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Spatiotemporal transcriptomic characterization of
wound healing and regeneration in amphibians and of
ischemic brain injury in mice
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Single cell profiling - 2005
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Gene expression profiling in single
cells from the pancreatic islets of
Langerhans reveals lognormal
distribution of mRNA levels

Martin Bengtssonl:2:-4, Anders Stahlberg2, Patrik Rorsman!-3, and
Mikael Kubista2
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Tissue is heterogeneous

a-cells (20%)
B-cells (75%)

Islet of Langerhan




Large cell-to-cell variation

Expression of Ins1 in MING cells




Skewed distribution in linear scale

B-actin expression in 96 B cells

No. of cells

: — e s m
0 500 1000 1500 2000
ActB expression

gt



normal in logarithmic scale....
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The typical (median) cell
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GEME EXPRESSIONM

Which mean do you mean?

There is considerable variation in
gene-expression levels between
individual cells. Bengtsson ef al.
show that these levels are distributed
log-normally rather than normally,
which implies that the arithmetic
mean does not represent the situa-
tion in a typical cell. Thev also show
that the levels of expression of dif-
terent genes in the same cell do not
generally correlate, and suggest that
mechanistic conclusions can be
drawn when they do.

Using reverse transcriptase quarn-
titative real-time PCR, they measured
the transcript levels of 5 genes in
169 mouse pancreatic cells. For each
gene the results were distributed
log-normally across the sample cells,
making the geometric mean a more
appropriate representation of the data
than the more commonly quoted
arithmetic mean. For the insulin
genes, Insl and Ins2, up to 9@-fold
differences were found between the
arithmetic and geometric means.

Of the five genes studied, only
Insl and Ins2 expression levels cor-
related at the level of the individual
cell. Levels of ActB, the B-actin gene,
correlated with these two only at the
overall population level, whereas
levels of the final two genes did not
correlate with any of the others. This
indicates that expression-lewvel dif-
ferences in individual genes are not
due to cells having different levels of
owverall transcription. The authors
suggest that genes that correlate
at the individual cell level are co-
ordinately regulated, whereas those

that correlate at the population level
merely respond to the same environ-
mental stirmuli.

The importance of these find-
ings is demonstrated by the fact that
we might have underestimated the
effect of glucose on insulin expres-
sion by almost 4-fold, which could
be important in the administration
of therapeutic insulin.

Patrick Goymer
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ntracellular profiling - 2007

Oct60 Whnt11

Intracellular expression profiles measured by real-time PCR tomography
in the Xenopus laevis oocyte. R. Sindelka, J. Jonak, R. Hands, S.A. Bustin,
M. Kubista, Nucleic Acids Research, 2007, 1-6,




Laboratory aims

(A) Introduce and develop new methods for expression profiling and utilize them in our research.
(B) Cell fate determinants during early development.

Genelore
(C) Glial cells in acute and neurodegenerative disorders.

(D) E)(p ression regu |ation Of wou nd hea | | ng a nd regeneration_ GeneCore offers service in the field of single-cell and spatial transcriptomics.

(E) Make the methods and bioinformatic solutions available through BIOCEV Gene Core

Adult (stage 66)

Asymmetrical
localization of e )

biomolecules SR— 15

=

WP3 WP4

Regeneration

| Single-nucleus RNA-seq |

WP2 E] o

Spatial transcriptomics

Epidermis
development
Wound healing

https://www.ibt.cas.cz/en/core-facilities/gene-core-quantitative-and-digital-pcr

.m { | &
o ¥Ibt



https://www.ibt.cas.cz/en/core-facilities/gene-core-quantitative-and-digital-pcr

Xenopus laevis tail regeneration
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Relative expression

Relative expression

Bulk RNA-Seq analysis

early_genes:
genes = 1637

- actin-mediated muscle cell contraction
- ATP/NADH metabolic process

- calcium ion transmembrane transport
- carbohydrate biosynthetic process

- nucleotide phosphorylation
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Time

middle_genes:

genes = 774 - cell-cell adhesion
- collagen catabolic process
- cytokine-mediated signaling pathway
- epidermis development
- external encapsulating structure organization
- leukocyte migration

- multi-multicellular organism process )
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Refractory phase of X. laevis development
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- start of feeding

- Immune system maturation Similar early and middle phases of regenergtion!
- signaling pathway differences ~Sibt



Healing is a key phase for regeneration

late_genes:
genes = 1179

- organism development

- signaling pathways

- extracellular modifications
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Chromium System (10x Genomics
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scRNA-Seq: Experimental design
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scRNA-Seq during healing phase

- Remodelling enzymes
basal - TGF-beta inhibitors
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X. laevis tail

pmepal.lL

IHC (Xenopus)

Evolutionary conservation

sturgeon fin rat spinal cord
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* 4 capture areas on a 6.5mm2 area (average 1-10 cells captured per spot

V|S| um SySte m dependent on tissue type)

* spot contains hundreds of millions of oligonucleotides to capture mRNA

* 1 day tissue and library preparation workflow

Visium Spatial Capture Area with Visium Gene Expression
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Spatial transcriptomics
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- remodelling enzymes
- TGF-beta inhibitors

- ECM components



lal transcriptomics

Refractory spat

refractory

regenerating
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- remodelling enzymes

- TGF-beta inhibitors
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Loss of function when RIC markers are inhibited
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Scarring in refractory stage inhibits regeneration
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Scarring appears in RIC loss of function models
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summary

- The end of the healing phase is the initiation step for effective regeneration.

- X. laevis regeneration requires Regeneration Initiation Cells (RICs) that express
remodeling enzymes and TGFp inhibitors.

- Extracellular matrix modifications are important for regeneration initiation.



Ischemic brain injury (stroke)

* Critical reduction in blood flow caused by either sudden or gradual occlusion of cerebral arteries

* Blockage of blood circulation causes neurologic deficits

* Main pathologic changes includes
* Neuronal death
* Inflammatory response
e Structural changes

www.labgenexp.eu

Blood clot lodgesin 3\

cerebral artery, causing H|
a stroke o

Blood clot breaks
off and travels

carotid

carotid
artery
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Ischemic brain injury (stroke)

» Affects over 12 millions people per year world-wide
* Second leading cause of death (6.5 millions)
* Third leading cause of death and disability combined

-> Major health care and economic burden
* Demand on development of new
treatment strategies

« >1000 drugs investigated
« >100 tested in clinical trials

 Early mechanical thrombectomy and :
thrombolysis remain the sole g é |
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Ischemic brain injury (stroke)

* New therapeutics are challenging to develop because of
a) Disease complexity
b) Cell heterogeneity
c) Temporal and spatial factors

* Unigue opportunity for the latest omics and advanced computional
methods
 Spatial transcriptomics (ST)
* Single-cell/nucleus RNA-sequencing (sc/snRNA-seq)
* Integrative analysis

Stbt



Experimental design

Single-cell-sampled

Experimental model __(bregma ~+3to -4 mm)
— Ctrl
> MRI
MCAO - 1 dpi > Spatial transcriptomics
injury § > Sc/snRNA-seq
S > Bulk RNA-seq
E > [HC
= 3dpi
Forebrail‘"‘n‘\‘ > Data analySiS
dissection ™.
— 7 dpi

Spaﬁak?gmpled
(bregma ~-1.3 mm)
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Visium Spatial Gene Expression, 10x Genomics

* Genome-wide analysis
* 55 um resolution

* 6.5x 6.5 capture area

Visium Spatial Capture Area with Visium Gene
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ST robustly captures mouse brain anatomy
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ST identifies brain region-specific genes

Region markers

Ddital 3

Rspo1

Dactz B
| Tmem215 1

Fezf2

DKkt 0
Amn
Plexd2

Ighm 2
Trbc2 I
Igsf21

Slc22a6

Hert
|| Sncg
Ngb
Hap1
Uen3 7 Allen Brain Atlas This study
6330403K07Rik In-situ hybridization Spatial transcriptomics
Cyp26b1
I Syn2
Lypd1
[ ] Spinkd
Trim54
NH3
Slc30a3
Tafa2
FEFOCINOLAIPOD
QEE§Q§<EQE
bEEEE2R2 a5
o ao g
i3z 285935983
@ <O PEDO
xxx 338chgmen
coo 3858 3553
soo gﬁg 3 Z3oon
A o ® @ EE
@® = oo

www.labgenexp.eu %ﬁb t



ST data correlates with reference ISH atlas
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Allen Brain Atlas P56, Adult
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UMAP 2

ST revealed injury-induced disruption of
cortical gene expression landscape
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ST revealed injury-induced disruption of cortical gene
expression landscape
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Cell activation, inflammation and tissue remodeling - hallmarks of coordinated
response to ischemic damage
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ST allowed mapping of spatially localized processes

Gliogenesis

Leukocyte-mediated immunity
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Deconvolution showed dynamic changes in cell type
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in the ischemic les
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UMAP 2

Deconvolution showed dynamic changes in
cell type compositon in the ischemic lesion
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UMAP 2

Deconvolution showed dynamic changes in
cell type compositon in the ischemic lesion
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UMAP 2

Deconvolution showed dynamic changes in
cell type compositon in the ischemic lesion
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GeneCore

GeneCore offers service in the field of single-cell and spatial transcriptomics.

At our state-of-the-art service laboratory, we specialize in cutting-edge techniques for RNA library preparation, empowering researchers to
uncover the intricate genetic mechanisms behind biological processes.

With our expertise in the RNA analysis, we offer comprehensive analysis of individual cells, enabling a deeper understanding of cellular
diversity, heterogeneity and gene expression patterns.

Our service laboratory is equipped with advanced spatial transcriptomic technology, allowing researchers to visualize gene expression
within intact tissue samples, unraveling the spatial organization of cellular activity.

We take pride in delivering accurate and reliable results through our meticulous RNA sequencing workflows, ensuring high-quality data for
your research needs.

Collaborating with leading scientists and utilizing the latest sequencing platforms, our service laboratory is committed to providing
exceptional services in the field of RNA sequencing. single cell RNA sequencing. and spatial transcriptomics.

@ Contact us ]
genecore@ibt.cas.cz
@ Meet with +420 325 873 746
eet with us
BIOCEV, G 1.046
I Talk with us

https://www.ibt.cas.cz/en/core-facilities/gene-core/
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