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Figure 1. Tumor ST clusters assignedby the Multimodal intersectionanalysis(MIA ) matchedhistology images. After alignmentof fastq file usingCell

Ranger(10x Genomics),anaverageof 3500distinct genesweredetectedin eachspot. Eachsamplewasthenloadedinto R Seuratpackageandnormalizedby

SCTransform. Phenographclusteringwas thenperformedby using the first 10 dimensionsof PCA. Geneswith significantly higher expressionin eachST

clusterrelative to the otherswereidentified (P<0.01, Wilcoxon RankSumtestand log_FoldChange>0). A. scRNAseqdatafrom Shihet al. PLoSOne. 2018

were analyzedand usedto define genesets: for eachcell type, geneswhoseexpressionwas statisticallyhigher in the cells annotatedto that cell type in

comparisonwith expressionin the remainingcells wereidentified (P<10ī5, Wilcoxon RankSumtest). B. With the genesetsextractedacrossthe scRNA-seq

and ST modalities,the overlap betweeneachpair of cell type-specific and region-specific genesetswas computedby MIA . A hypergeometrictest was

performedto assesssignificantenrichment(EnrichmentthresholdP<10ī10). e.g. Tumorclusterswereassignedif theenrichmentp-valueof anyof theepithelial

cell typesEp_1, Ep_2, andEp_3 in thatclusterwaslower than10ī10. Fibroblastclusterswereassignedsimilarly. Clustersotherthantumor andfibroblastwere

assignedasnon-fibroblastic stroma. C. Assignedclustersoverlaidon H&E images. Colors indicatedthe clusteringassignments. Tumor clustersmatchedthe

morphologyof tumor regionsonH&E images.

More than 14,000 patientsin the United Statesdie of ovarian

cancer each year, making this cancer the fifth leading, and

thereforemostlethal,causeof cancerdeathamongwomenin the

United States. High grade serousovarian carcinoma(HGSC),

which accountsfor 70% of all cases,is themostaggressiveform

of ovarian cancer. It characteristicallyarises from fallopian

epithelial tissue and spreadsto multiple locations within the

abdomenbefore it is diagnosedat stage3 or 4. At this point,

clinical interventionis limited, resultingin a 10-yearsurvivalrate

of a devastatingless than 20%. Treatmentoptions currently

consistof cytoreductivesurgerybeforeor followed by platinum-

and taxane-based combination chemotherapy. A majority

of patientsrespondto this first line treatmentand thus are in

possessionof chemosensitivetumors; however, in a subset

of patients,tumorsrecurwithin 6 monthsafter the last cycle of

treatmentdevelopingchemoresistance.

Additionally, ovarian cancer progressionis often dictated by

strategicallylocatedactivity of cells and proteins in the tumor

microenvironment(TME). Consistingof fibroblasts,extracellular

matrix proteins, endothelialcells, lymphocytic infiltrates, and

cancercells,the TME allowsfor sustenanceof thetumorthrough

crosstalk signaling networks establishedbetween cancer and

stromal cells. The TME directly affects chemoresistanceand

patient survival by reducing the positive effects of

chemotherapeuticdrugsby hinderingdrugabsorption.

Recent discoveries suggest the existence of biological

differences in advanced stage HGSC chemoresistantand

chemosenstivetumors. Substantialefforts have been made to

develop gene expression-based molecular signatures and

biomarkers from these cells to predict chemoresistancein

HGSC. Spatialtranscriptomics(ST) is a cutting-edgetechnology

capableof providing a rich spatial context to geneexpression

by generatingthousandsof spatiallyresolvedtranscriptomeson a

singletissuesectionwith aresolutionof 10-50 cells. Recently,ST

hasbeenusedto providemeaningfulbiological insightsbasedon

spatial proximity in complicated cancerssuch as pancreatic

cancer. However, a transcriptome-based signature that can

predictchemoresistancein HGSCis still lacking.

Figure 2: Characterization of tumor and stroma subclusters helped to elucidate the heterogeneity of these cellular

compartments and validation of stroma subclusters by multiplex immunofluorescence (mIF). A-B. Multiple rounds of

subclusteringhighlightedthe heterogenicityin the HGSCtumorsandTME. Differential geneexpressionanalysisfor eachsubcluster

revealedmarkersuseful to discriminatechemoresistantfrom chemosensitivetumors. Periostin (POSTN)is a matricellularproteinthat

is expressedby fibroblasts. It hasa key function in organizingthe extracellularmatrix, and high expressionin the stromahasbeen

shownto correlatewith lower overall survival and greatertreatmentresistance. GonzalezL. et al. Frontiers in Oncology(2018).

POSTNrecruitsWnt ligands. Malanchi I. et al. Nature(2011). CD36 is a membraneglycoproteinreceptorthatis associatedwith tumor

biology by playinga roll in antigenpresentation,inflammation,angiogenesisandcell adhesion. Ladanyi A. et al. Oncogene(2018).

Furthermore,it enhanceslipid uptakeandFA oxidationand is associatedwith tumor immunetolerance. By binding to TSP-1, CD36

inducesapoptosisandblocks the VEGFR-2 pathway. WangJ. et al. Theragnostics(2019). CDK1 is a commonlyknowncell cycle

regulatorwhoseabnormalactivationresultsin high proliferationand apoptosispreventionof ovariancancercells. ZhangR. et al.

Journal of OvarianResearch(2017). LGR5 modulatesWnt/beta-cateninsignaling,which regulatesproliferationanddifferentiationof

adult stemcells. It is ableto induceEMT, therebytheexpressionof this molecule is associatedwith distantmetastasis. Liu W. et al.

CancerMedicine(2018). C. mIF wasusedto validatetheexpressionof PeriostinandCD36 in stromasubsclusters.

Figure 3: Crosstalk signaling network analysisand validation of ligand-receptor pairs associatedwith chemoresistanceby mIF. A. H&E imageof representativerefractorysamplewith overlaidclusterassignment. B. Expressionmapof selectedspotsfrom tumor clusterc2 (orange)andstroma

cluster c0 (grey) and usedfor cross-talk signalingnetworkanalysis(receptorin tumor, ligand in stroma). Red lines indicatestumor areas. C. Top 6 ligand-receptorpair selectedafter cross-talk signalingnetworkanalysisin refractoryand chemosensitivesamples. D. Multiplex IF imageof a

representativechemoresistantsample. E. Tissuesegmentationof representativesampleusingVisiopharmanalysissoftwareto identify tumor(green),stroma(blue)andtumor/stromaboundaryareas. F. STRNA expressionmapsof LRP5 receptorandAPOEligand to validatetheir higherexpressionin

tumorandstroma,respectively. G. Multiplex IF imagehighlightingpresenceof LRP5 receptorin the tumorandAPOEligandin thestroma. COL1A1 wasusedto definestromaareas. H-I. Graphdepictingthemeanintensityof LRP5 (H) andAPOE(I) in thetumor,stroma,andtumor/stromaboundary.

J. Graphcorrelatingthemeanintensityof LRP5 andAPOEat thetumorstromaboundaryresultingin a Pearsoncorrelationvalueof 0.616(p=0.01). Thelower Pearsoncorrelationcoefficientsfor thetumorandstromaregionsemphasizea significantassociationbetweenligandandreceptorat the tumor

stromainterface. K. STRNA expressionmapswith CD47 receptorandTHBS2 ligand to validatetheir higherexpressionin tumorandstroma,respectively. L. Multiplex IF imagehighlightingpresenceof CD47 receptorin the tumorandTHBS2 ligandin thestroma. COL1A1 wasusedto definestroma

areas. M-N. Graphdepictingthemeanintensityof CD47 (M) and THBS2 (N) in the tumor, stroma,andtumor/stromaboundary. O. Graphcorrelatingthe meanintensity of THBS2 andCD47at the tumor stromaboundaryresultingin a Pearsoncorrelationvalueof 0.621(p=0.01).

�‡ New class of biomarkersbasedon spatial intratumoral heterogeneityand spatially

resolved transcriptomic analyses can be used to develop predictive models

for chemoresistance.

�‡ Noveltherapeuticstrategiescanbedevelopedto targetnotonly tumorandstromalcells,

but also the ligand-receptorcrosstalknetworksestablishedbetweencancerandstromal

cells, which may result in improved survival rates for HGSC patients

with chemoresistantdisease.

�‡ Validation of optimized mIF antibody panels including Periostin-CD36-COL1A1,

APOE-LRP5-COL1A1 and THBS2-CD47-COL1A1 in a larger cohort of

chemosensitiveandchemoresistanttumorsamplesis ongoing.

Conclusions


