Journal of Bacteriology and Virology 2017. Vol. 47, No.3 p.132-138

http://dx.doi.org/10.4167/jbv.2017.47.3.132

Original Article
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Atopic dermatitis (AD) is characterized by disturbances in epidermal barrier functions and the hyperactive immune
response. Staphylococcus aureus (S. aureus) can be cultured from 90% of AD skin lesions and can exacerbate or contribute
to the persistent skin inflammation in AD by secreting toxins with superantigenic properties. Superantigens can induce
mast cell (MC) degranulation after penetrating the epidermal barrier. The role of MCs in AD is suggested by the increase
in the MC number and MC activation. MCs are activated for degranulation and mediator release by allergens that cross-
link IgE molecules or by microbial products. Therefore, MCs may be critically involved in the pathogenesis of AD.
However, the understanding mechanisms of MC degranulation by S. aureus in relation to AD have still not been fully
elucidated. In this study, we found that live S. aureus or methicillin-resistant S. aureus (MRSA) but not heat-killed bacteria
induced MC degranulation. The heat-treatment partially inhibited MC degranulation by conditioned media (CM) of S.
aureus or MRSA. The calcium chelator ethylene glycol tetraacetic acid (EGTA) did not block MC degranulation induced
by live S. aureus or MRSA, but EGTA-treatment partially inhibited MC degranulation by CM from S. aureus or MRSA.
These results suggest that live S. aureus and MRSA can degranulate MCs via direct interaction which may be important

role in AD.
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e 2r] el S = F ATk (5). Aol oz &
9] 7§ Streptococcus pneumoniae®l 23+ V]TEA| 3 9]
Gty Gatge] 447 A 8 5tH o] IgE izl g
HollA A== A weA] ko, vEA4d Lacio-
bacillus, Bifidobacterium-=- W|THA| XS] B398 {5514
T ket (§). TERE BE Aol g¥gs 4ol
e Wk ophel SA] FieehA I ot Allxtel] 23k

whALe] WS # Soldel ik

H

Bk S awreus= BIE B 7 3loH Al whilE
sfganel ofste] FyjHgo] FxE 4 vk 1A 9
FoX= ZEA FAEE S aureus”F 90% ©]742] olE
]3] 5 A} WAoA AT (6). S. aureus §-toxin T
7N HRA 2] ek eol IgE7F 9 akA] = AN IgEE
lo] §li= AElollA] S-toxinoll ]38t HgkA| Z o] Eale] S
7% (7). olEY I F-S Ao A methicillin-resistant
S. aureus (MRSA)2] WH7AEo] AAQ12] 1~3%¢] H|s}o]
11~34%% £tk MRSAT ofEv| -] Ada} ofsts
A7 543 2399 ALl S aureusell WISk T
e Aol Yo g BuEar r} (8). HAAE Alge] ¥
Foll -AMtAl S8 Staphylococcus  epidermidis (S.
epidermidis)= 5303 o] ALY = ASS AT F
Rom Aol ofgk WAFRkg-o] fx], 35 TA|
3Eodde] x4 9 gmAE FEHE AR st
Kl

= T
AHAS AT 9). 22t ofET 5] $kxjo)]

133

M= S epidermidisﬂ- o} E 3] u] H]
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MATERIALS AND METHODS
APEH[ZEM 2 3= Y 2

HMC-1S =28 %22} =1 (Corning, Coming, NY, USA)
£ o]-&3}o] 10% FBS (Hyclone, Logan, UT, USA), 100 U/
ml penicillin®} 100 pg/ml streptomycin®] 3+ Dulbecco's
Modified Eagle's Medium (Lonza, Walkersville, MD, USA)°.=
37T, 5% CO, MYzl A HiFatqit). wf 3dme} Rk
A A2 s A = AT (11).

% Y L U

S. aureus ATCC 25923 (Antimicrobial disk susceptibility test
strain), S. epidermidis ATCC 12228 (Microbial assay for anti-
biotics) 2 S. aureus ATCC 33591 (MRSA)Z 10 ml1<] Trytic
Soy Broth (TSB; Becton & Dickinson, Sparks, MD, USA)Z
37°CoAA 24417F Bl FsEATE al ke 8-S 3,000 pmol]
A 1023 A8 A HS 02 pme] o3| = o3}
Sho] a2l (conditioned media, CM)S. & SFSAT} ARt
< 5 mle] TSBOl| vhA] F-rato] 4413 1 wljeFato] dis=
A7) & DAk o] S 3,000 pmell A 10T U4
3l FHATS PBSE 600 nmol| 4] 533 = (optical density;
OD) 600=0.1 (4 < 10"/ml), OD600=0.5 (8 < 10"/ml) 2
OD600=1 (4 > 10¥m)= ZA3ISITE. o] 4 3,000 pm
oA 1023 LA 5 HAES A7} 8l DMEM
(10% FBS 3} = Tyrode's buffer® F-f-3lo] AL&-a}
At} (12,13).
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B—hexosaminidase g &3

HMC-1 A|3E Tyrode's buffer (136.9 mM NaCl, 2.68 mM
KCl, 1.8 mM CaCl,, 1.05 mM MgCl,, 11.9 mM NaHCO;, 0.42
mM NaH,PO,, 5.55 mM glucose; pH 7.3)%= 23] A|&3F &
AZFE 1 X 10°ml2 ZA3IAT AIEE Eppendorf tube
ET)°ll 400 A4 < 107well) B3kt QA3 5
120 & Fake] vEar w9 120 s gol 243k 5<t 2}
Stk YA F A3 AS 96 well microtiter plate
(Corning)©]|
AAAEE

%71 PB-hexosaminidase &
2% Triton X-1000.2 A¥E5 &3 &
microtiter plated] &7 A U Frofygoz 3¢l om
g3y} gteto] Fytgow a9k A9 B-hexosa-
minidaseZ 0.2% Triton-X 1000.2 W] WHA|EE &8 3}
A2 B-hexosaminidase®} *47g < B-hexosaminidases -3+
Aol v&R st Gags %= Wrkeklth p-
g3l 42 96 well microtiter plate®]]
247}e] AL 50 WS @Al 0.1 M sodium citrate (pH 4.5)°]]
1.3 mg/ml2] p-nitrophenyl-N-acetyl-B-D-glucosaminide (Sigma-
Aldrich, St. Louis, MO, USA)E Yo H= £ 100 ws
A7FeE & 37°CollA 1AIRE WESAIZITE Z1Elal 7} well
ol 0.4 M glycin (pH 10.7)S 50 pl® Z7IAA EAa0H-3S
A AIFTE OD 405 nmol Al microplate reader (Molecular
Devices, Sunnyvale, CA, USA)Z ODE S 3}31t} (14).

hexosaminidase

HMC—1 2t3) o) A

o

il
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A8-8FA T T3 HMC-1< ethylene glycol tetraacetic acid
(EGTA; 4 mM, Sigma-Aldrich)Z Z+z} 30%27F A 23
F 7F o3} ajeke o 2 1A Fek A=A (15).

Staphylococcioll 2/t HMC—1 MESMAIE

HMC-1 A& cDMEMQ] A HiRA|Z A3}l 24217k
Hj et = FBS9F & AlE H7FekA] 25 DMEM (plain

DMEM) 500 p= AEE Ak FtAlE AT

AEE 5 X 10° cells/mlZ Z3=0] ETell 400 pl 2 < 10°
cel) A T3t Aasto] AS HlElar oo 400
pl= oiAgh & FA-8holch 180Xg, 837t UAlste] tol
A3 HEsHA 3 5 1.5417H90%) vl It MTT
(3-(-4,5-dimethylthiazolyl0-2,5-diphenyltetrazolium bromide) -8
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RESULTS

MRSA 79| Xt= A|ZHO| AFEH|THMIE p—hexosa—
minidase &&0| O|X|= F&t

o= ZxJo| A B EE S aureust S-toxins:
Yol Ak S, aureus?] S-toxin H|THMXEZ Sy &
St} (7). MRSAE S. aureus RUF 57d0] 3 ¢
o %319 =42 AAkskoh (). e e 2 HA MRSA
o] HIWHAE D3t gls fricsheA] wEsiqlvh vk
xe] 75s Ashedl Bol ARSH<= HMC-1¢ MOI
(multiplicity of infection)E 10022 Z%3F MRSAZ 5, 15,
30, 60+ &<t 242t A}=3F F B-hexosaminidase®] WS
SAsRATh A= F 5ol 24.642% WEEFE 60+l

T 32613%7HA 35Sl tHFig 1). WERA o] 5 Ao
A= MRSA A=7131e 6012 0.2 3130tk

a]

§2 ru9 §

MRSA HfQHO| AFRH|TEN| 9| B—hexosaminidase
LE0| 0|X|= I

S. aureus B FN = AL SR 30 pg/ml F=2 §-
toxin®] W 3L, 4 S, aureus S-toxin FEI= 30 pg/ml
o] Ao H|RbA| oA & ~ERIo] W o] Kl
ATt (7). MRSAE TSBell 24417t &<t wljfato] A H
(conditioned media; CM)S- BANE oo
Aatste] ARESEITE HMC-1 ¥ 9S 7|55 2.2 MRSA
HiOFN S 10% (VV), 20%, 30%% Yal 1A17F St =3
%~ B-hexosaminidase®] W&ES S43F3IT) 10%NA 17.7
2%, 30%NA] 23.8£3%7HA] 353l ThFig. 2). wHekAd
o] % Aol A= MRSA WEFHS] H7FE 30%= AH8-3t
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Figure 1. MRSA induces HMC-1 degranulation. f-hexosa-
minidase activity (%) was determined from HMC-1 cultured with
MRSA (MOI = 100) for indicated time (minutes). Data represent
means * s.d. of triplicate independent experiments.
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Figure 2. The conditioned media from MRSA induces HMC-1
degranulation. f-hexosaminidase activity (%) was determined from
HMC-1 stimulated with different concentrations of conditioned
media of MRSA. Data represent means = s.d. of triplicate inde-
pendent experiments. *£0.05.
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Figure 3. Differences in HMC-1 degranulations between live
and heat-killed Staphylococci. B-hexosaminidase activity (%) was
determined from HMC-1 stimulated with heat-killed S. epidermidis
(SE), S. aureus (SA) or MRSA, and heat-killed bacteria-induced
B-hexosaminidase activity (%) was compared with that of live SE,
SA or MRSA. Data represent means = s.d. of triplicate independent
experiments. ***£0.001. ns, no significance.
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A}=53HH B-hexosaminidase2] WE©] 13.7%= G231
S S, aureus®] WiFA ol oate] friEE 17.5%¢°l Blst]
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Sl B-hexosaminidase®] &2 11.8%= FA 1A &2
MRSAS] HjFele] olato] fedl 19.0%¢°l Hlste] 37.9+
3%7} s Ath(Fig. 4). AHZAT} S, aureusS MRSA2)
HijFelio] o]gk HMC-19] g3tgo] dxjefe] ofsto] i
JAE S glskdlnh
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Figure 4. Differences in HMC-1 degranulations between con-
ditioned media and heat-inactivated conditioned media from Staphy-
lococci. B-hexosaminidase activity (%) was determined from HMC-
1 stimulated with conditioned media (CM) from S. epidermidis
(SE), S. aureus (SA) or MRSA, and conditioned media-induced
B-hexosaminidase activity (%) was compared with that of heat-
inactivated conditioned media (CM). Data represent means =+ s.d.
of triplicate independent experiments. *£0.05, **£0.01, **¥*£0.001.
ns, no significance.
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Figure 5. Differences in HMC-1 degranulations between EGTA

pretreated HMC-1 and non-EGTA pretreated HMC-1 induced by
Staphylococci. HMC-1 was either pretreated with EGTA or not, and
B-hexosaminidase activity (%) induced by S. epidermidis (SE), S.
aureus (SA) or MRSA was determined. Data represent means =+ s.d.
of triplicate independent experiments. ¥*£0.01. ns, no significance.
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Figure 6. Differences in HMC-1 degranulations between EGTA
pretreated HMC-1 and non-EGTA pretreated HMC-1 induced by
conditioned media (CM) from Staphylococci. HMC-1 was either
pretreated with EGTA or not, and B-hexosaminidase activity (%)
induced by conditioned media (CM) from S. epidermidis (SE), S.
aureus (SA) or MRSA was determined. Data represent means =+ s.d.
of triplicate independent experiments. **£0.01. ns, no significance.

MRSA®] 7-¢- EGTA® % A 2]%¥l HMC-1°] B-hexosa-
minidase *$E°] 31.5%= A A4 22 MRSA9]
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5). AFAY} S aureustt MRSAS] + Aol 2|3+ HMC-1
o] galgo] EGTA HAglell oJste] A=A a5 &
1&k3let.

EGTA ® A2|7t StaphylococciQl HikHo| o5t
HMC—12| p—hexosaminidase H&0| O|X|= H&

HMC-1E5 EGTA® 3033+ 7 A2|8kaL S aureus2] Bl
Aoz |AZF F9F A}=3F & B-hexosaminidase2] WES
SA% A3 14.6%= 2 ARsHA] Z2 S aureus®] 17.5%
o H]at] 16.612%2] 747t S =T MRSAS] vl
Ne] 79 EGTARE A #]2]¥] HMC-19] B-hexosaminidase
WEol] 112%% 7 H2|sHA] &2 MRSA2] 19.0%° Y]}
o] 41.013%2] a7t S A Fig. 6). A3} HMC-
15 EGTAZR # A2|gk A5 S. aureustt MRSA®] w4}
o &3k HMC-19] &3] AAES F<lstith

DISCUSSION
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AEZATF o] A 9= FH|ETh Axdygol= 3
ElYl, Sl 2 o) @ 4~ (B-hexosaminidase) 52

MAEC] dom ofEvui-ad S vizhEtt (17). B-
hexosaminidasex= H|WHA|2ES] A XA ©3gS SHT 5
A= AHARJ] FAIAR LA Tk (18). & ATl A=
3] 2~E-S 57431= 4l B-hexosaminidase S =735 Tl
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5 Ao A= 7P T3k Holt) ol
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9} lipase= I F-gH ol &S T} (19, 20).
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HMC-19] M4 &gl mx)= Jas #zeglh
NS sk 4 2ot 30%04 o EA
T} o]ojA] 4o} 3= MRSA
A IS do 4 Qe
Bl 60=7H4] AlZHEE MRSA 13}
FoAck o] wieFal= Alztel Bi#st
Fek = QIQltk o] Aol ule} v
A A= dule 30% sFlom el
% Ante w ASeke 73 1AIRRe R ST

A2 13% oJote] FFol S epidermidis] T o] T
e ofEN| el S v gt Qlvtke Bl
9)7F Jort ofEF T o] Xa Fl WA E S
epidermidis®] T3 2Ho] S7HALE (10 Halk lof of
EvuEANXM S epidermidise] S| BT Sht) S
epidermidis, S. aureus 2 MRSA2] wl|FN 3} Ao 2]
o] HMC-19] A4 g3t vx|= FaFs 22 =

[e]
o

ALY, S, epidermidisv AFrRREA|EZ 2] AFARkE

2y E

ok
4
o oot

=
X
P
X

2tye o

ol
=)
=4

ko 2 AlEH)

52

N
@
%
32
n
F{jr}:
4z

o2
ofr
38,

HMC-1& o] Y
o] g3jgle] SIS

rJ
Y
2 ol
©

]

o,
d

[e)

)

—.~
o,
rr
N
N

=

137

AVSEAL S, aureus 2 MRSAON H|slo] A3 wo gty
o] HAEUT}E. IR S epidermidisi= VWA E Al E
A SIS FeshA @ slo= Ptk

S. aureus®] S-toxin®l| 9|+ HIWA|EX @HS LH
(Ca™)2] 43} phosphoinositide 3 kinase (PI3-K)2] 24 o]
HoAsAINE, IgE wxbA el ofate] iy = A3t @
Syk7h sk vt 1efuh Ze AFAAIR] EGTAY 9
ato] S-toxinell o]k HIWHA|E Eabe 2 2PAEH QAT (7).
& AelM = HMC-1= 24 chelator?! EGTAR 30:23F
X 2SIl S. epidermidis, S. aureus 2 MRSA2] Z}2} ul
&l 30%= 1A13F AF=5F3ITE MRSA HljFel2: 2t o]
41.1% F2EReH S aureus WFNL 16.6%2] a7}
AT 22y MRSA 13 S, aureus 0.2 Ap=gh
3= A7 4.8%2F 65%2] VIV|RE AR} EE o
Staphylococcus | &g UM G goll= Zg 7
o] HoelA] eF=rtar AT S. epidermidis, S. aureus
MRSAS] #jFel e} -5 100TCollA 3083+ A=) e
F 247} 30%2] v MOT 1009] 2+t o5 HIREAIE
£ A=5k3lth MRSAS] wj ¥ dA ] oA & 4
-l Hvste] 37.9%°] gatgo] AR O™ S, aureusv=
21.7%2] #47F 9tk Z12]v MRSA 12 60.4%°] 7+
25 B3O S aureus - 58.8%°] TAE HIUTE &
Aol oJate] uiFe B o R A gatgo] oA
Ot wjeFle] A9 Br}h & AT g ARtellx] @A
g3 g A drh 3EE ok

oje} T2 HAFow thg¥ # AI}E AUk S
aureus®t MRSAT HMC-19] E35S f28qith e
U dAgle Al @39S 28R AT S aureus
Ut MRSA®] Hj koo 7-9- AFIRbAIEE EGTAR A
A&k - gdatgo] Al Aot Hokl= S aureustt
MRSAE AFHRIRHAES EGTAR A A 2jslol e @3¢
o] AAE A &t

S. aureus”7} oFE¥] I H-A o] WA Fadt ATs
Sk Ao® HuEal (22) YA S aweusES A H3FIE
o=y -Gl S AH A kot (23) S aureus”} oFEY|I
F-qle] Wl zlehel] dwht #rofsh=A]o gt o
A7 Has Aoz AZHEY. S aureusT o-hemolysis}
fibronectin binding protein A2] &S F7HA] 7] H|THA
329 B-integrins®] WAL F7MAA S aureus7} BRI 3E
of F-&e & AlE W' 5o & 5 o AxE U AbE

13e slste] 47k 4 = ATk @4). Ao} Y= s
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aureus”7t BIRHA|EZ HE-2 Sof7} AHA vIebA|E A
FHe] GBS fFiaty] wol At S awreust= A3
=~
B

=
2 gatge] dde = o e Axd gy 71
[e)

< 2 T vE 7o) B Ao AZEAT.
Sk AE 9 S awreus? X FZE EStaL ofE] )5
ol A=A &= AL ME Wl S awreus”} AHE3HA
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