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Introduction: Wound healing

(A) Inflammatory phase
Hair

Rook et al., 2008;
Proinflammatory neuropeptides: substance P, '— Rook et al., 2009:

Epithelia  neurokinin A Clark et al., 2007
* Histamine, leukotrienes, thrombin

« TGF-P, fibroblast growth factor 2

Epidermis - =
Bacteyia, * Coagulation
= * Thrombocytes, neutrophils, monocytes, Rook et al., 2007
RELL: eosinophils...
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(B) Proliferative phase/reepithelization

Bigliardi et al., 2002;

New blood

Kichler et al., 2009;
vessel * Keratinocyte migration, reepithelization (_ Kiichler et al., 2010;

* FGF-2,-7,-10 Poonowala et al., 2005
* Matrixmetalloproteinase (MMP) 1

* Collagen synthesis, angiogenesis (_
* Granulation tissue: fibroblasts

* Hypoxia-induced factor (HIF)-1¢,, VEGF A, FGF-2 }_

Martin et al., 2010;
Balasubromanian et al.,
2001; Lam et al,, 2008
Chronic opioid use

— clinical relevance?

Monocyte

Granulation
tissue

Macrophage
(C) Maturation

* Myofibroblasts — wound contraction
* Platelet-derived growth factor (PDGF), TGF-3 I_ Rook et al., 2008

* MMP-2, MMP-7

TRENDS in Pharmacological Sciences

Stein C, Kuchler S. Targeting inflammation and wound healing by opioids. Trends in Pharmacological
Sciences. 2013:34(6):303-12.
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Methods

C57/BL6 mice; Retn-lacZ, Sm22-Cre, Cd45-Cre, LysM-Cre, Fabp4-Cre,
Pparyflox R26R, tdTomato, GFP, RFP, and Ragl—/-—

Full thickness mouse wound model: 1,5x1,5cm square wounds, healing
without further intervention

Bone marrow transplantation:

« bone marrow flushed from long bones of healthy donor mice
« HSCs FACS-sorted for Lineagend, SCA1+, c-KIT*, CD150*, CD48"e9

Single cell sequencing:

« Pooled mouse wound tissues n=12, digestion for 60min, removal of
dead cells by GentleMACS Dead cell removal kit (magnetic bead sorting)

« Downstream analysis: ,Seurat“-package, PC-analsis, tSNE-clustering;
,Monocle“ for trajectory calculations,

Single cell western blotting
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Method-teaching: transgenic mice

« Elimination of gene:

« Classic ,Knock-out mouse”: eliminates a gene

in all cells (often embryonically lethal
( y Y ) Schmid J; Lecture: ,Methods in

iti i : life sci “ $52018
« Conditional Knock-out: Gene of interest is Ite sciences

placed between LoxP-Sites conditional knock-out
« Cre-Recombinase: Cre recombinase cuts out
, i [ Gene of interest ]
sequences between loxPsites (or inverts \ .
sequences between inverted loxPsites) loxP '\ [ loxP

\
« Cre expression cell-type or organ-specific

using cell-type specific promoters driving Cre celltype specific

promoter
expression (spatial control) o o= B oo
« Cre expression: inducible by Tamoxifen by conditional knock-out

using chimeras of Cre with mutated estrogen

: ] —D[ Gene of interest J>
receptor domains(temporal control: e.g. Cre-
ERT2) > presence of Tamoxifen = Cre is loxP | [ loxP
expressed \

& - =
Tam Tam
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Method-teaching: transgenic mice

Schmid J; Lecture: ,Methods in

« Conditional Knock-in: life sciences®, SS2018

- inserting an expression construct headed conditional transgene

by a loxP-flanked ,Stop cassette”, cut out
' St Gene of interest
by Cre recombinase DD[ ene of interes ]

good promoter

- Specific cell ablation: (2.9 PCAGGS) o
« cross-breeding with a cell-type specific Cre
Cre
Tam Tam
« DTR is expressed only in specific cell types
« injection of diphteria toxin leads to specifi loxP loxP
k|”|n9 of these cells >>>[DTR (Diphteria toxin receptor) ]
- Specific cell labelling: good promoter
« Cell-type specific promotor »>LoxP/Stop »>
fluorescent protein (GFP, EYFP, Tomato red loxP loxP
protein) |:>D[St0p JD[EYFP (enhanced yellow fluorescent protein) J
« LacZ: reporter system for beta- g?iﬁ;?;mer > fluorescent labeling of a specific cell type of interest

13

Gelactosidase expression: blue Color in
tissues expressing LacZ
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Figure 1: scRNA-seq analysis reveals cellular heterogeneity in
day 12 wounds
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Figure 1:scRNA-seq analysis reveals cellular heterogeneity in
day 12 wounds
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Figure 2:Subclustering of wound fibroblasts reveals
cellular heterogeneity.
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Figure 2:Subclustering of wound fibroblasts reveals
cellular heterogeneity.
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Figure 3: Pseudotime analyses reveal putative fibroblast
dlfferentlatlon traJectorles
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Figure 3: Pseudotime analyses reveal putative fibroblast
differentiation trajectories.
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Figure 4: Identification of rare myeloid-derived
myofibroblasts in day 12 wounds.
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Figure 5: Validation of myeloid-derived myofibroblasts in
day 12 wounds.
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Figure 5: Validation of myeloid-derived myofibroblasts in
day 12 wounds.
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Figure 6: Hematopoietic lineage contributes toward
regenerating wounds in BMT mice
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Figure 6: Hematopoietic lineage contributes toward
regenerating wounds in BMT mice
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Figure 7: Hematopoietic lineage cells contribute to rare de novo
adipocytes
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Figure 7: Hematopoietic lineage cells contribute to rare de novo
adipocytes
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Figure 8: Myeloid lineage cells contribute to rare de novo
adipocytes
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Figure 8: Myeloid lineage cells contribute to rare de novo
adipocytes
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Discussion

« Main finding: hematopoietic stem cells can differentiate into
myofibroblasts, adipocytes and neogenic heir follicles during
wound healing

« Discrepancy to previous studies: due to different timepoints,
extent of wound

« Implication: findings as basis to identify treatments for scarfree
wound healing/reduced scarring

« Translation to human wound healing?

Danke!
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