Luciferase Reporter Cell Lines Allow Simultaneous Incorporation of Tumor
Cells, Innate Immune Cells, and Adaptive Immune Celils for In-depth ATCC
Immune Checkpoint Studies

Hyeyoun Chang, PhD; Alicia C. Walker, BS; John G. Foulke, MS; Luping Chen, BS; Fang Tian, PhD*; Zhizhan Gu, MD, PhD* Ab 7
ATCC®, Manassas, VA 20110 stract 75

De§pite the considerable succes§ of immune chegkpoint therapies targeting.T cells., a sizable prop(?rtion of patiepts experience Luciferase expression in GAS-Luc2 tumor cells upon JAK-STAT signaling_pathway activation ALumE'gsC%ezr;cggl;fE:ltg fg;;tfrT c=°-1c:t1llture B Lumzlgsccg;n?cg:lstc_ecitg fggztf; c:-ﬁ:lturec Lumwgsczezr;cggl;f::ltgfg;;tfrT c=o-1c:t1llture Figure 4: HCC827 GAS-Luc_:z and
resistance or relapse due to the immunosuppressive nature of the tumor microenvironment. Myeloid cells, a major component HCC827 GAS-Luc2-aAPC in co-

Credible leads to Incredtble

_ o _ _ Luminescence intensity Luminescence intensity Luminescence intensity Luminescence intensity Luminescence intensity Luminescence intensity 125 PD-L1 mAb 125 PD-L1 mAb 125 PD-L1 mAb - .
that suppresses effector lymphocytes, have emerged as an alternative and promising therapeutic target. However, there is a A HCC827 GAS-Luc2 B Hccesr cas.Lucz C Mees oas-tuez | D M e es GAS Tue2 E NCI-H1650 GAS-Luc2 F 1650 GAS-Luc2 - 01 " - 061 " - 01 " ) _‘I:_““U;:re _W':E primary h”";a“ PCDDi:
. . . . . . . . . 9+ 9+ 9+ In r n -
deep lack of widely accessible immunological models capable of representing the intricate three-way interaction between tumor 300+ 150 250— * 60- 150- 60- * 3 3 3 cells © presence of a
. : . . . . - g 2 8 blocking antibody. The aAPC cell
cells, T cells, and myeloid cells. To address this need, we conducted a comprehensive protein profiling of human tumor cell 0 200— 0 . 0 G 6- G 6- G 6- .
i 4 RNA - Fh oid 1L 1ab| ATCCO _ tablished d o 2 Hoo 2 100- @ 2 40 2 100 2 40 T 3 3 line was generated from HCC827
INeS an -seq profiling of human myeloid cell lines available at or various estabilisned and novel Immune 5 S §150— S 5 S L 34 . L 34 L 3 GAS-Luc? to express anti-CD3/CD28
. : : . . . . = = =
checkpoint molecules. Cell lines with high endogenous expression of the immune checkpoints, such as programmed death- ‘é S 50 T 100— S 20- ‘!2 S 20- N e — N e — N B S to enhance the tumor cell recognition
ligand 1 (PD-L1), cluster of differentiation 155 (CD155), B7 homolog 3 (B7-H3), sialic acid-binding Ig-like lectin 10 (Siglec-10), @ 1007 . e 0 * ot t_"": /1°°L°) o t_1°°( /1°°L°) it Concent t."": ,1°°L°) by T cells. (A-C) The luminescence
. . . . . - - ntibody Concentration (ng/ m ntibody Concentration (ng/ m ntibody Concentration (ng/ m ) .
or signal-regulatory protein alpha (SIRPa), were selected and constructed into luciferase reporter cell lines. For tumor reporter ’ PN . ’ N Lo ’ TN intensity from HCC827 GAS-Luc2
. . . . . . . 0- .\4'5‘ \4’5‘ o .\4’5“ .\4’5“ 0——7—T1 .\x&‘ .\4'5“ Luminescence intensity 2h after co-culture Luminescence intensity 4h after co-culture Luminescence intensity 8h after co-culture _ : .
cell lines, a gamma interferon activation site (GAS) response element was placed upstream of the luciferase gene in the 0 00101 1 10 1001000 &S 0 00104 1 10 1001000 S F 0 0.0104 1 10 1001000 LN D o ol e E npiatainodrimtinly Syt F HCO897 GASL uso ARG . Chas T o 1q after co-culture with 1:1 CD4+ helper
lentiviral vector, enabling the activation of the JAK-STAT signaling pathway within tumor cells to induce luciferase expression. In IFN-y concentration (ng/mL) & IFN-y concentration (ng/mL) & IFN-y concentration (ng/mL) ¢ AR o T : T cells for (A) 2 hours, (B) 4 hours, or
. . . . ) T cell-conditioned media T cell-conditioned media T cell-conditioned media - -L1m - -L1m - -L1m _ i
myeloid reporter cell lines, a nuclear factor kappa B (NF-kB) response element replaced GAS to monitor the activation of the .| - 1501 | = 196 * e (Ct) 8 htOU:cS- (D IIfI)C-(r:hSGZ ;Uméf;essienze
o 97 o 97 e 7 - -
NF-kB signaling pathway. In the presence of corresponding immune checkpoint inhibitors that enhance T cell-mediated anti- Figure 2: Evaluation of monoclonal GAS-Luc2 cell lines as immune checkpoint reporters. (A-B) HCC827 GAS-Luc2 cell line with high g 2 2 '”Ainé' Yﬂ rom ) o ClIJDiH
. . . . . . . L. - - - - o - : - S gl £ 6- £ g a after co-culture with 1:
tumor activity, these reporter cell lines produce a bioluminescent signal based on luciferase expression. This signal can be endogenous PD-L1 expression was stimulated overnight with (A) IFN-y or (B) T cell-conditioned media. (C-D) MG-63 GAS-Luc2 cell line with S ° : o ° * S ° helper T cells for (D) 2 hours, (E) 4
easily detected and quantified to assess the efficacy of the inhibitor. Our data revealed that bioluminescence intensity in the high endogenous CD155 expression was stimulated overnight with (C) IFN-y or (D) T cell-conditioned media. (E-F) NCI-H1650 GAS-Luc2 cell £ 3 / £ 5 £ 5 hours, or (F) 8 hours. During the co-
tumor and myeloid reporter cell lines increased by >100-fold in a dose-dependent manner in response to interferon gamma line ywth.hlgh gndogenous B7-H3 expr.e.ssmn wa§ stimulated .qvernlght W.Ith (E) IFN-y or (F) T celll—condltlonec_l media. For the.condltloned e — o o . —= culture. the cells were administered
(IFN-y) and tumor necrosis factor alpha (TNF-a) stimulation, respectively, and by >50-fold in response to the conditioned media media stimulation, the cells were administered with the conditioned media collected from non-activated or activated human primary CD8+ 0 1 10 100 1000 0 1 10 100 1000 0 1 10 100 1000 h :th PO.L1 mAb <of
, _ , ’ y’, ,y , . , cytotoxic T cells. The activated conditioned media were harvested 3 days post-activation with anti-CD2/CD3/CD28 beads. N=3 in all Antibody Concentration (ng/ mL) Antibody Concentration (ng/ mL) Antibody Concentration (ng/ mL) with - either Il m or _'SO ype
collected from activated primary T cells. Moreover, in co-culture assays involving various combinations of tumor cell lines and experiments. *, P < 0.05 control IgG. N=3 in all experiments.
adaptive immune cell types with corresponding immune checkpoint inhibitors, these reporter cell lines demonstrated a *P <0.05.
significant increase in luciferase expression. Subsequent development into an artificial antigen-presenting cell line (aAPC)
further enhanced T cell-induced signaling activation, yielding an even higher bioluminescence intensity. In conclusion, these Luciferase expression in GAS-Luc2 cells upon co-culture with primary adaptive immune cells _ _ _ _ _ _ _ _
newly established luciferase reporter cell lines offer an excellent ex vivo model for cancer immunotherapy. These cell lines Luciferase expression in NFKB-Luc2 myeloid cells upon NF-kB signaling pathway activation
naturally exXpress Immune CheCprint proteins, enabling the sensitive and reproducible monitoring of combinatorial reSponses ALuminescence intensity 24h after co-culture BLuminescence intensity 24h after co-culture C Luminescence intensity 24h after co-culture D HCC827 GAS-Luc2 Viability
from various immune cell types. HCC827 GAS-Luc2: CD8+ T =1:1 HCC827 GAS-Luc2: CD8+ T =1:2 HCC827 GAS-Luc2: CD8+ T=1:5 1:5 CD8+ T cell co-culture (24h) A Luminescence intensity Luminescence intensity Luminescence intensity D Luminescence intensity Luminescence intensity Luminescence intensity
5+ 5+ 5+ mm PD-L1mAb U-937 NFkB-Luc2 U-937 NFkB-Luc2 KG-1 NFkB-Luc2 KG-1 NFkB-Luc2 HMC3 NFkB-Luc2 HMC3 NFkB-Luc2
-o- PD-L1 mAb -o- PD-L1 mAb -o- PD-L1 mAb 150—
B k d o 4= lgG1 ) . , 4= lgo1 , 4= 1gG1 = 196G 1000+ . 250+ 200 80- * 30 20~
o * o o ¥
ac g roun § 3 5 3- § 3- 2 100- I | I I L , 8007 ) 0 2007 o 150~ * o 60- o o 15- :
o © © 3 e S 150 e < 2 20- 5
= = mgm = = = T 2+ T 2+ . 3 27 5 g 600 .tC“ © * 2 © E 10-
Immune checkpoint molecule expression profiling of cancer cell lines and myeloid cell lines £ £ E_%#:%ﬁ £ * < > 5 5 § 100- 5 40 5 5
- - - i*lﬁ:}:l 3 T 400- * 5 T S 2 2
A “-": without IFNy HLA typing hibitory checkpoint molecule ligands Co-stimulatory checkpoint molecule ligands C ' 'I:cel! 0 T T T T T 0 T T T T T 0 T T T T T I i ; LE LE 50— IE 50 - LE 20- |_|°_ 7 - >
o el s el sl s : 2| 3|38 2|2 3|3 /8/8|g|3!|s/|2 @ ¥ e 0 1 10 100 1000 0 1 10 100 1000 0 1 10 100 1000 ol ' ' ' i' 200-
conceriype Ce;g:;es ATC(:I?':];?’:OE# ;+E g-é 52;.-96 145;25 :Dlé 2;65-)4 60%04 52§4S I . : 17%;3 3(;:;5 2531 15%2 1;364 68§80 85;93 25.2"2 3?;59 1?;’)9 19‘23 @ @ @ AntibOdy Conc- [nglmL] AntibOdy Conc. [nglmL] AntibOdy Conc' [nglmL] 0 1 10 100 1000 0 l 0- 0 l o- 0— 0- 6 b
i | | guimn || e e K ——— i s [neon s (o O e G i S el S Antibody Concentration (ng/ mL) S PN NS PSS & & CIENIR NN & & SN NS & &
e, | mn | o | Sesnesemve SIS | | [ S e oo m—m | ® - - J S S &8 o © NS & & o © W R,
T | vomeme | wmsewes | ¢ | | oo | s [ rooey | s0000 | sm0s | s | sy Wt 17 |mizom R RO ;<. mm mezm DPDD Ne JlJ Pos E Luminescence intensity 24h after co-culture F Luminescence intensity 48h after co-culture G Luminescence intensity 24h after co-culture HLuminescence intensity 48h after co-culture TNF-a concentration (ng/ mL) & TNF-a concentration (ng/ mL) éo« TNF-a concentration (ng/ mL) &
75 ‘:;f_iif';: . os2 | 17072 | sae | 424 | saaao | aas0r | 711 | 71 NSRS voco R ovacis | 2ocic (NN 1 | i2:s @ .mn*? ®\ \’("(\ Blocking Ab MG-63 GAS-Luc2 : CD4+ T=1:1 MG-63 GAS-Luc2 : CD4+ T=1:1 NCI-H1650 GAS-Luc2 : NK = 2:1 NCI-H1650 GAS-Luc2 : NK = 2:1 T cell-conditioned media T cell-conditioned media T cell-conditioned media
sl AHR - e EREE T EERE —elies ' = norm T oerorme 9~ s 9o
-l - e S e s I ol e e e o - Lol 100 Lol 1o . ] o0t oo 190 Figure 5: Evaluation of monoclonal NFkB-Luc2 cell lines as immune checkpoint reporters. (A-B) U937 NFkB-Luc2 cell line with high
e | o | e I | [ (| 2 | G e | b o | o | o S g - E’ EJ - E’ endogenous SIRPa expression was stimulated for 6 hours with (A) TNF-a or (B) T cell-conditioned media. (C-D) KG-1 NFkB-Luc2 cell line with
connee | T | e 0| o S| e el | 5 | 5o (it o | s [ssiafnsian|sdsiof s B e ; e . S S . high endogenous Siglec-10 expression was stimulated for 6 hours with (C) TNF-a or (D) T cell-conditioned media. (E-F) HMC3 NFkB-Luc2 cell
— R A BRI R, ] e e st £ o 2 2 4 }——5——~/§£ 2 4 line with high endogenous PD-L1 and SIRPa expression was stimulated for 6 hours with (E) TNF-a or (F) T cell-conditioned media. For the
G s e R S| s [ e i e o e [ w73 . . —4— % ¢ . . conditioned media stimulation, the cells were administered with the conditioned media collected from non-activated or activated human primary
st S| pie——— e s - Yt 0 1 10 100 1000 0 1 10 100 1000 0 1 10 100 1000 0 1 10 100 1000 CD4+ helper T cells. N=3 in all experiments. *, P < 0.05.
e caneer xg:ﬁgﬁgﬁ Ei:iz 15%25 zggz 33;55 gg; ;E%?E }EE 1:51577 %gg% :: o gzg gzg Eg s ZE;E izgi ggg %}E ggg %g - Antibody Concentration (ng/ mL) Antibody Concentration (ng/ mL) Antibody Concentration (ng/ mL) Antibody Concentration (ng/ mL)
NCI-H1299 CRL-5803™ + - - 3436.5 37817 |36029.5 2768 3391 2961 4373 | 196936 | 184904 | 3765 3790 909 662
el Mo e | e lom siose| s eisiois e | ouo | ne Lion D T cells
o s (o] | i s g e S| | e G e | e P s | | s | e | T | _ /@. _ _ _ _ _ _ _
e e | e B o [ | | e P a @ Figure 3: Co-culture of monoclonal GAS-Luc2 cell lines with primary human immune cells at varying cell ratios and co-culture C on clusi on
T — e R e e e L | e vy o i 1 | 2o | , . . : : : . . .
R B o | o | e e B R el R R el I R e e s el R W durations in the presence of a respective blocking antibody. (A-C) The luminescence intensity from HCC827 GAS-Luc2 after 24-hour co-
PANC 10.05 CRL-2547™ + - 27818 | 43052 1359 4174 | 15027 | 17384 _ 996 1402 1802 3716 847 857 40464 | 48360 | 2628 4485 1485 2323 \ . . . . .
S— s | guter | o | | | e PRGN o | o | | o |zon| mec s | v ot | e e T _'g' é ’ 'ﬂmf ‘? culture with CD8+ cytotoxic T cells at a (A) 1:1, (B) 1:2, (C) 1:5 ratio of target cells to effector cells in the presence of a PD-L1 mAb or isotype _ _ - _ - _ _ _
bt | aumues | | el S L | e e i T SR o & e - | control IgG (1-1,000 ng/mL). (D) The percent viability of HCC827 GAS-Luc2 after co-culture with CD8+ cytotoxic T cells for 24 hours in the * Expansive protein profiling data for cancer cell lines and RNA-seq profiling data for myeloid cell lines for numerous immune
e . 3 presence of a PD-L1 mAb or isotype control IgG (1-1,000 ng/mL). (E-F) The luminescence intensity from MG-63 GAS-Luc2 after co-culture at checkpoint molecules enabled us to develop luciferase reporter cancer cell lines with a high endogenous expression of PD-L1,
B [ P P 1 = - - P 1 S s ea] oneme | cone Lons L | o [ ans | ass s RN s . a 1:1 ratio with CD4+ helper T cells for (E) 24 hours or (F) 48 hours in the presence of a TIGIT mAb or isotype control IgG (1-1,000 ng/mL). CD155, or B7-H3 and luciferase reporter myeloid cell lines with a high endogenous expression of SIRPa, Siglec-10, or PD-L1.
) a1 R e ERET ] " §_ ® i : : : i ) i : N _ . _ _ _ _ _ _ _
e 1 2 ], [ S == = e e 2 | (G-H) The luminescencs intensity from NCI-H1650 GAS-Luc2 atter co-culture with CD56+ NK cells at a 2:1 ratio of target to effector cells for = These immune checkpoint reporter cell lines produce robust, responsive, and reproducible luciferase expression upon JAK-
Log2(FPKM+1 ) [ Lymphoma monocyte (TPM+1) ho i : _— *
| cnor ] Sn o | 58 i - ® (G) 24 hours or (H) 48 hours in the presence of a B7-H3 ADCC mAb or isotype control IgG (1-1,000 ng/mL). N=3 in all experiments. *P < 0.05. . . : . e . . : . s
wz XY & T O STAT signaling or NF-kB signaling activation in cancer cells or in immune cells, respectively, allowing reliable quantification of
] Cancer cells various types of immune cell-mediated pro-inflammatory responses triggered by relevant immune checkpoint inhibition.
Min Median Max

= Artificial expression of anti-CD3/CD28 on HCC827 GAS-Luc2-aAPC to circumvent TCR (T-cell receptor) recognition and trigger
TCR signaling elicited more rapid and elevated responses compared to non-aAPC in a co-culture experiment with primary T

Figure 1: Heat maps based on protein profiling data of selected cancer cell lines and RNA-seq profiling data of selected myeloid cell
lines for immune checkpoint molecule expression. (A) Immune checkpoint molecule expression levels in cancer cell lines under basal (-)
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