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Location Matters
Spatial biology allows you to visualize

specific genes and cell types
involved with disease progression.

The brain is a complex organ which makes it 

difficult to navigate the complex neuronal 

network. Molecular Cartography™ illuminates 

biological insights by visualizing gene 

expression patterns which highlight disease 

involvement and identify specific cell types. 

This technology allows  you  to:

• Quantitate RNA transcripts

• Analyze data with easy-to-use

bioinformatics

• Concentrate on revealing biological insights

Focus on what matters

Download the white paper
resolvebiosciences.com/neuroscience
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UNDERSTANDING 
SPATIAL BIOLOGY

H
ow genes control the gener-
ation, shape, position, and 
function of individual cells and 
facilitate cell interactions is a 
perennial question in biology. 

Constructing atlases of the location, timing, 
and level of gene expression in specific cell 
types unveils biological pathways in devel-
opment and disease. Single-cell transcrip-
tomics provides a quantitative evaluation of 
thousands of transcripts expressed in a cell, 
but omits their spatial context. Researchers 
have now developed numerous techniques 
to incorporate spatial information in gene 
expression profiles. These spatial transcrip-
tomics techniques facilitate the visualization 
of gene expression patterns in situ.

Approaches in Spatial 
Transcriptomics
Spatial transcriptomics is a rapidly grow-
ing field that combines cutting-edge meth-
ods in tissue segmentation, imaging, and 
single-cell RNA sequencing (scRNAseq) 
with powerful computational algorithms. 
Together, these techniques generate com-
prehensive, spatial gene expression pro-
files in a range of tissue samples. Methods 
that allow the assessment of gene-expres-
sion profiles at known tissue locations can 
be classified into four approaches: micro-
dissection, in situ hybridization, in situ
sequencing, and in situ capturing.1 These 
methods allow scientists to discover pre-
viously unknown genes in biological pro-
cesses and reveal new cellular identities; 
however, each has unique advantages and 
shortcomings.

To determine the molecular profiles in 
a given tissue space, researchers employ 
laser-capture tissue microdissection to 

ablate a small group of cells from specific 
locations.2 For increased resolution, meth-
ods such as Geo-seq employ laser microdis-
section to obtain cell clusters made of as few 
as 10 cells.3 The tissue samples are then ana-
lyzed through bulk or single-cell sequenc-
ing. However, microdissection-based meth-
ods are low throughput and cumbersome 
because they only cover small tissue sec-
tions at a time.

Traditional in situ hybridization (ISH) 
is a common method to visualize tran-
scripts of interest with spatial precision. 
Instead of removing cells and extract-
ing mRNA, researchers performing ISH 
introduce specialized probes against target 
sequences directly into tissue and visualize 
them using fluorescence or light micros-
copy. While ISH has good sensitivity and 
offers subcellular spatial resolution, it has 
several limitations.1,2 First, a major draw-
back is that only a limited number of pre-
determined transcripts are visualized at a 
time. In addition, probe-binding efficiency 
varies from sample to sample, which dras-
tically reduces the reproducibility for 
quantitative applications. To circumvent 
some of these challenges, methods such 
as seqFISH, MERFISH, and RNAscope 
provide multiplexing solutions by employ-
ing more fluorescent probes, rapid probe 
stripping protocols, and a combinato-
rial barcoding approach to enhance the 
number of target genes. However, these 
enhancements make the techniques 

expensive, time consuming, and often 
destroy tissue integrity, making DNA and 
protein detection impossible. Molecular 
Cartography, a novel high-throughput, 
quantitative method, uses non-destruc-
tive technology, allowing researchers to 
perform follow-up experiments.

In situ sequencing approaches cir-
cumvent some of the traditional ISH lim-
itations by utilizing probe designs that 

directly capture and amplify RNA from the 
intact tissue space. While in situ sequenc-
ing methods such as STARmap and CAR-
TANA facilitate visualization of up to 1000 
different transcripts within a tissue space, 
these methods are insensitive, detect only 
predetermined targets, and cover a limited 
field of view.4,5,6 Unbiased in situ capturing 
methods solve the underlying limitations of 
in situ sequencing by detecting unknown 
sequences. In this technique, specialized 
barcoded beads hybridize and capture 
all transcripts within a cell and mark the 
cell’s location.1,2 The barcoded beads pro-
vide sequencing libraries for unbiased tran-
scriptome datasets and spatial information. 
However, efficiently capturing RNA probes 
for sequencing is difficult and creates a bot-
tleneck that reduces the accuracy of tran-
script expression quantifications. 

While all spatial transcriptomics app-
roaches have their strengths and weak-
nesses, emerging technologies are driv-
ing new discoveries in neuroscience, 
oncology, toxicology, and beyond. 

Spatial transcriptomics approaches that resolve 
gene expression patterns in situ are classified 
into microdissection, in situ hybridization, 
in situ sequencing, and in situ capturing methods.
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T
he brain is organized into dis-
tinct regions and anatomical 
circuits that execute specialized 
functions. Brain cells, such as 
neurons and glia, display aston-

ishing diversity in morphology, physiology, 
and connectivity. Coincidently, distinct cel-
lular subtypes assume stereotypical topo-
graphical positions in the brain, orchestrat-
ing structural motifs that are important for 
function. Therefore, to understand behav-
ioral and disease mechanisms, researchers 
must also determine the overall composi-
tion and organization of the distinct brain 
regions. Advancements in spatial transcrip-
tomics provide an opportunity to map the 
spatial distribution of brain cell types within 
a region, visualize the transcripts in subcel-
lular compartments, and pinpoint pathways 
that are altered during development, adult-
hood, and disease states in a cell-type and 
circuit-specific manner.1

Building Brain Cell Atlases
Throughout brain development, dis-
tinct spatial domains with unique tran-
scription factors set up lineages that give 
rise to region-specific cell types. Many of 
these cells migrate great distances and 
differentiate along the way before inte-
grating into a circuit. A range of local 
cues, gradients of secreted signaling 
molecules, and other cell-cell communi-
cation mechanisms influence cell birth, 
migration, differentiation, and matura-
tion steps. Using spatial transcriptomics, 
researchers develop brain cell atlases that 
harbor positional and molecular infor-
mation of the developing and adult brain, 
which they can use to address questions 
in brain development and function.2

Recent work from Sten Linnars-
son and his colleagues at the Karolinska 
Institute uncovered the transcriptional 
diversity of the mouse brain from gastru-
lation to birth at spatial and temporal res-
olution.3 In situ sequencing of 119 genes 
important for embryonic brain develop-
ment identified region- and lineage-spe-
cific gene expression patterns. The authors 
reported that radial glia, stem cells in the 
brain that give rise to neurons and glia, 
are both transcriptionally and spatially 
diverse. These cells were shown to secrete 
a greater variety of morphogens than pre-
viously thought, which provide cues for 
neuronal differentiation. This prenatal 
mouse brain atlas provides a wealth of 
information on time- and space-restricted 
gene expression patterns. Researchers can 
utilize this information to develop genetic 
targeting tools for neurodevelopmental 
disorders and brain cancers.

Visualizing Plaque-Induced
Genes
Spatial gene expression analysis also pro-
vides deeper insight into neurological dis-
eases such as Alzheimer’s disease (AD). 
AD pathology is defined by the presence of 
amyloid ß (Aß) plaques. Historically, sin-
gle cell RNA sequencing (scRNAseq) stud-
ies showed gene expression changes in nor-
mal versus AD brains and revealed the cell 
types that become activated in response to 
Aß pathology. However, the impact of Aß 
plaques on neurodegeneration is not well 
defined. Therefore, researchers employed
in situ sequencing in mouse brains to 
determine the interaction of Aß plaques 
with the nearby tissue environment.4 Tran-
scriptomics of cells surrounding the plaque 

revealed previously undefined plaque-in-
duced genes (PIGs) in microglia and astro-
cytes. The PIGs in the AD brains reveal 
altered crosstalk between glial cells due 
to disruptions in the endosomal and lyso-
somal pathways. The subcellular distribu-
tion of PIGs provides new insights into how 
plaques develop in time and space. 

Molecular Cartography
Molecular CartographyTM is a novel 
highly quantitative spatial transcript-
omics technique available to the neurosci-
entific community that allows researchers to 
identify cellular heterogeneity with spatial 
context. Molecular Cartography is based on 
combinatorial single-molecule fluorescent 
in situ hybridization (smFISH). By hybrid-
izing transcript-specific probes per target 
RNA, researchers can generate molecular 
maps of a mouse brain to analyze expres-
sion patterns of up to 100 unique RNA 
per sample. Through a proprietary color-
izing and de-colorizing chemistry during 
imaging, this technology accurately iden-
tifies individual transcripts with unprece-
dented specificity and sensitivity, allowing 
for quantitative analysis with one spot cor-
responding to one transcript. An automated 
workflow offers transcript visualization 
with high-throughput processing. Addi-
tionally, researchers can identify individual 
transcripts, analyze their subcellular distri-
bution in 3-D within a 10 µm thick tissue 
section, and reuse tissue for downstream 
immunohistochemistry applications.

Taken together, spatial transcriptomics 
is overlaying molecular and morphological 
changes in neurological disease pathologies 
for the first time, allowing researchers to fol-
low clinically relevant circuits and pathways.

TRANSCRIPTIONAL 
GEOGRAPHY: BUILDING 
BRAIN CELL ATLASES
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T
umor mass is made up of het-
erogeneous cells creating a 
microenvironment that var-
ies from patient to patient. The 
complexity of the mass and the 

hierarchical organization of cell types is cru-
cial to understand a tumor’s characteristics. 
Cancer cells in the tumor microenvironment 
are under evolutionary pressure to mutate 
and evade immune surveillance. To adapt 
to the local environment, tumors accumu-
late dynamic changes that generate spatial 
and temporal heterogeneity in gene expres-
sion. As a result, patients show variable 
responses to therapies, so there is an urgent 
need to design personalized therapies based 
on tumor molecular and cellular profiles.1,2

There are two main tumor types, 
where the presence of infiltrating immune 
cells defines their characteristics and pre-
dicts therapeutic success. Hot tumors con-
tain immune cells such as cytotoxic T cells 
within their microenvironment, whereas 
cold tumors do not have immune cell infil-
tration.3 Within each tumor type, the cellu-
lar arrangement and cell-cell interactions 
underlie key features of the tumor microen-
vironment, such as changes in extracellular 
matrix proteins and cytokine release. 

The tumor microenvironment remains 
largely uncharacterized and holds a wealth 
of information about molecular and bio-
chemical anomalies that could help 
guide new therapeutic design. Tradition-
ally, researchers employed basic histol-
ogy methods that explore tumor charac-
teristics by assessing one highly-expressed 
protein marker at a time. Newer imag-
ing techniques that use multiple markers 
reveal tumor heterogeneity to only a certain 
extent. However, a comprehensive analysis 
of RNA, protein, and biochemical activities 

of individual cells in the tumor microenvi-
ronment with spatial and temporal context 
is critical to better characterize heteroge-
neous cancers and move toward precision 
medicine. Recent advances in the simulta-
neous detection of hundreds of tumor bio-
markers using single-cell omics methodol-
ogies with spatial context have been a game 
changer for cancer researchers.1,2

Classifying Tumors
A spatial transcriptomics study from 
Joakim Lundeberg and his colleagues 
at the Royal Institute of Technology in 
Sweden classified the prostate cancer 
microenvironment for the first time.4

A tissue and transcriptome-wide anal-
ysis of the prostate tumor mass revealed 
unique tissue organization involving 
cancer, normal, and immune cells. The 
researchers reported differences in 
gene expression patterns between nor-
mal prostate epithelium and cancer 
cells within the tumor. Further, they 
identified gene expression differences 
between the cancer core and periph-
ery thanks to their spatial information. 
This type of transcriptomics data could 
help determine whether the periph-
ery promotes tumor initiation and pro-
gression, and may provide new tools for 
early cancer detection.

Glioblastomas are aggressive brain 
and spinal cord cancers displaying mas-
sive intra- and inter-tumor heterogene-
ity. Using spatial transcriptomics, Dieter 
Heiland and his colleagues at the Univer-
sity of Freiburg in Germany discovered 
that glioblastoma cells assume develop-
mental and inflammatory trajectories 
that increase heterogeneity in the tumor 

microenvironment.5 They also found that 
aging accelerates metabolic modifications 
in the tumor microenvironment that drive 
inflammation changes. This work shows 
how brain tumors adapt to metabolic 
changes in an age-dependent manner to 
increase inflammation. 

Tumor Heterogeneity 
and Patient Survival
Recent work from Zohar Yakhini and 
his colleagues at the Technion - Israel 
Institute of Technology showed how 
tumor heterogeneity predicts survival in 
breast and lung cancer.6 Using machine 
learning tools, the researchers “spa-
tially resolved” bulk mRNA and miRNA 
expression in patient tissue samples. 
They uncovered high levels of oxidative 
stress within the reactive stroma in the 
tumor. This suggested that the stroma 
releases energy to sustain the growth 
and survival of cancer cells. Further, 
the spatial analysis described reactive 
stroma as an emerging hallmark of can-
cer initiation and progression. Finally, 
using a tumor heterogeneity index based 
on the spatial mapping, researchers 
showed a significant link between het-
erogeneity and patient survival, where 
survival decreases as tumor heterogene-
ity increases in both tumor types.

Overall, cancer researchers lever-
age new spatial transcriptomics meth-
odologies to detect cancer biomark-
ers within their native environment. 
Such analyses provide a comprehensive 
understanding of cell-to-cell variation 
within and between individual tumors, 
facilitating a leap towards personalized 
cancer medicine.

HOT OR COLD: 
DEFINING THE TUMOR 
MICROENVIRONMENT
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