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Whole Body Understanding

Hands Mouth

Axilla

Leg & Forearm

Treatment of Dry Skin (clinical study, n=37)
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Improved hydration

scientific reports

https://doi.org/10.1038/541598-022-09231-8

Increased barrier lipids

Staphylococcus epidermidis - GPCR p=026

: = 3
: - i "
. [

: ]

Bock Transtormed LogtOMban
Vol w9851

Restored Microbiome

\

- aseioe
= Post intervention

/Atopic Skin (clinical study, n=23) \

+  Elbow, Neck
+ Indian population
+  Metagenomic analysis
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in Celtular and Infection Microbiology doi: 10.3389/fcimb.2020.570423

/Impclct of Preservatives (n=60)

+  Lotions & Cleansers
DMDM Hydantoin
+  lodopropynylbutylcarbamate
«  Phenoxyethanol
+  Propyl/methyl paraben
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+  Menopause i- .
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Pollution Lifestyle
Prebiotics to increase lactic acid production \

*  Increased microbial production of lactic acid
* Increased epidermal gene expression
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4758 ferment  @Glycerol ferment

Experimental Dermatology [ESISIREENEEENET N ELCx]

Dandruff Microbiome (n=120)
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Microbiome Science

More than
100 patents

More than 30 Over 65
conference speeches publications

Unilever| Beauty and Personal Care Microbiome Publications

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Publications
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Our data in context:

25000
u Axilla m Qral

oo m Scalp mSkin

15000
AllUnileversamples arein
a harmonised datastore
for easy datamining

eaglegencm\cs

10000

Number of Microbiome Samples

5000

Unilever

Biotechnology and
Biological Sciences
Research Council

London Interdisciplinary
LI DO Doctoral Programme
@ UCL, KCL, QMUL, Birkbeck, LSHTM, RVC

UNIVERSITY OF

LIVERPOOL

Microbiome Innovation Centre

Quadram \
Institute

Science ¢ Health ¢ Food ¢ Innovation

Unlocking the
Microbiome

Industrial Advisory Panel i icuic

. Roadmap

*  Current cohort of 62 students.
* New: 35 four-year studentships (Oct 2022)
o 11PhDin 2022,
o 12 PhDin 2023,
o 12 PhDin 2024,

Microbiome &




What is Skin (...from a microbes perspective ©)

A place to live A source of food A home shared with
friends & enemies

Carbon/energy source Glucose Sweat; hydrolysis of
- - glycoproteins
Chem I cal PhySIcaI Ribose Hydrolysis of nucleic acids Used by many

tutaneous microbes

_ Arld |ty _ SU bStI’ate Glycerol Lipid hydrolysis (m e

Amino acids Hydrolysis of proteins; sweat
- p H - XYZ con st rain ed Fatty acids Stratum corneum; sweat;
hydrolysis of lipids; sebum,
. ° §
- Osmolarity - C microbes
. Lactic acid Sweat; microbes
- O 2/A n O 2 - D esq uama t on Nitrogen source NH,* Sweat; microbes
Amino acids Sweat
- HLB - Turnover
Urea Sweat
- Host Antimicrobials - Stability Uric acid sweat
Essential amino acids Amino acids Hydrolysis of proteins; sweat
- UV Phosphorus Phosphate Hydrolysis of nucleic acids;
sweat Used by most
Vitamins and growth Biotin, thiamine, riboflavin, | Sweat cutaneous microbes
factors nicotinic acid, pyridoxine,

inositol, ascorbic acid,
p-aminobenzoate

Vitamin E Sebum

& it,s th e e nVi ro n m e nt, stu p i d = Micronutrients Na*, K+, Mg?t, ClI- Sweat; dead keratinocytes;

interstitial fluid

Free amino acid concentration in eccrine sweat
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29150
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494 1. -
—_— [ kill other propionibactena and some staphylococei ]

1000 / -

752
500 - \ -_’ [ inhibit many ofher species, particularly at the low pHs found on skin ]
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“External” Stressors
Inflammation | Injury | Immune response | Climate | Product use | Lifestyle etc

Wilson, Bacteriology of Humans, 2008

Harker & Harding, Amino acid composition, including key derivatives of eccrine sweat; 2013
Wilson, The Human Microbiota in Health & Disease, 2018

Baker & Wolfe, Physiological mechanisms determining eccrine sweat composition; 2020




Human Skin - Multiple Environments in One

4+ Water Sebum Sweat pH AMP
-
D
(- 30-40%
— 30-40%
> 30-35%
C
B 20-30%
D
=
m Hydration Nutrients Nutrients Promotes Promotes
> Microbiome Commensals Commensals
O Balance
O Osmolarity Antimicrobial pH Discourages Discourages
af] Pathogens Pathogens

Bacteriology of Humans, Prof. Michael Wilson, 2008



Environment & Microbiome

MICROBIOME MAP
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Body Sites - Unilever Data

Moist

Shannon Diversity — Richness and Evenness
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Body Sites - Alpha Diversity it
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% Skin surface lipids drive diversity reduction and the concomitant shift to a microbiota dominated by Cutibacteria
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Body Sites - Community Composition

Cutibacterium
FDR: 2.532e-43
1.00 1 jent: - -01
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Major community commensals with high abundance and prevalence across all sites

1.00 -

0.75 -

0.50 1

0.25 1

0.00 -

Staphylococcus

0.75 1

0.50 1

0.25 1

0.00 1

Streptococcus
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Body Sites - Community Composition

Cutibacterium

<>

» Cacnes = Cavidum = C.granulosum

Body Site C.acnes C.avidum C.granulosum
Scalp

Face

Forearm

Adultleg 1%
Babyleg 2%
Axilla 43% 2% 36%

Species as % of genera MRA
331 subjects

Staphylococcus

w epidermidis

= S.epidermidis = S.hominis

= S.capitis S.haemolyticus
= S.pasteurijwarneri = S.lugdunensis
» S.aprophyticus = S.aureus

= Staph_other

- I
g &
" £ =
£ E E 3 5
£ u z < g E g
£ = ] =] 3 € £ w £
] £ 2 £ 3 E g 4 !
z E a g o ° g g =
. g 2 z 2 2 4 g 3 Fl
Body Site ui vi [ v [ v ui ui 7
Adultleg 30% 35% 15% 5% 8% 0% S5 1% £
TR U TN
Babyleg 39% 26% TH 16% 3% 0% 1% 5% pi 3
e s oo [ IR o s [
Forearm 36% 2% 18% 0% 1% % 0%
Scalp 28% 1%

Body Site
Adultleg
Axilla
Babyleg
Face
Forearm
Scalp

thermophi/u
= S.mitis = S.thermophilus = S.salivarius
S.cristatus = S.agalactiae = S.peroris
= S.parasanguinis = S.dentisani = S.infantis
= S.infantarius = S.sanguinis =S _OTHER
E| £ "
§ 3 ] 2 n En H ] g £
P E 5 B OB 3 82z £ =
£ £ § £ 8B &2 & & £ £ 5
vi vi wi wi i vi wi wi i vi wi
13% 8% T% 2% 5% 4% 5%
3% [ 2% 6% 1% 9% 1%
26% 20% 5% 6% 2% 2% 3% 2%
39% 5% 6% 8%
5% 1% 9%
31% 11% A%
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G
Unilever

S._OTHER




- Body Sites - Community Composition

Leg (adult)

% MRA per subject
331 subjects

o

Unilever

Axilla

Forearm

Face

Scalp

ar=¥s

Cutibacterium_acnes
Staphylococcus_epidermidis
Staphylococcus_hominis
Corynebacterium_pseudogenitalium|tube
Staphylococcus_capitis|caprae|epidermidi
Micrococous_luteus

Finegoldia_magna
Enhydrobacter_aerosaccus
Moraxella_osloensis
Cutibacterium_granulosum
Propionibacterium_sp._oral_taxon_193
Staphylococcus_pasteurijwarneri
Acinetobacter_baumannii
Staphylococcus_haemolyticus
Streptococcus_thermophilus
Haemophilus_parainfluenzae
Actinomycetales_sp._Oral_Taxon_C05
Acinetobacter_sp._Oral_Taxon_AS8
Streptococcus_salivarius
Corynebacterium_sp._Oral_Taxon_B71
Brevundimonas_diminuta
Streptococcus_dentisani|mitis
Streptococcus_sanguinis
Lactococcus_lactis

0
0.0038
0.0116
0.0174

0.0232
0.020
0.2232

04174
0.6116
0.8058

1



Body Sites - Community Composition

0
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Body Sites - Community Composition

Scalp: Cutibacterium dominates, plus Staphylococcus capitis and S. epidermidis Location
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Body Sites - Community Composition

Face: Cutibacterium dominates, more variation in the balance Location
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Cutibacterium acnes




Body Sites - Community Composition

Axilla: High dominance of Staphylococcus Location

® Axilla
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Body Sites - Community Composition

Arm: Although well represented, Cuti and Staphs are less dominant

Forearm
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Body Sites - Community Composition

Leg: Cuti and Staphs still significant but dialled back somewhat Vs. Arm

0 Location
. ® Adultleg
100+, P
Staph.sp II-’ N Babyleg

C.acnes

Cutibacterium acnes
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Body Sites - Community Composition
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Variations on a theme
Body site niches have distinct yet related microbiomes

Cutibacterium acnes

Body site
® Axilla
® Face

® Forearm
® leg

® Scalp




Al Prediction

450 Samples

° Scalp

® Tongue
® Plaque i

® Forearm
oleg i i eleg
(Adult) ' % (Baby)

-
——

XGBoost

Actual Site

Adultleg

Axilla

Babyleg

Face

Forearm

Plaque

Scalp

Tongue

A.l. Accuracy = 93%

(validation data)

Axilla
Babyleg
Face
Forearm
Plague
Scalp

Predicted Site
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Age & M

[ ] [ ]
Microbiome changes
Older = 50-55 (268 samples)
Younger = 21-41 (273 samples)

Younger v Older Skin Microbiome

ENHYDROBACTER
PSEUDOMONAS
FINEGOLDIA
MICROCOCCUS
STREPTOCOCCUS

MORAXELLA

Top Genera

LACTOBACILLUS

ACINETOBACTER

CORYNEBACTERIUNM
STAFPHYLOCOCCUS

CUTIBACTERIUN

0.00 5.00 10.00

= Older

Alpha Diversity - Shannon

12 p <0.05
10 ﬁ!i
8
6 ]
4 8
2 _°_ °
0
Younger Older
I
I I I *
15.00 20.00 25.00 30.00

Mean MRA %

&ﬁch

= Younger

Younger skin:
» Higher abundance of Cutibacterium and Lactobacillus

Older Skin
» Higher Abundance of Acinetobacter and Moraxella
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Microbiome changes with age

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Acinetobacter

Streptococcus

Staphylococcus

Cutibacterium

Baby (av. 1yr)
[n=73]

o Lactobacillus

Lactobacillus

Streptococcus

Staphylococcus

Cutibacterium

Young (av. 33yr)
[N=268]

Lactobacillus

Acinetobacter

Acinetobacter

Streptococcus

Staphylococcus

Cutibacterium

Mature (av. 54yr)

[n=273]

H Bacteroides

® Fusobacterium

m Actinomyces

H Bergeyella

m Haemophilus

m \Veillonella

m Granulicatella

m Neisseria
Kocuria

= Anaerococcus

m Peptoniphilus

H Dietzia

m Prevotella

m Enhydrobacter

® Pseudomonas

m Finegoldia

® Micrococcus

® Moraxella

m Corynebacterium

H Lactobacillus

= Acinetobacter

m Streptococcus

m Staphylococcus

m Cutibacterium
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Age & M

Microbiome changes with age

B Cutibacterium B Staphylococcus B Corynebacterium B Streptococcus B Acinetobacter B Lactobacillus

100% R
90% . .
80% g . . .
' [ ]
§ . S .
70% . ° .
S . ’ o :
3 8 .« 3 .
5 60% : - 8
c ° o :
§ . e g
g 50% ° R ¢ ¢
= e o 8 o §
f© ° P
g _ © ° : e
c 40% T L] ° ° ® ° s
8 e ° ° L] -] °
> : . 8
30% = 2
[ ] : ! .
e 8
20% g . g o g
s * . §
10% : 8
0% - *

Baby Young Adult Mature

Cutibacteria
Staphylococcus
Corynebacteria
Streptococcus
Acinetobacter
Lactobacillus
Moraxella

@ > ® w w > > YoungAdult
> m > w 0 > ® Mature Adult

@ @ ® > > > w Baby

Genera not connected by the same
letter are significantly different




Skin Microbiome: Through the Years e

0.00 — S
0 10 20 30 40

Age (Years)

R
Unilover
40.00
35.00
30.00
D o o Cutibacterium
- 8
2
O g 20.00
O ° Streptococcus Staphylococcus T e
O & 15.00
— =
O g Acinetobacter
-5 1000 Lactobacillus
OZS 5.00 ~ —0
\
(€D It
<CE) 50

—e— Cutibacterium  —@—Staphylococcus  —@— Streptococcus — —o— Lactobacillus — —e— Acinetobacter

Capone et al, 2011, Shibagaki et al 2017, Zhu et al, 2019, Carrieri et al, 2021, Howard et al 2021, Park et al., 2022



Prediction
Accurate predictions of age from microbiome

Chronological Age

= 1200 samples of
13 62 subjects
N « 62firstsamples (Blocking by subject when
1. Sampling * 62 lastsamples using time series samples)

2. DNA extraction
GS

3N R —— |
+ 278samplesof | 7
4 5 |
— Training Tuning and CV Hyper-tuned

il data 80%
165 rRNA Informatics oTu Filter and

E :?:encing processing tables E?gﬁg?g:m :33:’3:3 :(FiBnost model
Hyper-tuned LightGBM
O Ny
- — a)M'ultidir!'lensional i
® iy [ ;
o Bh':" :‘" Statistical Test tll
O oy ¥ C i o
wiviv] e : g_
B
OZS Training Validation
Model
b Data Data
1U T T T T T T T T
O) 10 20 a0 40 50 B0 0 8C
: actual

Subject Metadata Prediction Accuracies:
Age: 85% Hydration: 90% Smoking Status: 85% Pre/Post Menopause: 92%

s B
%ﬁ Carrieri, A.P., Haiminen, N., Maudsley-Barton, S. ef a/. Explainable Al reveals changes in skin microbiome composition linked to phenotypic differences. Sc/ Rep 11, 4565 (2021).
Unilever https://doi.org/10.1038/s41598-021-83922-6
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Cutibacterium acnes & Skin surface lipids

Sebaceous lipids Microbial Hydrolysis Effects on Skin
0% free fatty acids
06
« Trighycerides 8 Both Sites f2=|]$4
= Fras fatty acids 5 05
+ Wax esters Pappas 2015 _‘; 1ED
= Squalens (_3) 04 !l\u-
‘ = Cholesterol (esters) o I— 120 4
- g T 03 O 100+
=8 &
b 02 % B0+
= O Ep-
©
@ 0.1 @ -
&« 204 " .
— 0 n T T T T T T T T 1
0.47 161 2.13 4.81 . 45 50 S5 E0 S5 10 15 BO BS 90
1% free fatty acids . )
McGinley et a/ 1980 C. acnes (Log cfu cm?) Elias et /2005  SC Hydration
3 » Triglycerides \
- — = Fraa fatty acids
* Wex astors Stewart et al 1978
m = Squalens 0
= Cholastsrol sstars) -...'-3 10 15 20 25 30 104 _
46) 2 Y ] -
<0 -5 @ “
CG 5\ . ® %E; 10° -
O Male forehead E Male forearm _g %\ 0 .... E
[ Female forehead E Female forearm o 5 <10 e - =
O s oo £ £2=086 g 1]
S ~ bp < 0. - : 2
'l_, E 901 Cs-\:g.gi;l)‘l é I 15 b Ty § ; ® Y
3 ,é," 51 b S \f\'; g 100+ leg{number of S. aurcus)
F . 2 w = —2.28497 [free C16:1A6] + 3.42416
() § 451 3 ®  -20 1 R? - 0.40998 . . .
5 ?z H m ) = ° 0 0.2 0.4 06 08 10
S falx ] Ze llpa l1pa | fes- -25 : . Free C16:146 {ugfem?)
012 1335 3650  51-70  Over70 Scheimann et a/ 1969 Sum (Hydrolysis %) Takigawa et a/ 2005
a Age group
Man et al 2009
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Staphylococcus epidermidis

—_

Lactic acid

§ .8 3

Milli Absorbance units

“‘

TSB ferment

[

Milli Absorbance units.
§ $

[

Glycerol ferment

Concentration of Lactic acid (ug/ul)
& w

o

Wang et al 1999

Algiert-Zielinska and Mucha 2018

1 25 5 10

Concentration of glycerol (ug/ul)

S. epidermidis ferments glyceral to SCFAs, including

Ali and Yasipovitch 2013

acetic, butyric, lactic, and succinic acids. Yang et ai 2015, A4

Salgaonkar et al 2021

Rawlings et al 1996

Barrier & Sphingomyelinase

—>

Ceramide content/

N stratum corneum F Human skin
25 1
2 204 . 85 ¢}
= c=
£ 55 1L o
3 15 4 § v ® i
: . £ 71 2
8 104 l xe e .:;
” b £ ° o
g 5 e v oS , ND: 10 (50%)
35 i k- .
{ _
0 . . ND: 6 (30%)
PBS S. epid. ArmpitFace
Highlights

o Commensal Staphylococcus epidermidis contributes to skin
barrier homeostasis

e S. epidermidis produces a sphingomyelinase that helps
generate protective ceramides

s Sphingomyelinase contributes to S. epidermidis skin
colonization

e S. epidermidis prevents skin dehydration via its
sphingomyelinase activity

Zheng et al 2022

w
=1
S

Topical treatment

5 weeks

v

o
@
=

N
=]
3

Total FFA (pmaliug)

r=0.79, p < 0.0001

r=0.44, p=0.007 .
.

Total Ceramide (pmoliug)

* Baseline - * Baseline
@ _Post Intervention 1 * _Post Intervention

30 40 50 60 70 80 10 20 3 40 S0 60 70 80
Corneometer Value Corneometer Value

Staphyloceccus epidermidis - gPCR

B Gasbne W Pest imeravrdinn

o *
=
P B 1
= ¥
=g
33 ¢ ]
TE S -
E% 4
=
iis
=
i o
0

Murphy et al 2022




Unilever

Bringing it all together

Glycerol

Free

Fatty Acids

Skin pH A’ Diversity

S.epidermidis
Lactobacillus.spp
Streptococcus.spp

Lactic Acid Producers : l

Sphingomyelinase Lactic acid

AN

Lactic Acid Consumers
Acinetobacter. Spp

Moraxella.spp

Lactic acid
Glycine
Asparagine

Hygiene

~ - - ~
\
\

/

/

I

\ :

\ Cutibacteria
Triglycerides, Malassezia
Canalana ote 1
Jquul\—ll\.—’ CLlC

Malagsezin
AhR

Follicle

I\

NMF’s, Histidine, trans-UCA, Serine, Glycine, Alanine, Glutamine,
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Cutibacteria & skin surface lipids: Nicolaides 1958, Strauss 1966, Kraus 1968, Freinkel 1968, Scheimann 1969, Greene 1970, Marples 1970, Kellum 1973, Nicolaides 1974, Puhvel 1975, Stewart 1978, McGinley 1980,
Cove 1980, Downie 1998. RoxP: Stgdkilde 2022. Lactic acid bacteria: Ahle 2022, Zheng 2022, Salgaonkar 2021, Hayashi 2021, Nishioka 2021, Wilson 2008, Marzio 1999. Eccrine sweat: Harker & Harding 2013, Baker &

Wolfe, 2020. Malassezia: Gaitanis et al 2008. NMF: Kroll et al 2012
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