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Taxonomic and functional profiling of skin
microbiome in psoriasis

Dear Editor, Maintaining the delicate balance between micro-
organisms and the host is essential for immune homeosta-
sis and microbial community resilience in healthy skin. In
disease states such as psoriasis, this critical balance can be
disrupted, leading to alterations in both the skin microbiome
and local immunity. Many psoriasis studies, using mainly
the amplicon-sequencing approach, have reported highly
variable skin microbial profiles associated with the disease,
making it challenging to establish a clear link between skin
microbial community composition and psoriasis.? In this
study, we explore this intricate relationship by thoroughly
mapping the microbiome derived from a comprehensive
study involving patients with psoriasis (PwP) and healthy
volunteers (controls, HCs) from three European countries.®
By employing whole metagenomic shotgun sequencing
(WMS) our findings give novel insight into bacterial and viral
presence and function related to psoriatic skin inflammation.

Samples for skin microbiota were obtained from 109 HCs
and 90 PwP (Psoriasis Area and Severity Index score>7),
taken from the lower back of both groups. Lesional sam-
ples were collected from psoriasis plaques and nonlesional
samples were taken 2 cm away from an active plaque. The
mean age was 29 years (range 18-79) for HCs and 47 years
(range 20-77) for PwP. Among the HCs, 22 were smokers,
compared with 15 of the PwP. Additionally, 21 PwP had
been using immunosuppressive therapies. After removing
rare taxa and samples with fewer species than the median,
125 subjects provided the data used for taxonomical analy-
ses (56 females and 69 males; 65 HCs and 60 PwP).

A clear distinction in the composition of skin microbi-
ome between PwP and HCs was found (Figure 1a), cor-
roborating the observations of earlier studies.*® Pairwise
comparisons highlighted a strikingly significant difference
in cutaneous microbial communities between healthy skin
and both nonlesional and lesional psoriatic skin (Figure 1a). A
domain-specific analysis further revealed that mainly bacte-
ria and virus differentiated between lesional and nonlesional
psoriatic skin, and healthy skin (data on file). Interestingly,
the viral families (including Papillomaviridae, Herpesviridae,
Polyomaviridae and Poxviridae) differentiated lesional sam-
ples from nonlesional psoriasis samples, suggesting that
viral elements might play a more prominent role in skin
health and disease than previously described.®’ We further
identified that several bacterial species were consistently
more abundant in healthy skin compared with psoriatic skin.
Particularly, Cutibacterium acnes and Propionibacterium
namnetense from the Propionibacteriaceae family were less
abundant in nonlesional psoriatic skin and least abundant in

psoriatic lesions. This aligns with Chang et al.,® who noted
decreased Propionibacteriaceae abundance in skin inflam-
matory disorders.

Co-occurrence networks revealed disruption of cuta-
neous microbial communities in inflamed psoriatic
skin (Figure 1b). In HCs, typical skin colonizers, such as
Staphylococcus epidermidis, S. hominis and C. acnes, as
well as Corynebacterium, Micrococcus and Acinetobacter,
formed their own co-occurrence networks, respectively.
These findings align with recent studies that underscore
the cooperative interactions among the skin microbiota,
contributing to a balanced microbial ecosystem and pro-
moting skin health.? The species composition and network
topology between the skin of HCs and nonlesional skin in
PwP showed notable similarities. However, Staphylococci
and Corynebacteria formed stronger associations in non-
lesional psoriatic skin than in healthy skin (Figure 1b).
S. capitis and S. epidermidis appeared to be important hub
species, forming several associations with other species
(Figure 1b). In stark contrast, in psoriatic skin lesions, the
co-occurrence networks were disrupted, including sub-
stantially reduced interactions between microbial species.
This observation could carry important implications for our
understanding of microbial dysbiosis in psoriasis pathogen-
esis and suggests that disruption of microbial communities
could be a hallmark of the disease.

The microbial functional capacity, based on UniRef 90
gene families, varied significantly among lesional (n=74)
and nonlesional (n=68) psoriatic skin, and HCs (n=74), as
shown in Figure 1c. The variation in gene families (8.9%)
explained by the clinical groups was notably higher than
that in microbial species composition (Figure 1a). To identify
robust gene categories and pathways that characterize the
clinical groups, we performed Random Forest (RF) classifi-
cation. The abundance profiles of MetaCyc gene categories
(EC-numbered) for HCs and nonlesional psoriasis samples
appeared to be quite similar. In the RF classification, RNA-
directed DNA polymerase was particularly notable, showing
the highest mean decrease in accuracy and differentiating
psoriatic skin lesions from nonlesional samples (Figure
1d). Both ubiquitinyl hydrolase 1 and enzyme 7.1.1.2 were
more prevalent in psoriatic skin lesions (Figure 1d), distin-
guishing healthy skin and nonlesional samples from lesional
psoriasis samples. Moreover, among RF-selected MetaCyc-
numbered metabolic pathways, ‘aerobic respiration |" was
more abundant in psoriatic lesions compared with nonle-
sional skin or HCs (Figure 1d). However, generally, gene
categories and metabolic pathways were less abundant in
psoriasis lesions, indicating an overall reduction in microbial
activity. Our findings may pave the way for new psoriasis
treatments focused on specific microbial functions.

Accepted: 3 December 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of British Association of Dermatologists. This is an Open Access article distrib-
uted under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please
contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the
Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

920z Jaquialdag g0 uo Jasn uadaiga( Jo Ausieniun Aq €8€616.2/1€6/S/26 1 /2191n1e/plg/woo dnooiwspese WoJl papeojumoq


https://creativecommons.org/licenses/by-nc/4.0/

932

Research Letters

(a)

dbRDA2, 0.9%

(b)

(d)

(c)

Microbial functional traits

Microbiota composition

Nonlesional
psoriasis

Lesional psoriasis

O Healthy

P nbnlesiona//hea/thy =0.007
: P lesional/healthy = 0.003
P nonlesional/lesional = 0.018

dbRDA2, 0.8%

Nonlesional
psoriasis

Lesional psoriasis

O Healthy

:P nonlesional/healthy = 0.01
: P lesional/healthy = 0.002
P nonlesional/lesional = 0.002

dbRDA1, 3%

dbRDA1, 8.9%

Healthy Nonlesional psoriasis Lesional psoriasis
Communities: Communities: Communities:
e 1 e 1 ®1
e 2 e 2 e 2
3 ©4 3
©4 5 ©4
oms
[y ®5 ®5
e o6 Gy
SR e
( ;z) (;7.)"5(1; f
N o/
N
ot
Dominant species in communities
® Cutil ium / Staphyi /N ® Cutil / Staph, is /M ia / Cory ® Str / Rothia
Corynebacterium @ Micrococcaceae / Moraxelia / Enhydrobacter
® Kocuria ® Acinetobacter
> corynebacteria ) 382: Staphylococcus capitis
O staphylococci o 387: Staphylococcus epidermidis
2.7.7.6: DNA directed 2.7.7.49: RNA directed 3.4.19.12: ubiquitinyl PWY-3781: aerobic respiration |
RNA polymerase DNA polymerase hydrolase 1 (cytochrome c)
Kk kKK skl
0.0014 0.00006 0.00015
Q Q Q Q
2 € 0.0013 :I. 2 e
] 5} s s
g 8 0.0003 S 0.00004 2 0.00010
3 3 3 3
K 8 0.0002 ] 3
2 2 2 0.00002 2 000005
E § 0.0001 g . K
[} [} [} [}
o v o . o
0.0000 F 0.00000 - - 0.00000
Healthy Non-  Lesional Healthy Non- Lesional Healthy Non-  Lesional Healthy  Non-  Lesional
lesional psoriasis lesional psoriasis lesional psoriasis lesional psoriasis
psoriasis psoriasis psoriasis psoriasis

Enzyme 7.1.1.2

*kkk
0.0006
2 | T
c
8 0.0004 T -
£ 0.0002
a
©
o
2 0.0001
5
©
o
0.0000
Healthy  Non-  Lesional
lesional  psoriasis
psoriasis

Figure 1 (a) Skin microbiota compositional differences between healthy and psoriatic skin analysed by distance-based redundancy analysis (dbRDA).
dbRDA1 and dbRDAZ2 represent the first and second constrained axes from dbRDA, showing data variation explained by experimental variables.
Variation in geographic location and confounding factors were removed in the analysis. (b) Positive Spearman rho-based (> 0.4, P<0.05) networks of
co-occurring metagenomic species. Microbial communities were detected using the walktrap method, with corynebacteria labelled as dotted circles
and staphylococci as solid circles. Microbial species have been numbered for clarification. Staphylococcus capitis is marked with a green circle, and
S. epidermidis with a red circle. (c) Compositional differences in functional genes of microbiomes between healthy and psoriatic skin analysed by
dbRDA. Variation in geographic location and confounding factors were removed in the analysis. (d) Selected Random Forest-classified microbial
functional traits characterizing psoriatic and healthy skin.
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In conclusion, our study presents a comprehensive exam-
ination of the skin microbiota based on WMS data, reveal-
ing distinct microbial signatures and functional profiles in
PwP compared with HCs. These differences, spanning
from species composition and microbial networks to func-
tional features, underscore the intricate role of skin micro-
biota in both health and disease. Our work highlights the
potential significance of microbial functions in psoriatic skin,
suggesting that knowledge of specific genes and pathways
may play a more crucial role in understanding the impact
of microbiota in psoriatic skin inflammation than microbial
taxonomic composition alone. Overall, our study opens
new avenues for understanding the role of skin microbiota
in psoriasis and lays the groundwork for developing novel
microbiota-targeted strategies for managing this chronic
skin condition.
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