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>1 million microbes/cm? of skin:
What are their roles in health & disease?

* Functional Significance:
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* Colonization resistance

* Production of secondary
metabolites

Dermis

* Therapeutic and Diagnostic
Applications:

* Microbiome engineering:
transplants, probiotics

 Diagnostic, prognostic tool

«Virus ¢ Bacterium = Fungus Mite

Grice et al. 2011 Nature Reviews Microbiology
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to disrupt our skin
microbiome!

Hand sanitizer

Hand washing




Antiseptics are efficacious
against pathogens

TABLE

EFFICACY OF ANTISEPTICS AND DISINFECTANTS AS DETERMINED BY THE QUANTITATIVE SUSPENSION TEST AFTER 5 MINUTES OF CONTACT

Log,, Reductions of Microbial Count*

Savion Chlorhexidine Sodium Hypochlorite
Test Strain No. of Isolates (1:100) Gluconate (4 ) 1:50 1:500 1:500°
Fseudomonas aeruginosa 20 6.24 6.24 6.20 0.19 0.37
Escherichia coli 17 6.26 6.26 5.90 1.25 3.24
Klebsiella pneumoniae 15 6.07 6.07 472 0.72 0.55
Acinetobacter baumannii 13 6.19 6.19 4,01 0.41 0.35
K oxytoca 5 6.10 6.10 6.07 0.10 1.62
Enterobacter cloacae 3 6.17 6.17 5.85 0.24 0.24
A. lwoffii 2 5.62 5.62 5.62 0.17 0.18
Stenotrophomonas maltophilia 2 6.37 6.37 0.01 0.29 0.15

*Inoculum size: 1 to 2 x 10°,

'Sodium hypochlorite at 1:500 concentration, contact time of 15 minutes.

Ekizoglu MT, et al., 2003

What are they doing to our resident skin microbiota?
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Lessons learned from perturbing
the skin microbiome

e Abundance does not equate to importance.
* Small effect size can have big consequences.

e The microbiome regulates host gene expression.



How do commonly used topical
antiseptics affect resident skin
microbial populations?

Adam SanMiguel, CAMB/MVP student @J



The SAME Study:
Skin Antiseptic Microbiome
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DNA sequence-based identification of
bacteria:
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A gene specific to prokaryotes
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Encodes a structural RNA that

scaffolds proteins during ) ;Z?*}
translation o got

Nine hypervariable regions

— species-specific DNA
sequence signatures

Eliminates biases associated with
cultures




Overall Approach:
16S rRNA gene Seqguencing
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Community composition: Which organisms are present?
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What are the immediate effects 1
hour post-treatment?

Weighted UniFrac distance metric: measures the “unique fraction” of phylogenetic branch
length & weighs by the abundance of taxa contributing the branch length

PCoA2 (12.7%)
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Minimal changes to bacterial community structure




Is bacterial community membership
Influenced by antiseptic trx?

Unweighted UniFrac distance metric: measures the “unique fraction” of phylogenetic branch

PCoA2 (4.33%)

length without weighing for abundance
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Are there changes in bacterial
diversity due to treatment?
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Are common and rare OTUSs
equally minimized bv treatment?
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** P <0.01, ** P <0.001 by Wilcoxon rank sum test



Are common and rare OTUs
equally affected by treatment?

eeeeeeeeeeeeeee Incertae Sedis Xl Propionibacteriaceae Staphylococcaceae
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Lessons learned from perturbing
the skin microbiome

e Abundance does not equate to importance.
* Small effect size can have big consequences.

e The microbiome regulates host gene expression.



»+= \What are the consequences
g for colonization resistance
"t to pathogens?

Staphylococcus aureus: the leading cause of skin and soft tissue
infection and surgical site infection.

 ~30% asymptomatically colonized - risk factor for infection
* Antibiotic resistance is a major concern

» Heavy colonization/infection characterizes multiple dermatological
disorders

Atopic dermatitis Staphyloéoccal scalded Impetigo PN
skin syndrome .



poes antimicroplal treatment
disrupt colonization resistance to
S. aureus?

S. aureus 502A
\easure CFU
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Log 5. aureus CFUs

~Does antimicrobial treatment
disrupt colonization resistance to
S. aureus?

S. aureus 502A
reat easure CFU

’Q o

4 hours 1 day

*P < 0.05 Antimicrobial perturbation of
skin microbiota increases
colonization efficiency of S.
aureus

SanMiguel et al. Under revision



Does antimicrobial treatment remove
bacteria that compete against S.

alretis?
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Staphylococcus spp. exhibit conserved decrease in abundance
following treatment & are also readily cultured.

SanMiguel et al. Under revision



Do resident Staphylococcus spp.
compete against S. aureus?

Resident Staph isolate S. aureus 502A Measure CFU

\ \ S. aureus
l > —>
4X over 8 days 1 day




Do resident Staphylococcus spp.
compete against S. aureus?

Resident Staph isolate S. aureus 502A Measure CFU

\ \ S. aureus
1 > »’
4X over 8 days 1 day

Log S. aureus CFUs

rCe ] Resident Staphylococcus
R I spp., removed .by
= = I ’ v treatment, provide
colonization resistance to
** P <(0.01 S. aureus
1)L
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Isolate SanMiguel et al. Under revision @



Lessons learned from perturbing
the skin microbiome

e Abundance does not equate to importance.
* Small effect size can have big consequences.

e The microbiome regulates host gene expression.



What skin functions are affected by
microbial perturbation?
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Germ free mice are a powerful tool
to Investigate host-microbe
Interactions

\ h JI'J: v 1 |

Penn Gnotobiotic Mouse Facility YN



What host cutaneous pathways and

aligned to GRCm38.p4

seed length; 25 retained reads mapping
seed mismatch %:4 1o numbered & sex
seed indel %: 0 chromosomes
SPF mice (n=7) GF mice (h=9) all mismatch %:8 removed reads mapping
all indel %6: 3 fo rRNA

Collect skin from mouse back

\

Isolate RMA & construct

AlignerBoost/STAR

sequencing libraries mapped reads to reference genome

Vv

Sequence on the lllumina HiSeq

\/

Identify differentially expressed genes

filtering method 1
TWMM normalization

filtered, normalized gene-level counts
& differential expression analysis

T

Differential gene expression analysis gene ontology analysis

will elucidate the molecular
mechanisms by which the host

interacts with the microbiota. @
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Do commensal microbes modulate gene
expression in the skin?

10000

difference between GF and SPF (D)

I
-2

Meisel et al. Under Review

0

2

log2-ratio (M)

2,280 genes significantly
differentially expressed
(0<0.1)

730 genes > 2-fold
differentially expressed
408 genes downregulated,;
322 genes upregulated due to
microbial colonization
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What genetic pathways/functions are
Influenced by the commensal

REVIGO treema Ii..-..'p c@FlacleQ Eal"e?rms Enriched in DEGs

* Staphylococcus aureus infection * Complement and coagulation cascades g -
Cytokine-cytokine receptor interaction * Toll-like receptor signaling pathway




Frequency of cells (%)
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Are their different frequencies of
iImmune cells in SPF vs GF skin?
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Mean Relative Expression (SPF/GF)
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Is epidermal structure & function similar
In SPF vs GF mice?

SPF GF

Similar epidermal thickness and staining of keratin 6A
suggest intact barrier.
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Is proliferation and differentiation
similar in SPF vs GF mice?

204

154

10+

%Ki67/DAPI cells

Differential staining of loricrin and Ki67+ cells suggests imbalanced am

proliferation/differentiation in GF mice.
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ized RNA

Casey Bartow-McKenney
PhD student
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What are the upstream transcriptional
regulatory mechanisms for differential

gene expression?

DGCA: Differential Gene Correlation Analysis
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Lor Expression

Microbial-dependent alterations in gene
networks controlling epidermal development

Correlation between Lor and Serpina12 Expression
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Microbial-dependent alterations in gene
networks controlling epidermal

A1
i
For
N
—
byt
o 1F ey
=S
e
= O
=]
e
E:..-'.I"
i

development

Scale desguamation
g—
Cornified lipid envelope
=.— _—Lipid bilayers

e o =— e — Cornified cell envelope with

‘F __ --—.a-' _— involucrin, loricrin, filaggrin
_ i H"“‘“‘-HTightjunc:tEcm
~ T Lamellar body
= Keratohyalin granule
i Cytokeratin K1/K10
'y ..:'..
=\ 3 Desmosome
—— Cytokeratin K5/K14
3

Serpinal2

> serine protease

inhibitor

> Loricrin

i g
4
=

Goldsmith et al Fitzpatrick’s Dermatology in General Medicine, 8t ed. @



Do correlated DEGs share TFBS?

oPOSSUM3 prediction of over-represented TFBS in positive-positive correlated genes
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Lessons learned from perturbing
the skin microbiome

e Abundance does not equate to importance.

— Rare OTUs of commensal skin microbes are removed by
antiseptic treatment, while abundant OTUs are unaffected.

 Small effect size can have big consequences.

— While antiseptic treatments appear to minimally influence the
skin microbiome, the functional consequences for colonization
resistance to S. aureus are potentially profound.

* The microbiome regulates host gene expression.

— Commensal microbes prime cutaneous immune pathways and
regulate epidermal differentiation and barrier formation.
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Are SPF and GF cells functionally
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Frequency of cells (%)
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Are SPF and GF cells functionally
similar?
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Increased production of II-1 confirms previous findings and correlates with
gene expression findings.
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