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Abstract #2629 A multiplex immunofluorescence assay to assess immune checkpoint inhibitor-targeted * leidos
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Results

Background: Immune checkpoint inhibitors promote antitumor immune responses by enhancing T-cell activity. Figure 1. Comparison of B-catenin staining by IHC versus o|igo-conjugated Figu re 3. qm":A Clinica| Samp|e FeaSibiIity on CRC TMAs

Measuring the pharmacodynamic effects of these drugs is challenging, as it requires assessing both immune cell and . . . .
cancer cell populations. To evaluate T-cell activation in tumor tissue from patient biopsies, we developed a robust B-catenln antibodies detected at the Cy7 channel on various tumor cores

Figure 5. Definiens Image Analysis and Quantitation of CRC, NSCLC, and Table 1. Quantitation of total number of activated CD8 T cells in

relation to tumor tissue or surrounding stroma in select CRC and

Breast TMA Cores
80% of activated CD3 (CD3z-pY142+) — breast TMA cores

mielfplee! T et veres B Es R F9 Prostate C10 Breast D6 Kidney 3A. Indivumed CRC Core C2 stained with IPD gmIFA

Methods: Our assay uses novel oligo-conjugated antibodies (Ultivue) for simultaneous quantitation of TCR activation

(phospho-CD3zeta), immune checkpoint signaling via PD-1 (p-SHP1/p-SHP2), and the net stimulation/inhibition Merged Image CD&+ cells in a CRC biopsy are CD8+; 20% are CD8- 550 . CD8+ CD3z-pY142-
resulting from the integration of these two pathways in CD8 cells (p-ZAP70), while also providing the proximity of CD8 T - g CRC CZ CRCC2 | Biopsy |  Stroma__|% Stromal Cells % Tumor Cells
cells to tumor tissues, identified by B-catenin. The method was clinically validated using custom tissue microarrays 450 CD8+ CD3z-pY142 Total Cells 6,783 2,841 42.0% 3,942 58.0%
- —_ : : : = + Z-p +
(TMA) containing tumor biopsies of 3 different histologies (CRC, NSCLC, and breast). Q CD8+ CD3z- 61 31 1.10% 30 0.80%
o)
Results: From a total of 192 tumor core biopsies, 20/64 NSCLC, 9/64 CRC, and 3/65 breast TMA cores were found to c 350 *F . CDS$- CD3 Y142+ CD8+ CD3z+ 592 43 1.50% 549 13.90%
have a significant number of CD8+ tumor infiltrating lymphocytes (TILs) at baseline (>50 cells in the examined section). > Z-p CD8- CD3z- 5575 2,638 34.9% 2,937 32.5%
In 18 of the 20 NSCLC cores, 250% of CD8 cells both inside and outside of the tumor were activated (CD3z-pY142+). In F3 Ovarian F11 Head and Neck < 250 +r CRECRE2 555 129 4.50% <20 10.80%
z — H 0, o,
6/9 CRC cores, 250% of CD8+ cells inside tumor tissues were activated, and in 4/9 CRC cores, >50% of CD8+ cells in W& i O CRCC7 m % Stromal Cells % Tumor Cells
stroma were activated. In 2/3 breast tumor cores, 90% of CD8+ cells inside tumor tissues were activated; in the 3 O 150 F Total Cells 5’1232 2’;62 33;:;" 2,370 366(2)3’
remaining core, 90% of CD8+ cells in stroma were activated. Interestingly, all 192 cores had minimal to no expression of z €8+ CD3z- o 0 o
activated Zap70 (pY493) in CD8+ cells. ‘ e 50 + CD8+ CD3z+ 183 145 5.25% 38 1.60%
_ _ _ _ _ _ _ _ 2l N I CD8- CD3z- 4587 2,340 38.5% 2,247 41.0%
Conclusions: Depending on tumor histology, baseline biopsy samples may contain variable numbers of activated CD8+ Tumor type: CRC C2 50% of D cell ound . o CD8- CD3z+ 360 275 9.96% 85 3.599%
TILs (CD3z-pY142+), which may reside inside or outside of tumor regions and express very low levels of Zap70-pY493. Sample: A5132-Tp11 insizlgthe tJnigrs are foun gseﬁacc’;s;i; ?g'é;';s'\‘(jf;;st”mor -50 - e m % Stromal Cells e — % Tumor Cells
Anti-PD-1 therapy is predicted to enhance T-cell cytotoxic activity, as demonstrated by an increased number of TILs and R A St roma Tumor
: : o . . . . . , : . : : o . : : : . TNM: T3 N1a MO : Total Cells 5,330 1,834 34.4% 3,496 65.6%
elevated Zap70-pY493 expression. This assay is being used for pharmacodynamic evaluations in ongoing Figure 1. US Biomax MTU951 Multitumor Microarray stained with anti-3-catenin antibody detected by immunohistochemistry (left) st 1118 D8+ CD3 236 o1 2 30% 175 . 00%
; o ; or with oligo-conjugated antibody detected by AF750-conjugated complementary oligonucleotide (right; Ultivue). age: B z -30% -00%
immunotherapy clinical trials. Funded by NCI Contract No HHSN261200800001E. schernia Time: 4 min 450 CRC c7 = = 103 5 60% 479 13.70%
CD8- CD3z- 4312 1,572 20.2% 2,740 44.0%
Figure 2. Validation of phospho-biomarker staining of T-cell activation on ) 350 CD8- CD3z+ 200 98 5.30% 102 2.90%
: : : DAPI (DS CD3(-pY142 2 ] | NScLCE8 [ Biopsy |  Stroma % Stromal Cells|  Tumor [ % Tumor Cells |
Ba C kg roun d human tonsil and antibody bead-activated T-cell pellets S oovaes fecon = NSCLCES Biopsy % Stromal Cellsl___Tumor % Tumor Cells
ap/t-p j-catenin S Total Cells 5,868 3,432 58.5% 2,436 41.5%
Z 250 + CD8+ CD3z- 70 40 1.20% 30 1.20%
P . o = CD8+ CD3z+ 636 472 13.80% 164 6.70%
I Figure 2A. Validation of 8 CD8- CD3z- 4278 2,229 23.4% 2,049 25.7%
i e i oligo-conjugated 150 CD8- CD3z+ 884 691 20.10% 193 7.90%
@ r[337712 1. @ po-u,"-.“ peptide antibodies to CD8 (left . . Breast C6 m % Stromal Cells % Tumor Cells
w9 { comnibrory | (@ POL2 ¥ Synapse panel) and CD3z-pY142 3B.H |gh-RESO|UtI0n Images of CRC TMA C2 50 L Total Cells 5,966 3,162 53% 2,804 47.0%
wome il -~ %}{t Tt (right panel) on human DAPI CD8 CD3z-pY142 CD8+ CD3z- 46 34 1.08% 12 0.43%
(D28 | ‘ PD-1 W eceotor tonsil tissue. DAPI CD8 Zap70-pY493 CD8+ CD3z+ 150 115 3.64% 35 1.25%
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- 800 r NSCLC D6 Total Cells 8,058 2,237 28% 5,821 72.2%
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PD-1 modulation of TCR signaling. Binding of PD-L1 ligands to PD-1 leads to the binding of SHP-2 to phosphorylated ITSM and overall inhibition of reast
T cell receptor (TCR) signaling through blockade of CD3z chain phosphorylation and Zap-70 association. St roma Tumor Colorectal 64 4
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Development of oligo-conjugated 5-plex quantitative immunofluorescent assay (IFA): Validated antibodies to CDS, . 18000/ e 2001 . 1500+ vy Merged Image * CElIS IN a Dreast DIOPSY  are CD8+; 60% are CDS- 3 S u m m a r a n d C I I n I ca I I m I I Cat I O n S
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CD3z-pY142, Zap70-pY493, and B-catenin were conjugated to specific oligonucleotides and detected by E 000 @ 150+ . - v, &
complementary fluor-conjugated oligos (FITC, TRITC, Cy5, and Cy7, respectively; Ultivue). DAPI was included in the \g/ 4000 100- = s, v 2 400
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& P P & & o FEN & & P N developed algorithms by Definiens Architect to quantify activated CD8+ T cells (CD3z-pY142+) both inside tumor tissues as
. well as in surrounding stroma using CRC, NSCLC, and breast TMA samples from Indivumed.
£ \ Figure 2B. Multiplex staining validation of oligo-conjugated antibodies to CD8, CD3z-pY142, and Zap70-
£ \ Y493 on anti-CD3 and -CD28 bead-activated CD3 cells from normal donors. Lower panel shows marker 0 — S
5 \\ Zuantitation on CD8 cells at various timepoints after antibody bead activation ex w.vpo e * Based on the TMA tumor staining, 3/65 breast TMA cores had >50 total infiltrating lymphocytes in the biopsy, of which 2
25 N ' : had 90% of activated CD8+ T cells inside the tumor and 1 core had 90% of activated CD8+ T cells outside the tumor.
N Tumor type: NSCLC E7 50% of CD8+ cells are found 95% of CD8+ cell outside the tumor St roma Tu mor celtzs ° ° ’
i z ] ] ] Sample: V1121-Tp11 outside the tumor are activated (CD3z pY142+) There was minimal Zap70-pY493 expression in T cells.
e oo 500 o S0 : Bead activated CD3 cells + IFNg-induced ACHN cell lines TNM: pT1b pN1cMO L1 VO RO - -
. . . o : Zap/0 pY493 CD8 [-catenin Stage: II-IV Breast E1 * Inthe CRC TMA, 8/64 cores had >50 total infiltrating lymphocytes in the biopsy, of which 6/8 cores had >50% of activated
Tissue and cell pellet controls for quantitative multiplex IFA (qmIFA) development: 3-catenin staining of tumor tissue R Ischemia Time: 10 min 300 - .. o , : :
T TG SR e reRe vE et e MTUEB Ml e Tesus hfarmere (US e, C8Em e A% ane _ CD8+ T .cell§ inside the tumor and 2/8 cpres had >80% of activated CD8+ T cells outside the tumor. Again, no Zap70-pY493
CDS8 tissue staining were validated on human tonsil. Zap70-pY493 staining was validated on anti-CD3/CD28 bead- DAPI (D8 CD3C-pY142 ] 250 expression in T cells was found at baseline.
activated T-cell pellets. The 5-plex IFA staining (including DAPI) was clinically validated on human tumor tissue Zap70-p¥493 f-catenin 'g 200 |
microarrays from 3 different histologies: CRC, NSCLC, and breast (Indivumed). = * Inthe NSCLC TMA, 20/64 cores had >50 total infiltrating lymphocytes in the biopsy, of which 17/20 cores had >50% of
Quantitative analysis of 5-plex IFA: Image analysis was performed in Definiens Architect 2.4.2 Tissue Studio IF. Tumor 3 =z 150 r activated CD8+ T cells inside the tumor and 18/20 cores had >50% of activated CD8+ T cells outside the tumor. As in the
tissue was identified by B-catenin staining, and stroma was identified by absence of B-catenin staining. The tissue of ~ T % 100 | other histologies, there was no Zap70-pY493 expression detected in T cells.
each core was classified as tumor or stroma using the Composer Training in ROI detection. In Cellular Analysis, nuclei . . o
were detected and assigned to either tumor or stroma. Cell Simulation was based on cytoplasmic staining. In addition, 4B‘ ngh RESOIUtlon Images NSCLC TMA E7 50 » Depending on tumor histology, baseline biopsy samples may contain variable numbers of activated CD8+ TILs (CD3z-
TILs were identified by CD8 or CD3z-pY142 staining; cells that were CD8+ CD3z-pY142+, CD8+ CD3z-pY142-, or CD8- DAPI_CDS8 ____ DAPI CD8 CD3z-pY142 Zap70-pY493 0 [ 1 - Yf42 8 hich i .gyfd » P }l P 2 q low levels of Zap70-bY493. Thi :
CD3z-pY142+ were identified in Cell Classification using the coexpression feature. These cells were assigned to either 3 T SR : P _ +), which may reside insi .e or OUtSI. € O. tumor' reg.lons and express v.er.y OW_ €vels ot zap _P | 1S ass.ay 1S
the tumor or stroma hased on R-catenin staining Stroma Tumor being used for pharmacodynamic evaluations in ongoing immunotherapy clinical trials. The assay will be made available to
Definiens 10-PD Multiplex IFA Solution Overview W‘G"m the public via https://dctd.cancer.gov/ResearchResources-biomarkers.htm.
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