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COMPOSITIONS AND METHODS FOR PROMOTING SKIN HEALTH
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This application claims the benefit of prionty to U.S. Provisional Patent Application
5 serial number 62/291,6635, filed February 5, 2016, which is hereby incorporated by reference

herein in its entirety.
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wvention.

BACKGROUND
Propionibacterium cenes 1s a major commensal bacterium residing on the human

15 skin. It plays important roles in maintaining skin bealth, but has also been implicated n the
pathogenesis of several discases and mfections, including sarcoidosis, SAPHO syndrome,
endodontic lesions, eye infections, prosthetic joint infections, prostate cancer, and acne
vulgaris (commaonly called acne}. Acne is the most common skin disgase affecting more than
80% of adolescents and young adults worldwide. Despite the clinical importance of the

20 disease, the ctiology of acne is not vet clear. P. acres dominates the skin of both acne
patients and healthy mdividuals, and thus #s role in acne pathogenesis has not been well

understood.

SUMMARY

25 In some aspects, the invention refates to a method of preventing or treating a skin
condition 10 a subject, comprising administering to the skin of the subject a composition
comprising an RT1, RT2, RT3, RT6, RTE, RT16, or Type 1H strain of Propionibacterium
acnes. In some embodiments, compositions are formulated for oral delivery for treating a
skin condition or maintaining skin health, comprising an RT1, RT2, RT3, RT6, RT8, RT16,

30 or Type I strain of Propionibacterium acnes. In some embodiments, the compositions
coraprise more than one strain. A strain of P. acnes may be selected from HLO42PA3,

HLOS0PA2, HLO25PAL HLOOIPAL HLIO3PAL HL106PAT HL1IOPA3, HLO25PA2Z,
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HLO46PAL HLT10PAZ, HLOS3PA2, HLO5S9PAL, HL201PAL, 17A, and 200, The condition
may be acne, skin aging, rosacea, or porphyria cutanca tarda.

in some aspects, the invention relates to a topical composition for treating a skin
condition or maintaining skin health, comprising an RT2 strain of Propionibacterium acnes.
The strain may be, for example, HLOOIPAL HLOOIPA1 is a clonal complex 72 {CC72)
strain based on the Belfast MLSTs classification scheme; and HLOOIPAT is a clonal complex
60 (CCH0) straim based on the Aarhus MLSTs classification scheme.

In some aspects, the invention relates to a method for determining the risk that a
subject will develop vitamin Bu-induced acne, comprising measuring the porphyrin
production of F. acnes obtained from the subject.

In some aspects, the mvention relates to a method for determining a risk that a subject
will develop vitamin Biz-induced acne, comprising identifying one or more strains of P.
acnes obtained from the subject, and diagnosing the subject with an elevated risk of
developing vitamin Biz-induced acne if one or more of the strains of P. acnes is sensitive to
vitamin Bz, In some aspects, the invention relates to a method for determining a risk that a
subject will develop vitamin Bu-induced acne, comprising identifying one or more strains of
£. aenes obtained from the subject, and diagnosing the subject with an elevated risk of
developmg vitamin Biz-induced acne if one or more of the strains of £. acrnes produces
glevated levels of porphyrins,

In some aspests, the invention relates to a topical composition, comprising a nucleic
acid encoding deoX. In other aspects, the invention relates to a composition formulated for
oral delivery comprising a nucleic acid encoding deoR.

In some aspects, the invention relates to a method for treating a skin condition in a
subject, comprising: measuring the porphynn production of 2. acnes obtained from the
subject; and treating the subject with photodynamic therapy it the porphynn production is
above a threshold value. In some embodiments, the invention relates to a method for treating
a skin condition in a subject, comprising determining the identity of a sirain of /. aenes
obtained from the subject; and treating the subject with photodynamic therapy f the strain of
P. acnes produces elevated porphyrn levels.

In some aspects, the invention relates to compositions and methods for treating a skin
condition in a subject, compnsing administering to the subject a composition comprising £,
acnes, wherein the P. acnes comprises a nucleic acid encoding deoR. The composition may

be formulated for topical delivery. The compositions may be formulated for oral debivery.
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In some aspects, provided herein are methods of seducing the amount of porphyring
on the skin of a sabject by aduduistenng a composition corprising o8¢ of mwe strains of
Propionibacterium acnes 1o the subject. The subject may bave acne, skin aging, rosacea, or
porphyria cutanea tarda.

In some aspects, provided herein are compositions formulated for oral delivery for
treating a skin condition or maimntaining skin health, comprsing an RT1, RT2, RT3, RT4,
RT8, RT16, or Type 1 strain of Propionibacrerium acnes. 1n other aspects, provided herein
are compositions {¢.g., oral or topical compositions) for treating a skin condition or
maintaining skin health, comprising a strain of Propionibacierium acnes, wherein the strain
of Propionibacterium acnes comprises a nucleic acid encoding deok. A strain of £. acnes
may be selected from HLO42PAZ, HLOS0PAZ, HLO25PAL, HLOOIPATL, HLIO3PAL,
HLI06PAT HL110PA3, HLO25PA2, HLO46PAT, HL110PA2, HLO53PA2, HLO5S9PAT,
HL201PAL, 17A, or 20C.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Acne-associated type JA-2 P acwes strains produced significantly more
porphyrios than health-associated type If strains. Each bar represents the porphyrins
produced by each strain normalized by the bactenal culture density. Shown 1s the mean of
the data obtained from at least three independent experiments with at least three replicates
gach. Hrror bars represent standard error,

Figure 2, Vitamin By supplementation significantly increased porphyrin
production in acne-associated type [A-2 strains, but not in health-associated type 11
straims. . qones strains were cultured in media with (black bars) or without (white bars) the
addition of 10 ug/ml vitamin B2, Each bar represents the porphyrins produced by cach
strain normalized by the bacterial culture densitv. Shown is the mean of the data obtained
from at least three independent experiments with at least three replicates each. Error bars
represent standard error.

Figure 3. Vitamin By supplementation repressed the expression of a vitamin B
biosynthesis gene chil.. The expression level of ¢bil, was quantified by gRT-PCR from P.
acnes strains cultured with or without the addition of 10 pg/mE vitamin By, Strains of types
1A-2 and [I and an RT1 strain encoding deoR, HLOZ5PAT, are shown. Hach bar represents
the fold change in gene expression of ¢bif. in cultures with vitanin Biz supplementation

compared to cultures without supplementation. Shown is the mean of the data obtained from
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three independent experiments with three replicates each. Error bars represent standard
deviation.

Figure 4. 5-AL A increased porphyrin production, which was further enhanced
by vitamin B supplementation in acne-associated type IA-2 strains. P. acnes strains
were cultured i media with (grey bars) or without (white bars) substrate 5-ALA (0.1
mg/mL}, or with both 5-ALA and vitamin Bz (10 ug/mb) added (black bars). S-ALA
significantly mcreased porphyrin production i acne-associated type 1A-2 straing (£ <0.0001)
and in health-associated type U strains (P<20.06, except HLOOIPAL). Vitamin Bz
supplementation further increased porphyrin production in the presence of 5-ALA in acne-
associated type 1A-2 strains, but not in health-associated tvpe U strains. Each bar represents
the porphyrins produced by each strain normalized by the bactenal culture density. Shown is
the mean of the data obtamed from at least three independent experiments with at least three
replicates each. Error bars represent standard error.

Figure 5. Smali molecule inhibitor reduced porphyrin production in £. acnes and
its inhibition was counteracted by vitamin By supplementation in acne-associated type
FA-2 strains. P acnes strains were cultured in media with {grey bars) or without (white bars}
imhibitor LA (0.1 mg/mL}, or with both LA and vitamin Bz (16 pg/ml) added (black bars).
LA significantly reduced porphyrin biosyathesis in all strains except HLOOTPAT (£ <0.0001).
Vitamin B supplementation counteracted the mmhibition of porphyrin biosynthesis by LA
acne-associated tvpe {A-2 strains, but not in health-associated type H strains. Each bar
represents the porphyrins produced by each strain normalized by the bacterial culture density.
Shown 1s the mean of the data obtained from at least three independent experiments with at
least three replicates cach. Error bars represent standard ervor.

Figure 6. Health-associated sirains encode and expressed deokR, a repressor gene
in the porphyrin biosynthesis operon. deoR amplification from the cDNA and genomic
DNA (gDNA) samples of maltiple stratns 1s shown in the gel image. 165 yRNA gene was
used as a positive control. HELO45PAL, which is an acne-associated type TA-2 strain and dogs
not encode deok, is shown as a negative control.

Figure 7. Coproporphyrin was the dominant porphyrin isoferm produced by £
acnes.  Porphyring secreted by /. acwes have a mass spectrum characteristic of the
monoisotopic coproporphyrin isoform (JM + H} * = 655 3). The doubly charged parent ion
was also observed (M + 2H] *" = 328.2).

Figure 8. Porphyrin (Hem) gene cluster in 2 gcnes strains. All health-associated
type H sirains harbor a deoR transcription repressor (PPAG299, in green} in the porphynin

4
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gene cluster. The number below cach box represents the gene ID based on the gene
annotation i KPA171202. The letiers in black boxes indicate the names of the /em genes,
which are porphyrin biosynthesis genes. PPAO300 and PPAO3 10 were not assigned a hem
geNne name.

Figure 9. Presence of deeR in P. acaes lineages. P. aowes strains encoding deol are
colored m green an inchude cach type IC, IB-3, 1, and Hi strain. Additionally, strain
HLO25PA 1 of type TA-2 & acnes encodes deoR, but no other type 1A-1, IA-2, IB-1, or IB-2
strain was found to encode a deok gene. Asterisks denote the strains tested in the Examples
section.

Figure 10, Simiiar to health-associated type 1 strains, HLO25PA1 produced a
low level of porphyrins and did not respond to vitamin By supplementation. HLO25PAI
was cultured m the media with (black bars) or without {(white bars) vitamin B2 (10 ug/mlL}.
Health-associated type H strains, HL1G3PAT and HLO42ZPA3, are shown for comparison.
Each bar represents the porphyrins produced by cach strain normalized by the bacterial
culture density. Shown s the mean of the data obtained from three independent experiments
with three replicates each. Error bars represent standard ervor.

Figure 11, Porphyrin production in type 1 £ acpes strains. Types fA-1 and 1A-2
strains produced the highest levels of porphyring among the tested strams. RTS8, RT3, and
RT16 strains produced less porphyrins than types 1A-1 and JA-2 strains, but more than RT2
and RT6 strains. Each bar represents the porphyrins produced by cach strain normalized by
the bacterial culture density. Shown is the mean of the data obtaived from at least two
mdependent experiments with at least three rephicates cach. Error bars represent standard
S

Figure 12. 2 acnes type 1 strains produce significantly more porphyrins than
type I and type I3 strains. Hach bar represents the porphyrins produced by cach strain
normalized by the bactenial culture density. Type I strains responded to vitamin B12
supplementation with increased porphyrin production. This was not observed in type H and
type I strains (data not shown}. Shown is the mean of the data obtained from at least one

experiment with at least four replicates each. Error bars represent standard error,

DETAILED DESCRIPTION
Some aspects of the invention are based on the finding that vitamin Biz
supplementation increases P, acnes production of porphyrins, a group of pro-inflammatory

metabolites important in acoe development. The porphyrin production and regulation of
5
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multiple . acwes strains from acne- and health-associated lineages were compared. Acne-
associated strains inherently produced significantly higher fevels of porphyrins, which were
further enhanced by vitamin Bi» supplementation. On the other hand, health-associated
strains produced low levels of porphyrins and did not respond to vitamin B, Using small
molecule substrates and mhibitors, porphyrin biosynthesis can be modulated at the metabolic
evel. Additionally, the repressor gene {(deoR) of porphyrin biosynthesis was encoded in all
health-associated strains, but not in acne-associated strains. The exprossion of deoR suggests
additional regulation of porphyrin production at the transcriptional level in health-associated
strains. These findings provide a molecular mechanism for the different contributions of /.
acnes strains to skin health and disease, and further support the wle of vitamin B2 in acne
pathogenesis. Specifically, the porphynin biosvnthesis pathway 1s a drug target for acne and
related skin conditions, and health-associated strains of P, acnes may be osed as probiotics in
skin therapeutics.

The mstant disclosure also suggests that health conditions of subjocts with £. qenes
that produce different levels of porphyrins might be treated differently. Vitamin B
modulation of porphyrin production is strain-specific, and suggests that the P acnes strain
corposition of an individual's skin microbiota contributes to vitanin Biz-induced acne.
Individuals harboring acne-associated straing are likely o be at increased risk for developing
acne in response to high vitamin Bz levels due to the ability of their skin bacteria to produce
more porphyrins. On the other hand, individuals whose skin is dominated by health-
associated strains may have lower porphyrin levels produced by the bacterium, leading to a

reduced nisk for acne development when supplemented with vitamin Biz.

Definitions

As used herein the specification, “a” or “an” may mean one or more. As used herein
in the claim{s), when used i conjunction with the word “comprising” the words “a” or “an”
may mean one of more than one. As used herein “another” mayv mean at least a second or
more.

The term “preventing” 1s art-recognized, and when used in relation to a condition such
as a local recurrence {e. g, blemish), a disease such as acne, or an injury such as scarring, is
well understood in the art, and includes administration of a composition which reduces the
frequency of, or delays the onset of, svmptoms of a medical condition in a subject relative to
a subject which does not receive the composition. Thus, prevention of acne includes, for

example, reducing the number of detectable blemishes {e. g, lesions} in a population of
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patients receiving a prophylactic treatment relative to an untreated control popelation, and/or
delaving the appearance of detectable blemishes in a treated population versus an untreated
control population, e.g., by a statistically and/or clinically significant amount.

¢ terms “prophylactic treatment” and “therapeutic treatment” are art-recognized
and include administration to a subject one or more of compositions. I a composition is
administered prior to clinical manifestation of the unwanted condition {e.g., discase or other
unwanted state of the host animal) then the treatraent is prophvlactic (7.e., it protects the
subject against developing the unwanted condition}, whereas if it 1s administered after
mantfestation of the unwanted condition, the treatment is therapeutic {(i.e., it is intended to
diminish, ameliorate, or stabilize the existing unwanted condition or side effects thereof).

The term “subject” refers to a mammal, mcluding, but not limited to, a human or non-
human mammal, such as a primate, bovine, equing, ovine, porcine, canine, lagomorph, felineg,
or rodent. In preferred embodiments, the subject is a human.

A “therapeutically effective amount” of a compound with respect to the subject
method of treatment reters 1o an amount of the compound(s) in a preparation which, when
administered as part of a desired dosage regimen (to a mammal, preferably a human)
alleviates a symptom, amcliorates a condition, or slows the onset of disease conditions
according to chnically acceptable standards for the disorder or condition to be treated or the
cosmetic purpose, e.g., at a reasonable benefit/risk ratio applicable to any medical treatment.

As used hereim, the torm “treating”™ or “treatment” inchudes reversing, reducing, or
arresting the symptoms, clinical signs, and underlying pathology of a condition in a manner

to improve or stabilize a subject's condition.

1. COMPOSITIONS

In some aspects, the invention relates to a composition for treating or preventing a
condition in a subject. In some aspects, the mvention relates to a composition for
maintaining skin health. The composttion mav be a topical composition. The composition
may be formulated for oral debivery. The condition may be a skin condition. The skin
conditions may be acne, skin aging, rosacea, or porphynia cutanca tarda.

A composition may comprise a strain of Propionibacterium acnes. A strain of P,
acnes may be selected from, for example, RT1, RT2, and RT6. In some embodiments, the
strain of P. acnes 1s selected from RT3, RTE, RTI6, or Type 11 The strain may be selected
from HLOOIPAL, HLIO3PAT HLO42PA3, HLI06PAT, HL110PAS3, HLOSOPAZ, or

HLO25PAT. In some emmbodiments, the strain may be selected from HLO25PAZ, HLO46PAL,
7
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HL110PAZ, HLOS3PAZ, HLOSOPAL, HL201PAL, 17A, or 20C. The strain may be RT2, and
the RT2 strain may be HLOOIPAL HLI03PAL, or HL106PA] The strain may be RT1 and
the RT1 strain may be HLOS0PA2 or HLOZ25PAT. The strain may be RT6 and the RT6 strain
may be HLO42PA3 or HL110PA3. The strain may be a type U stramn or a type Hi strain of 7.
acnes. The stram may be an RT3 strain, sach as HLO23PA2 or HLO46PA1. The strain may be
a RTS8, such as HLI10PA2 or HLO33PA2. The strain may be a RT16 strain, such as
HLO39PA L. The strain may be a Type Ul strain, such as HL201PAT, 17A, or 20C. The
composition may be formulated for oral delivery. The composition may be a topical
composition. The composition may comprise more than one strain of £. aenes. The
corposition may comprise at least 2, at least 3, at least 4, at least 5, at least 6, or at least 7
strains of P. acnes.

In preferred embodiments, the composition is substantially frec from an RT4 strain of
F.acnes. In preferred embodiments, the composition is substantiaily free from an RT3 strain
of £ acnes. In preferred embodiments, the composttion does not comprise HLO45PAL,
HLO043PA1, HLO43PAZ or HLO33PA2, In some embodiments, the composition is
substantially free from a type 1A-1, 1A-2, IB-1, and/or IC strain of £ acwes. In preferred
cmbodiments, the composition is substantially free from a type 1A-1, 1A-2, and/or IC strain of
P. aenes. In some embodiments, the composition 1s substantially free of strains that does not
gxpress, harbor, and/or encode deoR. In certain such embodiments, substantially free
mdicates that the composition does not comprise the indicated strain to an extent that
compromises the therapeutic efficacy of the beneficial strains in the composition. In other
such embodiments, a composition is substantially free of a strain if it comprises less than
10%, preferably less than 5%, and most preferably less than 1% of the indicated strain.

A compaosition may comprise a nucleic acid encoding deoR (i.¢., the nucleic acid may
comprise the deoR nucleotide sequence). For example, the composition may comprise a
vector and the vector may comprise the nacleic acid. The composition may comprise a strain
of F. acnes and the strain of 2. acres may comprise the nucleic acid. The nucleic acid may
be DNA or RNA.

The vector may be a phage or a plasmid. The vector may be a phage, and the phage
may have a tropism for Propionibacterium acnes, e.g., such that the phage can transform a 7.
acnes cell with the nucleic acid.

The nucleic acid may comprise a promoter, and the promoter and deoX may be
operably hinked, e.2 | such that a cell comprising the nucleic acid can transcribe RNA from

the nucleic acid.
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The nucleic acid may be a recombinant nucleic acid. For example, deoR may be
operably linked to a promoter other than a native deoR promoter. Similarly, deoR may be
present in a vector that is not native to £, acmes, such as a vector comprising an ongin of
replication of a different species such as £, coli or a vector comprising a packaging signal for
a bacteriophage. The nucleic acid may be the P. acres genome and deoR may be randomly
mitegrated into the genome.

A composition may comprise one or more strains of P, aones that comprise the
nucleic acid, e.g., wherein the nucleic acid 1s the P. acnes genome, the nucleic acid is a
plasmid, or the nucleic acid is RNA. A composition may comprise one or more strains of £
acnes that comprise a deoR protein product {e.g., a transcriptional repressor protein). For
example, such straing may express a deoR protein product. A composition may CoOmprise one
or more strains of . acnes that encode or harbor a deeR gene. A composition may comprise
one or more strains of P. acnes selected from RT1, RT2, or RT6 strains, and/or strains
comprising a recombinant nucleic acid encoding deoX. A composition may comprisc a
clonal complex 72 (CC72) strain as determined by the Belfast MLSTs classification scheme,
A composition may comprise a clonal complex 60 (CC60) strain as determined by the Aarhus
MILSTe classification scheme. A compasition may comprise one or more strains of £, genes
selected from RT3, RT8, RT16, or Type 111, and/or strains comprising a recombinant nucleic
actd encoding deoR.

A composition may further comprise fevulinic acid, 4, 6-dioxoheptanoic acid, and/or
isonicotinic acid hydrazide.

Compositions described herein may be used for oral adnunistration to the
gastrointestinal
tract. The formulation for a composition {¢.g., a probiotic composition} of the present
mvention may also include other probiotic agents or nutrients which promote spore
germination and/or bacterial growth, An exemplary matenial is a bifidogenic cligosacchande,
which promotes the growth of beneficial probictic bacteria. In some embodiments, the
probiotic bacterial composition is adnunistered with a therapeutically-effective dose of an
{preferably, broad spectrum) antibiotic, or an anti-fungal agent. In some embodiments, the
compositions described herein are encapsuolated into an enterically-coated, time-released
capsule or tablet.

The composition may be a food product, such as, but not linuted to, a dary product.
The diary product may be cultured or a non-cultured {¢.g., milk} dairy product. Non-limiting

examples of cultured dairy products mnclude vogurt, cottage cheese, sour cream, kefir,
G
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buttermilk, etc. Dairy products also often contan various specialty dairy mgredients, e.g.
whev, non-fat dry milk, whey protein concentrate solids, ctc. The dairy product may be
processed in any way known 1o the art to achieve desirable gualities such as flavor,
thickening power, nutrition, specific microorganisms and other properties such as mold
growth control. The compositions of the present mvention may also include known
antioxidants, buffering agents, and other agents such as coloring agents, flavorings, vitaming,
or mingrals.

In some embodiments, the compositions of the present invention are combined with a
carrier {e.g., a pharmaceutically acceptable camer} which is physiclogically compatible with
the gastrointestinal tissue of the subject(s) to which 1t is administered. Carriers can be
comprised of sohid-based, dry materials for formulation into tablet, capsule or powdered
form; or the carrier can be comprised of hiquid or gel-based matenials for formulations nto
fiquid or gel forms. The specific type of carrier, as well as the final formulation depends, in
part, upon the selected route(s) of administration. The therapeutic composition of the present
mvention may also include a vanety of carriers and/or binders. In some embodiments, the
carrier 1s micro-crystalline celiulose (MCC) added in an amount sufficient to complete the
one gram dosage total weight. Carriers can be solid-based dry matenials for formulations in
tablet, capsule or powdered form, and can be liguid or gel-based materials for formulations in
hguad or gel forms, which forms depend, in part, upon the routes of admimistration. Typical
carriers for dry formulations include, but are not limited to: trehalose, malto-dextrin, rice
flour, microcrystalline cellulose (MCC) magnesium sterate, inositol, FOS, GOS, dextrose,
sucrose, and like camers. Suitable higuid or gel-based carriers include but are not hinuted to:
water and physiological salt solutions; area; alcohols and dentvatives (¢.g., methanol, ethanol,
propanct, butanol); glyeols {e g, ethylene glveol, propylene glveol, and the like). Preferably,
water-based carniers possess a neutral pH value (i.e., pH 7.0). Other camers or agents for
administering the composttions described herein are known in the art, e.g., in LS. Patent No.
6,461,607,

A. Vehicles, Soivents, and Diluents

A composttion may comprise a vehicle, solvent, and/or dilutent. Suitable topical
vehicles and vehicle components for use with the formulations of the invention are well
known in the cosmetic and pharmaceutical arts, and inchude such vehicles {or vehicle
corponents) as water; organic solvents such as alcohols {particularly lower alcohols readily
capable of evaporating from the skin such as ethanol}, glyeols (such as propylene glyvcol,

butylene glycol, and glyvcerol {glycerin)), aliphatic alcohols (such as lanclin}; mixtures of
10
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water and organic solvents (such as water and aleohol), and mixtures of organic solvents such
as alcchol and glycerol {optionally also with water); lipid-based materials such as fatty acids,
acvlglveerols (including oils, such as mineral oil, and {ats of natural or synthetic onigin},
phosphoglycerides, sphingolipids and waxes; protein-based materials such as collagen and
gelatin; silicone-based materials (both non-volatile and volatile) such as cyclomethicone,
dimethiconol, dimethicone, and dimethicone copolyol; hydrocarbon-based materials such as
petrolatum and squalane; and other vehicles and vehicle components that are suttable for
administration to the skin, as well as mixtures of topical vehicle components as identified
above or otherwise known to the art.

{n onc embodiment, the compositions of the present invention are oul-in-water
emulsions. Liguids suitable for use in formulating compositions of the present invention
mclode water, and water-miscible solvents such as glyeols (e g., ethyvlene glycol, butylens
glycol, isoprene glycol, propylene glveol), glveerol, Hiquid polyvols, dimethyi sulfoxide, and
1sopropyl alcobol. One or more agueous vehicles may be present.

In one embodiment, formulations without methanol, ethanol, propanols, or butanols
are desirable.

B. Surfaciants and Emulsifiers

A composition may comprise a surfactant and/or emulsifier. Many topical
formudations contain chemical emulsions which use surface active ingredients (emulsifiers
and surfactants} fo disperse dissimilar chemicals in a particular solvent system. For exampie,
most lipid-like {oily or fatty) or lipophilic ingredients do not uniformly disperse in agueous
solvents unless they are first combined with emulsifiers, which form microscopic agueous
sohuble structures (droplets) that contain a lipophilic interior and a hydrophilic exterior,
resufting i an oii-in-water emulsion. In order to be soluble 1n aqueous media. a molecule
must be polar or charged so as to favorably interact with water molecules, which are also
polar. Similarly, to dissolve an agueocus-soluble polar or charged ingredient in a largely lipid
or otl-based solvent, an emulsifier is typically used which forms stable structures that contain
the bydrophilic components in the interior of the structure while the exterior is lipophilic so
that it can dissolve in the lipophilic solvent to form a water-in-oil emulsion. It 1s well known
that such emulsions can be destabilized by the addition of salts or other charged ingredients
which can interact with the polar or charged portions of the emulsifier within an emulsion
droplet. Emulsion destabilization resulis m the agueous and lipophilic mgredients separating

nto two layers, potentially destroving the commercial value of a topical product.
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Surfactants suitable for use in the present invention may be 1onic or non-tonic, These
mehude, but are not limited to: cety! alochol, polysorbates (Polysorbate 20, Polysorbate 40,
Polvsorbate 60, Polysorbate 80), steareth-10 (Brij 76), sodium dodecyl sulfate (sodium lauryl
sulfate), laurvl dimethyl amine oxide, cetylirmmethylammonium bromude (CTAB),
polyvethoxylated alcohols, polyoxyethvlene sorbitan, octoxynol, N N-dimethyldodecylamine-
N-oxide, hexadecyitrimethylammonium bromide (HTAB), polvoxyl 16 lauryl ether, bile salts
{such as sodium deoxvcholate or sodium cholate), polvoxyl castor oil, nonvipheno!
cthoxylate, cvclodextring, lecithin, dimethicone copolyol, lavramide DEA | cocamude DEA,
cocamide MEA, oleyl betaine, cocamidopropyl betaine, cocamidopropy! phosphatidyi PG-
dimonium chlonde, dicetyl phosphate {dihexadecy! phosphate), ceteareth-10 phosphate,
methylbenzethonium chloride, dicety! phosphate, ceteth-10 phosphate (ceteth-10 15 the
polyethylene glyeol ether of cetyl alcohol where n has an average value of 10; ceteth-10
phosphate is a mixture of phosphoric acid esiers of ceteth-10), ceteth-20, Bri 510
{polyethviene glycol octadecyl ether, average Ma ~ 711}, and Poloxamers (including, but not
himtted to, Poloxamer 188 (HO(CaHO ) CH{CH)YCH20 w{C2Ha O )aH, average molecular
weight 8400} and Poloxamer 407 (HO(C:HsOW(CH{CHBCH0 w(CoHAO)H, wherein a1
about 101 and b is about 56)). Appropriate combinations or mixiures of such surfactants may
also be used according to the present invention.

Many of these sarfactants may also serve as emulsifiers in formulations of the present
myention,

Other suitable emulsifiers for use in the formulations of the present invention include,
but are not himited to, behentrimonium methosulfate-cetearyi alcobol, non-ionic emulsitiers
kke emulsifving wax, polyoxvethylene oleyl ether, PEG-40 stearate, cetostearyl alechol
{cetearyl alcohol), cetearcth-12, ceteareth-20, cetearcth-30, cetearcth alcohol, Ceteth-20
{Ceteth-20 is the polvethyvlene glveol ether of cetvl alcohol where n has an average value of
28y, oleic acid, oleyl alcohol, glyceryl stearate, PEG-7S stearate, PEG-100 stearate, and PEG-
104 stearate, ceramide 2, ceramide 3, stearic acid, cholesterol, steareth-2, and stearcth-20, or
combinations/muxtures thercof, as well as cationic emulsifiers like stearamidopropvl
dimethylamine and behentrimonium methosulfate, or combinations/mixtures thereof.

C. Moisturizers, Emollients, and Humecitants

A composition may comprise a moistunzer, emollient, and/or humectant. One of the
maost important aspects of topical products in general, and cosmetic products in particular, is
the consumer's perception of the aesthetic qualities of a product. For example, while white
petrolatunt is an excellent moisturizer and skin protectant, it is rarely used alone, especially

12



10

15

20

25

30

WO 2017/136738 PCT/US2017/016526

on the face, because it is greasy, sticky, does not rub easily into the skin and may soil
clothing. Consumers highly value products which are acsthetically elegant and have an
acceptable tactile feel and performance on their skin.

Suitable moisturizers for use 1 the formulations of the present mvention include, but
are not limited to, lactic acid and other hydroxy acids and their salts, glycerol, propylene
glvcol, butyvlene glyveol, sodium PCA, sodium hyaluronate, Carbowax 200, Carbowax 400,
and Carbowax 800,

Suitable emollients or humectants for use in the formulations of the present invention
mehude, but are not limited to, panthenol, cety! palmitate, glycerol {glyceriny, PPG-15 stearyl
cther, lanolin alcohol, lanolin, lanolin denivatives, cholesterol, petrolatum, isostearyl
neopentanoate, octyi stearate, mineral oil, 1socetyl stearate, mynstyl myrnistate, octvl
dodecanol, 2-ethvihexy! palmitate {octyl pabmitate}, dimethicone, phenyl trimethicone,
cyclomethicone. Ci2-Cis alkyl benzoates, dimethiconol, propylene glyeol, Theobroma
grandiflorum seed butter, ceramides {(e.g., ceramide 2 or ceramide 3), hvdroxypropyl
bispalmitamide MEA, hvdroxypropyl] bislavramide MEA, hvdroxypropyl bisisostearamude
MEA, 1,3-bis{N-2-(hydroxyethylistearoylamino}-2-hydroxy propane, bis-hydroxyethyl
tocophervisuccinovlamido hvdroxypropane, urca, aloe, allantoin, glycyrrhetinic acid,
satfiower oil, olevl alcohol, oleic acid, stearic acid, dicapryviate/dicaprate, diethyl sebacate,
isostearyl alcohol, pentyvlene glycol, isononyt isononancate, and 1,3-bis(N-2-

(hydroxyethy Bpalmitovlamino)-2-hvdroxypropane.

In addition, appropriate combinations and nuxtures of anv of these moisturizing
agents and emollients may be used 1 accordance with the present invention.
D, Preservatives and Antioxidants

A composition may comprise components adapted to improve the stability or
effectiveness of the applied fornulation, such as a preservative and/or antioxidant. Suitable
preservatives for use in the present invention nclade, bt are not lmited to: ureas, such as
mmdazohdiny] urca and diazolidinyl urea; phenoxyethanol; sodinm methyl paraben,
methviparaben, ethylparaben, and propviparaben; potasstum sorbate; sodium benzoate; sorbic
acid; benzoic acid; formaldehyde; citne acid; sodium citrate; chlorme dioxide; guaterary
ammonium compounds, such as benzalkonium chlonde, benzethonium chloride, cetrimide,
dequalinium chloride, and cetylpyridinnum chloride; mercurial agents, such as

phenvimercuric nitrate, phenvlmercunic acetate, and thimerosal; piroctone olaming; Vitis
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vinifera secd oil; and alcoholic agents, for example, chlorobutanol, dichlorobenzyl alcchol,
phenylethvl alcohol, and benzyl alcohol.

Suitable antioxidants include, but are not limited to, ascorbic acid and its esters,
sodium bisulfite, butyiated hydroxyioluene, butviated hvdroxyanisole, tocopherols,
tocophervl acetate, sodium ascorbate/ascorbic acid, ascorbyl] palmitate, propyl gallate, and
chelating agents ke EDTA (e g, disodium EDTA), citric acid, and sodium citrate.

In certain embodiments, the antioxidant or preservative comprises (3-(4-
chlorophenoxy)-2-hydroxypropvlcarbamate .

In certain embodiments, antisxidants or preservatives of the present invention may
also tunction as a moisturizer or emollient, for example.

In addition, combinations or mixtures of these preservatives or anti-oxidants may also
be used in the fornulations of the present invention.

K. Combination agents

A composition can also contain any other agent that has a desired effect when applied
topically to a mammal, particularly a human. Suitable classes of active agents inclade, but
are not limited to, antibiotic agents, antinicrobial agents, anti-acne agents, antibacterial
agents, antifungal agents, aotiviral agents, steroidal anti-inflammatory agents, non-steroidal
anti-inflammatory agents, anesthetic agents, antipruriginous agents, antiprotozoal agents,
anti-oxadants, antihistamines, vitaming, and hormones. Mixtures of any of these active agents
may also be emploved. Additionally, dermatclogically-acceptable salts and esters of any of
these agents may be employed.

It 15 known that antumicrobials such as antibictics can be bactericidal or bacteriostatic,
hEmiting and reducing the quantity of bacteria m our bodies. Retinoids also reduce the
amount of bacteria in pilosebacous units and microcomedones. Light based therapies work
via photothermal heating, photochemical mactivation of bacteria, and various
photoimmuonological reactions to mmprove clinical skin outcomes. In gencral, the above
therapics directly act to reduce the amount of pathogenic bacteria in a patient. Thus, the
mvention proposes that any such therapy that achieves the same goal of reducing the number
of pathogenic organisms, when used in combination with subsequent topical probiotic
treatment, would lead to replacement of the pathogenic microflora involved in the diseased
state with natural microflora enriched in healthy skin or mucous membranes, or less
pathogenic species occupying the sane ccological niche as the type causing a discase state.

Suitable antibacterial compounds include capreomyeins, including capreomycin 1A,

capreomyein 1B, capreomycin [FA and capreomyein HIB; carbomycins, including carbomycin
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A carumonam; cefaclor, cefadroxil, cefamandole, cefatrizine, cefazedone, cefazolin,
cefbuperazone, cefcapene pivoxil, cefchdin, cefdinir, cefditoren, cefime, ceftamet,
cefmenoxime, cefmetzole, cefiminox, cefodizime, cefonicid, cefoperazone, ceforanide,
cefotaxime, cefotetan, cefotiam, cefoxitin, cefpimizole, cefpiranmide, cefpirome, cefprozil,
cefroxadine, cefeulodin, ceftazidime, cefteram, ceficzole, ceftibuten, ceftiohur, ceftizoxime,
cefiriaxong, cefuroxime, cefuzonam, cephalexin, cephalogyemn, cephaloridine, cephalosporin
C, cephalothin, cephapirin, cephamyeins, such as cephamyein €, cephradine,
chlortetracveling;, chlarithromyein, clindamyein, clometocilling clomocvycling, cloxactlling
cyelacillin, danofloxacm, demeclocyclin, destomycin A, dicloxacillin, dirithromycin,
doxvevelin, epicillin, eryvthromvcin A, cthanbutol, fenbenicillin, flomoxef, florfenicol,
floxacithn, flumequine, fortimicin A, fortimicin B, forfomyaein, foraltadone, fusidic acid,
gentamyein, glveoniazide, guamecycline, hetacithn, idarubicin, imipenem, tsepamicin,
josamycin, kanamycin, leamycing such as leamycin Al lincomycin, lometloxacin,
loracarbef, lvmecveline, meropenam, metampicithin, methacycline, methicillin, mezlocillin,
micronomicin, midecamycins such as midecamyein Al, mikamvein, minocychng,
mitomycins such as mitomyvein C, moxalactam, muupirocin, nafcilling netilicin, norcardians
such as norcardian A, olcandomyein, oxvictracveline, panipenam, pazufloxacin,
penamecillin, penicilling such as penicilhin G, penicillin N and penicillin O, penillic acid,
pentylpenicilling peplomyein, phenethicilling pipacyclin, piperactiing, pirlimycein,
pivampicillin, pivcefalexin, porfiromycin, propiallin, quinacillin, ribostamycin, rifabutin,
rifamide, nfampin, rifamycin SV, rifapentine, afaxinin, ritipener, rekitamycin,
rolttetracychine, rosaramicin, roxithromycein, sancveline, sisomicin, sparfioxacin,
spectinomyvein, streptozocin, sulbenicilling sultamicillin, talampicilling teicoplanin, temocillin,
tetracyclin, thostrepton, tiamulin, ticarcilling, tigemonam, timicosin, tobramycin,
tropospectromyein, trovafloxacin, tylosin, and vancomycin, and analogs, derivatives,
pharmaceutically acceptable salts, esters, prodrugs, and protected forms thereof.

Suitable anti-fungal compounds include ketoconazole, miconazole, fluconazole,
clotrimazole, undecylenic acid, sertaconazole, terbinafine, butenafine, chioquinol, haloprogin,
nystatin, naflifine, tolnaftate, ciclopirox, amphotericin B, or tea tree o1l and analogs,
derivatives, pharmaceutically acceptable salts, esters, prodrugs, and protected forms thereof.

Suitable antiviral agents include acyclovir, azidournidine, anismoycin, amantading,
bromovinyldeoxusidine, chlorovinyldeoxusidine, cviarabine, delavirdine, didanosine,
deoxynojirimycin, dideoxyeytidine, dideoxyinosine, dideoxynucleoside, desciclovir,
deoxyacyelovir, efavirenz, enviroxime, fiacitabine, foscamet, fialunidine, fluorcthymidine,
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floxuridineg, ganciclovir, hypericin, idoxuridine, interferon, mterleukin, isethionate,
neviraping, pentamiding, ribavirin, nmantadine, stavudine, sargramostin, suramin,
trichosanthin, tribromothymidine, trichlorothyvoudine, triffuorcthynmidine, trisodium
phosphomonoformate, vidarabine, zidovindine, zalcitabine and 3-azido-3-deoxythvmidine
and analogs, derivatives, pharmaceutically acceptable salts, esters, prodrugs, and protected
forms thereof.

Other suitable antiviral agents include 2'.3'-dideoxyadenosine (ddA), 2'.3'-
dideoxyguanosine (dd(), 2,3 -dideoxyevtidine {(ddC), 2 3'-dideoxythymidine (dd'T), 2'3"-

2t
3 -

dideoxy-dideoxythymiding (44T}, 2'-deoxy-3'-thia-cytosing (3TC or lamivudime), 2',3
dideoxy-2'-fluoroadenocsine, 2'.3'-dideoxv-2'-fluoroinosine, 2',3'-dideoxy-2'-flucrothymidine,
2 3-dideoxy-2' -fluorocytosine, 2'3'-dideoxy-2' 3 -didehvdro-2'-flusrothymidine (Fd4T), 2'3'-
dideoxy-2"-beta-fluorcadencsine (F-ddA), 23 -dideoxy-2'-beta-flucro-mosine (F-ddl), and
2" 3'-dideoxy-2"-beta-fharocytosing {(F-ddC). In some embodiments, the antiviral agent ig
selected from trisodium phosphomonoformate, ganciclovir, trifluorothymidine, acvclovir, 3'-
azido-3"~thyvmidine (AZT), dideoxyinosing {ddi), and idoxuridine and analogs, derivatives,
pharmaceutically acceptable salts, esters, prodrugs, and protecied forms thereof,

F. Buffer Salts

A composition may comprise a butfer or salt. Suitable buffer salts are well-known m
the art. Examples of suitable buffer salts include, but are not limited to sodium citrate, citric
acid, sodium phosphate monobasic, sodium phosphate dibasic, sodium phosphate tribasic,
potassium phosphate monobasic, potassium phosphate dibasic, and potassium phosphate
tribasic.

(. Viscosity Modifiers

A composition may comprise a viscosity modifier. Suaitable viscosity adjusting agents
(i.e., thickening and thinning agents or viscosity modifying agents) for use in the
formudations of the present invention include, but are not limited to, protective colloids or
non-ionic gums such as hvdroxyethyleelhilose, xanthan gum, and sclerotium gom, as well as
magnesium aluminum silicate, silica, microcrystalline wax, beeswax, paraffin, and cetyl
palmitate. In addition, appropriate combinations or mixtures of these viscosity adjusters may
be utilized according to the present invention.

H. Additional constituents

Addrtional constituents suitable for incorporation into the emulsions of the present
mvention include, but are not limited to: skin protectants, adsorbents, demulcents, emollients,

moisturizers, sustained release materials, solubilizing agents, skin-penctration agents, skin
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soothing agents, deodorant agents, anfiperspiranis, sun screening agents, sunless tanning
agents, vitamins, hair conditioning agents, anti-irritants, anti-aging agents, abrasives,
absorbents, anti-caking agents, anti~static agents, astringents {¢.z., wiich hazel, alcohol, and
herbal extracts such as chamomile extract), binders/excipients, buffering agents, chelating
agents, film forming agents, conditioning agents, opacifving agents, lipds,
immunomodulators, and pH adjusters {e.g., citric acid, sodivm hydroxide, and sodiom
phosphatc).

For example, lipids normally found in healthy skin {or their fimetional equivalents)
may be incorporated into the emulsions of the present invention. In certain embodiments, the
lipid is selected from the group consisting of ceramides, cholesterol, and free fatty acids.
Examples of ipids include, but are not himited to, ceramide 1, ceramide 2, coramide 3,
ceramide 4, ceramitde 5, ceramide 6, hydroxvpropyl bispalmitamide MEA, and
hvdroxypropyl bislauramide MEA. and combinations thereof.

Examples of peptides that interact with protein structures of the deumal-cpidermal
junction inchude palmitoy! dipeptide-5 diaminobutylovl hyvdroxythreonine and palmitoyl
dipeptide-6 diaminohvdroxyvbutyrate.

Examples of skin soothing agents include, but arc not himited to algac extract,
mugwort extract, stearyi glveyrrhetinate, bisabolol, allantomn, aloe, avocado oil, green tea
gxtract, hops extract, chamomile extract, colloidal catmeal, calamine, cocumber extract, and
combinations thereof.

In certain embodiments, the compositions comprise bergamot or bergamaot oil.
Bergamot o1l 1s a natural skin toner and detoxifier. In certain embodiments, 1t may prevent
premature aging of skin and may have excellent effects on oily skin conditions and acne.

Examples of vitamins include, but are not hmited to, vitamins A, I, E, K and
cornbinations thereof. Vitamin analogues are also contemplated; for example, the vitamin D
analogues caleipotriene or calcipotrigh

In certain embodiments, the vitamin may be present as tetrahexyidecyl ascorbate. Thig
compound cxhibits anti-oxidant activity, inhibiting lipid peroxidation. In certain
embodiments, use can mitigate the damaging effects of UV exposure. Studies have shown 1t
to stimulate collagen production as well as clanfyving and brightening the skin by inhibiting
melanogenesis {the production of pigment) thereby promoting a more even skin tone.

Examples of sunscreens include, but are not limited to, p-aminobenzoic acid,
avobenzone, cinoxate, dioxybenzone, homosalate, menthyl anthranilate, octocrylene, octyl

methoxyeinnamate, octyl salicviate, oxybenzone, padimate O, phenvibenzimidazole sulfonic
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acid, sulisobenzone, titanivm dioxade, trolamine salicylate, zinc oxide, 4-methylbenzylidene
camphor, methylene bis-benzotriazolyl tetramethylbutylphenol, bis-ethythexyvioxyphenol
methoxyphenyl triazime, terephthalviidene dicamphor sulfonic acid, drometrizole trisiloxane,
disodium phenyl dibenzimidazole tetrasulfonate, dicthylamino hydroxybenzoyl hexyl
benzoate, octyl triazone, diethyvihexyl butamido triazone, polysilicone-15, and combinations
thereof.

Suttable fragrances and colors may be used in the formulations of the present
mvention. Examples of fragrances and colors suitable for use in topical products are known
in the art.

Suitable invnunomodulators include, but are not limited to, tetrachlorodecaoxide,
deoxycholic acid, tacrolimus, pimecrohmus, and beta-glucan.

In certain embodiments, palmitoyl-lysyl-valvl-lysine bistriflacroacetate is added. This
peptide stirmudates collagen synthesis in human fibroblasts.

Ofien, one constitucnt of a composition may accomplish several functions. fo one
embodiment, the present invention relates 1o constituents that may act as a lubricant, an
emollient, or a skin-penetrating agent. In one embodiment, the multi-fanctional constituent is

socetyl stearate, isopropyl isostearate, isopropyl palmitate, or isopropy! mynstate.

Il METHODS OF PREVENTING OR TREATING A CONDITION IN A SUBJECT

In some aspects, the invention relates to a method of preventing or treating a
condition 1 a subject, comprising administering a composition to the subject. The condition
may be a skin condition. The composition may be anv composition described herein.
Administration may comprise topical administration. Administration may comprise oral
administration. For example, the method may comprise administering to the subject a
coraposition comprising an RT1, RT2, and/or RT6 strain of Propionibacterium acnes. In
other embodiments, the method may comprise administering to the subject a composttion
disciosed berein comprising an RT3, RTE, RT16, or Type H strain of Fropionibacterium
acnes. In some embodiments, the method may comprise administering a strain expressing,
encoding, or harboring deok.

In some embodiments, the skin condition may be acne, skin aging, rosacea, or
porphyria cutanea tarda.

The subject may be receiving at least 2 pg of vitamin By per day, such as at least 3
ug, 4 g, S ug, 6ug, 7ug, B ug, 9ug, oratleast 10 pg of vitamin Biz per day. A subject may
be receiving about 2 ug to about 10 mg of vitamin B per day, such as about 2 ug to about 1
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mg of vitamin B2 per day, about 3 ug to about 1 mg, about 4 pg to about 1 mg, about 5 pg to
about 1 mg, about 6 pg to about T mg, about 7 ug to about 1 mg, about 8 pg to about 1 mg,
about 9 ug to about 1 mg, or about 10 pg to about 1 g of vitanun Biz per day.

{n some aspects, the invention relates to a method for determining the nisk that a
subject will develop vitamin Biz-induced acne. The method may comprise calculating the
porphynie concentration of a cell suspension comprising F. gewnes obtained from the subject.
The method may comprise identifving a strain of . acnes obtamed from the subject. The
method may comprise identifving the proportion of P. aones obtained from the subject that
belong to a particular ribotype, that comprise a gene encoding deoR, or that are otherwise
associated with acne or healthy skin.

Calculating porphyrin concentration may comprise measuring a concentration of
coproporphyrin HE or coproporphyrin L, e.g., in a cell suspension of £. aenes obtained from a
subject. Calculating porphyrin concentration may comprise measuring an absorbance of
light, e g, wherein the light has a wavelength of about 380 nm to about 430 nm, such as
about 400 nm, about 403 nm, or about 410 nm. Calculating a porphyrin concentration may
comprise measuring the cell suspension density, e.g., to normalize the porphyrin
concentration measurcment. Measuring the cell suspension density may comprise measuring
light transmittance through the cell suspension at a wavelength of about 580 nm to about 620
nm, such as a wavelength of about 590 am, about 595 nm, about 600 nm, or about 6035 nm.
The method may or may not comprise culturing & aenes obtained from a subject, e.g., prior
to calculating a porphyrin concentration.

A method may comprise diagnosing a subject with an elevated risk of developing
vitamin Biz-induced acne if the porphyrin concentration of a suspension of P, acnes obtained
from the subject is higher than about 2 pM, such as higher than about 3 M. A method may
comprise diagnosing a subject with a low nisk of developing vitamin Bi-induced acne if the
porphyrin concentration of a suspension of P. genes obtained from the sabject 15 less than
about 2 uM.

The method may comprise identifying a stram of #. acres obtamed from the subject,
and diagnosing the subject with an elevated risk of developing vitamin Biz-induced acne if
the strain of P. aeres 1s sensitive to vitamin Biz. For example, the sabject may be diagnosed
as having an clevated nsk of developing vitamin Biz-induced acne 1f the strain of P. aones is
RT4 or RT3, The subject may be diagnosed as having an elevated risk of developing vitamin

Bi-induced acne if the strain of P. genes 18 RT3 strain HLO63PAZ or RTR strain HLO82PAT.
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The subject may be diagnosed as having an elevated risk of developing vitamin Biz-induced
acne if the strain of /. acmes 1s RT1 strain HLOOSPAZ or HLOR3PAT.

The method may comprise identifving a strain of £, acnes obtained from the subject
and diagnosing the subject with a low risk of developimg vitamin Bu-induced acne if the
strain of P. aones 1s not sensitive to vitamin B, For example, a subject may be diagnosed as
having a low risk of developing vitamin Biz-induced acne if the strain of P. genes s RT2 or
RT6. Similarly, a subject may be diagnosed as not having an clevated nisk of developing
vitamin Biz-induced acne if the strain of . acnes 1s RT2 or RT6. A subject may be diagnosed
as not having an elevated risk of developing vitamin Biz-induced acne if the strain of 2.
acnes 18 RT3 (i, an RT3 strain that is not HLO63PA2), RTS (i.c., an RT8 strain that is not
HLO8ZPAT or HLO53PA2), or RT16. The subject may be diagnosed as not having an
elevated risk of developing vitamin Biz-induced acne if the strain of P. acrnes 1s Type H and
Type 1L In some embodiments, the subject may be diagnosed with a low risk of developing
vitamin Biz-induced acne if the subject has one or more strains of P.acnes, but the majority of
Pacnes strans are RT2, RT6, RT3 (e, an RT3 strain that 1s not HLOS3PA2), RT8 (1¢., an
RTE stramn that is not HLOR2PAT or HLO53PAZ2), RT16, or Type IIL

Identifving a strain of P. acnes may comprise sequencing a nucieic acid of the strain
of P. acres. For example, identifymg a strain of P. acrnes may comprise sequencing a
nucleotide sequence encoding the 165 rRNA of the strain, or identifying a strain of . acnes
may comprise sequencing a nucleotide sequence encoding all or part of the porphyrin
biosyathesis gene operon of the stram.

A method may comprise treating a subject with photodynamic therapy i1t the subject
has an elevated risk of developing vitamin Bu-indaced acne. A method may comprise
treating a subject with a treatment other than photodynamic therapy {e.g., with antibiotics,
such as topical or oral antibiotics) if the subject has a low nisk of developing vitamin Biz-
mduced acne.

A method may comprise administering vitamin B o a subject if the subject is not
diagnosed with an elevated risk of developing vitamin Biz-induced acne. A method may
comprise administering vitamin Bz to a subject 1fthe subject is diagnosed with a low nisk of
developing vitamin Bia-induced acne.

In some aspects, the invention relates to a method for treating a skin condition in a
subject, comprising treating the subject with photodynamic therapy. For example, the
method may comprise treating a subject with photodynamic therapy 1f a P. acwes strain of the

subject is either an RT4 strain or an RT5 strain. Similarly, the method may comprise treating
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a subject with photodynamic therapy if the porphyrin concentration of a cell suspension of 7.
acnes obtamed from the subject is above a threshold value, such as above about 1 M, about
2 uM, about 3 uM, about 4 uM, about 5 uM, or about 6 uM.

A method may comprise treating a subject with a treatment other than photodynamic
therapy if no P. aones strain of the sabject is either an RT4 strain or an RTS strain. Similarly,
the method may comprise treating a subject with 3 treatment other than photodynamic
therapy if the porphynin concentration of a cell suspension of P. aenes obtained from the
subject is lower than a threshold value, such as lower than about 1 uM, about 2 uM, about 3
pM, about 4 uM, about 5 uM, or about 6 uM. The method may comprise nct treating a
subject with photodynamic therapy if the strain of 2. acwnes 1s RT2 or RT6. In some
embodiments, the subject 1s not treated with photodynamic therapy if the strain of 7. acnes is
Type HIL

The method may comprise calculating the porphyrin concentration of a cell
suspension comprising #. aones obtained from the subject as described herein, e.g., with or
without culturing the P. acres prior to measurning the porphyrin concentration.

In some aspects, the method comprises redacing the amount of porphyring on the skin
of a subject by adietiustenng a composition {2.2.. an oral or tapical compasition disclossd
herein} comprising one or more strains of Propionibacieriim acnes disclosed herein to the
subject.

The method may comprise deternuning whether a subject 1s at rigk for a skin
condition, the method by obtaining a skin sample from the subject, optionally isolating
bacterial DNA from the skin sample, sequencing the bacterial DNA in the skin sample, and f
deoR transcriptional repressor 18 not expressed, expressed at low levels, or is not present in
the bacterial DNA | the subject is considered at risk for a skin disease,

The mvention now being generally descnibed, it will be more readily understood by
reference to the following examples which are meluded merely for purposes of illustration of
certain aspects and embodiments of the present invention, and are not intended to limit the

wvention.

EXEMPLIFICATION
MATERIALS AND METHODS
F. agcnes strains and cultures. £, acres strains used in this studv (Table 1) were
tsolated from the facial skin of acne patients and healthy mdividaals as described by Fitz-
Gibbon et al. (J fnvest Dermatol 133:2152-2160 (2013)). Briefly, each strain was isolated
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from the content collected from multiple hair follicles on the nose of an acne patient or
healthy individual. The sampled skin site of acne patients may or may not have visible acne
lesions; therefore, the strains do not necessanly correspond to the diseased or healthy state.
Four RT4 and RT5 F. acnes strams, HLOS3PAL, HLO45PA L, HLO43PA 1, and HLO43PA2,
were selected to represent type LA-2 strains, which were associated with the discase based on
a 165 metagenomic study {J Invest Dermatol 133:2152-2160 (2013}, Common to most of
the R'T4 and RT3 strains, these strains harbor mutations in their 165 and 238 rRNA genes,
which confer antibiotic resistance. Three RT2 and RT6 strains, HLOOIPAL, HLI103PAL, and
HLO42PA3, were selected to represent type H strains that were associated with healthy skin
To confum the findings, an additional three tvpe U strains, HL110PA3, HL106PA1, and
HLO5S0PA2, were also tested. The genome sequences of these ten straing were reported
previously {Fitz-Gibbon, § Invest Bermatol 133:2152-2160 (2013); Tomida, MBio 4.e00003-
00013 (2013)). Forcach expenment, 5 mb of reinforced clostridial broth was moculated
with 5§ X 10° P. acwes cells per mL of culture. Cultures were grown to stationary phase
anacrobically at 37°C m a light-protected box. Cultures were suppiemented on dav 0 with
vitamin Biz (10 ug/mL), S-ALA (0.1 mg/mL), and/or LA (0.1 mg/mL}. As controls, P. acnes
strains were also cultured without supplementation. Three to five independent experiments
with at least three replicates per experiment were performed for each strain, except strains
HE110PA3, HEI06PAL, and HLO5S0PA2, which were tested in only one experiment with

three replicates.
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Table 1. P acnes strains

- . CC3
b
HLO53PA] RT4 (ST3)
, CC3
LAD A -
Acne- HLO45PA1 RT4 (STI'/’) (ST3)
associated 2 A CC3 CCa
1T 143D A - oC °C3
HLO43PAL RT3 (ST3) (ST58)
: CC3 CC3
1D A -
HLO43PA2 RT3 (ST3) (ST58)
' ~ - CcC72 CCol
] ¥
HLOGIPAL R7T2 (ST30) (ST60)
Health- , , oty . CCo CC60
03P A T ey i
associated I I HLIO3PAL RT2 (§T25) (5T60)
i ; - CCo CCol
TLO42PA
HLO42PA3 RT6 (ST7) (ST7%)
Type i . CC4 CC238
it deoR I 1A, HLO25PA]  RTI ST ST
%% a5 described by Fitz-Gibbon ef ol (J lavest Dermatol 133:2152-2160 (2013}
24 as described by McDowell e ol (§ Clin Microbiol 4 -334 {2005}

¢ as described by Lomholt and Kihan (PloS One 5312277 (2010)).

Exiraction, identification, and quantification of extraceliular porphyrins. For
cach strain, porphyrins were extracted using the method described by Kang er o/ {Scit Transi
Med 7:293ral03 (2015)). Briefly, 500 uL of bacterial culture was extracted n ethyl acetate
and acetic acid (4:1, v/v}, and solubilized in 1.5M HCl. The absorbance at 405 nm was
measured from 200 pl. of the soluble phase using a Tecan Genios Spectrophotometer M 1000
{Tecan US Ine, Momisville, NC). The standard curve to convert absorbance to concentration
was generated using coproporphyrin HI standards of known concentration (C654-3, Frontier
Sciy. Porphyrin levels were measured in 2. acnes strain KPA 171202 using the quantification
method described by Wollenberg er af. (MBio 3:¢01286-01214 (2014)). The measurement,
which was 206 pmol/mg, is consistent with the reported value of 220 pmol/mg by
Wollenberg er o/, This indicates that the method i1s comparable to previous studies.
Porphyrins were extracted from cultures at stationary phase. The results from cultures at
mid-log phase displaved a consistent trend found m cultures at stationary phase. Bactenal

culture density was measured at ODses for normalization of porphyrin levels. For mass
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spectrometry experiments, extracted porphyrins were divectly imjected onto an Agdent 6460
Triple Quad LC/MS system and each strain’s nvz in the negative ion mode was identified.

Statistical analysis for porphyrin production comparisons. The average amount
of porphynins produced by cach strain under each culture condition was caleulated based on
the data from at least three independent experiments, with at least three replicates for each.
The porphyrin levels between sirains, groups {acne-associated vs. health-associated), and
culture conditions {with treatment vs. without treatment} were estimated in a hinecar mixed
cffect model, with random mtercents by trial to account for trial effects. P-values for specific
comparisons among groups were corrected using Tukey's method. All statistical analysis
was performed using R software (version 3.1.3).

[dentification of deoR transcription repressor. The sequences of the porphyrin
gene clusters from 82 P. acnes genomes {Tomnda, MBio 4:¢00003-00013 (2013)) were
ahigned using the multiple sequence alignment software (ClustalW?2). The deof transcription
repressor (PPAO299) was identified as an extra genomic element found in all bealth-
associated tvpe H strans and a few type | strains.

RNA extraction and ¢cDNA synthesis, For obil. and deoR gene expression analysis,
cells were fysed with bead beating. Total RNA was extracted using the standard phenol-
chloroform method and punified using RNeasy kit (Qiagen). DNA was removed using the
Turbo DNA-free kat {Life Technologies). RNA guality was assessed using gel
clectrophoresis. Single-siranded complementary DNA (¢DNA) was synthesized using
SuperScript TH First-Strand Svnthesis SuperMix (Life Technologies).

Analysis of chil. gene expression. gRT-PCR was performed using the LightCvcler
480 High Resolution Melting Master Mix (Roche) on a LightCycler 480 (Roche) with the
following primers: chil~forward, 5'-GCGCGAGGCAGACGTGATCC-3', and chil-reverse,
S-GACACCGGACCTCTCCCGCA-3 . The following gRT-PCR protocol was used: initial
denaturation at 95°C for 5 min, followed by 30 ¢vcles of 93°C for 10 sec, 62°C for 30 sec,
and 72°C for 30 sec. The fold change in ¢bil. gene expression between cultures with vitamin
Bz supplementation and cultures without supplementation was calculated. The gene
expression level of ¢bil. in each sample was normalized agaimst the 1658 tTRNA transcnpt
level. Melting curve analysis was performed using the Light Cycler 480 software Version 1.5
{Roche) to verify the specificity of the amplified products based on their melting
temperatures. All reactions were run in tnplicate.

Analysis of deoR gene expression. deof was amplified from the ¢BNA and genomic
DNA of several P. acnes strams using a C1000 Thermal Cycler (BioRad)y. The following
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primers were used in the PCR: deoR-forward, 5"-CTGGCACGAGAAGGAACAASS, and
deof-reverse, 5" -GAATCGAGCAGAACTAGGTCALC-3". The following PCR protocol was
used: nitial denaturation at 93°C for 5 min, followed by 35 cycles of 95°C for 10 see, 62°C
for 30 sec, 72°C for 30 sec, followed by one cycle at 72°C for 5 min. Amplified deoR
products were visualized on a 2% agarose gel. The amplification of 168 rRNA was incladed
as a positive control. Acne-associated strain HLO45PAT was used as a negative control for

deoR expression.,

RESULTS

Acne-associated £ acnes strains produced significantly more porphyrins than
health-associated strains. To mvestigate whether different P. acnes strams produce the
same porphyrin species, the types of porphyvrins secreted by maltiple £. acnes strains where
characterized using mass spectrometry. Four acne-associated type 1A-2 strains, HLOS3PAL
(RT4)y, HLO45PA L (RT4), HLO43PA (RTS), and HLO43PA2 (RTS), and three health-
associated type H strains, HLOOIPAT (RT2), HLIO3PA L (RT2), and HLO42PA3 (RT6), were
examined (Table 13. No difference i the porphyrin species produced by these P. acnes
strains was observed. Coproporphyrin IH was the dominant porphyrin 1somer produced by
all strains ({M+H] = 655.3). Minimal amounts of coproporphyrin § were also detected.
Porphyrin levels are measured with the following method. Bacterial cells are collected, and
porphyring are extracted. The concentration of porphyrins is measured spectrophotometrically
and normalized to the optical density {also measured spectrophotometrically). Porphyrin
levels are therefore measured per bacterial unit.

To determine whether . acnes strains produce different amounts of porphyring, the
secreted porphyrins in the seven P. acnes strains were quantified (Fig. 1). The average
porphyrin level produced by acne-associated type TA-2 strains was 6.5uM (5.6 — 8.8 uM),
which was significantly greater than that produced by health-associated type H strains, 1.1
uM (0 - 2.1 M, P<0.0001 (Figure 1)), Notably, the RT2 strain HLOCIPAT produced no
detectable porphyvrins in all experiments. This strain belongs to clonal complex 72 (CC72)

based on the Belfast MLSTS scheme (Table 1}, and the strain was i1solated from healthy skin.

Vitamin Bz supplementation significantly increased perphyrin production in
acne-associated strains, but pot in health-associated strains. To investigate whether

vitamin Biz modulates . acnes porphvrin production in a strain-specific manner, the levels
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of porphyrins produced by different P. acones strains were compared with and without vitamin
Bz supplementation. Vitamin B supplementation led to increased porphyrin production in
all tested acne-associated type 1A-2 strains {(average porphvrin level increasing from 6.5 uM
to 9.2 uM), with statistical significance in three of the four tested strains (£<0.02) (Fig. 2). In
contrast, vitamin B supplementation had no significant effect on porphyrin production in
health-associated type H strains (average porphyrin level emaining at 1.1 uM, #2077y, The
porphyrin fovels in HLOGIPAT remained undetectable. To confurm these results, porphyrin
production was measured, with and without the addition of vitamin B12, in three additional
type H strains, HLIIOPAS (RT6), HL106PAT (RT2), and HLOSOPAZ2 (RT1). These strains
produced similarly low levels of porphynins (1.4 + 1.2 uM) and the production level was not
significantly affected by vitamun B12 supplementation. This data suggests that vitamin B
modidates porphyrnin production in acne-associated type 1A-2 strains, but not in health-
associated type H strains, indicating a molecular link between £. acnes strain composition of
the skin microbiota and the observation that vitanun B1» induces acne n a subsct of
mdividuals.

Vitamin By sapplementation repressed vitamin Bi; biosynthesis gene expression.
To determine whether vitamin Bz affects porphyrin production via repression of its own
biosynthesis in P. acnes, gRT-PCR was performed to measure the expression level of ¢bil, a
gene in the vitamin Biz biosynthesis pathway. The ¢bil. gene encodes precorrin-2 €20-
methyltransferase, one kev enzyme involved in corrin ring formation in the vitamin B
biosvuthesis pathway. The addition of vitamin Biz to P. acnes cultures resulted in the down-
regulation of ¢hil, gene expression, with an average fold change of 0.74 in acne-associated
tvpe FA-2 strains and 0.24 in health-associated tyvpe I strains (Figure 33, The down-
regulation of ¢bil. gene expression is consistent with the previous finding that vitamin B
supplementation repressed the vitamin Biz biosynthesis pathway, leading to mmcreased
porphyrin production. The expression of cbil. was down-regufated in both tyvpe [A-2 and
type H strains, despite the observation that the porphyrin production in type U strams was
unattected by vitamin B supplementation. This suggests that additional mechanisms are
mvolved m inhibiting porphyrin production in health-associated type U strains.

Addition of S-aminglevulinic acid (5-ALA} increased porphyrin production,
which was further enhanced by vitamin By;. The porphyan and vitamin B biosynthesig
pathways in P. genes share the same initial enzymatic steps and a common precursor, 5-ALA,
the substrate of the rate-limiting enzyme, porphobilinpgen synthase. To investigate whether

porphynin production can be promoted by increasing the availability of 3-ALA, the porphyrin
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production levels of P. acnes strains was compared with and without the addition of the
substrate. Additionally, the effect of vitamin Bu on porphyrin prodaction was assessed in
combination with 5-ALA. Upon substrate addition only, porphyan production was
significantly increased by an average of 2.2 fold in acne-associated type TA-2 strains
(F<<0.0001} and 3.4 fold 1n health-associated type H strains (£<0.06, except HLOGIPAL)
compared to untreated controls {Fig. 4). HLOOIPAT consistently produced no detectable
porphyrins, even upon addition of 5-ALA. Supplementation of 5-ALA in combination with
vitamin Bis further enhanced porphyrin production in acne-associated type TA-2 strains (2.7
fold increase compared to substrate only) with statistical significance i three of the four
tested strains (P<<0.04), but not in health-associated type H strains (P>0.94). This is
consisient with the above finding that health-associated type I strains do not respond to
vitamin Biz in their porphyrin production (Fig. 2. This data suggests that the metabolic
mflux of substrates influences porphyrin production in £ acmes. The modulation of
porphyrin production by vitamin By supplementation is specific to acne-associated type 1A-2
strains, but not health-associated type I strains.

Small molecule inhibitor reduced porphyrin production in £ acres and its
inhibition was counteracted by vitamin Bz supplementation. To further demonstrate that
porphyrin production can be modulated at the metabolic level, the effect of a small molecule
whibitor, levelinie acid (LA}, was assessed on porphyrin biosynthesis in P. acnes strains,
Additionally, the effect of vitamin B12 supplementation on porphyrin production was
assessed in combination with LA, LA s an analog of 5-ALA and has been shown in
Psendomonas aeruginosa to intlubit the enzymatic activity of porphobilinogen synthase,
blocking the metabolic influx to the porphyrin and vitamin B12 biosynthesis pathways. A
range of concentrations of LA from 0.1 mg/mL to 1.0 mg/mL was assessed and 0.1 mg/mL
LA did not significantly affect the bacterial growth, thus making the measurements of
porphyrin production experimentally feasible. LA (0.1 mg/mL} significantly reduced
porphyrin production in all strains except HLOOIRAT with an average of 30% reduction
compared to untreated cultures (£<0.0001) (Fig. 53 However, in acne-associated type 1A-2
strains, there was no sigmificant reduction of porphynng when supplemented m combination
with 10 pg/mlL vitamin B, Vitamin Biz supplementation counteracted the inhibition of
porphyrin biosynthesis by LA specifically in acne-associated type TA-2strams, but not in
health-associated type I strains. This is consistent with our above findings (Figure 2 and
Figure 4) and further supports the conclusions that vitamin Bz modulates porphyrin

production in acne-associated type 1A-2 strains and that porphyrin production can be
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modulated at the metabolic level. This data also suggests that LA s an effective inhibitor of
porphyrin biosynthesis in £ acwmes and that the porphynn biosynthesis pathway can be a
potential therapeutic target for new acne treatments.

Health-associated strains harbor a porphyrin biosyathesis repressor gene, deok,
To identify potential molecular mechanisms that can explain differences in porphyrin levels
produced by acne-and health-associated P. aenes strains, the porphyrin biosynthesis gene
operon {Hem) of 2 P. aenes strains were compared, including the straims tested in this study.
All health-associated type I strains and a fow type I strains {mainly IB-3 and IC strains}
harbor an additional gene in the porphyrin biosynthesis operon, annotated as deoX
transcnptional repressor (Figures £ and 9). The deoR gene is located 13 bp upstream of the
porphyrin biosynthesis gene cluster. This gene is absent i all acne-associated type 1A-2
strains. To determine whether deoR is functional, gene expression analysis was performed
and found to be expressed in two of the three health-associated type I strams, HLOGIPAT
and HELO42PAS, but not in HL103PAT1 (Figure 6). Characterizations of deoR-like repressors
m multiple other species have revealed their roles in regulating cellular processes such as
sugar phosphotransferase activity, daptomyvein production, and fatty acid beta-oxidation. The
close proximity of deoR to the porphyrin biosynthesis genes in the genome and the presence
and expression of deok m health-associated type I strains suggest that deo® may function as
a transcriptional repressor in porphyrin biosynthests. This may partly explain the low
porphyrin fovels produced by health-associated type H strains and their associations with
healthy skin.

Acne-associated type TA-Zstrams and health-associated tvpe H strains belong to
distinct 7. acnes hineages. To further myestigate whether the low levels of porphyring
produced by health-associated type H strains were potentially dug to repression by deoR and
not due 1o other hineage difterences, the porphyrin levels produced by a type 1 P. acnes straim,
HELO25PAT were examined. HLOZ5PAT represents a distinet hincage within type [ and is
phylogenectically more similar to type 1A-Zstrains than to tvpe H strains {(Figure ). Unique
from most other type 1 strains, HLOZ5PA T encodes and expresses deok in its porphyrin
biosynthesis operon (Figure 6). HLOZ5PAT1 produced porphvring at a level similar to that of
health-associated type H strains (2.7 uM, P=0.31)}, significantly lower than acne-associated
type TA-2 strains (P=0.0006) (Figure 10}, Consistent with the trend observed io health-
associated tvpe I strains, vitamin B2 supplementation resulted in its own transcriptional
repression in HLO25PAT (Figure 3), while its the porphyrin production was unaffected by

vitamin Bz supplementation (Figure 10). This finding fusther supports an inhibitory role for
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deoR m porphyrin biosynthesis and may potentially explain the health association of type I

strains.

INCORPORATION BY REFERENCE
5 All of the scientific articles, patents, and published patent applications cited herein are

hereby mcorporated by reference.

EQUIVALENTS
Those skilled in the art will recognize, or be able {o ascertain using no more than
10 routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equuivalents are mtended to be encompassed by the following claims.
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What is claimed 1s:
1. A method of preventing or treating a skin condition in a subject, comprising
administering to the skin of the subject a composition comprising an RT1, R12, RT3, RT6,

RT8, RT16, ora Type HI strain of Propionibacterium acnes.

2. The method of claim 1, wherein the composition comprises an RTi, RT2, or RT6

strain of Propionibacterium acnes.

3. The method of claim 1, wherein the composition comprises an RT3, RTS8, RTi6, ora

Type U strain of Propionibacterium acnes.

4. The method of claim 2, wherein:

the composition comprises an RT1 strain of £. acnes, and the RT1 strain is
HLOS0PA2 or HLO25PAL;

the composition comprises an RT2 strain of . acnes, and the RT2 strain is
HLO0IPAL, HLIO3PATL, or HL106PAL; or

the composition comprises an RT6 strain of . acnes, and the RT6 strain is

HLO42PA3 or HL11OPA3.

5. The method of claim 3, wherein:

the composition comprises an RT3 strain of . acnes, and the RT3 strain is
HLO25PAZ, or HLO46PAT,

the composition comprises an RTE strain of 7. acnes, and the RTE strain is
HLI10PAZ, or HLOS3PA2;

the composition comprises an RT16 strain of P. aenes, and the RT16 strain is
HLOS9PATL or

the composition comprises a Type U strain of . genes, and the Type I strain is
HL2Z0IPAL, 17A, or 20C.

6. The method of any one of the preceding claims, wherein the skin condition 1s acne,

skin aging, rosacea, or porphyria cotanea tarda.

7. The method of any one of the preceding claims, wherein the subject is receiving at

cast 2 yg of vitamin B per day.
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8. The method of claim 7, wherein the subject is receiving at least 10 pg of vitamin Bz
per day.
9. The method of any one of claims 1 1o 8, wherein the composition is substantially free

of RT4 or RTS strains of £ acwnes.

16, The method of any one of claims 1 to 9, wherein the subject 1s a human,
11, A topical compaosttion for treating a skin condition or maintaining skin health,

comprising an RT1, RT2, RT3, RT6, RT8, RT16, or Type I strain of Propionibacterium

acnes.
12. 'The topical comaposition of claim 11, a topical composition for ireating a skin
condition or maintaining skin health, comprising an RT1, RT2, or RT6 strain of

Propionibacterium acnes.

1

(5]

The topical composition of claim 11, a topical composition for treating a skin
condition or maintaining skin health, comprising an RT3, RT8, RT16, or Type Ul strain of

FPropionibacterium acnes.

4. The composition of claim 12, wherein:

the composition comprises an RT1 strain of 7. acnes, and the RT1 strain is
HLO050PA2 or HLOZSPAL;

the composition comprises an RT2 strain of P. acnes, and the RT2 strain is
HLOOIPAT HEI03PAL, or HLI106PATL,; or the composition comprises an RT6 strain of 7.
acnes, and the RT6 strain 1s HLO42PA3 or HL110PA3.

15. The composition of claim 13, wherem:

the composition comprises an RT3 strain of . acnes, and the RT3 strain is
HLO25PAZ, or HLO46PATL,;

the composition comprises an RT3 strain of P. acnes, and the RTS strain is

HLI10PA2, or HLOS3PA2;

3
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the composition comprises an RT16 strain of P. acnes, and the RT16 strain 1s
HLOS9PATL, or
the composition comprises a Type Ui strain of £. aenes, and the Type U strain is

HL201PAL, 174, or 20C.

16. The composition of any one of claims 11 to 15, further comprising levulinic acid, 4,6-

dioxoheptanoic acid, or isonicotinic acid hydrazide.

17. The composition of any one of claims 11 to 16, wherein the composition is

substantially free of RT4 and R'T5 strains of P. acnes.

18. A method for determining the risk that a subject will develop vitamin Bi-induced
acne, comprising calculating the porphyrin concendration of a cell suspension comprising £

acnes obtained from the subject.

18 The method of claim 18, wherem calculating the porphyrin concentration comprises

measuring the concentration of coproporphyrin 1 or coproporphyrin L

24 The method of claim 18 or 19, wherein calculating the porphyrin concentration

comprises measuring absorbance at a wavelength of about 380 nm to about 430 am.

21 The method of any one of claims 18 to 20, further comprising diagnosing the subject
with an elevated risk of developing vitamin Bi-induced acne if the calculated porphyrin

concentration is higher than about 3 pM.

22. The method of claim 21, comprising diagnosing the subject with an elevated risk of
developing vitamin Bu-induced acne if the calculated porphyrin concentration higher than
about 2 uM.

23. The method of any one of claims 18 to 22, further comprising diagnosing the subject
with a low rigsk of developing vitamin Biz-induced acne if the calculated porphynin

concentration is less than about 2 M.

a3
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24 The method of any one of claims 18 to 23, further comprising culturing the P. acnes

obtained from the subject prior to calculating the porphyrin concentration.

25, A method for determining a rigk that a subject will develop vitamin Bu-induced acne,
comprising identifving a strain of P. acres obtained from the subject, and diagnosing the
subject with an elevated risk of developing vitamin Biz-induced acne if the strain of /. acnes

1s sensitive to vitamin Bi.

26. The method of claim 235, wherein the subject is diagnosed with an elevated risk of

developing vitamin Biz-induced acne f the strain of P. acnes is RT4 or RT5.

27. The method of claim 25 or 26, wherein the subject 1s diagnosed with an elevated risk
of developing vitamin Bu-induced acne if the strain of P. acnes is RT3 strain HLOG3PAZ, or
RT8 strain HLOR2PAT,

28. The method of any one of claims 23 to 27, wherein the subject 1s not diagnosed with
an elevated risk of developing vitamin Bu-induced acne if the strain of . acnes is RT2 or

RT5.

29. The method of any one of claims 25 to 28, wherein the subject is not diagnosed with
an clevated risk of developing vitamin Bir-induced acne if the strain of 7. acnes 1s Type U or

Type 1.

30. The method of any one of claims 25 to 29, further comprising administering vitamin
B to the subject if the subject is not diagnosed with an clevated risk of developing vitamin

Bo-mduced acne.

31.  The method of any one of claims 25 to 30, wherein identifving a strain of . aenes

comprises sequencing a nucleic acid encoding the 165 rRNA of the stram.

32, A method for determining whether a subject 18 at risk for a skin condition, the method
coOmprising:

obtaining a skin sample from the sabject,

optionally isolating bacterial DNA from the skin sample,

|98
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sequencing the bacterial DNA in the skin sample,
and if deoR transcriptional repressor is not present in the bacterial DNA, the subject is

considered at risk for a skin disease.

33. The method of claim 32, wherein the skin condition is acne, skin aging, rosacea, or

porphyria cutanea tarda.

34. A toptcal composition, comprising a nucleie acid encoding deok.
35, The composttion of claim 34, whercin the composition comprises a vector and the

vector comprises the nucleic acid.

36. The composition of claim 35, wherein the vector is a phage, and the phage has a
tropism for Propicnibacterium acnes.
37 A method of preventing or treating a skin condition in a subject, comprising

adnunistering the composition of any one of claims 34 to 36 to the skin of the subject.

38. The method of claim 37, wherein the skin condition 18 acne, skin aging, rosacea, or
> s S

porphyria cutanea tarda.

39. A method for treating a skin condition in a subject, comprising:

calculating the porphyrin concentration of a cell suspension comprising £, acnes
obtained tfrom the subject; and

treating the subject with photodynamic therapy if the calculated porphynn

concentration is above a threshold value.

44, The method of claim 39, wherein calculating the porphyrin concentration comprises

measuring the concentration of coproporphynn I or coproporphyrin L

41 The method of claim 39 or 40, wherein calculating the porphyrin concentration

comprises measuring absorbance at a wavelength of about 380 nm to about 430 nm.
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42, The method of any one of claims 39 {0 41, further comprising treating the subject with
a therapy other than photodynamic therapy if the calculated porphyrin concentration is below

the threshold value.

43. The method of claim 42, whercin the other therapy comprises administering

antibiotics to the subject.

44, The method of any one of claims 39 to 43, wherein the threshold vahie 1s about 1 pM

to about 6 M.

45, The method of claim 44, wherein the threshold value is about 2 uM to about 5 uM.

46, The method of claim 45, wherein the threshold value is about 3 uM to about 4 uM.

47. The method of any one of claims 39 to 46, further comprising culturing the P. acnes

obtained from the subject prior to calculating the concentration of the porphyrin.

48, A method for treating a skin condition in a subject, comprising:
determining the identity of a strain of P, acnes obtained from the subjeet; and
treating the subject with photodynamic therapy if the strain of F. acnes produces

clevated porphyrin levels.

49 The method of claim 48, comprising treating the subject with photodvnamic therapy if

the strain of P. acnes 1s RT4 or RTS.

50. The method of claim 48 or 49, wherein the subject is not treated with photodynamic

therapy if the strain of . acpes is RT2 or RT6.

51. The method of claim 48 to 50, wherein the subject 1s not treated with photodynamic

therapy if the strain of . acnes 1s Type HIL

52. The method of any one of claims 48 to 51, comprising treating the subject with a
therapy other than photodvnamic therapy if the strain of P. aenes does not produce elevated

porphyrin ievels.
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53, The method of claim 52, wherein the other therapy comprises administenng
antibiotics to the subject.
54.  The method of any one of claims 39 to 53, wherein the skin condition is acne, skin

aging, rosacea, or porphyria cutanea tarda.

55, A method of preventing or treating a skin condition in a subject, comprising
administering to the skin of the subject a composition comprising a strain of
Propionibacterium acnes, wherein the strain of Propionibacterium acnes comprises a nucleic

acid encoding deoR.

56. The method of claim 35, wheremn the nucleic acid comprises a promoter operably
linked to deoR.
57. The method of claim 55 or 56, wherein the strain of Propionibacierium acnes

cxpresses the deoR transcriptional repressor.

58. The method of anvy one of claims 55 to 57, wherein the strain of Propionibacterium

acnes is RT1, RT2, or RT6.

39. The method of any one of claims 55 to 57, wherein the strain of Propionibacterivm

acmes 1s RT3, RT8, RT16, or Type {IL

64, The method of any one of claims 55 to 59, wherein the composition is substantially

Tee of strains that do not express deoR, such as or RTS strains of P. acnes.
fi st that d texy ieoR, } RT4 or RTS st fF

61 The method of any one of claims 535 to 60, wherein the skin condition 1s acne, skin

aging, rosacea, or porphvria cutanea tarda.

62. The method of any one of claims 35 to 61, wherein the subject is recetving at least 2

ug of vitamin Biz per day.
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63.  The method of claim 62, wherein the subject 18 receiving at least 10 yg of vitamin B
per day.

64, The method of any one of claims 55 to 63, wherein the subject is a human.

65. A topical composition for treating a skin condition or maintaining skin health,

comprising a strain of Propionibacterium acnes, wherein the strain of Propionibacterium

acres comprises a nucleic acid encoding deoR.

66.  The composition of claim 65, wheremn the nucleic acid comprises a promoter operably
hinked to deoR.
67. The composition of claim 65 or 66, wherein the strain of Propionibacterium acnes

expresses the deoR transeriptional repressor.

68. The composition of any one of claims 60 to 62, wherein the strain of

Propionibaciterium acnes is RT1, RT2, or RT6.

69. The composition of any one of claims 65 to 68, wherein the strain of
Fropionibacterium acnes is RT3, RT3, RT16, or Type Hi.
70. The composition of claim 68, whercin:

the strain of Propionibacterivm acnes 1s RT1 and the RT1 stram 1z HEOSOPA2 or
HLOZ5PAT,

the strain of Propionibacterium acnes 1s RT2 and the RT7Z strain 1s HLOGIPAL,
HLI03PAL, or HLIO6PAL o1

the strain of Propionibacterium acnes 18 RT6 and the RT6 strain 1s HLO42PA3 or

HUTIOPA3Z.

71 The composition of claim 69, whereim:
the strain of Propionibacterium acnes 1s RT3and the RT3 strain 1s HLO25PA2, or
HLO046PAT,
the strain of Propionibacterium acnes 1s RTS8 and the RTS8 strain s HLII0PAZ, or
HLOS3PA2;
the strain of Propionibacterium acres 18 RT16 and the RT16 strain 1s HLO59PAT, or
37
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the strain of Propionibacterium acnes 1s Type HL and the Type HI stramn is

HLZGIPAL, 174, or 20C.

72, The composition of any one of claims 65 to 71, further comprising levalinic acid, 4,

6-dioxcheptanoic acid, or isonicotinic acid hydrazide.

73. The composition of any one of claims 65 to 72, wherein the composition is
substantially free of strains that do not encode, or harbor deo&, such as RT4 and RTS straing

of P. acnes.

74, The composition of any one of claims65 to 73, wherein the nucleic acid comprises a

promoter operably linked to deoR, and the promoter is not the native deoR promoter.

75.  The composttion of any one of claims 65 to 74, wherein the mucleic acid is a

recombinant nucleic acid.

76. A method of reducing the amount of porphyrins on the skin of a subject, compusing
administenng a composiion comprising one or more stramns of Propionibacieriium ackes 10

the subject.

77. The method of claim 76, wherein the subject has acne, skin aging, rosacea, or

porphyria cutanea tarda.

78. The method of claim 76 or 77, wherein the strain of Propionibacterium acnes 1s RT1,

RTZ, RT3, RT6, RTS8, RT16, or Type HIL

79. The method of any one of claims 76 to 78, wherein

the strain of Propionibacrerium acnes 1s RT1 and the RT1 strain 1s HLOSOPAZ or
HLO25PAL

the strain of Propionibacterivm acnes 1s RT2 and the RT2 stram 13 HLOOIPATL,
HLI03PAL, or HL106PAL,

the strain of Propionibacterium acnes 1s RT3and the RT3 strain 1s HLO25PA2, or

HLO46PAL
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the strain of Propionibacterivm acnes 1s RT6 and the RT6 stram 1z HEO42PA3 or
HLT10PAS;

the strain of Propionibacterium acnes is RTS and the RTS8 strain is HLI10PAZ, or
HLOS3PAZ;

the strain of Propionibacterium acnes 1s RT16 and the RT16 strain is HLOSSPATL or

the strain of Propionibacterium acres 1s Type I and the Type Hl strain is

HL20IPAL 1TA, or 20C.

30 The method of any one of claims 76 to 79, wherein the coraposition is formelated for

topical delivery,

31, The method of any one of claims 76 to 30, wherein the composition is substantially

free of strains that do not encode or harbor deoR, and RT4 and RTS strains of P. aenes.
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