44) 48.19] 189.08 184.95 658.66| 22604.3 840.20 2240 2827 32.16 247.55* 184.65 227.09 40820.48  20.3¢ 3388.97 32.42) 305.27
Here we describe a scalable, bioreactor based platform for generating iPS L was delivered l‘"a tﬁRNAdO- ROR1-CAR expression was visualizea ractopages
- I - - I 1< I - S using an RPE- labelled ROR1 recombinant protein. rsnlzgc\sha;?sul{ DI mENA suspension fransfcted 3442 184.69 233.27 569.42 7057.42] 14570.02 2679.69 2240  31.12 37.50 23238 23439 137.12 19023.01]  23.09 467274, 32.97 275.45
ce erived multi-ce type cell t eraplies comprising ot ympnaola an
iPSCs aggregates in SKOV3 + bioreactor macrophages - 1 week 36.94 380700 85.08  2419.65 4084.11] 6521.05 110.66** 17300 17.99 11313 90.94  52.30  76.53 1883.44  13.72 1302.37 23.56 277.44
myeloid Ce”S, CD1 4+ macrophage prOgenitOr Ce”S Can be maintained for the 0.1L PBS SﬁgzgIII:IIE:E&ggzigo:un;s;:g;aie:nsfected 52.34] 335.91] 229.07 2297.11 13097.17 1508.43]  27.6 41.62] 213.33 251.87  265.77 19860.92)  33.6(0 2613.45
. . . . bioreactor macrophages 44.66 212.32] 192.49 683.70] 13365.18] 7433.93] 1678.92  24.3 43.39  200.6 298.29 222.45 12416.57 19.07 2905.35|  42.15
over 70 days in culture and maintain expected surface marker expression, ) ) )
high viability, and cytotoxic effect. CD56+ lymphoid cells can be 3 NK Cell Cryopreservat|on and Characterization Figure 12. iPSC derived immune ceI.I clustering. iPSC derived NK and macrophages were seeded with
cryopreserved while maintaining surface marker expression, cytokine U20S and SKOV3 ceII.s at a 5:1 E:T ratio. After 24 hours, there was increased cell clustering when the two
" . . ' Ficure 7. Morphologv of NK cells on the final . . Ficure 8. Lvmphoid Cell expansion cell types were combined. NK cells were thawed and seeded directly into the assay. Cells were harvested
| d cvtot tv. Further. the iPSC d d CD14+ and CD56+ had g phology o Figure 8. Lymp p . . .
rellEalsls al il oo aieliag. FRITLTEL, s | slite =l E day of the differentiation protocol versus 24 Thaw into Bioreactor 5.7 x 1006 throughout differentiation. Cells had fresh from the T/5 (D83) and bioreactor (D68). When the two cell populations were combined, there was
higher SKOV3 killing than the isolated CD14+ and CD56+ PBMC's. This Bioreactor - Macrophage Progenitor cells hours post thaw. NK cells maintained their 4 of CD34+ cells 2.5 x 1076 the highest expansion after seeding the increased cell clustering in both U20S and SKOV3 cells.
platform may Support the development Of 3 multl_ce” type thera py We EURNSE RO g - Uniform, round. cell Shape and size after being Fold Expansion Lymphoid 33y diSSOCiate.d EB’s into static 6 We” plateS.
demonstrate that, much like the natural cellular immune response, these cryopreserved in Cryostor10. Cells were PN —— 5 5x Cells continued to expand during the Figure 13. iPSC derived immune cell Bioreactor  NK+Bioreactor  T75 K+ T75

Cryopreserved NK cells

static NK stage.

NK cells macrophages macrophages macrophages macrophages

= B TR e

cryopreserved using Cryostor10 (6M/mL). o .
. 0 ol . clustering. iPSC derived NK and
During thaw, cells had 88% viability and a 70% macrophages were seeded with U20S and

recovery per vial ~4M cells. SKOV3 cells at a 5:1 E:T ratio. After 24 hours,
there was increased cell clustering when the
two cell types were combined. NK cells were

cells act synergistically to kill tumor cells in vitro. By more closely mimicking
natural cellular immunity, multi-cell-type cell therapies represent a new class
of cell therapies that may play an important role in the development of new
medicines to treat cancer.
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