AGBT 2026, #4116

SPACE: Spatially resolved multiomic analysis for high-throughput CRISPR screening in 3D models

Yi Cui', Mengwei Hu?, Qianhui Huang?, Khoi Chu?, Sierra McKinzie', Michael Patrick!, Sharanya lyengar?, Maerjianghan Abuduli?¢, Marianne Spatz?, Nandita Joshi¢, Brendan Miller?, Shams Vellarikkal?,
Timothy Riordan’', Danny Bitton?, Jan Lubojacky?, lya Khalil?, Federica Piccioni?, Michael Rhodes', Alex Tamburino?, Shanshan He', Joseph Beechem?, Vanessa Peterson?

1. Bruker Spatial Biology, Seattle, WA, USA; 2. Merck & Co, Inc., Rahway, NJ, USA

=

e Introduction ~ - SPACE Assay Characterization ~ e ~
. . " ] . “ S — AAVS1 KO —top gRNA per CAF 1SG20 KO —top gRNA per CAF C | 1 C | 2 C I 3
High-content single-cell perturbation screens are pivotal for RNA detection performance = | R e T
elucidating gene functions and uncovering novel biology, yet Samplelosation 13 18 14 | emmEewo o \
: : : . WTX + 6K+ | i 3
conventional methods necessitate cell dissociation, Panel Coverage __ CRISPR __ WTX CRSIPR ;&= = iois i N \
. g - . . . . . . Organoid Size ) |
forfeiting critical spatial information essential for dissecting il 256 25 223 N Antibody I N ISH probe /
. : : : : ', Xre:  §
cell-cell interactions and tissue architecture in complex Seqmenied 24546 23904 22234 o y *
microenvironments. While spatial CRISPR screening Mean Transarpis s T m— e RNA workflo
‘g : : . . _ Cell 2188 2405 1492 - conjugated antibodies antibody workflow
mitigates thI.S pa':tlally’ existing _teChnOIOgle_S _are constrained R . Fig. 8 Diagram of multiomic SPACE workflow. Samples were first stained with a CosMx
by hypothe3|s-d rrven phenotyplng panels limited to sparse Mean Unique e tete e 64-plex protein panel, followed by the SPACE WTX workflow for RNA profiling.
. aps . enes / Ce , , 2"
RNA or protein coverage, curtailing comprehensive gene Vit Dot s 1o ap Fibronectin _ NF-kB p65 -
I I Mean Transcripts / | | - P o o o oS RN iyt P i
function assessment and discovery breadth. | s T aa ma we SIS SO
To overcome these barrlers, WE developed SPACE (SPAtIaI Fig. 4 SPACE is compatible with different panel sizes, showing consistent detection of
Cell Exploration) dassay, a pioneering platform that fuses CRISPR targets with high specificity. Left: Summary table for SPACE performance in RNA
: s : detection. Middle: Correlation of detected CRISPR molecules (upper: CRISPR sgRNAs;
whole-transcriptome profiling, CRISPR perturbations lower: UGIs) count between WTX+CRISPR (x axis) and 6K+CRISPR (y axis). Right:
(sg RNAs and associated Unique Guide ldentifiers UGls), Counts per CAF cell of the top 5 most abundant sgRNAs and UGIs in AAVS1-KO and
- - - - - 1ISG20-KO spheroids. DAPI
and multiplexed protein detection at single-cell resolution - : / ORMDL3_UG
ey v e : : : ORMDL3_sgRNA
within intact 3D tissue contexts. SPACE delivers unbiased, Segmentation
transcriptome-wide readouts alongside 68 protein markers e SPACE Revealed Novel Biomarkers in CAF cin
(64 CosMx® |O protein panel targets plus 4 morphological | Difforentially expressed genes Orthogonal data validation
- VS -
markers), vastly expanding phenotypic landscapes in
spatial screens. As the highest-plex coverage multimodal g |
- - iR —a 2k |
CRISPR assay to date, SPACE achieves this at | ] o
. I ! ! 24 o o ©O ® ® ©o o o O 02
unprecedented scale and affordability — profiling hundreds . T : o
" - 2 : : v D0 1 protein oV ‘ o Bl = YT U I8 N o
of spheroids encompassing tens of thousands of cells per g, AN
] ] ] ] ' | i ISG20KO g ISG20 KO g de o s 00 @ ¢ @ | 5
slide — largely outperforming sequencing-based alternatives | : IZZZ
. o | l 1@ @ @€ 0 0 O o o o '
\ln efficiency. y | .. W J -
Fig. 10 Left-Middle: Multiomic SPACE revealed the same cell clustering outcomes as
: WTX-only SPACE (Fig. 3). Right: Representative image of RNA, protein and CRISPR
/ SPACE Assay DeSIQn \ : - ¥ i targets dﬁtected in(thgJ sa)me gells i ’ i
Fig. 5 In ISG20-KO CAF, SPACE identified several MMPs significantly downregulated, 9 -
CRISPR ’}‘ — which were later validated with orthogonal assays at both RNA and protein levels. Tumor cell EMT acitivity EMT score = f{Vimentin-+SMA-+ Fibronectin) — f{EpCAM)
- '_ o Hydrogel | N _Sscore = imentin iIbronectin) — o
dited & | d Pancreatic adenocarcinoma Lung adenocarcinoma Glioblastoma multiforme ' . . ?
primear;;eCAF%f AN e " olock Overall Survival gOveraII Survival Overall Survival ! : I ! s 1 g j ﬂ
Wl SV YTEY. = — Low ISG20 Group = — Low 1SG20 Group = — Low I1SG20 Group ’ M
\\ﬂ@’ T ogrankpo.18 T egrank p=0038 T Logrank pose-0 SR h )W /L\
- 4 2 el s meris| e |
cancer cells & ——— ; | | g s
| CRISPR-edited Spheroid embedding in rﬁ(i:c:ggcogg sﬁgeo % ° % S % ° ] § N I i- ]
CAF-tumor spheroid FFPE blocks l 5 < z .| - s |} “ w
;"%f:f S RB e E i E ) E ) 9] )
CM compostion LeandTocepor | Spataly W3 e : - 1 (Y I SERLRRREEERL | SRAN
M _ T “ewsssess e CRISPR edit gene A | v I | } ! ) ' I I |
gl to. . RNA1-18000 S 4 S 2 | 501 : I : |
— . = sesrr@s Protein 1-64 0 210 4|n sln aro 0 5Io 1c|m 1|50 2<'Im 0 zlo 4Tu aTo slu
- - vecera Cell coordinates Months Months Months
" % oo~ Cell morPhOlogy R N m©O© ®O0O P~ M ®-<O O©F®PYWOTOA NN O >0 —AINA-—J@ONDITN — N O <
e y : Kidney renal clear cell carcinoma Lower grade glioma Lung squamous cell carcinoma g % DE: E‘Ej E % g % % % E % § g % DIE_: % g E E E % %_-:1: % % % g %% % % % % % % é é g ;g; % é E % E é %
Systematic, unbiased discovery of Multimodal spatial measurement: Overall Survival Overall Survival _ Overall Survival S 2 g S Q ° - @ = F=0 % o= A
CAF-tumor biology WTX, CRISPR identity, protein, ... - — Low 18620 Growp e . :h?;,'g%é%%fg”fp _ CRISPR ID _ B B
Fig. 1 Diagram of SPACE experimental workflow. Primary cancer associated fibroblasts - o s - e Fig. 11 Tumor cell EMT score calculated using protein data per CRISPR editing condition
(CAF) are CRISPR edited, co-cultured with BxPC3 cancer cells in ultra-low attachment E ooweizo| 2 Mowetze| & s DHCR24 KO MALSK/Z KO
plates to allow spheroid formation, and fixed. The spheroids are then embedded in FFPE 5 S % % <
blocks while maintaining 96-well arrayed format for CRISPR identity confirmation. The E < | : S 3 - ,
sectioned slides undergo SPACE profiling of CRISPR molecules, transcriptome and & a & ) L|_|+
protein on the same slide S ° L
0 50 Vonthe 100 150 0 50 ':jgnths 150 200 0 50 Monthe 100 150
Fig. 6 Kaplan-Meier plots of patient overall survival in different tumor types categorized as
high-1SG20 or low-ISG20 subgroups. (Data source: TCGA/GTEX)
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