AN

ynnBio

n Biotechnologies

ERE?

EFTMABLRT R RIERIDS PEAFHTRIRIT

FEREMRE (LUR) BRAS | Mills BEMMOST ARG

Fynn Biotechnologies Ltd. Mills Institute for Personalized Cancer Care




| FEAEMFHERIETERE

BRARMAMRRARSHE, MRTESH. SHEERENEEMN

NE cell
type " A"

] w --_» ';\ : g '. -
0 ¥ " Y A5 NE cell o
Tcﬁfg?gﬁgm W e TR SR R SR B S
' e = - SRk e\
2006 £ES | J _ ty':,i col, (BRI RIEERHITIRIE?

RS R I 8 s B, R 5 B
ERHBA ; Ll 2012 £ES

F)ﬁ;o FEREN TEREREET /2XIALNELLAZ - TEHZHAEZRAFA




| HFEA T (DSP)BEARRILIE

nature biotechnology

Explore content ¥ About the journal ¥  Publish with us v Subscribe

nature » nature biotechnology » letters > article

Letter | Published: 11 May 2020

Multiplex digital spatial profiling of proteins and RNA
infixed tissue

Christaopher R. Merritt , Giang T. Ong, Sarah E. Church, Kristi Barker, Patrick Danaher, Gary Geiss,

Margaret Hoang, Jaemyeong Jung, Yan Liang, Jill McKay-Fleisch, Karen Nguyen, Zach Norgaard, Kristina

Sorg, Isaac Sprague, Charles Warren, Sarah Warren, Philippa J. Webster, Zoey Zhou, Daniel R. Zollinger,

Dwayne L. Dunaway, Gordon B. Mills & Joseph M. Beechem

Nature Biotechnology 38, 586-599 (2020) | Cite this article

20k Accesses ‘ 119 Citations | 133 Altmetric | Metrics

Abstract

Digital Spatial Profiling (DSP) is a method for highly multiplex spatial profiling of proteins or

RNAs suitable for use on formalin-fixed, paraffin-embedded (FFPE) samples. The approach

relies on (1) multiplexed readout of proteins or RNAs using oligonucleotide tags; (2)
oligonucleotide tags attached to affinity reagents (antibodies or RNA probes) through a
photocleavable (PC) linker; and (3) photocleaving light projected onto the tissue sample to

release PC oligonucleotides in any spatial pattern across a region of interest (ROI) covering 1

to -5,000 cells. DSP is capable of single-cell sensitivity within an ROl using the antibody
readout, with RNA detection feasible down to -600 individual mRNA transcripts. We show
spatial profiling of up to 44 proteins and 96 genes (928 RNA probes) in lymphoid, colorectal
tumor and autoimmune tissues by using the nCounter system and 1,412 genes (4,998 RNA
probes) by using next-generation sequencing (NGS). DSP may be used to profile not only
proteins and RNAs in biobanked samples but also immune markers in patient samples, with

potential prognostic and predictive potential for clinical decision-making.
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Table 2. Markers significantly associated with PFS and/or OS benefit under PD-1 checkpoint blockade.

SRR PRSI R R

Markers associated with PFS benefit

Cut-off Adjusted Univariate Multivariate
Compartment Marker point Log-rank P log-rank P HR (95% CI) P Pagjustea  HR (95% CI) P
Tumor compartment  VISTA Top tertile  0.001 0.014 2.60 (1.37-4.92) 0.003  0.043 2.49 (1.15-5.40) 0.020
CcD127 Top tertile  0.001 0.014 2.65 (1.41-4.98) 0.002 0.043 2.39 (1.07-5.34) 0.033
CD45 compartment CD56 Top tertile  0.004 0.124 0.38 (0.18-0.80)  0.0M 0.341 0.24 (0.08-0.66) 0.006
CD4 Median <0.001 <0.001 0.33 (0.16-0.67)  0.002 0.062 0.31(0.12-0.76) 0.01
ARGI Median 0.006 0.18 0.43 (0.21-0.86)  0.018 0.279 0.37 (0.16-0.83) 0.016
CD68 compartment CTLA4  Top tertile  0.023 0.736 1.95 (1.01-3.77) 0.044  0.858 2.36 (1.06-5.25) 0.035
Markers associated with OS benefit
Cut-off Adjusted Univariate Multivariate
Compartment Marker point Log-rank P log-rank P HR (95% CI) P Pagjustea  HR (95% CI) P
Tumor compartment  STING Top tertile  0.002 0.058 0.31(0.14-0.69) 0.004 0.6 0.33 (0.12-0.89) 0.029
CD45 compartment CD45 Median 0.003 0.022 0.35 (0.16-0.73) 0.005 0.045 0.47 (0.15-1.44) 0.19
CD56 Top tertile  0.033 0.127 0.44 (0.20-0.97) 0.044 0.169 0.26 (0.09-0.75) 0.014
PD-L1 Median 0.038 0.167 0.48 (0.23-0.99) 0.049 0.20 0.43 (0.15-1.23) on
CD68 Top tertile  0.024 0.119 0.43 (0.20-0.93)  0.033  0.159 0.16 (0.05-0.47) 0.001
CD4 0.001 0.015 0.31(0.15-0.66) 0.002 0.030 0.23(0.08-0.66) 0.007

Median

CD20 Median 0.008 0.048 0.38 (0.18-0.82) 0.014 0.084 0.83 (0.32-2.16) 0.71
[ CD3 Median <0.001 <0.001 0.24 (0.N-0.53) <0.001 <0.001 0.24 (0.09-0.64) 0.005
CcD8 Top tertile  0.016 onz 0.38 (0.17-0.87) 0.023 0.159 0.54 (0.21-1.39) 0.20
TIM3 Median 0.003 0.022 0.32 (0.14-0.72) 0.006 0.045 0.62 (0.24-1.60) 0.32
CD40 Median 0.039 0.167 0.48 (0.24-0.99) 0.049 0.20 0.47 (0.17-1.28) 0.14
ICOS Top tertile  0.006 0.093 0.35 (0.16-0.78) 0.010 0.155 0.26 (0.08-0.79) 0.018
CD68 compartment CD45 Top tertile  0.004 0.064 0.33(0.15-0.74) 0.008 0.128 0.31(0.11-0.87) 0.026
PD-L1 Top tertile  0.035 0.243 0.45 (0.21-0.98) 0.045 0.288 0.55 (0.22-1.39) 0.17
CD20 Top tertile  0.004 0.064 0.33(0.14-0.74) 0.007 0.28 0.56 (0.21-1.45) 0.23
GNZB Top tertile  0.023 0.243 0.42 (0.18-0.93) 0.032  0.288 0.55 (0.20-1.47) 0.23
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Table 1. Target proteins within Nanostring Digital Spatial Profiler (DSP) modules.

Immune
Controls Immm.le- Cell 10 Drug Target Activation Immun'e Cell Pan-Tumour
Profiling St Typing Module
atus
Rb IgG PD-1 4-1BB CD127 CD45RO MART1
Ms IgG1 CDe68 LAG3 CD25 FOXP3 NY-ESO-1
Ms IgG2a HLA-DR OX40L CD80 CD34 S100B
Histone H3 Ki-67 Tim-3 1COS CD66b Bcl-2
S6 Beta-2M VISTA PD-L2 FAP-alpha EpCAM
GAPDH CD11c ARGI1 CD40 CD14 Her2
CD20 B7-H3 CDh44 CD163 PTEN
CD3 IDO1 CD27 ER-alpha
CDh4 STING PR
CD45 GITR
CD56
CDs8
_ . CTLA4
IRIEH&EFREEXIE, SPanCK (4&&8) . GZMB
CD45 (Ef) . CD3 (4f) itk (IEe) PD-L1
BT SAFE— RIS (CK+) PanCk
TME (CK-/CD3+) . fEsSIERARAIRmN ot

Xik (ROI)
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Tumour Uniariate Cox PH Immune Univariate Cox PH

Variable i R %5%0 pValue Variable H HR  95%C p Vale
co34 —_—— 053 (0.35-082) 0,004 EpCAM — 070 (0.51-0.96) 0.029
[es] * ! 050  (0.28-089) 0018 Pan-Ck —— 069 (0.49-0.99) 0.045
1008 ——— 060  (0.36-099) 0,047 Fibronectin P 138 (1.00-1.92) 0.051
€080 + T 057  (031-102) 0,057 Gzve B . S 185 (0.94-3.65) 0.076
R + 055  (0.29-1.04) 0.065 FAP-alpha e 164 (0.94-2.86) 0.083
VSTA -—0—{- 065 (0.41-104) 0.070 SMA —%0—’ 135 (0.93-1.97) 0.118
HA-DR —— 075  (0.55-103) 0073 coss -0 144 (0.89-2.33) 0.141
co8 +- + 055  (0.29-1.06) 0074 CDs6 1 -+ 222 (0.75-6.57) 0.150
Bck2 + ! 052  (0.25-1.07) 0076 VISTA —t———— 139 (0.85-2.27) 0.188
CO45R0 —— 1= 065  (0.40-1.05) 0076 Her2 —_——— 140 (0.81-2.43) 0.230
4188 —_———r 060  (0.35-1.06) 0077 co127 —_—— 061 (0.27-1.37) 0.234
o T G 065  (0.40-1.06) 0083 GAPDH S G 075 (0.46-1.22) 0.246
PTEN +* 1 059  (0.32-108) 0.088 CD44 —t——— 120 (0.87-1.66) 0.258
FOXP3 —_—,t 068  (0.44-1.08) 0.087 CDB6b —t— 078 (0.50-1.21) 0.262
Pan-Cx t—— 130  (096-178) 0094 CD40 —t 138 (0.77-247) 0.274
LAG3 * 0 060  (0.32-113) 0110 4188 P S e 138 (0.68-2.78) 0375
cms —————— 064 (0.36-1.12) 0119 DO1 —p— 084 (0.57-1.24) 0.391
001 = 083  (0.66-105) 012 CD163 —— 118  (0.80-1.75) 0.402
POL2 _———— 065 (0.37-1.13) 0127 CTLA4 —_— 081 (0.48-1.36) 0.421
Her2 —_—— 086  (0.39-1.13) 0130 cD1e —T— 115 (0.82-1.62) 0.424
D45 —_— = 071 (046-1.10) 0130 HLA-DR —— 081 (0.49-1.36) 0432
SMA —— 083  (0.65-106) 0138 S6 * 1 059 (0.15-2.26) 0.440
ER-apha —_— 066  (0.39-1.14) 0138 Histone H3 T *> 170 (0.44-8.52) 0.440
GTR * 066  (0.37-1.16) 0145 LAG3 —_—— 121 (0.70-2.10) 0.490
8M ——————t— 072 (047-112) 0146 co4 ——— 115 (0.76-1.74) 0515
STNG — 7 077 (054-1.11) 0163 ox40L —_—— 085 (0.51-1.43) 0.547
ARG ————t— 072  (045-115) 0165 CcD4s5 —_—tr— 115 (0.72-1.84) 0.549
G2 + i 065  (035-120) 0170 FD-L2 —t 085 (0.48-1.52) 0586
cot27 —_—————1— 073 (0.46-1.15) 0178 Tim3 —_— 112 (0.73-1.72) 0.599
Fironectn —_—— 083  (0.63-109) 0178 $1008 —t— 091  (0.63-1.30) 0.606
87-H3 ——— 075  (0.49-1.14) 0178 co25 e e 083 (0.38-1.78) 0.628
MART1 —_— 070  (0.42-1.18) 0.182 B2M —_—r 0.88 (0.52-1.50) 0.647
056 + 062  (0.31-126) 0189 ARG1 — 114 (0.64-2.03) 0655
CDs8d —0—{— 080 (0.56-1.13) 0205 FD-1 e 120 (0.53-2.73) 0.662
PD1 e 071 (0.42-120) 0205 MART1 —_— 086 (0.45-1.67) 0.663
0 —_— 072 (0.41-126) 0251 co3 —t— 110 (0.71-1.70) 0677
CTLA4 ———— 079  (052-1.19) 0263 NY-ESO-1 ———— 111 (0.66-1.86) 0.685
T _—— 083  (0.58-1.19) 0.305 R —_——— 112 (0.66-1.89) 0.685
0163 ——— 087  (0.66-1.14) 0307 FOXP3 —_—— 090 (0.52-1.55) 0.699
NY-ESO-1 ———— 077  (0.46-128) 0319 coe7 —— 1.07 (0.74-1.56) 0.707
coe7 —_—— 082 (055122 0328 GITR — 090 (0.52-1.57) 0.719
co14 L 088  (063-1.18) 0354 Co34 * 108 (0.76-1.48) 0.728
FAP-aipha —_— 083  (0.53-129) 0401 oS ———— 1.08 (0.66-1.76) 0.760
oxaoL —_— 085  (056-129) 0445 cos —_—l—— 109 (0.63-1.86) 0.767
CO40 + T 001  (0.46=144) 0477 CDOO — 111 (0.55-2.24) 0.776
Ki-67 —_— 091  (063-131) 0608 Ki-67 —_— 1.07 (0.67-1.71) 0.781
EpCAM —t— 105  (0.83-134) 0662 STNG . 095 (0.64-1.41) 0.782
Co88 —_—— 093 (064-137) 0726 CO5R0 —— 105 (0.73-1.52) 0.785
COt1c —_— 093  (0.60-143) 0729 cD14 — 106 (0.67-1.66) 0813
oL — 095  (060-150) 0835 ER-alpha . S 105 (0.64-1.73) 0.854
6 4 100 (043-277) 0849 Bek-2 —_— 105 (0.56-1.96) 0.886
Hstone H3 * 091 (0.36-231) 0849 CD20 —_—,— 097 (0.59-1.60) 0.901

e 102 (0.72-145) 0895 PTEN —_— 102 (0.63-1.66) 0.920
GAPDH e 101 (073-139) 0962 PO-L1 —_——— 098 (055-174) 0937
$1008 —p— 100  (0.80-124) 0.984 B7-H3 el — 099 (0.62-1.59) 0.980
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