opments in spatial transcript\cm\ﬁcs using MERFISH 2.0""-unlock insights into the

X et ) \(AVAS S
George’Ema orenz Rognoni, Jiang

° Immune infiltration alters the cellular neighborhood and gene expression of NSCLC tumors
Introduction Results

Vizgen,/Inc. 61 Moulton St, Cambridge MA, 02138

. . . . . A. Cell Proportion Across Spatial Domains B. . .
| | MERFISH 2.0 generates high quality spatial transcriptomics data across tumor types 10] Neighborhood Niche 1 Niche 2
Despite remarkable results for many patients, the response rate for “ B Niche 1
; g . . . . H 153 B Niche 2 g
immunotherapy varies from one patient to the next. While technological advances Table 1: Transcript counts from human FFPE cancer samples 298] " Niche 3 3
S B Niche 4
have made it possible to study single cells in their native context, samples with . . . . . 5061
P . . y J . . p. Tissue type Gene panel (815-plex) description Total cells Total counts Counts/100 pm? Median transcripts/cell e e iy
lower RNA quality remain challenging for capturing the full complexity and s, e e
dynamic nature of the tumor-immune microenvironment. Vizgen's MERSCOPE Breast Infiltrating ductal carcinoma Human Breast Cancer panel 767,974 382,677,293 366 324 H EM"‘ Km“‘
Ultra™ platform allows for high-plex, high-resolution, spatially resolved spatial 202 e S
transcriptomic analysis of up to 1000 genes, enabling the study of whole Breast Tumor Human Breast Cancer panel 270,489 56,728,287 130 143 0.0
. . . . . . LT L2y PEFTD®E®ER
transcriptomic signatures associated with tumor status and the immune system. BT ETDE N oo ECER -
The I\/Iultiplexed Error-Robust Fluorescence in Situ Hybridization (MERFISH) Colon Adenocarcinoma, Invasive Human ImmunoOncology (I0O) panel 703,879 150,234,785 206 102 “ 35 E = 3'@ ,@ 205 o .
g i = 8§53
teChnO|Ogy facilltates .dlreCt RNA proﬂllng in situ with hlgh SEMSRIgY and sub- Colon Adenocarcinoma, Invasive Human ImmunoOncology (IO) panel 561,747 151,001,514 165 143 C , o , 5.5
cellular resolution. With MERFISH 2.0, an enhanced MERFISH workflow that . - o - ‘ iy
substantially improves the sensitivity of RNA detection, we profiled multiple tumor Non-Small-Cell Lung Cancer (NSCLC) Human ImmunoOncology (I0) panel 112,337 39,145,995 185 212
samples from patients and elucidated how the local immune environment s
influences gene expression and protein activity in the tumors. Non-Small-Cell Lung Cancer (NSCLC) Human ImmunoOncology (I0) panel 629,612 209,290,557 214 178 .
@ CDH1 35
Breast cancer Colon cancer Lung cancer O COLAA
Breast Cancer Panel ImmunoOncology Panel W DUSP ”
Materials and Methods
Cell Proportion Across Spatial Domains . . .
BaCkground D‘ 1.01 _ Neigh.borhood E' N'Che 1 N'Che 3 NlChe 4
MERFISH 2.0 I N O REE
506 . L o I &N
. : LA SRS -
ltiplexed : 2 ~EuR g W € s
mage 1 mage2  Imagel " Deteion . MERFISH 2.0  uses binary S 04] ool L by A N W Ll o N ”"‘gif ol
barcodes to encode different g o e Ll S AR TR -
Barcode . . . goz Bl S e it P AL L Thy g, i
decoding mMRNA species, which enables in i sk %i bbby S o “§ ,% ‘ f C.E
: . 00 shgns s E L ep g v M
=> situ profiling of hundreds to EIieiziiai ‘ : AL ’ ) gj p s
thousands of genes at single- EFEEI RN S 3 Sl
molecule resolution. g v -
MERSCOPE Ultra CDH1 SERPINAL co74 . COL1A2
Fo co
Sample P Data analysis -
preparation Data acquisition & visualization The MERSCOPE Ultra Platform L2
y provides an end-to-end solution 12
for the MERFISH 2.0 technology, 0 "
from sample preparation to data . 08
= analysis and visualization. " CD74 06
O SERPINAT o0
W CDH1 o y
. . ( m COL1A2 . -
Experl mental deSIg n \h"@"d & 4 6@3;\* \,o@;) \,o@%% ¢ \\&Q& ?,\‘gg. @Q&& é\@é‘z’ «,}“\&0 @#’\0‘9 \\‘f’oh \\e(‘& ‘b(/'Q}\b ‘3&@ '&Oé'gv&&g 0‘30‘!@0‘,?‘}?9}\‘; 36} C‘"&/\v(’ ’Lé“\\’yé@\):é&\‘iohg&q,*@\‘ioﬁ ?ioo% 9"\)&3’” Qoooééb @‘0 ‘96@ \v‘)&é 0.0 0.0
¥ O e & & S « S & & 4 & & & 7 ® Y ol 7 A 7 B O B O . . . " u " " : : : : :
Sectioni . . O A & & N ¢ & . VoSS <@ T 2 FE S Figure 3: Exploring the neighborhoods of “hot ” vs “cold” NSCLC tumors. Each spatial domain was sub-profiled for more fine-grained cell types. The
ectioning Data collection Analysis of each dataset & 5 & & S . : . : . a S S
. . S . contribution of each sub-cell type to each neighborhood was plotted in (A) for the highly immune-infiltrated (“hot” tumor) and the weakly infiltrated (“cold”)
\. . Flgur.e 1: M'ERI.:I.SH 2.0 was performgd on FFPE tissues fro.m a range of human cancers. MERFISH data was used to map .and annotate all ceil types in each tumor,  tymor (D). Each niche was olotted on the spatial projection, colored by sub-cell type (top row) and top gene (bottom row) for the hot (B) and cold (E) tumors.
- - r“‘g showing a S|gn|t|cant grinchment of immune .cells for certain samples. .We showed that in all sample's, particularly those W|th lower RNA.qua'Ilty{ MERFISH 2.0 shqws MERFISH data for the top gene in each niche was plotted for the hot (C) and cold (F) tumors.
. ® —, ‘ excellent detection efficiency for RNA transcripts and subsequent quality of downstream data analysis. (Table 1). Plots showing the spatial distribution of cells using
_. i MERSCOPE Ultra (A), the uniform manifold approximation & projection (UMAP) plots of cell types (B), and pie charts representing the cell type composition of all the T Il hibit distinct . . . mitv to i T
=t tumor types (C). Legends underneath show cell types identified from the 815-plex human Breast cancer (left) or ImmunoOncology (right) gene panels. umor cells exnibit distinct expression patterns in proximity to Immune ceilis
B. Top differentially expressed genes in hot tumor C. Pathways enriched in hot tumor cells

Ao [k
"Hot"” tumor

Ttk XU e B Eeame - cp74
. 5 5 . ° ° ° ° ° ° Y, ; TR : e ‘ / CCND1
Formalin-fixed paraffin-embedded (FFPE) specimens from breast, colon, and High quality MERFISH 2.0 data reveals distinct spatial neighborhoods across sample types HYTTAAS. b AR o7 ros
lung tumor indications were cut into 5um sections for spatial transcriptomic ot HLAA o (ooiOlediusted Pvalue)
measurement. Two tumor samples were measured for each indication. An 815- Breast cancer Colon cancer Lung cancer e o b A LAMP3 o PSR — —
g P T P : ‘ g NF1 . regulation of angiogenesis
plex Human Immune-Oncology (IO) Panel was used for lung and colon cancer, W L e N ‘ e response to cytokine
and an 815-plex Human Breast Cancer Panel was used for breast cancer A | Yo g g 4 | L SEMA4D ' negative regulation of cell motility
samples using the MERFISH 2.0 workflow. The resulting data was used for Ot o TR . i o2 : . 0! wd o 102 oNTNL —0.5§  antigen processing and presentation of endogenous peptide antigen
Y - " ‘ | Wi At R R -, Rl e / : o G . g NRP1 regulation of cell migration
; SR & : AL A ' E%i negative regulation of cell migration
BTNBAIIi'i positive regulation of transcription, DNA-templated
H'—g‘[‘)gf‘": : regulation of endothelial cell proliferation
g(gig cellular response to lipid
PRKCA regulation of Wnt signaling pathway
NLRC5
A cxeils e
SFRP1
WIF1

Genes

@ Niche 1
single cell and spatial analyses. ® Niche 2
® Niche 3

® Niche 4

logl0(Expression + 0.01)

|
[y
o

Analysis

Spatial Transcriptomics

“Cold” tumor “Hot"” tumor
MERFISH counts were calculated per gene across the

tissue (Figure 1A) B.

Cell Type Composition Across Spatial Domains Cell Type Composition Across Spatial Domains Cell Type Composition Across Spatial Domains Cell Type Composition Across Spatial Domains Cell Type Composition Across Spatial Domains Cell Type Composition Across Spatial Domains

- ] Cell Type — Cell Type
¥ Cancer LumB SC - ¥ Cancer LumB SC

Macrophage

W CAFs myCAF-like |

B Tcells CD4+

B Tcells CD8+

B PVL Differentiated

B Plasmablasts

¥ Endothelial RGS5

B Cancer LumA SC
Macrophage

¥ B cells Memory

B DCs

¥ Endothelial ACKR1
B CAFs MSC iCAF-like 0.2

Top differentially expressed genes in cold tumor Pathways enriched in cold tumor cells

S100A9 -
VEGFA -
FGFR3 -

JUN -
THBS2
FZD8
FOS
PGF
EPHA2
MXD1
THBD
CXCL1
CXCL8

=
o
=
o
e
o
L5
o
=
o
e
o

Cell Type Cell Type
B colorectal_tumor § colorectal_tumor
¥ Fibroblasts ¥ Mac_Angio
B TCD8_naive ¥ Fibroblasts
B Mast_cells u RTM_IM
¥ Mac_Angio # NK_rest
¥ Mac_LA § TCD8_em
u RTM_LA B Neutrophil_CXCL8
¥ Endothelial
 colorectal_normal
u B_cells
B Mast_cells

Cell Type
¥ RTM_LA
B Mast_cells
¥ Fibroblasts
B TCD4_reg
¥ Endothelial
B lung_normal
B B_cells
N cDC_LAMP3
B TCD4_naive
B pDC
u TCD8_em

Cell Type
¥ lung_tumor
¥ Mac_Angio
¥ lung_normal
B TCD4_reg
u TCD8_em
B Neutrophil_TAGLN2
¥ Fibroblasts
B TCD4_naive
B B cells
N Mast_cells
B Endothelial

o
=3}
o
=3}
o
®
o
=]
o
=)
o
-]

1.0 -log10(adjusted P value)

0 1 2 3 4 5 6

B T cells CD4+

B T cells CD8+

u CAFs myCAF-like
¥ PVL Differentiated
¥ Plasmablasts

B Myoepithelial

B B cells Memory

o
o
o
o
o
o
o
o
o
o
o
o

Cell-by-Gene Matrix

=
S

¥ Endothelial
B TCD4_reg
BB cells

o
=
o
=
<
S
e
n
e
S

regulation of cell population proliferation

o
wn

Proportion of Cell Types

o
N

Proportion of Cell Types
Proportion of Cell Types
0
Proportion of Cell Types
o
N
Proportion of Cell Types
Proportion of Cell Types

cytokine-mediated signaling pathway

o
[
o
]

B CAFs MSC iCAF-like
B DCs

The resulting counts were assembled into a single-cell-
by-gene matrix, which was used to perform uniform - | — — 00!

Nichel Niche2 Niche3 Niche 4 “ Nichel Niche2 Niche3 Niche 4 Nichel Niche2 ~Niche3 = Niche 4 Niche 1 Niche2 Niche3 Niche 4 Niche 1 Niche2 Niche3 Niche 4 Niche 1l Niche2 Niche3 Niche 4
m a N ifo | d a p p rOXi m atl O N & p rOJ e Cti O n ( U M A P) a N a |ys I S Spatial Domains (Neighborhood Clusters) Spatial Domains (Neighborhood Clusters) Spatial Domains (Neighborhood Clusters) Spatial Domains (Neighborhood Clusters) Spatial Domains (Neighborhood Clusters) Spatial Domains (Neighborhood Clusters)
® and Leiden clustering

positive regulation of phosphatidylinositol 3-kinase activity

e
=]
=
=]
2
=]

o
=]

positive regulation of lipid kinase activity

regulation of phosphatidylinositol 3-kinase activity

Genes

cellular response to cytokine stimulus

|
o
n

cellular response to oxygen-containing compound

log10(Expression + 0.01)

Niche 2
Niche 3
Niche 4
Niche 3
Niche 4
Niche 1
Niche 2
Niche 1
Niche 4
Niche 2
Niche 3
Niche 4
Niche 2
Niche 3

regulation of angiogenesis

Cell Types C. <

The top genes per Leiden cluster were used to assign it it i)

Niche 31 Niche1{ ® ©

cell types at the single-cell level (Figure 1 B&C) vereal 159 3 bty

----------------

Fraction of cells
in group (%)

1T 1
L . "M Ay
1030507090
® Mean expression
° in group

Niche 2
Niche 3
Niche 4
Niche 2
Niche 1
Niche 4
Niche 3

induction of positive chemotaxis

-1.0

Niche 2 4
Niche 14
Niche 4 4
Niche 34

1 1 1 1 1 1 1 1 I 1T 1 T 1.1 1
Nichel 1 @ @ @ @ o o > o Nichel{1 @ @ @ @ . o : - Niche 14
Niche 4 4 Niche 4 9000 ° -k Niche 2 1
Niche21 @ © ® @ Niche2{ ® @  ® O - O ] Niche 3
Niche 3 1 Niche 3 Niche 41 -

||||||||||||||||||||||||||||||||||||||||

20e
°
LN ]

ADAMTS5
SERPINAL
IL1IA

ELN
CEACAM1
POU2AF1

“"Cold” tumor “Hot” tumor

*® ||Niche 1

Niche31 @ @
o

inflammatory response

®
[ N ]
Ul

N
LN X NI

[ X )
CEEN X ]
0 [ X ]
[ X
[ X ]

oce
o0o - |
)

e

LN

®

o0@
[ ]
oo @
[ XN ]
1 X
( 1Y ]
XX
[ X ]
( T 1]
{ T 1)
@eo
[ ]
[ X |
[ X ]
°
[ I ]
@

[
(1 I
[ ]
(T

[ T
oe
[ X'
oe
[ 1]
@e
[ X ]
[ BN ]
[ X

00 05 10

................

-1.5

CcD74
CSF3R

FCGR3A
FOXA1
CLDN4
CXCR4

GATA3
CLDN4
CSF1

MLPH

FOXAl

FOXA1

SPDEF
PABPC1
CcD74
COL1A2
COL3Al
COL5A1
COL4Al
COL1A2
COL3Al1
COL5A1
CD74
CTNNA1
COL3Al
COL1A2
COL5A1
COL4Al
CcD74
COL3A1
COL1A2Z
CcD74

COL4Al
SERPINAL

Endothelial & fibroblast cells Normal lung cells

COL3A1l
COL1A2
COL3Al
COL1A2
COL5A1

Figure 4: Immune cells altered the gene expression in tumor cells in a spatially-dependent manner. (A) Coloring tumor and immune cells within hot and
cold tumors shows tumor-immune cell interactions at the tumor boundary only in the hot tumor (white arrows). (B) Differential expression analysis of the
tumor cells between the two tumors revealed the top relative expressors in the hot and cold tumors. (C) GSEA analysis of the differentially expressed genes
shows upregulation of immune response pathways in the hot tumor, contrasting with upregulation of cellular proliferation pathways in the cold tumor.

Spatial Neighbors Figure 2: Spatial analysis reveals “spatial domains” or niches (see workflow in Methods) within multiple cancer indications. (A) Spatial projections overlaid with each
spatially-defined domain after neighborhood analysis. (B) Bar graphs represent the cellular composition of each niche. Notably, we observed increased exhausted T cell
(TCD8_ex) infiltration in highly infiltrated NSCLC (left) vs the minimally infiltrated NSCLC (right). (C) Dot plots show the marker gene enrichment for each niche.

Conclusions

[ :

—{ce“ The cell type data was used to perform the spatial

R nearest neighbor analysis of the tumor and its
of cell, microenvironment

Neighborhood Composition Matrix . . . . . L . . . . . . . .
Spatial analysis reveals spatial domains or niches of cell = Spatially resolved transcriptomic profiling of tumor samples at the single-cell level offers significant opportunities for understanding how cancers develop and evolve in situ. These improvements enable detailed characterization of tumor
types heterogeneity and will unlock new insights and new avenues for therapeutic research. Spatial analysis using MERSCOPE Ultra revealed increased infiltration of cytotoxic T cells within most tumors.

= Spatial profiling data was used to identify and characterize spatially associated niches within each tumor sample.

Niches = Different subsets and proportions of tumor and immune cells were found in each tumor, resulting in different neighborhood compositions.
. » The gene and spatial data were used to assess the top . Apalysis of the MERFISH 2.0 data revealed defined spatial domains enriched in immune-enriched NSCLC sample when compared with that of a minimally enriched counterpart, and different patterns of expression the tumor cells in proximity to
. . differential genes between spatial niche and between .
5 § - different tumor samples immune cells.

= High-quality spatial transcriptomic data demonstrate how spatially-resolved interactions can lead to new mechanistic insights at the tumor-immune interface.
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