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Psoriasis & balneotherapy

DERMATOLOGIC
THERAPY
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Psoriasis & the skin microbiome

Kingdom Fungi Bacteria

* Infections may cause disease
Clabell exacerbation

* The skin microbiome
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the skin microbiome
in PSO patients?

[ ] Bacteria Bl Malassezia | [ Propionibacterium spp.
[ ] Eukarya PP B Corynebacterium spp.

|:] Viruses . Staphylococcus spp.

Byrd, Belkaid & Segre. Nat Rev Microbiol (2018)



Cohort enrollment

Sample collection

57 PSO 12 baths
patients (+/- thermal water drinking or UV)
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Dermatological exam. Dermatological exam.
4 skin swabs 4 skin swabs

. 2 PSO lesion
() 2 healthy skin or peri-

39 PSO patients (312 swabs) DNA extraction
v' T1 and T2 PSO lesion + healthy samples 16S rRNA gene sequencing (V1-V3)
v' >5000 reads library size Bioinformatic analysis

v' Sample composition normalization Statistical analysis



PSO lesions and healthy skin harbour a
similar microbiome  souiaimmanas
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* Skin microbiome profiles are m I‘ WMWWI

similar between healthy skin
and PSO lesion



PSO Is assoclated with lower microbial
diversity...

elbow
Wilcoxon, p =0.2

* Alpha diversity is a

measure of microbial

uouueys

community complexity in a
sample

* Lowered alpha-diversity is
ﬁrm"'p:m associated with chronic and
< — inflammatory diseases

Not significant

 Before treatment, lower

SNI0 pPaAIasqgo

alpha diversity on elbow
PSO lesions

——0—0-00{00 OBE® O o

no yes
PSO

B unaffected B affected Paired Wilcoxon test. FDR < 0.2 considered



...that can be improved by thermal
water treatments in PSO patients

Not significant
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Some bacterial genera are differentially
abundant on PSO lesions
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Balneotherapy restores PSO  — &
skin microbiome composition ™
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S. epidermidis abundance increases
after balheotherapy

Healthy PSO lesion
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Balneotherapy may restore
a healthy-like microbiome
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Are microbial genera associate

Improvement?
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Cohort enrollment

Sample collection

57 PSO 12 baths
patients (+/- thermal water drinking or UV)

‘58 T va 6/12 days
@ T1 T2
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Dermatological exam. Dermatological exam.
4 skin swabs 4 skin swabs
@ 2 PsO lesion Fecal sample Fecal sample
() 2 healthy skin or peri-

Analytical workflow

DNA extraction

40 PSO patients (80 fecal samples) sequencing of all DNA in the

v' T1 and T2 fecal samples
v' >10 Million reads library size

sample
Bioinformatic analysis
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Fecal microbiome changes with
balneotherapy

B srepiccoons tamepni — ¥ Species decreased after balneotherapy are
& sveptoo .l linked with poor metabolic health
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Conclusions

* PSO lesions and healthy skin harbour a similar microbiome
* PSO is associated with lower microbial diversity, improved by balneotherapy

* Some bacterial genera are differentially abundant on lesions, restored by
balneotherapy

* Changes in the abundance of some genera are associated with PSO improvement

* Balneotherapy is linked with a metabolically healthy composition of the gut microbiome

Take home messages:
Balneotherapy may restore a healthy-like microbiome on the skin affected by PSO
Balneotherapy might ameliorate the metabolic syndrome associated with psoriasis
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Possiamo definire la composizione di un »microbioma sano»?

A\{_gl;]akge Positive Negative Prevalence (%)

1425 143 168 158 172 162 99.1 Ruthenibacterium lactatiformans
167.9 174 165 173 167 175 165 92.9 Flavonifractor plautii
1423 173 161 168 176 159 91.7 Clostridium leptum

1529 162 169 154 154 163 67.1 Escherichia coli

152.3 154 153 152 66.5 Collinsella intestinalis

154.4 159 151 160 64.3 Clostridium sp CAG 58
154.6 145 163 171 61.7 Eggerthella lenta

164.9 169 176 152 171 170 173 170 50.5 Anaerotruncus colihominis
167.0 166 170 158 168 176 169 50.1 Clostridium bolteae

160.3 154 152 174 155 169 165 167 43.7 Clostridium spiroforme
159.8 139 165 147 174 170 168 43.3 Ruminococcus gnavus
163.6 168 173 167 175 172 176 4.2 Clostridium innocuum
153.5 138 157 139 145 28.6 Blautia hydrogenotrophica
165.8 175 172 165 173 174 173 27.6 Clostridium symbiosum
161.0 141 26.7 Clostridium bolteae CAG 59

27.7 14 13 8 7 31 |995 Faecalibacterium prausnitzii

20.9 20 10 5 5 26 |92.5 Eubacterium eligens

12.2 4 I 7 15 6 6 3 |89.3 Oscillibacter sp 57 20

31.5 32 10 1 14 1 29 829 Romboutsia ilealis

10.1 3 6 1 5 5 19 1 5 |546 Haemophilus parainfluenzae

9.7 I 2 6 5 4 1 |EE Firmicutes bacterium CAG 95

20.5 10 5 12 10 9 |500 Oscillibacter sp PC13

25.0 28 8 3 21 18 34 |46.8 Veillonella dispar

14.6 5 Bl 4 23 2 15 |43 Roseburia sp CAG 182

32.9 25 42 2 20 46 20 |405 Veillonella atypica

20.0 7 24 19 28 6 13 8 28 |404 Clostridium sp CAG 167

27.3 11 33 17 19 1 28 14 19 385 Veillonella infantium

28.9 23 1 29 25 10 16  38.2 Bifidobacterium animalis

24.4 9 2 6 22 9 6 35 13 38  36.0 Prevotella copri
e9e o 14.0 i s D2l 2 3 3 e 3 17 343 Firmicutes bacterium CAG 170
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PSO lesions show increased abundance

of unknown taxa

New.ReferenceOTU46013

New.ReferenceOTU37972_-

New.ReferenceOTU23690_ Haemophilus -
New.ReferenceOTU170559_Streptococcus -
New.ReferenceOTU152543_Staphylococcus -
New.ReferenceOTU145405 Staphylococcus -

New.ReferenceOTU125522_ -

New.ReferenceOTU107197 Cutibacterium

New.ReferenceOTU105833_

i

New.ReferenceOTU100131_Staphylococcus
KU978172.1.1476_Cutibacterium
KF100841.1.1372_Staphylococcus
KF065476.1.1380_Staphylococcus
KF063034.1.1349_Cutibacterium
JF186793.1.1377_Staphylococcus
JF100816.1.1349_Cutibacterium
JF096114.1.1343_Corynebacterium 1
JF002307.1.1352_Corynebacterium 1
FJ470470.1.1502_Neisseria
DQ129420.1.1508_Staphylococcus
AXMMO01000003.60454.61965_Cutibacterium
AMB97308.1.1469_Corynebacterium 1
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Further thermal treatments affect

the gut microbiome

Balneotherapy

77 species
Tl vs. T2

93 species
T1 vs. T2

78 species
T1 vs. T2

Balneotherapy + UV

Balneotherapy +
thermal water
drinking

25 species shared across treatments

Turicimonas_muris -
Turicibacter_sanguinis -
Streptococcus_infantis -

Streptococcus_anginosus_group -
Ruthenibacterium_lactatiformans -
Ruminococcus_torques-
Roseburia_intestinalis -
Lachnospira_pectinoschiza-
Lachnoclostridium_sp_An131-
Holdemania_filiformis -
Gordonibacter_pamelaeae-
Firmicutes_bacterium_CAG_94-
Faecalibacterium_prausnitzii-
Eubacterium_ramulus -

Eisenbergiella_tayi-

Clostridium_spiroforme -
Clostridium_clostridioforme -
Butyricimonas_synergistica-

Bifidobacterium_pseudocatenulatum-
Bacteroides_thetaiotaomicron-

Bacteroides_intestinalis-

Bacteroides_fragilis -

Anaerostipes_hadrus-
Anaeromassilibacillus_sp_An250-

Akkermansia_muciniphila-
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