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Suppressive effects of Morus alba Linne Root Bark (MRAL) on activation of MC/9
mast cells
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ABSTRACT

Objective : Morus alba Linne Root Bark (MRAL) is a medicinal herb in Korean Medicine, known for its
anti—inflammatory and anti—allergic properties, However, its mechanisms of action and the cellular targets have
not yet been found and the study was developed to investigate the allergic suppressive effect of MRAL. The
purpose of this study is to investigate the allergic suppressive effects of MRAL on activation of MC/9 mast
cells,

Methods : Cytotoxic activity of MRAL (50, 100, 200, 400 pg/mL) on MC/9 mast cells measured using EZ—Cytox
cell viability assay kit (WST reagent). The levels of interleukin—5 (IL—5), IL—13 and IL—4, IL-5, IL-6, IL—13
mRNA expression were measured by enzyme—linked immunosorbent assay (ELISA) and real—time PCR
respectively, The expression of transcription factors such as GATA-1, GATA-2, NFAT, AP-1 and NF—« B p65
DNA binding activity were measured by western blot and electrophoresis mobility shift assay (EMSA).

Results : Our results indicated that MRAL (50 wug/mL, 100 wug/mL) significantly inhibited
PMA/Ionomycin—induced production of IL—5 and IL—13 and the expression of IL—4, IL-5, IL-6 and IL—-13
mRNA in MC/9 mast cells, Moreover, MRAL (50 pg/mL, 100 ug/mL) inhibited PMA/Ionomycin—induced GATA—1,
GATA-2, NFAT—1, NFAT-2, c—Fos protein expression and NF—x B p65 DNA binding activity in MC/9 mast
cells,

Conclusions : In conclusion, we suspect the anti—allergenic activities of MRAL, may be related to the regulation
of transcription factors GATA—-1, GATA-2, NFAT-1, NFAT-2, c—Fos and NF—x B p65 DNA binding assay
causing inhibition of Th2 cytokines IL—5 and IL—13 in mast cells,
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A3 ol AMgst A (Morus alba Linne, MRAL)=
FARFRAR A sty FRStR A oFakskatol A
A% & st ARSI
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2) M=

H Ao ARE MC/9 murine mast AEFE=
American Type Culture Collection (ATCC, Rockville,
MD, U.S.A)ollA Faljste] ARE-sEATE,

3) AleF & 7|7

Dulbecco’ s Minimal essential medium (DMEM),
Fetal bovine serum (FBS), Trypsin—EDTA, Antibiotics
(penicillin, streptomycin)= (Gibco—BRL, U.S.A)AEZ
AFE3L9 T, Dulbecco's Phosphate Buffered Saline
(D-PBS), Phorbol 12—myristate 13—acetate (PMA),
Ionomyecin, (PMSF),
Diethyl pyrocarbonate (DEPOQ), Chloroform,
Isopropanol, Ethanol, magnesium chloride (MgCl, ),
2—mercaptoethanol= (Sigma, U.S A)AES ARSI
TrizolZ (Ambion, U.S.A), EZ—Cytox kit (Daeil Lab.
Co., Korea), Deoxynucleoside triphosphate (dNTP)&=
(TaKaRa, Japan),

Phenylmethylsulfonyl  fluoride

Moloey Murine Leukemia Virus

Reverse Transcriptase (M—MLV RT)2} RNase inhibitor
£ (Promega, U.S.A)AIES ARSIt SYBR master
mix+ (Applied Biosystems, U.S.A), IL-5 ELISA kit=

(BD Dbioscience, U.S.A)AZL, [L-13 ELISA kit=
(Biosource, U.S.A), primary antibody (NFAT-1,

NFAT-2, c—Jun, c—Fos, p—c—Jun, GATA-1, GATA-2,
NF-«¢ B p65)%= (Santa—Cruz, U.S.A), ECL—Hybond
filme (Amersham, U.S.A), SYBR master mix=
(Applied Biosystems, U.S. A)AE-S AN, 7171 &
23%7] (d§, DWT-1800T, Korea), #AY FFAA
(BUCHI B—480, Switzerland), 572 #AxX”] (EYELA,
FDU-540, Japan), CO: 8}%”] (Forma scientific Co.,

U.S.A), A&7 (3FYmsl, Korea), plate shaker
(Lab—Line, U.S.A), spectrophotometer: (Shimazue,
Japan), Bio—freezer (Sanyo, Japan), Quantitative

Real-Time PCR (Applied Biosystems, U.S.A),
leader (Molecular Devices, U.S.A) 52 ARSIt

ELISA

N
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1) FE2 Mx

Adial 100 goll $F5 2,000 mLE
oA 2/\]{ Rt E FESHY d2 IS FY 01-‘—1'51'01 =y
22232 (rotary vaccum evaporator)® E=3}gch o]
oA B2 6557] (freeze dryer)E ©]&dto] € =3t
JE 225 (0]3F MRAL) 14.5 g2 W% B3 (—-84C)s+
A AFet FEE 3|45t ARGSIAT

—

Totol A% 787

O
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2) MC/9 HI2F M|EZZ HHQE

MC/9 HgF  AMZFE  American Type Culture
Collectiono|A] Fujstgen], DMEM with 10% fetal
bovine serum, 100 ug/mL penicillin—streptomycin, 10%
T—stim, 0.05 mM 2-mercaptoethanol 183 2mM
L-glutamine #d7}8te] 37°C, 5% CO.0lA4 10° cells/mL
2 gr=0] 96 well plated] £33} )

3) MZ=A (cytotoxicity)S™

MC/9 HIRHNIZE= 37°C, 5% CO, wiF7]o)A 1 Azt Hj
oFst & MRAL (50, 100, 200, 400 ug/mlL)& 48A17F 9t
skt wiFER 6A17F Ao EZ—Cytox WST reagent
10 WLA 2 wellol Zshm A £2 A7 st el
plateZ plate shakero]A] 2,000 rpm2=Z 587t shakingd}
T ELISA LEADEROIA 450melA E3=s Z4stgic}

4) Real~time PCR

(1) RNA =&

MC/9 /~1]:‘T£E 6—well plated] 2.5x10° cells/mL& 2
mL & BF5tu 24X7F FoF sjgst & MRALS 100
ng/mLJ—} 50 pg/mL2 AHsta 1AZF Fo PMA (50
ng/mL)?} ionomycin (0.5 UM)2.Z A=3H T 3A|7E, 64
7 Fo AEE At FHAHRTSE+=  cyclosporin
A(CsA) 10 vg/mL& ARSI wjEE = Alazo] Trizol
ImLE ¥ e—tubed] ¥& & SEEEF 100 uLE ¥



Apazo] ofak MC/9 HITAIEY BA oA 23 A7 35

- GEel 17 S} Tt 13.000 rpme 2 158§t
AXEE st o] BYEH e—tubedl] AE2HS A &
1, FHOR o]AZBWLS Wo| U0 108 H= T
7} 13,000 rpmSe 2 158 ¢t A4lEd et AsdH
Wz 80% oskeE AHSIT 13,000 rpmeZ 108 F<ot
AuRe st AL s AAskL FPHY A
w2 & DEPC water® cell®] %kof o} 20~30 uL.E doj
=3

iy
32

2) GHANES

AL (reverse transcription) HFES ZFH|EH total
RNA 3 ugZ 75TColA 58 F<F ¥4 (denaturation)Al7]
3, olo] 2.5 uL 10 mM dNTPs mix, 1 uL random
sequence hexanucleotides (25 pmole/ 25 uL), RNA
inhibitor24] 1 uL RNase inhibitor (20 U/uL), 1 uL 100
mM DTT, 4.5 uL 5xRT buffer (250 mM Tris—HCl, pH
8.3, 375 mM KCl, 15 mM MgCl)E 7It & 1 uL9
M-MLV RT (200 U/uL)E ©HAl 7Ista DEPC AZE F57
FEA HFE Furt 20 Wt HEE 39t o] 20 uLe] w
S EFAE F 4L F 2,000 rpmol A 527F AAE
37C T FXIA 608 T ¥RSA|A first—strand
cDNAE A%t o3, 95TAA 58 &< A8t M-MLV
RTE E2A43 A7l & o] &85 cDNAE polymerase
chain reaction (PCR)°| ARE3}TE

(3) cDNA PCR

Applied Biosystems 7500 Real-Time PCR system=
o83t 35ttt

ARE-E primers+ Tableld} Zt},

Table 1. Primer sequence for Real-time PCR analysis

Target gene Primer Sequences

IL—4 Forward 5'—cctcacagcaacgaagaaca—3'
Reverse 5'—tgcagctecatgagaacact—3'

IL-5 Forward 5'—agcctaaccetgttggaggt—3'
Reverse 5'—gtgatcggettttettgage—3'

1L.-6 Forward 5'—gctggagtcacagaaggagtgge—3'
Reverse 5'—ggcataacgcactaggtttgeeg—3

1L-13 Forward 5'—gaagaatggcctgttacactca—3'
Reverse 5'—tttccggtttetagtttgacag—3'

B —actin Forward 5'—agcagatgtggatcagcaag—3'
Reverse 5'—aacagtccgectagaageat—3

Mouse GAPDH probe set ; Endogenous Control (VIC® / MGB
Probe, Probe limited) from Applied Biosystems (4352339F).

SAA HHEL Tagman PCR Master mix (AB)E ARg-
3}, internal standard® G3PDHE Algstg o,
primer®] ¥ %7} 200 nMeo] HA ¥REAFHT} Real
time quantitative PCRS] AL 2 A pre—denaturation<
50ColA 2min, 94ColA 10min, I3 40 cyclesZ 9
5ColA 0.15 min, 60CIA 1 minZt =3}ttt Target
group®] RQ (relative quantitative)= Quantitative PCR
2 ofshet 2ol Zgalsich,

x(1+e)n
= starting quantity

y
X
y = yield

n = number of cycles
e = efficiency

5) ELISA

MC/9 cellZ 48—well plateol] 4x10° cells/mLZ 250
WA EESka 2447 B wigE the MRALS 50
ug/mL, 100 wg/mL 28] CsA 10 pg/mLE ZF wello] #
3t 17 Zof PMA (50 ng/mL)2} ionomycin (0.5
wheg =gt F 16A17E Fof AEHE Ik Mouse
IL-5, IL-13 ELISA kit & AR5t A|zARS] ZJA|o] upat
Y antibodyZ microwello] 100 mL & B33}l 47T
A 16X FAtk. Zb well& wash buffer2 A sl
Assay diluentE 200 uL 2 YolA 1AIZF 52t wellS 92
T AoA wigsttt. BEES FHst AFAS 200
543 & microplateE AlA3taL 7 EEEFL 4SAS 100
uL A Yk, 2417 B9 wellE T2 & Al2of A kst
%t} microplates A& 33l working detectorE THEo]A]
Z welle]] 100 L & ¥ 1A7F 52t wellS 92 & 42
oA wiFstTt.  microplate®  A|AFF  substrate
solution WEoA ZF wello] 100 uL A €3 302 F<

T2 FoA Aoz Hjgstgnt. stop solutiong ZF
wello] 50 mLA ¥3l microplate spectrophotometer©]A]
%= 450mE SA5HE

[¢]

6) Western blot

MC/9 BIFAIEZE 100x20 mn plated] 4x10° cells/mL
2 10 mlA Bt 24A7F 9 st o2 MRALS
50 ug/mL¥ 100 ug/mLE M3t 147+ T PMA (50
ng/mLe} ionomycin 0.5 UM)2.2 R=3 F 6A17F Fof =}
7R PBSE A|AE ¥ scraperZ AEE di ¥4 2@
o AEAE HFY FANWRFLEE CsA 10 ng/mLE A
gt

Whole cell lysate= Lysis buffer (RIPA buffer 980 uL
+ protease inhibitor cocktail 100 X 10 uL + PMSF
100 mM 10 uL) 100 WLZ G4 15~2087t sjest &
ArZzole Art  Nuclear extract lysate= Nuclear
extract kit (Active motif)S AME3le] Hypotonic bufferS
Y dEolA 158z diget & dHEY st e
(cytoplasmic fraction)& =Tt FEHo| dolgle o
complete Lysis buffer® ¥ 30% ¢ A8 ujkst
T 94 EEste] 4S9 (nuclear fraction)& FATH,

4o Tfd2 BCA & Aoz HFeYch 10%
SDS page gel2 WE9IA running buffergE L F 208
E9F pre—runningAl7| I Atolo] wHEBAL  Jpading
buffer2 3|43l1 FE& B 58 F¢F FojA o] 1
Ql AL EAFrh

Gel9] A WA ®IZEE Hexn T A 7ho] diE npAE
Y1 O oF HREH AEE Yol 120 VE YR o W™
GelS Z7]9) A A=231 208 =<9t transfer buffere] H

ol
-
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7} 3, 11 A}o]9] membrane Gel®] A7)0 9HA 2211
transfer buffere]| w2l @7} Fitt, Transfer bufferZ 7}
5 AL EAYAA] gA S ¥ & 150 VE 1A7E
30& 59F membrane® 2 o|FA|Ft}. Membrane& 7|9
oA R23 5% skin milk (TBS/T buffer)2 1A]7F Z<¢F
blocking 35t} Primary antibody(NFAT—1, NFAT-2,
c—Jun, p—c—dJun, c—Fos, GATA 1, GATA 2, NF-kB
p65, B —actin|® 4TCelA dF Tt ¥RSAIZIL g
secondary antibodyE 1A F¢F A4 ¥-SAHH &
AloA] ECL Detection §8& ARgste] TEo| &7 @4
Lo @7} @Akstal A NHol| AAHAA ARAFT Ao
o3t W=l =  (band densities)= YY—-13} B|ws}o]
Image—Rab densitometer (Bio—Rad, Hercules, CA,
USA)E AHgstel 2% R4Sttt

7) Electromobility shift assay (EMSA)

EMSAE 43t gel shift oligonucleotide @7]81E-& 2
i xdy= Annealing® NF—« B:
5'-GGCAACTGCTCACTCTCCCTTT—3'  probe 2 UL,
polynucleatide kinase 2 uL, kinase buffer 1 ulL, 32P y
—dATP 3 WL, D.W 12 g Y3 EFs o= 37T
heating blockollAl 1A1ZF W23t & ZA A4 224t
PAEE & 1x TE buffer 100 WLE Y3 &350,
sephadax G50 column©A] 1,800 rpmollA 587F YA &
23t hot probe 100 uL hot probeE ¥o] probes®E
ARgStlth DNASE dohaidatel AFuRg2 20 ulg
nuclear extract, 2 uL%] poly (dl-dC)7} E°lU= WSl
(10 mM Tris—Cl, pH 8.0, 100 mM KCl, 5 mM MgCl, ,
0.1 mM EDTA, 2 mM DTT, 250 ug/mL BSA)S Y1 %+
A AR & A4 2087 vESAIFHT ulE] EH|%
hot—probe (0.5—1.0 ng, 100,000—2000,000 cpm)S A7}
st & oAl 2087 A4 9EAFT §hgo] Bd ¥
Mol loading dye(10x EMSA dye) 2 uLE Y1 6%
acrylamide gel®] Z+ well9] loading 3t th2, 110 V& 2
Al7Hset A7|9% 3Tt 6% polyacrylamide gel& 20&
7+ prerundte] WHSolS Joading ¥ TR 150 V, 10 mAE
3AIZE Bt A7 952 sHeTh

Bromophenol blue (BPB) dye’} WO 2ZRE 1-2 cm™®
E7kA] olgstA HH H7¥ES WFEAL ©]E vacuum gel
dryer (Bio—Rad)ollA] oF 1A|7F AX3% o2 X-ray filmol
LEAA AFAIRT

8) £ X2l

Zy A¥s A 3 EAXZE  unpaired student's
T—testE 3t92H, PC0.05 olste] F=FA Fod ARS
AT

2 3
1. AZE4 37t

MC/9 H|FEA|Zo] gt MRAL $E59 NEZALS <o}
27| 93} EZ-Cytox assaysS Y3t cHFig. 1). MRAL

2255 =4 (50, 100, 200, 400 ug/mL)2 A3t 2
3, BE R4 AEEAo] trertx el

i

b of

122 MRAL #E=9 ¢Hz=7] w3l o ads
Bk o) S4o] gle 50, 100, 200 pg/mLo] F=E A€
tol A APkt

/+—\I

[¢]

P s .

MRAL concentration (ng/mL)

Fig. 1. Cytotoxic effects of MRAL on MC/9 mast cell line.

MC/9 mast cell line were pretreated with various concentration
MRAL.

The results are expressed the meanxSE. Statistically significant
value compared with control group data by T—test.

2. Real —time PCR £4

1) IL—4 mRNA %X} s

IL-4 mRNA 37 9L HALL 0.01340.0120]9]
I, PIgto 2 A=23 thREL 1.032+0.0328 AT H]
sto] RAAPEE 7P vEbbTh FAdHERER] CsA AT
2 0.115%+0.0942 tjzF| H|gte <F 8. 9vf = FAS}
Aoz foli A (p<0.00)AA=UTt. MRAL A7 F
PIZ A% A¥#e IL-4 mRNA {47 €@ 50
ng/mLolAE 0.831+0.0652 <k 128 A= 994 A
(©<0.0N)FA=EHR ™, 100 ug/mLeAE= 0.486+0.0722
2ol Hlgte] oF 2. 18] A= A A (p<0.001)A
= AAck(Fig. 2).

A4 MRNA RO of FLCT in MO mast o

0.0 o
MC/o PI-CT PI-CsA
mast cell 10

PI-MREAL PI-MRAL
20 100
Concentration (ug/ml)

Fig. 2. Suppressive effects of MRAL on IL—4 mRNA expression.
MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(50, 100 wuwg/mL) and then stimulated with Pl IL—4 mRNA
expression was analyzed by real—time PCR. The results represent
the meanxSE. Statistically signigicant value was calculated by
compared with Pl—control group by student’ s T—test. (** p¢0.01,
** n(0.001)

2) IL=5 mRNA STt 25

IL-5 mRNA 3% #HaL FA4TL 0.179+0.066°1% 1,
PIgtez =3t gi2S 0.986+0.01562 AAMZo] Bls}
AR F7PF v FUERTe] CsA AHEEE
0.566+0,058= tixtol| H|st] oF 42 5% HT= FATHCS



Feu]o] g MC/9 HIRHA|IE9] & oA =d AT 37

2 /94 A ©00.0D)GA=EUT. MRAL A2 & Pz #
235 AR IL-5 mRNA §382F WdL 50 pg/mLolAls
0.89240.1442 ¢F 9.5% A= 4 A (p<0.0) A=A
o, 100 ug/mLeA+= 0.76840.04622 thRgto] H|5H
oF 22.1% A= 44 Al (p<0.00) A= YeHFig. 3).

5 mRNA K

MC/S PI-CT PI-CsA
mast cell 10

PI-MRAL  PI-MRAL
S0 100

Concentration (pg/ml)

Fig. 3. Suppressive effects of MRAL on IL—=5 mRNA expression.
MC/9 mast cells were pretreated with CsA (10 pg/mL) or MRAL
(50, 100 ug/mL) and then stimulated with Pl IL=5 mRNA
expression was analyzed by real—time PCR. The results represent
the mean+SE. Statistically signigicant value was calculated by
compared with Pl—control group by student’ s T—test. (** p(0.01,
¥ p0.001)

3) IL—6 MRNA RTIX} s

IL-6 mRNA #3424 HdS P4 0.087+0.05901%
3, PIge® =9t g2 1.052+0.0522 Aol H]
sto] AR F7F Uehdth FAHEE] CsA A2
2 0.388+£0.03% thzol Hlste] oF 63% F= FATHLS
2 4 A (p<0.0)9A=H ATt MRAL Hg] ¥ PI= &
23+ A2 IL-6 mRNA A2 HAL 50 pg/mLoAs
0.943+0.1222 °F 10.3% = F24 A (p<0.05) A=
Pom, 100 pg/mLoAE 0.595+0.0882 thzo] H]dtod
oF 43.4% A= §94 AUA (p€0.001) AA = HAcKFig. 4).

1.2

1.0

0.8

0.6

0.4

=
=

MC/9 PI-CT PI-CsA

PI-MRAL PI-MRAL
mast cell 10 30 100
Concentration (ug/ml)

Fig. 4. Suppressive effects of MRAL on IL—6 mRNA expression.
MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(50, 100 upg/mL) and then stimulated with Pl IL—6 mMRNA
expression was analyzed by real—time PCR. The results represent
the mean*=S.E. Statistically signigicant value was calculated by
compared with Pl—control group by student’ s T—test. (*p{0.05, **
p<0.01, *** p<0.001)

4) IL—=13 mRNA XX} 25

IL-13 mRNA F382} F@L A 006240017013
, PIRte 2 2133t giz24-2 0.987+0.01322 Aol H
o] FAAEE 7P Vet AR CsA AHEd
0.113+0.0052 thzte] Blste oF 88.5% &= FASHA
o Al (0<0.00)HA =T, MRAL 2] & PI=
3 AFF] IL-13 mRNA #4250 ug/mLefA

fo &

= 0.797+0.0822 oF 19.2%A= G214 A (p<0.05)2A]
9o, 100 pg/mLolAE 0.427+0.1052 thzo| vlsf
o oF 56.7% A= 4 AUA (p<0.001) A= AcKFig. 5).
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0.4 4

1113 mRNA RQ of PL-CT in MC/9 mast cell ling

PI-MRAL  PI-MRAL
mast cell 10 30 100
Concentration (ug/ml)

MC/9 FI-CT FPI-CsA

Fig. 5. Suppressive effects of MRAL on IL—13 mRNA expression.
MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(50, 100 wg/mL) and then stimulated with Pl IL—13 mRNA
expression was analyzed by real—time PCR. The results represent
the mean£SE. Statistically signigicant value was calculated by
compared with Pl—control group by student’ s T—test. (*p{0.05,
*** p¢0.001)

3. ELISA

1) IL-5 THHEZN MM

MRAL®] H|TbN|Zo|A IL-5 Thalal QAo ujxe o3
< TES] ko, MC/9 Ao CsAet theFgt s&9
MRALS A3t & pPI2 A=23 T 2447F & ELISAE
IL-5 AAFE 2Asi9c IL-5 AFe gL
121+6.0 pg/mLo|ga, RTEL 1946.6+24.5 pg/mLE
Aol vls oF 168 A= Frbekch Adwte IL-5 A
ArFe 50 pg/mLoAs 2062.3+43.1 pg/mLE izt
H|28 2202 eI, 100 pg/mLoAE 1255.9+21.9
pg/mLE 2] wvlste] o 158 A= {4 A
(p€0.00) A=Y, 200 pg/mLoAlE  834.5+134.9
pg/mLE 2] Hlste] o 238 A= F4 A
(p€0.001) &A= A cHFig. 6).

Normszl — Pl-control 30 100 200

MRAL Ext. concent. (pz/ml.)

Fig. 6. Suppressive effects of MRAL on IL—5 production.

MC/9 mast cells were pretreated with MRAL (50, 100, 200
ug/mL) and then stimulated with Pl. IL—5 production levels were
measured by ELISA. The results represent the mean*SE.
Statistically signigicant value was calculated by compared with
Pl—control group by student’ s T—test. (*** p¢0.001)

2) IL—13 THHZE! AHA]

=2 oo
IL-13 ©d ik A2 90+3.9 pg/mLo|L,
Z27L 3211,0+112.1 pg/mLE FAHE] H|8] < 354)
Ae Zrlsigch AEFY IL-13 AAEES 50 pg/mLojlA
L 3163.0+65.3 pg/mLE xad v|$% 02 e
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P, 100 pg/mLolAs 2361.0+96.0 pg/mLE TZRo|
vjsted oF 1.4 A= {oA UA (p<0.001) A= AL
200 pg/mLolAE 1746,0+£63 pg/mLE TZTol| |8}
oF 1,881 A& o4 A (p<0.001) A= Ack(Fig, 7).

1113 production lesel in b

=n A Ann

Nermzl  Pl-contrel 30 100 200
MRAL Ext. concent. (ug/ml)

Fig. 7. Suppressive effects of MRAL on IL—13 production.

MC/9 mast cells were pretreated with MRAL (50, 100, 200
ug/mL) and then stimulated with Pl. IL—13 production levels were
measured by ELISA. The results represent the mean+SE.
Statistically signigicant value was calculated by compared with
Pl—control group by student’ s T—test. (*** p{0.001)

4, Western blot analysis

1) GATA—11} GATA-2 gfs

GATA-19] g HEe  tiRfoA  GATA-1
densities (°]3} DT)7} 12 g (Fig. 8, GATA-1
band lane 1), YAHZRTY DT 0.258 thRFol| H|st]
oF 4] Ax AA=UcH(Fig. 8, GATA—1 band lane 2).
Agdel GATA-19] ol HdL tizfol| H|gte] 50
ug/mLejlA] DTE 0,78, 100 ug/mLolA DT 0,188 Z+z+
oF 1.2vf 9 55u] == FrojEoz tulz wrgo] o
A= ckFig. 8, GATA-1 band lane 3—-4)., GATA-29]
chZ WEe j2Fo)A GATA-2 densities (]38 DT)7}
12 Yet(Fig. 9, GATA-2 band lane 1), A=
o] DT+ 0.182 tj2Fo| v|gte] oF 5 5u] F= AA =]t
(Fig. 9, GATA—2 band lane 2), A¥2] GATA-29] ¢+
W2 wgo gz H|gte] 50 ug/mLolA DTE 0.64,
100 ug/mLollA] DT 0,482 zkzF oF 1 5] 2 28] A==
FrolEF o oA Wrdo] AR EATHFig. 9, GATA-2
band lane 3—4).

PI + + + +

100 =0

| — I GATA-1

Fig. 8. Effect of MRAL on GATA-1 signal events in MC/9 line
cells induced with Pl

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(100, 50 pg/mL) for 1 hour, and then stimulated with Pl for 6
hours. After adding lysis buffer, one part of the lysates was
subjected to western blot with GATA—1 proteins. Another part of
the lysates was directly subjected to SDS-PAGE and
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immunoblotting with the indicated antibodies. The levels of
GATA-1 proteins were selected as the positive controls for
Anti—-GATA—1 respectively. Band densities were compared with
YY—1 and measured using an Image—Rab densitometer.

PI + + + +
CsA - 10 - -
MR AL - - 100 S0

R I- — — ‘I GATA 2

I- — — -I V-1

Y- B st cell i

PI-CT PI-CsA PI-MRAL  PLMRAL

Concentration (g mL)

Fig. 9. Effect of MRAL on GATA-2 signal events in MC/9 mast
cells induced with Pl

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(100, 50 ug/mL) for 1 hour, and then stimulated with Pl for 6
hours. After adding lysis buffer, one part of the lysates was
subjected to western blot with GATA—-2 proteins. Another part of
the lysates was directly subjected to SDS—-PAGE and
immunoblotting with the indicated antibodies. The levels of
GATA—2 proteins were selected as the positive controls for
Anti—-GATA—2 respectively. Band densites were compared with
YY—1 and measured using an Image—Rab densitometer.

2) NFAT &

NFAT-19] THaid 9rgde Aol A] NFAT-1 densities
(013} DI)7F 0.022 YelRdai(Fig. 10, NFAT-1 band lane
1), tiZaollA DI7F 12 Aol Hlste dxfalA] S718H3e
(Fig. 10, NFAT-1 band lane 2), 9Ftiz2] DT+ 0.18
o2 dixge]| Hgt] oF 558 Fx AAENCHFig. 10,
NFAT-1 band lane 3). A¥e] NFAT-19] Ty W&
thz2o) H|Sle] 50 pg/mLellA DTE 0.64, 100 ug/mLofA
DT= 0.482 ZFzF oF 1,54 € 2vf) AR FEoExor o
A=t (Fig. 10, NFAT-1 band lane 4-5). NFAT-29] ©
W dEe AAAFld DIV 0.242  JERpda(Fig. 11,
NFAT-2 band lane 1), tiZFolA DIV} 12 AAREe| H[s}H
o A5 Z71ske.om(Fig, 11, NFAT-2 band lane 2), %
Aize] DT= 0.352 thztol Hlste] ¢F 2,84 F= A
=9tHFig, 11, NFAT-2 band lane 3), Al&79] NFAT-29]
Tl Ee dizgto Hlgte] 50 ug/mLelA DI= 0.47,
100 pg/mLolA DT 0.382 Z4zt ¢F 2,16 ¥ 2.6v) H==
TroEFHo7 A |FUHFig. 11, NFAT-2 band lane
4-5).

PI - + + + +
CsA - - 10 - -

AMRAL - - - 100 S0
(ngml)

NFAT-1

YY-1

HEAT-1 dentity - lin MCS st cellling

ormal PI-CT

PI-CsA PIMRAL PIMRAL

Concentration (g mL)

Fig. 10. Effect of MRAL on NFAT—1 signal events in MC/9 mast cells
induced with P,
MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL (100,
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50 ug/mL) for 1 hour, and then stimulated with Pl for 6 hours, After
adding lysis buffer, one part of the lysates was subjected to western
blot with NFAT—1 proteins. Ancther part of the lysates was directly
subjected to SDS—PAGE and immunobloting with the indicated
antibodies. The levels of NFAT—1 proteins were selected as the
positive controls for Anti—NFAT—1 respectively. Band densities were
compared with YY—1 and measured using an Image—Rab densitometer.

PI - - + + +
Csa - - 10 - -
MRAL - - - 100 =0
Cugral)
e h S e aeeees | NEAT-Z
—

YY-1

cells induced with Pl

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(100, 50 pg/mL) for 1 hour, and then stimulated with Pl for 6
hours. After adding lysis buffer, one part of the lysates was
subjected to western blot with NFAT—2 proteins. Another part of
the lysates was directly subjected to SDS-PAGE and
immunoblotting  with the indicated antibodies. The levels of
NFAT—2 proteins were selected as the positive controls for
Anti—-NFAT—2 respectively. Band densities were compared with
YY—1 and measured using an Image—Rab densitometer.

3) AP—1 2

c—Jun® Tl kg2 Ao A c—Jun densities (©]
3} DT)7} 0.752 YeE(Fig. 12, c—Jun band lane 1),
tizZolA DI7F 12 Aol Bty F7lsta o (Fig.
12, c—Jun band lane 2), ¥R DTE 0.862 bz
o Hste] A= Ach(Fig, 12, c—Jun band lane 3). A
9 c—Jun T TE2 2 H|gte] 50 pg/mLef
A DTE 1.04, 100 ug/mLeJA DT 0,982 tizate] H]
sty zpol7t vERA] tth(Fig. 12, c—Jun band lane
4-5). c—Fos?] Tz wrde AHArFol| A c—Fos densities
(oJ3F D)7} 0,332 vehti(Fig, 13, c—Fos band lane
1), dizaAe DI7F 12 ZAate vste dxstA 57t
Z9loH(Fig, 13, c—Fos band lane 2), FAHNZZY DT
= 0.5282 djz2F) vjgte o 194 F= AA = cHFig.
13, c—Fos band lane 3)., A&+ c—Fos Tijd drde
=] H|Ete 50 pg/mLA] DTE 0,78, 100 ug/mLol|Al
DTE 0.612 A= Aqck(Fig. 13, c—Fos band lane 4-5).

PI - + + + +
CsA 10

e | C-jun

R —  ——  —  — %Y

AL PI-MEAL

uzml)

Fig. 12. Effect of MRAL on AP—1 proténs (c=Jun) in MC/9 mast
cells induced with Pl

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL

(100, 50 pg/mL) for 1 hour, and then stimulated with Pl for 6
hours. After adding lysis buffer, one part of the lysates was
subjected to western blot with AP—1 proteins. Another part of the
lysates was directly subjected to SDS—PAGE and immunoblotting
with the indicated antibodies. The levels of AP—1 proteins were
selected as the positive controls for anti—c—Jun respectively. Band
densities were compared with YY—1 and measured using an
Image—Rab densitometer.

PI - -+ + + +
Csa - - 10 - -
AMRAL - - - 100 S0

(ug/ml)

C-fos
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Fig. 13. Effect of MRAL on AP—1 proteins(c—Fos) in MC/9 mast
cells induced with PlI.

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(100, 50 wg/mL) for 1 hour, and then stimulated with Pl for 6
hours. After adding lysis buffer, one part of the lysates was
subjected to western blot with AP—1 proteins. Another part of the
lysates was directly subjected to SDS—PAGE and immunoblotting
with the indicated antibodies. The levels of AP—1 proteins were
selected as the positive controls for anti—c—Fos respectively. Band
densities were compared with YY—1 and measured using an
Image—Rab densitometer.

5. NF-¢ B A3ASH =2 g a3}

NF—x B p65 DNA binding activitye= AAT (Fig. 14,
NF—-« B p65 band lane 1) Rtle tjZFo|A NF—« B p65
DNA binding activity7} @AM S71=3(Fig, 14, NF-
k B p65 band lane 2), FAHZFS] NF—« B p65 DNA
binding activityt Rz H|gte] ZA A= chFig.
14, NF—¢ B p65 band lane 3). A¥#9 NF—« B p65
DNA binding activity2 100 ug/mLolA tjRtol] H|3}e]
ARASHA A= JAcHFig. 14, NF—« B p65 band lane 4),

PI - -+ -+ -+ —_
CsA - - 10 - =
AR AL - - 100 =]
{us'ml)|

<— NF-xB pss

Fig. 14. Effect of MRAL on DNA—binding activity of NF—«x B p65
signal events in MC/9 cells induced with PI.

MC/9 mast cells were pretreated with CsA (10 ug/mL) or MRAL
(100 ug/mL) for 1 hour, and then stimulated with Pl for 6 hours.
Nuclear extract from MC/9 mast cells were incubated with a
32P—labeled DNA probe and analyzed by 6% polyacrylamide gels.
Electrophoresis mobility shift assay by NF—« B binding activity.
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HTA| 2= HAolu L 27]4 vga Z2 g8 27 bt
2 wiAske Fash MER &4t =W 2aET E3
olgl7|EA AR ASHHS-S Fdshe TSt Alo|ESL
qlo] Bulgt,

olo] A= MRALZ} ¢El27] g% kg nmx= g%
2 ZolE7] 3 MC/9 H|THNIEZE o]83}e] Real-time
PCR, ELISA, 18]l EMSAZ BTN ZoA wHsh=
IL-4, IL-5%} IL-13 §42 HES B4, western
blote & GATA-1, GATA-2, NFAT—1, NFAT-2, c—Fos,
c—Jun, HARIAY] LHSE A=A B4t on, NF-
k¥ B p65= EMSAHSE DNA binding activitys 43}
o}, E3SF Th2 AlZA W&SH= cytokine IL—52F 1L—139]
HIls TSI

IL-4= B-AZE A5} [gE A= AWASHY, Th2
Azel B3ls EHA7|EE HA3 22 g 27] Ao
283 9GS ste AP|EFRRIoITE RIS e F2
g2 i34 IFN—y & E83H= Thl AE9 7|52
Zkn glovt, M4 A 7| A, ofEd x| mR
AR, gH2714 HE B vAHT A IL-4, IL-5,
IL-9 53 Z2 Th2 AlZ7l BHjshs A|EFIRIS] Aol
s,

MRAL F£E& F93519LS of IL-4 mRNA $-3A 24
H AoF Ho} MRALolE= AZ7} Th2

AlZe 7152 g5shs AS dAde=H FLHET] 2§
i

dg27uhe £ $8EE IL-3, IL-5, 2832 GM—-CSF
= < BTN AlZAE|| Tojsie, o]
=9 Z2ZgAY IJAE ol gty ¢HET] 2 dAISH
Hi AZst o]2oz T r?, B AFe|A MRAL :&E
o] IL-5 mRNAS| T&dE FIHo R JAA|7|= LR B
of FAH 27| Zgo| UL ALE ARH,

TNF-a &= HTAZA EAHoZ WHEA X,
IL-6% A=Al osia AEA FHDD”. gt 1L-6
mRNA §37 HAA=E &1 27} MRALO| H|ThA| 320
Al IL-6 mRNA Z&@E A Aoz Hol [gh F=4 H|
ohA| 2 S43E JAIRIT L AZ4E

I =7 Ak #AHE g2 FHY MEZzs HT
NZ, sZ4NEF, 23, SAHET F5ERY o8 F
79 wjHEZE (leukotriene, 4T SAJJARHPAF), 3]~
Bl 5)3} Apo]EZFIE  (Cytokines ; TNF—« , IL—4,
IL-5, IL-9, IL—-12, IL-13 %)o] $E %3, adhesion
molecules (ICAM—12, VCAM-1 %)3} transcription
factor (nuclear factor kappa B, AP—1, NF—AT, STAT
)Y wdo] Fagt IS 3, ol A5 A &
3 Ao Be A7yt APFT Yu'?, ol g =7
Zgke] Hejdeo] F83% &L st HTANEZERE £H]
e @2 EXE (histamine, cytokines, interleukins,
PAF, leukotrienes 5)9 #8& FdstAY AAIBRE Q1A
S gt d7E Bk, HTAIE PPIEE  (sodium
cromoglycate, mast cell stabilization compound. MSC
) o8ty ¥H 27| AL dUstAY AEE £ U=
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Ndels oA & of MRALS] IL-133 22 H]
g3t 7o) W YT E Kol JAlaT EES Z
Zh=ttn b

H|TEA| 2o A Bu)g [L—4, IL-132 B cell& A43}5}]
IgE FAIS WA s, IL-5% IALE momw AFHA
71e 9L sla, ZA4sE ITAF A IL-5E B
g, o]FA Hul® IL-5 E3 TA ST} 2S5 S35 o)
NEd e A6t Aoz A ATH”. MRAL| |
T Z A TL-58F IL-13 Thjd YAk oA|ste] geta=
7] &g Zrethn AZhEc

HTEA| oA TL—49} 11.-139] e Agzoz drig
= GATA-1, GATA-2, PU. 17} Z-& QEE Ho| AZs}
LAY 9 NF-ATS E3she o AxRIRee] 3
Zof o3 zHENY, Fee RIS A whgoz oy 7}
A oy Exieb F|utoAle] BEa EA4dshe NF-AT ¥
NF—x B9 &H&o|9} c—Jun ofuji= Fot 7|LpolA|el Zre o
Wz 7oAl &3t AP-19] A3l o]24 i) W
3RS0l AP-1 (c—jun, c—fos)Q} GATA HAARIA BT
IL-13 §A=}F9] transactivation 98t Z4= ATAY ohH
Az d2A Ak’ vjEkA|EeA 1L-139] L@ 7]Ho] o}
7HA WA SHAR kAT the] HARIZZF IL-13¢]
Z2oEo| Zg3te] 2AEE AR I Yot

IL-139] XA NF-AT, GATA, AP-1& Z3sls o
AxIALete] HFof 93] 2FAFETH NF-AT2E: GATASH &
golo] IL-13 AAF 2FH| $RiEE 7Y Fa38 AARIA}o|
ot GATA-2+= IL-13¢] ZA¥st= AP-1 ZEE =8 &
gk ofUe}l HlThAZeA 1L-13 AL Z7HIHY,

NF—« Be W97|5, E39s, 3 yuAdxze] 43},
NZAZ Soll ToAshe HARIAZA A9 BE ANEo &)
3t NF—x B 724 Z2 AE (Rel family)ol &3 &
W] heterodimertt & homodimer FEHE ZA3t=d] 7}
A d&x:A0 Aol p503t p652 heterodimer FEjo|tt, 7]1A
Al A 1x B Adste] MEA ol vZA4st e =
A= NF-¢ B= blo|gja 7, YE4, TNF—a 9 IL-1
B 5 AZFUAN cytokineol o3 FAstHLE ZF, o 2}
2o 93 Ik B7} EEH NER EA5IE NF—« B7}
8 £03 olFEo] o7 §7HX] k B elemento] A5t
O gAY AAE 7R

53] IKKE FHT E914 IKKe ¢ IKKpR 2 o|Fod &
FAlet= Ao| WAL on, IKKE Ik BY QlAkskel AAlel
A2l NF—¢ Bo] @435 £ A)7]+= kinasegh= o] 88
AH?. ES KK % KK Tido] 934 so|Evtel &
dof| TAdl= NF-« B 43t 432 addhs Ao
WA HARIA NF— B TNF-¢ 9 IL-6 G-8%}
ol A3Re9)7t £A8te] TNF—a 9 IL-6 §HRY] A}
Az g

2 dFoA MRALLS E3tE H|TEA|EZSE Th2 A|EZofA
dEs= [IL-5, IL-139 RS JATge=H IHY=7] ¢
3 TS Aske Ae=E dATET, GATA-1, GATA-2,
NFAT-1, NFAT-2, c—Fos HARIAY] A4S JAFgo=z
H GATA, NF-AT, AP-1 AZAY 7|14 % 11L-6 YA 7]
A NF—« B AARIAE Abdste] IL-5, IL-139 43S
JAFGo =N FAFH 27 a5 Uehes Aoz AmdH
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Ahila] 228 (MRAL)o| B]9A|Z} Th2 AZE9] cytokine
IL-4, IL-5, IL-6 % IL-13|Az 93 9 caza
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NF-KBp65 Alsdge] u|x= 9 d9Ho= 433t 2
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1. MRALE MC/9 MEZEFA RE EZoji ANZEA0]
YERtR] gkt

2. MRAL:2 MC/9 H|FHH|EZO|A IL-4, IL-5, IL-6%}
IL-13 mRNA $37 2ae odAlaig,

3. MRALE MC/9 WHH|ZolAN IL-59F IL-13 wha
AAks AAIskET

4, MRALL MC/9 w|TbA|ZoA HARRIAS] GATA-1,
GATA-2, NFAT-1, NFAT-2 181 c—Fos Tuid
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