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B7Fsk7] 8l flow cytometryE AFEste] I F X AHoA A T AXE
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Ay, olEd I H Fikdto] H|ste] FAA A sk o= FA kgl A
SCFAs <% butyric acid®} propionic acid7} ZFA3Fth wbd, S| = & gk
OlEI I H  fkdte| Hlste] A Aol FAlYl R gnavusE  FoIsH

OFEN I H- e oIy FHe A A3 (TEWL, clinical score, E%

W % IgE 9 9 o] Igh) W WRxA ) dFAEY A& Aus Aage
woh Eat, FAA AUt BAG R grawusE FoIF obE]N R fuko)

9% PEAAH CD4'Foxp3 AZe] RT7b felspl Zrkstgom, s
A oA IL-109] TAZo] FoJstA Frhetdvh. 12y 5§ =AM IL-
69 LaAFo] FHAsERoH FAAN FHS HolA At teoE,
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Figure 1. Oral R. gnavus administration improve the clinical signs in antibiotic-treated

atopic derrnatitis mouse mOdelS ......................................................... 11

Figure 2. Oral R. gnavus administration regulates the systemic immune allergic response

and the Th2/Treg response in antibiotic-treated atopic dermatitis mouse models-+-13
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AD: Atopic dermatitis
Ruminococcus gnavus: R. gnavus
TEWL: Transepidermal water loss
Ig: Immunoglobulin

Th: T helper

Treg: Regulatory T cell

OVA: Ovalbumin

H&E: Hematoxylin and eosin
ELISA: Enzyme-linked immunosorbent assay
IL: Interleukin

Foxp3: Forkhead box P3

SCFAs: Short chain fatty acids

VI



olE 33 F4 (Atopic dermatitis) < I

&

b A7)

3

ol
No

ol

=

1

SH|

S

9

of| 744

A

o
o

oy

e

=
[e)

w43

20%7}A|

ok
o}

T EO

o2 9] 9] -3

(TEWL; transepidermal water loss) <7}l

=
&2

s

o] 24 S7t=

Ay
e i

o] &4 7Ha9} Th2 Al

Ay
e i

} interleukin (IL) —4, IL-5, IL—-13% #& Aol EFIES

ha

g5 A Foel gl ] immunoglobulin (Ig) E<
ko)

t}. [3—5] TE3H T helper(Th) 1 Al

=

Th2 wWHS w7y

i

)
gl

w

i

ol
B

B
—_
fite]
jang
gl

o
,_Ir,”

[e)

=

3

H} A
=

2 ohEv)v Ty

=

FA L, o} 4 7hA A 7]
PR

Rk,

°©

L —

R

)
gl

St}

Ao 7 oA
3

B} A
=

-

R

5

°©

Fol by

°©

o7 A4

S|
=

i=h
=

Ha dug(mAs 7Hd) . [13]

i

g w1

3

R
!

Lo

REEAM A

A2l 2-Eel



2449 Qge dohn FHA Arh(14, 15] oz Aol w2, 24 98,
Age, FAA AT 2 vere $7 2919 wmEo] g v thepyw

54 wAzel BE WEE Zastel uw, 9F4 3 AdWw ohiw
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oHEN I H P} L ofe] Fe=AE WA ABL Eol: JoE musi
Stk [16-19] oA ojstaiFeln AARwe] uste] ALANE Fal Byt
dobol A AU TAEFY fad dd=sl A4 AFEA Fhwga
Budgen [20, 21] ® ThE A8k ATEe)A o7l A7l FAA Hgo)
BesrE ohEdNRY A 98O FhG AU vAEEY thepyel
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Ruminococcus gnavus (R. gnavus) < 'Lachnospiraceae <5'°l 43k o324
AU AT oR, AZksk QA Al AMAste Fd gAE Fs G
JURE T TATNA Tl B vAEEY oede] dBe Fr

Ho=z dHx Auh[25-27] AW R gnaws® FAE AU vAAEFTO

o

FEAEGS ASAA AT ¥ T AeE BRuEfla(28], R
gnavus7t A8 ¥ short chain fatty acids (SCFAs) $Adel H Q3 49
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gnavus®| A7F A Wl W Bl YA -] dose mAEY VA

TRAAE ASAA Fote] otEvvRd T JFS v AT At

e

DA [30] o] AFEE wFo] & w, R gnavust WA FH HERES-9
2de e olEmmndd wad WolR ew Iy olds

olEd ] H-d WA A R gnavus®] @¥foll #et AFE WA HHE A A

webA, o] AFoA = olEIHFEA FE RES o]fsto] FAA w=F
s FU vAEFTO 43S F5%t3, R ognaws® A EHFQA Fo &

bEVWRY FH ke wWelsx BAL Ba AW 4R v
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1. A A2sh EHRYG pheA md A7

459 97 BALB/c V923 Orient Bio (Orient Bio Inc, Seongnam, Korea)

oA el oy W LAk o Zl7 FE e o g 998 (ACUC) 9
AR wet APsAh, AR 4 #7 snkeld 4NFEoE rglon B

(PBS 1), otEIIFA FL(OVA ), FAA Agst ofEd 959 F2

4

(OVA+Abx ), &AA A& A9 R gnavus Fo13F ol EF I F-I Fakot

A A 2 2]= ampicillin(1 g/L; sigma aldrich, St Louis, MO), vancomycin
hydrochloride (500 mg/L; sigma aldrich, St Louis, MO), neomycin(l g/L;
sigma aldrich, St Louis, MO), metronidazole (1 g/L; Fresenius, Germany) 2]
Ao ZHde wEo 25 & &5 At [31-33]

olE¥ ¥ F- weA wEll weliul (OVA; Ovalbumin; grade V; Sigma, St

H9E B WR AFL FAARL AFE F ovkga B A
1001g/100102] OVAZS 1Xlem? =78 A2E" A=E ol&sto] Z=xst1
Tegaderm® (Johnson and Johnson Medical Inc, Arlington, USA)3¥}

AEel e AxE AT OVA WAL AFde] il wAsR L, 3%



A 1579 ok gAY Y. 1 &
22k I H 72 A2 E Al SRR T HF OVA 2 24A|7F $of nfeAE
QEerAL Al7]1a1 HAE 3 sES T
2. AM¢ a5 45 g =4
A7Fd Tryptic Soya

Ruminococcus gnavus ATCC 29149 5 Al

Broth(TSB; Oxoid, UK) ®jAZ o]&3slo] njketgict. 1X10° CFU/mCo. &
Anaerobic

Eis

Axsll =& R gnavuss 25ml TSB brothel] Zof 7]

Jar (Thermo Fisher Scientific; U.S.A)E 37T incubatorolx] 24A]%F ok
2¥ A F sk

W+¥  phosphate—buffered saline (PBS) @]

S R gnavus%
Spectrophotometer (DU530 UV/VIS, Beckman, U.S.A)olA 3% (Optical

= =

Density, 0.Dsoonm) = S8+ R gnavus® 5 28 1X107 CFU/200u0
2 HE olENuHe A FE w7bA

EE0 R gnavus= FAA A A

71 1A, AW AF A% 7 pa

1Y T A9 Vs wWEE gl
o vapometer (SWL—3; Delfin Technologies Ltd., Kuopio, Finland)%
SHATH AT AFshs vk giF WA 0—

AF4-3to] TEWLS =74
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&) 10% phosphate—buffered
formalin®l] T AAIFHTH IF A= AX JF H7FE $J3] paraffin sections

(5um F7) 3k hematoxylin and eosin  (H&E) &2 A5} T},

5. @3 Wl IgE A AH

o] g 7|74 80Tl w¥stdt. ¥ W F IgE FEE vk~ IgE

enzyme—linked immunosorbent assay (ELISA) kit(eBioscience, San Diego,

0

CA, USA)E A}g3to] =435tk OVA-Eo] IgE2l =A< &), 96well

[«

ZYolEo] OVA(100uxg/1ml carbonate—bicarbonate buffer; Sigma Chemical
Co)& 4ColA 24413 &)t SRS, 24A17F o % 39 A% #ds shaL
well & 100402 84¥ A (carbonate—bicarbonate buffere] 1/10 3]4) &
Tt 37T 1A% 307 &<k meFsilth. vk ol % 3w Alx Hge

A A1, peroxidase—labelled rat anti—mouse OVA—IgE (20ng/100xl, Acris
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Antibodies, Herford, Germany)E& 100® EF3Fo] 1AI7F E<QF 37T

n <l

kstich. 100xe] TMB £ (Sigma Chemical Co)& H7H ¥ 15% %

Hm

OO]:

i

) <3

i

% stop solution(Bethyl Laboratories, U.S.A) 0.2 WSS TAA|7| L

ELISA reader(SpectraMax 19, Utah biotech Equipment, Germany) &

o] &3ato] 3% (0.Dusonm) oIA S5
6. RNA (Ribonucleic acid) % ¥ real—time (RT) PCR

k-2 3ol A IL-6, IL—-109] 23S gelst7] 913, RNeasy kit(Qiagen,
Valencia, CA)E AFgste] wheA 97 XA RNAE FE38H3,
cDNA (complementary DNA) synthesis kit (Wizbiosolutions, U.S.A)<&

o] g3te] RNA ¥% 2ug0 2 Aste] cDNA 43S $335t9 Tl Real—time

PCR2 ABI7900(Application Biosystems, Piscataway, NJ) A2 Elo]A
TagMan WS AFEste] Fal=E AT, Z472te) As= st AAlolA Rnl8s

FEoA EFSEGITH

7. FAE £
A £ T uleAoA ¥R AF4 ¥EA (axillary and brachial lymph
nodes)E Z&3to] 70mm cell strainer® E3 AMEE 2o 23
MEE 5X10°  cells/test ¥E%2 283191, FITC-labeled anti—



CD4 (0.25ug/test; eBioscience, San Diego, CA) ¥ APC—anti—Foxp3 (1pg/test;
eBioscience, San Diego, CA)E @Mttt ¥ AxX= FACS canto$t BD
FACSDiva 8.0.1 &2 E¢¢] (BD Biosciences, Mountain View, CA) 2 o] 83}

B4 ST,

8. Gas chromatography/mass spectrometer (GC/MS) 4]

k-2 2 A TR AS WAA AFSAT. EWHES 455
Methylene chloride(J.T.Baker, U.S.A), 2510 hydrogen chloride(Sigma—
Aldrich, Korea South), 20 4—methyl valeric acid(Sigma—Aldrich, Korea
South) (Internal standard) & Yol 1+ &<F 41> § water bathellA 1A]%F
& R 7 AT A daeilth daet 4T dS 30mX 0.25mX 0.25/m
capillary column(VF—=WAXms, CP9205, Agilent Tech, Santa Clara, USA) ¢]
F2E 7890A GC(Agilent Tech, Santa Clara, USA)& AM8-3te] #4383l

HE 71 A= AES AFEsEYTh 7] &= 80T/28E Al &ste] 20T /HE oA

Mo

160Ce}k 3C/2elM 180CE HAak S7Hs3itt. o]ojA, 10TC/ielA 230 T7HA]
7kt 5 Eol #AElYh Y FEE& 7000 GC/MS  Triple
Quad (Agilent Technologies) 9] ©]2 Fado] FUHUL. 62 &u AA
Fof 71 Aol ALHEAt. 54 SCFAsel 393+ ion chromatogram=

s}a3itt.

el
AN



9. 4 ¥4

2E do]g #AL GraphPad Prism 4.0(San Diego, CA)S ©]&3}9]
71&Ael EAXE AFESIYE T One—way analysis of variance (ANOVA) £}

Newman—Keuls multiple comparison test2 AFg3lo] o4 2 EAA

o

Ve

& FRAIL, P gkol 0.05 olsks SAACR #Fo3t Aoz Fsigitt

L
o
o
4
o

off

A8 A= meantstandard error mean (S.E.M) 0.2 A&} T}
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3wk of age 1*t OVA sensitization 2" OVA sensitization
BALB/c mice + injury + injury

| !

Days -14 0 7 21 24 25
*

Antibiotics cocktail sacrifice

[ ------ Ruminococcus gnavus (1X1019) ~ --------

group:
1) Control (PBS)

2) Ovalbumin (OVA)

3) Ovalbumin + antibiotics (OVA +Abx)

) + antibiotics + Rumi gnavus 1x10°9 (OVA +Abx + Ru )
(© (d) R
okk
304 Kk 31 o= * e
*k *kk —=—
- -
—_ *k —— o *k
é 20 9 24
£ ()
) = © e
E == £ M
= = o e
T 0- !
S & >
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K\ §+ Na ,\*"
(@) 3 K\a
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Fig 1. Oral R. gnavus administration improve the clinical signs in antibiotic-treated

atopic dermatitis mouse models. (a) Experimental design, (b) Histological analysis using

H&E-stained skin tissue, (¢) Clinical score and (d) TEWL measurements.

Statistical significance was determined by ANOVA and Newman-Keuls multiple

comparison test. (*P < 0.05, **P < 0.01, ***P < (.001). Abx, antibiotics; Ru, R. gnavus
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A4 welikg 2 AEE sty dAstel Y ) F LESt FU Sol

[gEE =43 Az, OVA+Abx v-°] OVA o Hl3] &3 U & IgEs OVA

O

Eo] IgE7} F718te 43S Bl Wi, OVA+Abx+Ru oA 84 Ul F IgE
2 OVA E5o] IgE7} ZAHJH(IH 2a-b). thoz =2 HZAA
CD4+FOXP3+ Alx9o ®x9l i Ao Treg A3 Alo]E7}eIel 1L-10
2 Th2 A3 ARo]E7RQIQI IL-69] @HdZFs A5ttt OVA+Abx 9
H]3lo] OVA+Abx+Ru ol CD4 Foxp3™ A% X 9 i ZH oA [L-
109 w&do] Z=7hE ek (2™ 2c—d). ¥HFFZ 9 Th2 A3 ALo|E7HQl(IL-
6)¢ WFe AWE Az OVA+Abx wolA IL-69 w3 Fo] Frhslgion
OVA+Abx+Ru oA At (29 2e). o] A, AE5AA R gnavus]
Folis oI IS v ReloA Hal W de 278k 7hAh 9 Treg

22 Bl T F UL AAHaLh
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Fig 2. Oral R. gnavus administration regulates the systemic immune allergic response
and the Th2/Treg response in antibiotic-treated atopic dermatitis mouse models.
Concentration of (a) total IgE and (b) OV A-specific IgE levels in the serum as determined
by ELISA. (c) Population of CD4'Foxp3" cells in the skin draining lymph nodes of
treated AD mice as determined by flow cytometric analysis. Measurement of (d) IL-10,
(e) IL-6 skin mRINA expression in AD mice by real-time PCR. Statistical significance was
determined by ANOVA and Newman-Keuls multiple comparison test. (*P < 0.05, **P <
0.01, ***P < 0.001). ND, non-detection; Abx, antibiotics; Ru, R. gnavus
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g Ao =g FH vl-2A0A] R. gnavus 8] G+ Foj= Fj SCFAs &
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FAA =E3 AEHAQ R gnavus Fo17F W diAMEE <] SCFAs o 9%

i

nAEAE ALY S8, ofEv v mhe-A el oA GC/MS
o] g3t SCFAs ¢ A& At OVA o Hlal OVA+Abx oA
butyric acid @} propionic acid 7} A E A28 3b—c). ¥H4A, OVA+Abx+Ru
ol M= OVA+Abx ol mls) dAA9l SCFAs A7} F7hasla, 53]
butyric acid 7} F28tAl S7F=E Atk o] A=, AHAR R gnavus o] FoA=
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Fig 3. Oral R. gnavus administration increases the SCFAs from feces in antibiotic-treated

atopic dermatitis mouse models. (a-d) SCFAs were measured by gas

chromatography/mass spectrometry (GC / MS) in AD mice.

Statistical significance was determined by ANOVA and Newman-Keuls multiple

comparison test. (*P < 0.05, **P < (0.001). Abx, antibiotics; Ru, R. gnavus
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B Ao olEI IRy mheA mdolx Al wm=FHo] 93
OLET I FEAY HY (TEWL, 474 dF, IAF U d5AxXY H& 2 894

IGE FE)I 9% @FA AolEslelel [L-69) WdEwe] Zrhei why,

o

A%HQ R gnawis®] Fol= ole|d AXEo] St AS HASAT TH

rl

FAA ] wEFS I FoA Treg AES X9 Treg A Alo]EFFIQl IL—
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English Abstract

Background: Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by
pruritic skin lesions, dysregulated immune responses and epidermal barrier dysfunction.
Recently, several studies have suggested that dysbiosis of the gut microbiota by exposure of
various environmental factors such as mode of birth, infant nutrition and antibiotic use in early
life has been strongly associated with development of AD. Ruminococcus gnavus (R. gnavus)
as a prominent member of the gut microbiota of the healthy human gut play a key role in the
adaptation of gut microbiota to the mucosal environment. A previous study reported that AD
patients show a decreased gut microbiota composition and a reduced abundance of R. gnavus
compared with normal control subjects. This study point towards an important role of R.
gnavus in modulating gut microbiome at development of AD. However, the mechanism is not
clear how R. gnavus might contribute to this process.

Objective: This study aimed to investigate the influence of oral administration of R. gnavus
on the dysbiosis of gut microbiota by antibiotics treatment in an ovalbumin (OVA)-induced
AD mice model.

Methods: 4-week-old female BALB/C mice were treated with antibiotic cocktails in drinking
water for 2 weeks and R. gnavus (1X10°CFU/200.0) was orally administered throughout the
study. At 6 weeks of age, the mice were epicutaneoulsy sensitized by applying OVA to the
shaved dorsal skin. To assess AD symptoms, we measured transepidermal water loss (TEWL)
and scored erythema, scaling, and excoriation in dorsum lesions. Total immunoglobulin (Ig)
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E and OVA specific IgE in serum and histopathological changes in skin were analyzed. To
evaluate the immune response, the levels of Th2-related interleukin (IL) -6 and Treg-related
cytokine IL-10 were detected using real-time PCR. In addition, the frequency of
CD4 Forkhead box P3" (Foxp3) producing cells in skin draining lymph nodes was assessed
using flow cytometry. Short chain fatty acids (SCFAs) in feces were measured using gas
chromatography/mass spectrometer.
Results: In comparison with the values observed for the AD mice which received antibiotics,
the AD phenotypes (e.g, TEWL, clinical score, total serum IgE level, OVA specific IgE level
and skin inflammation on histopathology) and skin mRNA expression level of Th2-related
cytokines IL-6 were significantly decreased by the oral administration of R. gnavus with
antibiotics. In addition, the population of CD4 Foxp3” cells in skin draining lymph nodes and
the expression of IL-10 in the skin tissue were increase in AD mice treated R. gnavus with
antibiotics than AD mice treated antibiotics only. R. gnavus treatment also significantly
increased the production of butyric acid in feces compared to the antibiotics-treated AD mice.
Conclusion: Our results suggest that oral administration of R. gnavus on dysbiosis of gut
microbiota in the mice may alleviate the AD symptoms through modulating the immune
responses mediated by increased intestinal SCFAs production and population of skin Treg cell
in the AD mice model.
Key words: Atopic dermatitis, Ruminococcus gnavus, Antibiotics, Regulatory T cell,

Short chain fatty acid
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