Comprehensive characterization of biology of inflammatory bowel disease-associated colorectal cancer using the GeoMx® Cancer
Transcriptome Atlas panel
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“Inflammatory bowel diseases (IBD) ulcerative colitis (UC) and Crohn's disease (CD) significantly increases the risk for development of colorectal
cancer (CRC). However, the exact molecular mechanisms that underlie the transition from inflammation to cancer are not fully understood, and a
systematic characterization of the immunopathogenesis of IBD-associated CRC is lacking. To address this issue, we performed a comprehensive and
spatial tissue analysis using the Cancer Transcriptome Atlas (CTA) panel on the NanoString GeoMx® Digital Spatial Profiler (DSP). The CTA panel
enables high-plex data profiling of 1,800 RNA targets simultaneously combined with spatial information from any region of interest from a single
tissue section using NGS readout. The CTA panel is designed for comprehensive profiling of the tumor, tumor microenvironment, and tumor immune
status including the 18-gene Tumor Inflammation Signature (TIS).

In this study, a total of 20 FFPE samples (5 CRC patients, 4 UC patients, 6 CD patients, and 5 healthy donor samples) were spatially profiled for up to
1,800 genes included on the CTA panel. For all samples, H&E staining and pathology assessment were performed to assess tumor %, and
determination of location of tumor and immune-enriched locations. Regions of interest (ROls) were selected based on fluorescent antibody
morphology markers on tissue sections stained for DNA (Syto13), epithelial cells (PanCK), and immune cells/stroma (CD45). The profiling of tumor
and stroma regions were achieved through geometric ROI. To thoroughly profile the spatial differences (epithelial vs. stromal/immune), for each
sample, 3 groups of ROI were selected, ROIs 1-4: geometric ROIs in epithelial/PanCK+ region, ROIs 5-8: geometric ROIs in CD45+ region proximal to
PanCK+ ROls, ROIs 9-12: geometric ROIs in CD45+ region distal to PanCK+ ROIs. ROl selection was followed by collection of indexed oligonucleotides
and sequencing on NextSeq 550 lllumina instrument. Using the GeoMx NGS Pipeline software, lllumina FASTQ sequencing files were automatically
processed to GeoMx readable digital counts (DCC) and input back into the Data Analysis Suite for analysis. The digital counts were mapped back to
each ROI, generating a map of transcript activity within each ROI. The R BioConductor package DESeq2 was used to test for differential expression by
a negative binomial generalized linear model. Models tested for significant differences in expression were between ROls: PanCK+/Proximal
Stroma/Distal Stroma. Transformations from raw digital counts used the Variance Stabilizing Transform function, for Principal Components and
heatmap plots.

Overview of Study Workflow
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Figure 1A. GeoMx DSP Assay Workflow. For NanoString DSP, slides were stained with fluorescently labeled morphology markers and oligo-conjugated
RNA probes. ROl selections in two locations, tumor and immune-enriched/stroma locations were guided by staining with fluorescent markers
(PanCK,CD45, Syto 13). Per slide, 12 ROIs of 500 uM diameter circle were selected. Photocleaved oligos were collected and counted using lllumina
NextSeq 550 per manufacturer protocols. 1B. GeoMx Cancer Transcriptome Atlas panel curated content. This panel includes over 100 pathways to
explore all aspects of cancer. Only key content shown above.

Key Findings

In this study, NanoString GeoMx CTA panel offered by NeoGenomics Laboratories was utilized to perform a large-scale expression profiling of
colorectal cancer, ulcerative colitis, Crohn’s and healthy donor tissue FFPE samples to understand the genes and pathways involved in the
transition from inflammation to cancer.

* Spatially distinct distribution of targets was observed between PanCK+, proximal stroma and distal stroma regions in this study.

» Differential expression analysis helped identify specific genes such as NR4A1 and SOX9 that were altered during intestinal inflammation in IBD
and CRC tumorigenesis respectively, in epithelial and stromal/immune fractions.

* Comprehensive spatial profiling by CTA panel allowed us to dissect the spatial target expression alterations in epithelial and stromal regions
from colorectal cancer, ulcerative colitis, Crohn’s and healthy donor tissue samples.

* The findings from this GeoMx CTA study will be used to further elucidate the underlying mechanisms leading from an IBD disorder to the
development of colon cancer.
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Figure 2A. ROI selection for GeoMx CTA testing. A representative DSP image showing ROI selection PanCK and CD45 in a colorectal
cancer FFPE sample. 2B. Distribution of ROIs: Per slide, 12 ROIs of 500 uM diameter circle were selected based on PanCK and CD45
staining. For each sample, 3 groups of ROl were selected, ROIs 1-4: geometric ROIs in PanCK+ region, ROIs 5-8: geometric ROIs in
CD45+ region that are proximal to PanCK+ ROls, ROIs 9-12: geometric ROls in CD45+ region that are distal to PanCK+ ROls.
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Figure 3. Principal Component Analysis (PCA) plot showing variability between PanCK+, proximal stroma and distal stroma ROls.
For all samples, principal components analysis of PanCK+, proximal stroma and distal stroma ROIs revealed a clear spatial
separation of the profiled areas. Targets in the PanCK+ (blue) and distal stroma regions (red) formed distinct clusters with targets in
the proximal stroma (green) interspersed in between PanCK+ and distal stroma regions.
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Figure 4. Heatmap plot showing clustering of top 30 maximally differentiated probes across all ROIs for all indications. For each target in
the CTA panel, there are 5 separate probes and probes for the same target clustered together. Additionally, targets within the PanCK+ and
distal stroma regions were spatially distinct.

5A. 5B.
PanCK+ - Healthy vs CRC

Distal Stroma - Healthy vs CRC

® Y
iy :
SOX9 3
I le-064 T
1e-06 A | =
) .
® : - SOX9
@ . ‘e L
o Slgnificance: 1le-04- TNFsFl0. @ °® " Significance:
p ® FC<05 ADH1A/B/C » TNFRSE12A  cxcL1
le-04 - : v - C:spl cxel! oL @ FC<05
[ ) . = W HLA-C 3 i
.« | pval < 0.05 Higher in CRC g GNA1l ',PU\'-'/ ETV4 pval < 0.05 Higher in CRC
: o a HLA-DRB 1 Se afn | Ti—
s e : 1 ® pval < 0.05 Higher in Healthy LGALS3 spHA 2 5] PRe & @ pval < 0.05 Higher in Healthy
f CXCL1\ pac3 Q % o : CXCL8
pck1 TNFSElo @ o . cxcL2 ™ HLA’F oSEA @\
ADH1A/B/C ~ & nA%13a\[excs b f ] 7 RAC3
16-02 4 ) NAl‘l @@AsPl " le-02 A = ® ® .
B2M Hu>c kil e% ARES ETV4 = THY1 e
®  caL .;:: .‘Ié N prav ‘:Q.
PVal=0.054 =« = v+ o v g DT .-.. - Bl o oS N S pval=0:.05 J-+-e:ere-e-scacararesare it N 13 s e e e
EPCAM : GDF15 , :
Ae01 ; R o 1e+00- : i-FCm1:41
B R 0 1 2 5 R 0 1 2
Higher in Healthy <-log2(FC) -> Higher in CRC Higher in Healthy <- log2(FC) -> Higher in CRC
5c- 5D.
Distal Stroma -Crohns vs CRC Distal Stroma - UC vs CRC
»- e
CASPIL RNF43
. le-05+4 T
« S0OX9
le-044 . .
HLAC i o:
o HLA-DRB\.‘, PRDM1 Q o
! 50X9 Significance: BZM® HLA-F SLAMF7 L Significance:
i e J . N2
Y le08- : o ® FC<05 o le-031 <D74 Pou2aFl @ PECAMIL '1:\ " ® FC<05
=] = HIF1A ‘HLA-DPAL & “° MYC
o ) ) o CD79A & o . .
i pval < 0.05 Higher in CRC D":: HLA-DRA. \DDI pval = 0.05 Higher in CRC

:P.DKI 1
P lispoog1: © § :
wz, & a\ ' @® pval < 0.05 Higher in UC
HLA-E

1e-06 DMBTL :e : ° -
X { 1 pval < 0.05 Higher in Crohns .
HLA DRB\¢ ; ! le-02- 2 : L) &
LYZ & HLA-F y-n@; p T cxcra® g ‘c . é
P L . b
le-04 €B74 )ll-ﬂ'c D"iA"B"c IAPOL6 RNF43 e® e o :

¢ g NPT IS RSN ML ) i el '
BZM‘./ < CTSS - pval=0.05 ’
HLA-DRA |w
le-02 /:. ®
HLA-DRB3

I ETV4
o
v ar1 '\/{"C
%iz = o
pval=0,054 s« rrrrrasantiaann ’ .. . ... it

1e+00 A EFC=1.41 1e+004 EFC=1.41

2 1 0 1 2

-2 =L 0 L 2 i,
Higher in Crohns <- log2(FC) -> Higher in CRC Higher in UC <- log2(FC) -> Higher in CRC

Figure 5A-5C. Differential expression profiling of CTA panel targets. Volcano plot analysis was used to compare target expression
between distal stroma ROIls and various indication samples. The dotted horizontal line represents the adjusted P-value cut-off.
Differences in key markers for intestinal inflammation in IBD as well as CRC tumorigenesis were observed.
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