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Abstract

Since its discoveryRropionibacterium acnes has undergone various name changes,
and has been known since 201&atibacterium acnes. Herein we set out the history and
rationale of these taxonomic changes together avidescription of a new genus,
Cutibacterium, which includes five species within the cutaneecssystem. Modern
microbiological techniques allow finer distinctibetween species and subspecies while also
enabling the identification of separate subtypebiwithe population o€utibacterium acnes.
Phylogeny and molecular typing techniques thusipeoa better understanding of the
subtypes involved in certain inflammatory skin dises, including acne, folliculitis and

progressive macular hypomelanosis.

Keywords: Cutibacterium acnes; phylotypes; MLST; SLST; folliculitis; acne;

progressive macular hypomelanosis

Résumé

Depuis sa découvertBropionibacterium acnes a subi différents changements de
noms. Désormais appelitibacterium acnes depuis 2016, nous présentons l'histoire et les
bases de ces changements taxonomiques avec lgptescau sein d’'un nouveau genre
Cutibacterium, de cing espéces de I'écosystéme cutané. En lefdechniques
microbiologigues modernes ont permis de mieuxrister les espéces et sous-especes mais
elles ont aussi permis de séparer des sous-typssrade la population deutibacterium
acnes. La phylogénie et les techniques de typage maéeupermettent ainsi une meilleure
compréhension des sous-types impliqués dans cestpathologies inflammatoires cutanées,

notamment I'acné, les folliculites ou I'hnypomélaaanaculeuse progressive.

Mots clés: Cutibacterium acnes; phylotypes; MLST; SLST; folliculite; acné;

hypomélanose maculeuse progressive



With the advent of new high-throughput sequenceahiques, the study of
microbiota has revolutionised investigation of tuaneous ecosystem. One of the
predominant bacteria found within the pilosebacdollicles and their orifices is
Propionibacterium acnes. This cutaneous commensal forms part of the cutasucrobiota
[1]. It primarily colonises the sebaceous glands laair follicles of the human skin, and the
density of colonisation varies according to toppgsa Indeed, the number of pilosebaceous
follicles on the face, shoulder, back and trunkesrparticularly in relation to gender [2].
Finally, this organism is also found in the moutbstrils, urogenital tract and large intestine
[3].

Historically, P. acnes was first isolated over a hundred years ago frqrateent
presenting a chronic skin disease named “acne nsldd]. Following this discovery,

P. acnes was the subject of several taxonomic errors. & staccessively classified as a
member of théacillus species and then of tigorynebacterium species [5,6]. However, in
1946, Douglas and Gunter showed this bacterialiepé¢a be closer to members of the
Propionibacterium genus, since, in keeping with the other specig¢kigngenus, it ferments
propionic acid from lactose under anaerobic coodgi[7] to give an acidic cutaneous pH
(favourable to this barrier flora) that hampersithplantation of pathogenic bacteria such as

Saphylococcus aureus andStreptococcus pyogenes [8,9].

The genudPropionibacterium, described by Orla-Jensen in 1909, belongs to the
phylum ofActinobacteria and to the class &fropionibacteriales [3,9,10]. The most well-
known species within this genus &heopionibacterium freudenreichii, with its precious
contribution to Swiss cheese [11], aiddipropionibacterium acidipropionici, with its
beneficial effect on bovine metabolism [12], bubab all,P. acnes, due to its role in acne
and its regrettable reputation for contaminatinghan samples [13,14]. Species within this
genus have traditionally been separated into thealled “classidPropionibacteria” on the
one hand and “cutaneoBsopionibacteria” on the other [15]. The informal expression
“classic propionibacteria” is attributed to spedmsdated from dairy produce, by contrast with
those found on the skin and formerly tern@mtynebacteria [15].

The “classid”ropionibacteria” group includes species rarely involved in skisedises
[15]. Conversely, the cutaneous group includespeeied. acnes, P. avidum andP.
granulosum. Recently, two new cutaneous species belongitigigaroup have been
described in the literature. They are close todiffeerent fromP. acnes (Figure 1). The first,

P. namnetense, was initially described in Nantes, in France, itege of bone sepsis



originating in the cutaneous extremity of an exaéfixator [16,17]. The second, namied
humerusii, was isolated from a humerus by Butler et alhalgh it has never been
taxonomically validated in accordance with the gmoqules [18].

The arrival of new tools and technologies has teduh a new taxonomic approach to
this bacterial family, thanks in particular to gerio analysis (16S RNAr and Core Genome)
[15]. Thus, all the former types of cutaneduspionibacterium are now subsumed under a
new bacterial genus name€dtibacterium. Henceforth, the names in standard use are
Cutibacterium acnes, Cutibacterium avidum, Cutibacterium granulosum, Cutibacterium
namnetense andCutibacterium humerusii.

Within the population o€. acnes and its subtypes, which were initially determirsd
partial sequencing of the gemesA andtly, genomic techniques have enabled the
identification of six phylogenetic groups: 1AA,, IB, IC, Il and 11l [19]. In the last two
years, it has been proposed that these phylotyjp€sasnes should be divided into three
subspeciesC. acnes subspacnes for phylotype I,C. acnes subsp defendens for phylotype II,
andC. acnes subspelongatum for phylotype Ill, in particular on the basis obrphological
differences [20,21]. These differences are obséevatbelectronic microscopy as well as after
Gram staining, thus further emphasising the pleigiiem of this bacterium, with both short
and long branched forms (Figure 2). This new taxaoys based on phylogenetic differences
and on percentage DNA-DNA hybridisation of lessitB@% between subtypes. Further, in
contrast with isolates &. acnes type Il and lll, isolates of. acnes type I, such a€.
avidum, are described gshaemolytic, (Figure 3) [22,23].

At the same time as this taxonomic shift, varioudaoular typing technigues have
been developed connecting a subgrou@.aicnes to a given disease. In addition to phylotype
analysis (IA1, IA2, 1B, IC, Il and Ill), differentlones have been distinguished by means of
the new typing of “household genes” either by phdequencing (Multi-Locus Sequence
Typing or MLST) allowing the determination of Seque Type (ST) or Clonal Complex
(CC) or by a single discriminatory sequence (Siigleus Sequence Typing or SLST). A
correlation exists between phylotypes and clonaigexes: IA1/CC18, IA2/CC28, IB/CC36,
[I/CCC53 and IIl/CC43 [24]. Because of the multiphethodologies available, a summary
article recently proposed harmonisation and a smpjproach to determine the phylogeny of
an isolate ofC. acnes based on the number of isolates to be analysedratite desired
degree of phylogenetic precision [24]. These tegpnes are used in other diseases involving

C. acnes, such as infected equipment, prostatic adenomaamoidosis.



In clinical dermatology, phylotype IA1, belonging ¢lonal complex 18 and to type
SLST A1, is predominant in acne lesions, whethedenate or severe, on the face [25] and
back [26]. Indeed, the development of acne doesypjpear to be correlated with an increase
in the relative abundance Gf acnes in pilosebaceous follicles. Thus, when using eithe
culture or a technique to analyse the microbiometégrenomic analysis with amplification of
the gene coding for 16S RNA), there is no qualitadifference between samples obtained
from normal skin and those obtained from acne fres{papules or nodules) [27,28]. In
reality, it is more a question of imbalance of taeterial flora within the same subgroups of
C. acnes, with loss of diversity of the subgroups and ogpresentation of a single phylotype,
particularly phylotype 1Al [26]. The actual hosap$ an important role in terms of the
composition of individual sebum, microbiota and\ation levels of innate immunity.
Various teams have shown that the different phplesydescribed to date modulate innate
immunity in different ways [29,30]. Indeed, strawmfsC. acnes stimulate innate immunity
through their interaction with Toll-Like ReceptdELR), particularly TLR2 and TLR4
[31,32]. Moreover, depending on which phylotypbetongs to, the cutaneous innate immune
response is modulated differently, with selectivewation of certain biomarkers [29,30,33].
Interactions within the microbiota have recentlgibdéound to play a noteworthy role in the
physiopathology of this chronic inflammatory skisehse with a new key actor:
Saphylococcus epidermidis. The latter agent acts on homeostasis of the eatemicrobiota
by interacting with the different phylogenetic gpsufC. acnes [34—-36]. Thus, microbial
balance of the skin is partly related to the actibthe bacteriocins of each species active
against other species.

Within the domain of folliculitis, microbiologicalnalysis of samples has
demonstrated different types @titibacterium according to clinical presentation. ClonesCof
acnes similar to those found in acne, and in partictiterse belonging to phylotype IA1 and
to clonal complex CC18, have been reported in mopbkes of folliculitis of the scalp, while
C. namnetense tended to be associated rather with Quinquaudisdbtis decalvans.
ConverselyS aureus is more commonly demonstrated in folliculitis kiellalis of the neck
(acne keloidalis nuchae), and probably forms thewoof the chronic suppuration associated
with the pathogenic potency of this bacteria [3F,,8®ich is also involved in atopic
dermatitis [39].

Finally, two research teams have recently dematestiadear predominance 6f
acnes phylotype Ill belonging to clonal complex CC43gaatients presenting progressive
macular hypomelanosis (PMH) [40,41]. A study puidid in 2016 reported for the first time
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a detailed genetic analysis of population€oécnes isolated from samples of both lesioned
and non-lesioned skin in patients presenting PMIdtrAng statistical correlation was noted
between strains belonging to phylotype Il andldstons observed. Comparative analysis of
the genomes of the isolated strains demonstratetaeyenomic regions specific to or absent
from strains of phylotype Il in relation to otheghylotypes, particularly the genes involved in
metabolism, transportation and transcriptional l&tgen [41]. These findings were confirmed
in 2017 by a Danish research team that reportedbprgance of this phylotype 11l in
samples from the affected area, with almost 74%h®bther analysed sequences belonging to
this subtype. Interestingly, a therapeutic regiraiective against PMH (lymecycline and
benzoyl peroxide) is associated with a changeerctmposition of th€. acnes population
consisting of a considerable reduction in the propio of C. acnes type Ill. Restoration of
balance in the distribution of phylotypes@facnes results in clinical improvement [40].
These findings point to the possibility of new #ygeutic approaches using pre- or probiotics
in cutaneous diseases involving such imbalancadatelial communities dT. acnes.

In conclusion, after being underestimated and almnesiriably considered a
contaminant of sample€, acnes has been shown over the last decade to play disagr
role, via its various subgroups, in several sksodiers. The development of new analytical
methods has revealed the fabulous histor§@.@fcnes not just as a contributor to stable
cutaneous homeostasis, but also as a double-edgawcism involved in various types of

inflammatory dermatoses.
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Figure 1: Phylogenetic tree following analysis of 16 nucidetsequences of 1173 bp of the
gene coding for 16S RNA in different typesRybpionibacteriaceae using Kimura’s two-
parameter method and the MEGAG software package.

Figure 2: Direct examination o€utibacterium acnes of phylotypes 1A1 (a), Il (b) and Il (c)

Figure 3: Cultures ofCutibacterium acnes: (a) phylotype IA1 presenting beta-haemolysis; (b)
non-haemolytic phylotype Il from an acne samplgn@n-haemolytic phylotype Il from a
sample of progressive macular hypomelanosis
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