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. . Table 1. Study Design: Antibodies and Tissues
Introduction & Aim
Target Clone Conjugate Concentration Dilution
Colorectal cancer is a high burden cancer in the United States, SMA 1A4 AF488 125 pg/mL 1-100
leading to the second highest cause of cancer deaths. Despite SOX9 D8G8H AF488 100 pg/mL 1:100
chemotherapeutic intervention and surgical resection, recurrent GAPDH 14c10 AF488 100 pg/mL 1:100
disease may occur in some patients and typically has a poorer NaK D4Y7E AF488 100 pg/mlL 1:100
. . . PANCK-AE1/AE3 53-9003-82 AF438 100 pug/mL 1:100
prognosis. Thus, there is a demand for advanced therapies such as sl
' h ies for improved clinical outcomes. An in-depth cDoS D489 ATSSS 2.5 g/mL LIL
immunotherapies P : : - ANl P CD79A D1X5C AF555 100 pg/mL 1:100
understanding of the colon cancer microenvironment is necessary CD3E D7AGE™ AF555 100 pg/mL 1-100
to improve outcome in this subset of patients. Spatial biology CD4 D7D2Z AF555 200 pg/mL 1:100
approaches are well positioned to comprehensively uncover the GZMB DEE9W AF555 200 pg/mL 1:100
molecular and biological mechanisms of cancer cell aggression in Ccb31 83C2 AF555 47 pg/mL 1:100
colorectal cancer. Here, we visualized nearly 30 biomarkers in gg:o 577;’72: 2:23 fgg “gjmt 1138 e ik N R R s RN i A Yo oy
colon adenocarcinoma (CAC) tissue using the Cell DIVE - _ o e
. . . . . . CcD163 D6U1J AF647 100 pg/mL 1:100 . Nuclear and Cell Membrane :
multiplexed imaging workflow and validated antibodies from Cell e DZH10 AFEL7 100 pg/mL 1100 Cell DIVE Multiplexed Image Segmentation Phenotyping
Signaling Technology (CST®). Using this approach, we were able FOXP3 D2WSE™ AFGAT 500 pg/mL 1100
to probe multiple pathways of interest in cancer progression, such TIM-3 D5D5R AF647 100 pg/mL 1:100 Figure 1. Cell DIVE + AIVIA multiplexing and analysis workflow to understand the heterogeneous tumor microenvironment. Multiplexed Cell DIVE imaging of A. Colon Adenocarcinoma (CAC) tissue. A panel of
as vascularization of tumor tissue, immune cell responses, and cell CD56 E7X9M AF647 200 pg/mL 1:100 approxima_tely 30((?;%r;1quers ’:rgritecfi. tol\/\{ards various_ll_euléocyte Iifneages,”epithegial, strogﬁal, almd endotl?elial cell types was u_t(ijlize('jf tq zha'?CtTrizi the'tumorAi‘rInmune rgicrclylegviron.ment i.n hl:rr;lan cglgn
. . . . PDL-1 E1L3N AF647 200 pg/mL 1:100 adenocarcinoma tissue. B. e Tinal Image was utilized to perrorm cell memprane and nucliear memprane segmentatlon to 1denti Y Individual cells using an -powered ce etection recipe, toliowe \Y
pr0|lfe1t:‘<';lt|0n. Tog”ether' the.se da? afI]lOW thz.ctc.eatlonIOf ?c Spt?]tla| CTLA-4 E2V1Z AF647 200 pg/mL 1:100 phenotyping to assign phenotypic markers to individual cells.
map of tumor cell aggression and offer predictive value for the :
. . . pNDRG1 D98G11 AF647 25 ug/mL 1:100
progression of the disease. Deep molecular and architectural SURVIVIN G4BT AFo47 = :jg/mL 100
insights on this level are possible only with a spatial biology Vimentin D21H3 AF750 100 pg/mL 1100 2 A
approach and offer multiple downstream hypotheses to further CDSa D8ASY AF750 100 pg/mL 1:100 i
understand cancer progression and interrogate the heterogeneity CD45 DIM8I AF750 100 pg/mL 1:100 | | |
within the tumor microenvironment. PD-1 Daw2J AF750 100 pg/mL 1:100 , | ‘
CD11B D6X1TN AF750 200 pg/mL 1:100 A= = ~ N i 1 :
LAG3 D2G40 AF750 200 pg/mL 1:100 1 A B ) A
Results cD11C D3V1E AF750 100 pg/mL 1:100 PanCK-AE1 _
GAPDH Metabolic Markers
NaK
Al-guided analysis was utilized to analyze the CAC tissue which Slide Tissue Catalogue Number ST
revealed single cells characterized by expression of multiple 1339 Adenocarcinoma, Colon COL04 Ki67
markers for epithelial, mesenchymal, and immune cell types s —— ='-
i i i i i CD11B 1
(Fig.1). Clusjcerlng f':malys_ls showed a dlverse_range of lymphoid Methods & Materials L A
cell populations with activated T-cell population and regulatory T- CD68 Requiatory —
. . . I CD163 ),
C?”St (T—1r§g(s? 'E gluster_s 1F§ &;A?n_lglhB-cells”ano: NK-cells W'tjh'n CST antibodies undergo a vigorous validation process to ensure mA | Teells
uster in xes in Fig. : O expresse : : : . .
cluste P OXES 9.2 ese cel’s als P antibody performance on FFPE tissue. All antibodies in this study PNDRG1 |
immune checkpoint markers like CTLA4, PDL1, PD1, and LAGS3, : : : . PD1 |
) : . : were direct conjugates (Table 1). Following preliminary CDBA B cells and NK Proliferatin Vasculature & Mesenchymal Cell Population
ossibly serving as an escape mechanism from the immune C e - : - : : CD4 g
P : Th lat (clusters 13.19. & 115 in Fig. 2A) and th validation, conjugated antibody solutions with the optimum . GZMB cells Cancer Cells
m. vasculatur usters 13,19, ,5 in Fig. an e : : :
SYS ? i ﬁ asc | i. © (02 280 & 8 in Fig. 2A) sh gd ot " degree of labeling and concentration were randomly assigned to g -
m);ﬁ |0| cell popula ]'COTS " e 'fl'nt 'g. ul 3 owte blr}_era(zbllons a round, without optimization and used for subsequent staining ChoE Attered Cellular
with larger groups of clusters specific to cellular metabolism (blue : . : :
Jarger group ) > SP I s of CAC tissue. Tissue was obtained from a commercial source PDL Metabolism — — Vascular Brofiferat
box in Fig. 2A) and proliferation (cluster 7 & 9 in Fig. 2A). Within - : . : CD56 ascular Proliferation roliferation
th loid cell ation. t ted h (Pantomics; Table 1). Slides were imaged on the Cell DIVE imager CD20 [ coar ] Kz
T:Mmy(eIOI X cezopopu a 'sn’ _unl;or—gis)oma © Imacirolp I?gdes cz[rh using four channels plus DAPI, with automatic AF removal, Foxes o = S E S
s (cluster 20, green box in Fig. were closely linked wi . . : _
dothelial cell g It (cl ? 13 and 19 c}/b - Ei corrections, and stitching. Imaging rounds were conducted over a
;2) OS e '?f_ ce” p?pu ations c_utsgrs anh ' r?TAI\?IX)Ig e'g' 2-week period. At round 10 slides were stored for long term at © TN g NOO®DDeDORTOO =~ O Myeloid Metabolic
: ifi , tumor- iated macrophages s) ar : : . - ST L9 QYREE - L eS0T
characl?tgfizecs by theiroabazfifoc’;o facilitate tSmo% rogression b 4°C for future experiments. Fully stitched images (Figure 1A) 5388 % 553553 R EEREREEE g gﬁnb E |
. . - - ) P ] - - +— - 11c NAK
" y ) yd . o P 9| o V4 . were imported, fused, segmented, and analyzed using AIVIA 13.1 253255353 é 8535 8 § 3 § 5355 e [ coss 1 Foxes
. . ) . i O O @) i
f)lljppocl)r Ing a;ng\ll\c/)gen?shs:[sn prf_ eiren '_‘:‘_ y ?CCUT'IL'jAaIVIIng aroll(md (Figure 1B). Using Al-driven analysis, the expression of markers © ©00e=o0 e B oo B oG
v : n | itionin s, marke . ; :
o Oﬁ . essels. Vve hoted the SF]:aC[E)aﬁgOS gCD?6CI)3 s close t (shown in Table 1) was characterized through clustering and - g - 0 E| D45
. . . . . DAPI N
y Neterogenous expression o +and + cells close 1o dimensionality reduction (UMAP) methods (Figure 2). — Epithelial
the blood vessels in CAC (Fig. 2B). Interestingly, expression of [E PANCK AEV/AES
TIM3 and vimentin was also observed in TAMs which has been Lymphaid Mesenchymal
. . . . . . y i
associated with disease progression and poor prognosis (cluster Conclusion B cox 1 vim
20, green box in Fig. 2A). Next, dimensionality reduction (UMAP in Immune Checkpoint B oo Immune
Fig. 2C) allowed us to visualize cell phenotypes (Fig. 2D) within the | Iterative staining and imaging of CAC tissue with CST antibodies % o % ot
heterogeneous CAC tissue and broadly clustered them into groups | and the Cell DIVE multiplexed imaging solution enabled spatial — R 1 eou
associated with tumor progression, innate and adaptive immune characterization of a highly heterogeneous tumor environment. ’ A | [ coea I Lae3
cell populations within the stroma. Additionally, dimensionality This study revealed that tumor cells in the CAC sample N _ s | - — i
reduction (Fig. 2C) revealed a distinct population expressing B-cell,| deregulate cellular metabolism, heighten proliferative signaling, TR 'M = — ' ' B s B czvs
T-regs, immune checkpoint and metabolic markers, potentially drive angiogenesis, and activate tumor-promoting inflammation, EER R AOLEE =
indicati i i i ' all while evading destruction by the immune system. Notably,
|n_d|c_at|ng metab.OIIC reprogramming and autoimmune regqlatlon lvsi g led ial i y. ht bout th y. y Figure 2. Understanding the heterogeneous spatial landscape in CAC. A. Clustering analysis within the CAC tumor reveals hierarchical relationships between markers. Heatmap indicates a measure of marker
within the CAC tissue. Overall, the Cell DIVE + AIVIA analysis our analysis _re\_/ea e CFUCI{-] Insignhts about the Immune _ strength within a given cluster. 20 clusters were identified using PhenoGraph-Leiden algorithm on AIVIA to identify complex and non-linear relationships between markers in CAC tissue. B. Presence of Tumor-
workflow revealed key cell populations like TAMs, vascular landscape within the CAC tissue, for example, TIM3 expression associated macrophages (TAMs shown using white arrows) co-expressing CD68 and CD163 in close proximity to mesenchymal and vascular makers including VIM, SMA, and CD31 (CD31 shown using orange
endothelial cells, and immune regulatory cells that malignant cells in tumor-associated macrophages which may serve a promising arrow). C. Dimensionality reduction (UMAP) indicates all the ide'ntified phenotypic clust'ers and groups these clusters .while preserving the local a.nd global relationships within the multiplexed CeII.DIVE CAC
. tissue. Various markers and groups of markers within the CAC tissue clustered broadly in the form of tumor progression markers (orange), myeloid markers (green), vascular markers (red), lymphoid markers
therapeutic target.

may recruit to promote tumor grOWth (F'g' 2). (pink), and cancer metabolic markers (blue). D. Spatial organization of markers associated with these categories reveal complex relationships within the tumor immune microenvironment.
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