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Microarray Analysis of CD/cytokine Gene Expression
in Human Mast Cell treated with Bee Venom

Lee Woong-kyung, Kang Sung-keel and Koh Hyung-kyun

Department of Acupuncture & Moxibustion,
College of Oriental Medicine, Kyung—Hee University

Objective : Bee Venom(BV) has been used for various kinds of inflammatory or painful conditions in Oriental
Medicine clinics, and there publishes reports on its therapeutic effects and the probable mechanism of those
therapeutic effects, where CDs and cytokines plays important role. This study investigated the influences of bee
venom on the expressions of CDs and cytokines of HMC cell line

Methods : In this study we analysed the expression profile of HMC cell line treated with BV of 10-2ug/ml in relation
to that of HMC cell line treated with vehicle by way of CD/cytokine microarray hybridization with 342 genes on it.

Results : There were no upregulated genes by more than 3 fold, while there showed some downregulated genes
by less than 1/3 fold as follows: colony stimulating factor 2, CD122, IL-7, CD112, TNF-alpha, CD138, CDI166,
TGFbetaR2, CD42b, CD62L, CD111, interleukin 10 receptor alpha, colony stimulating factor 1{macrophage), CD38
antigen(p45), CDI121a, CD33 antigen(gp67), colony stimulating factor 1 receptor, B cell linker protein (SLP65)
mBRNA4, CD94, alanyl(membrane) aminopeptidase, immunoglobulin(CD79A) binding protein 1, CD205, CD241, CD
207, CDw121b, integrin alpha L(CD11a), integrin beta 1(CD29), CD91, CD42b.
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Conclusions : Bee venom treatment induced downregulation of some CDs or cytokines including TNF-a,
IL-1R with its possible implication in an antiinflammatory action of BV. Further research on expression profile

changes induced by BV treatment is expected.

Key words : Bee Venom, Human Mast Cell, Microarray, TNF alpha, IL-1R
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1. M=

D AEF

2 Aol AFE v EF (HMC-1) & ©] 43}
St} HMC—1(human mast cell line)2 leukemia
gazry fA=HgeR?, kit FEAE 2
31 IgEel tf§ FeeRIol AP AEZ, F2 E52
dA Aol f83 AEFolr)

2) A% 2 A7
@ ujF
Iscove's modified Dulbecco's medium(IMDM),
fetal bovine serum(FBS) %<& GibcoBRL(USA)
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SEERR0| HIOEFY CD/cytokine T BRY 0iX = K

oA T3} 100ug/ml penicillin and 100ug/ml
streptomycin® GibcoBRL(USA) S AR5,

@ 5=

Crude bee venom Sigma (USA) oA 34131500}

Q AIEZA AEE A

3—(4, 5—dimethylthiazol—2-yl) ~2, 5—diphenyl
—tetrazolium bromide (MTT)+= Roche(Germany)
oA #d33ict

@ RNA %7} reverse transcription, microar-
ray 488 AloF

RNAzol B Tel-Test(USA)E AHE-3t4lx,
Human Cot—1 DNA, Ribonuclease Inhibitor, Su-
perscript Il reverse transcriptase GibcoBRL
(USA) A A3} poly(dA), oligo(dT), dNTP
52 Pharmacia, Cy3—dUTP, Cy5—dUTP &<
Amersham #F-& AH-3I9It

71€} Ayt Alekd Sigma AFE AHE3HATh

® 71+

Hybridization cassette< Telechemol|A +
319t} Microarray chip(Crea Hi380-DC101)2
CreaGene Co.(3%) AEE AH-3I3ith Confocal
laser—scanning microscope Scan Array 5000
Affimetrix (USA) & AR}t

2. 2y

1) AE wj}

Agol AHg-3 HMCE 10% FBS, 1% penicillin—
streptomycin®] X IMDM £ wjokslic).
5% COz, 95% &7), 37C 2E7} fAIE= AX o)
71l A wjeFsty, vk 3 33, 2~3Yvitt &

g3

2) 54 A¥
AEde AR FE Sk S BoBle

52

A ¥2] mitochodrial dehydrogenase’} 712 MTT
£ ZAFE 4729 formazanlE WA 7= FE-S
o] &3 MTT A@& 33t} ELISA reader (Bio—
Tek, ©1=)E 595nmeollx 3% &FF % (optical
density, °l3t OD)9] #t& AoRQle= AE9] & ut
gate] QX =49 932 T2 AEddf wet %
viability 2 YFERAATE.

AT F9=
2z 3=

% Viability = x 100

WA B]ekAEE 96well plate (Corning, USA)
o wellgd W% 100ulel 5x10°40 AEF7}
HEE serum free Bjdo] EF8tn ANOZA
crude bee venomd] #% ¥%71107°, 107 107%,
107% 107, 1, 10ug/mlo] HEF s} 242
%<t incubationdtl, vehicle2 X3 AX TS o
ZT0% 33tk 4 welldl MTT labeling reagent
{92 10u8 718 37C, 5% CO; vl%7lolA
4AI7 F<t uwis ¥ solubilization solution 2t
wellell 100ul® H7kete] vjekz]oll 20A13F /FX1A17]
I ELISA readerZ 690nmE& #1 X2 3o 595
nmelA 33154tk

TE A¥3t& mean*standard deviation® g
&1, SAEH £42 SPSS for windows 8.0
program? ©]€3}t} Student's f—testE AA|
oy 4 Y FATH {FY4E AAHUH
(@=0.05).

3) 549 A

AT EAAEE AN S4ol Sle B
Uehd 2 F F4gkel dgshs 10%ug/mt 25
& MO0 grFdE 529 vehicled
A3tk 27170l A ¥ ZHZF RNAE FE319
Fluorescence probe £ 42 Bt}
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4) RNAY 2

B= 52 vehicled AAH 4T W=7 44
oA AEEINE o] &3] MEE harvestdtd 4
FAS A)AST A NEE suspensiondtRct. Al
T 10'70% 2ml9) RNAzol& R3] lysisAl7l
Ao 1083 WAk AE 10702 0.2m19)
chloroform 3718t 153237 £50] Z4F &
587 Ao WAsIglc) 4TolA 12000XgE
1587 dAEEE F A5AE M2 tubeZ A
Z29) isopropanol& H7StT 1087k AF oA 1

18t%ich ThAl 4TollA 12000% g2 1087 A48
25t FFAE AAT ¥ 80% &S 1miE A7t
o] AAEYSHAT e AA T HFF
DEPC-DDWE H7F8l %9} total RNAS F1)3}
Atk

Mt

5) Fluorescence probed] #4

% RNA 100ug(totaD?! 22ul§ 500ug/ml9]
oligo dT 2ul$} &3l 70TCAA 10870 984
2 F 3ol WAsigi o] ¥kg-dof 5X reaction
buffer 10ul, 10X dNTP(ZF 5mM d(ACG)TP$}
2mM TTP) 5ul, fluorescent nucleotide (ShZ7&
ImM Cy3—-dUTP, 48+#<2 1mM Cy5-dUTP)
2ul, 1.5ul RNAsin, 2.5ul®] superscript 1 revers
e transcriptase(200 U/ul) & #7lst 37T
A 2A17E WAL o]F o] ®kg-He] 3N NaOH
6uls H7kstx 65CelA 3083 ¥HEAIA RNAE
AAS L, Al IM Tris-HCl(pH 7.5) 20ul, IN H
Cl 12ul8 #7138t} NaOHE F3AIRT o] ¥gd
< Biospin 6 column®] $7 1000xgZ 4¥7 4
A1 82]3}31, Microcon 30 tube® &7 12000XgZ
387 A APEEsgith

6) Microarray Hybridization
YREA 0 AguEE Fulsk7] 43l prehy-

bridization bufferQ! 6X SSC, 0.2% SDS, 5X
Denhardt's solution, 1mg/ml salmon sperm so-
lution & microarray®] @oj®2]¥ 22mmX 22
mm$ cover glassE ¥ glueZ FE F 247
¢ G2 WA olF F3E dy 2X
SSC, 0.2X SSCE A3ty 50ml FEeA 3000
rpm, 2%7F AAE2333Th fluorescence probe
28.2ul, poly{dA) (4mg/m{ in TE) 1lul, yeast tRNA
(4mg/me) 1ul, human Cot I DNA(Amersham Phar
macia Biotech Inc, USA) (10mg/mé) 1ul, 10% SDS
0.8ul, 20 x SSC 8ulE E33te] 99X SEZE
WA ST A2oA 58 AT F AL
12000x g2 2%zt d4d&esta ©]o}A microar-
ray®l 23 & microarrayg 62Cell4] overnight
B2 AIZ T hybridization® microarray® 1xSS
C, 0.1% SDS 22 A&tk 0.1xSSC, 0.1
% SDS &422 50X 1083t AlHE 3 oo
A 0.1xSSC g0z 1083t oA AFsigich

7) Scanning and Data analysiss

Hybridization®] #Y microarrays confocal
laser—scanning microscope(Scan Array 5000)
22 scandte] @S AT Cy3(GHeNe laser)
£ 543nmellA, Cy5(RHeNe laser)= 632nme
AH2-3t9tt ImaGened} ScanAlyzeE ©]&3l 7
Z+e] spotoll Wit data® AFAT ¥ medianFS
ARE3 ZF spotd pixel intensity 4] local ba-
ckground intensity S 783 microarray’de} ho-
use—keeping gene? intensity %S o] &3t =
Az A0 g A9 F PFF4E normalization
3 3 AATH g7 AteloiA ZF microarray’d
o] Z} genedl WHAYEC] th3t ratio(Cy5/Cy3) &
At Azl vlEte] MAT A= 3u)
ol L& 1/3u} o3k RE {ost zost QU=
Aoz weprph2.
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BERRWO! | DM EZO| CD/cytokine MF BT 0|X= Mg

I & &

1. NE SEAE d2t

th27(100.01£12.0%) ol vlete] BEAHATL 5
82 10"ug/ml, 10 ug/ml, 107 ug/ml, 10 ug/
ml, 107 'ug/ml, Tug/m! ¥ 10ug/miofAE= 22t 92.3
t6.2%, 88.1£6.8%, 86.3£5.5%, 87.116.5%,
101.3£10.7% 103.8£15.5% ¥ 53.5£1.8%% Al
EEAEE Y 10ug/ml HA TSzl vlsh
o o35t olE Ao (p<0.01) T AEFS
T 2po] & Kol YoTKFig. 1>, SAAE At
EAdol ol Ao & BT 5 Skl sk

10%ug/mi2 25& Ax3to RNAZ %23)5ith

2. Microarraydl M| hybridization k&t
HMC cDNA microarray®l fluorescence hybri-
dization® GAME <Fig. 2>% 72t} AAL& Cy3, =

120% :
100% :
80%
60%

40%

Cell viability (%) after 2}

20%

0% il . < —
0% 107 107" 10

10 10
Concentration of Bee Venom (ug/m)

Fig. 1. The effect of various concentrations of
crude bee venom on cell viability of mast cell line
for 2 hour.

* significantly decreased cell viability(p<0.01)
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Fig. 2. Two—color image of an HMC—1 cDNA
microarray.

The array consists of PCR—amplified cDNA clones
printed on glass; the diameter of each spot is 500 zm.
A sample mixture consisting of Cy3— labelled mRNA
from untreated cells and Cy5— labelled mRNA from
EGCG—treated cells was added. After scanning for
each fluorescent dye false colour images(red for Cy3,
green for Cy5) were super— imposed. Yellow dots re-
present genes that show no change in expression. The
hybridized microarray was scanned with the confocal
laser scanner Scan Array 5000(General Scanning) at
543nm{(Cy3, GHeNe laser) and 632nm(Cy5, RHeNe
laser). Two independent experiments were performed.

82 Cy5el 948 FYRgolth, HaA% 54 4
#3 dETAN $287 2ol Aok BAT g

udte], FAL F TolA FHA EH 2 Ao
7h e Ae JERg

3. SSUEM XA EEo| SrE CD/
cytokine | X}

izl v|ste] HAFY ANZFEI) 3w o4t
QA AL HoF Aoz P& P yjmy Lo 2
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Figure 3. Relative expression ratios of Bee Ven
om treated

HMC-1 cells with vehicle treated HMC—~1 cells.
The genes in the upper part are upregulated by more
than 150%(table I ), while the genes in the lower part
are downregulated by less than 33%(table 1), that is,
upregulated in the vehicle treated HMC-1 cells by
more than 300%. Detailed lists of upregulated or down-
regulated genes are provided in table I and table I.

+ CD/cytokine #3zk= #&HA @skch ol
150%~180% HHE EHo] FAHE FAZE
& ti2 MAD(mothers against decapentaplegic
Drosophila), GTP—binding protein(NGB) mRN
A, CD246, transferin, antigen CD36(clone 21)
mRNA, IL-2R gamma, CD25, single—stranded
DNA-binding protein(SSBP), coagulation fac-
tor XIII, Al polypeptide 5°! UNTH<Fig. 3,
Table 1>.

Table 1. Genes upregulated in Bee Venom-—
treated HMC—1 cells

Normalized
Gene ID Ratio of
Medians

MAD (mothers against
decapentaplegic, Dr) hak286  1.520633
GTP-binding protein (NGB),
mRNA hak316 1.531719
CD246 hakl76  1.537094
transferin hak248  1.560186
antigen CD36 (clone 21)
mRNA hak276  1.588969
IL—2Rgamma hak262  1.633367
CD25 Ahn8 1.667744
single—stranded
DNA-binding protein(SSB) hak338  1.670145
coagulation factor XIII, hak306 1798942

Al polypeptide

ID is the name given to each gene in the Stanford
Genome Database.

Cy3—labelled mRNA came from vehicle treated HM
C—1 cells and Cy5—labelled mRNA from Bee Venom
treated HMC—1 cells. Normalized ratios of medians
were calculated as fluorescent intensity of Cy5 over that
of Cy3 and the ratios more than 0.33 are shown in this
table.

4. SSUFNY MX|A| YEo| XMslE CD/
cytokine & X}

2Tl Hlgt] AATY ASFE7} 1/34) o
3 AE % Aeg P& o nukAEY BE
HAA] hz2Fol w3t folatAl BHo] AdtEH=
CD/cytokine #&zh= tjz=Ttel] Bl3t 15%~33
%2 HEE B FAAZ EMUE colony sti-
mulating factor 2, CD122, IL-7, CD112, TNF-
alpha, CD138, CD166, TGFbetaR2, CD42b, CD
62L, CD111, interleukin 10 receptor alpha, co-
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Table 1. Genes downregulated in Bee Venom
—treated HMC—1 cells

Normalized
Gene ID Ratio of
Medians
colony stimulating factor .
2 (granulocyte) kribb7 0.156053
CD122 hak90 0.157731
IL-7 hak267 0.167974
CDI112 hak120  0.178427
TNF—alpha hak255  0.185695
CD138 hak101 0.215706
no match (Crea7) 0.218636
CDI166 hakllé  0.221455
TGFbetaR2 hak257  0.234322
CD42b hak66 0.234603
CD62L hak74 0.252085
CD111 hak119  0.253119
interleukin 10 receptor, alpha kribb121 0.262593
colony stimulating factor 1 .
(macrophage) kribb98  0.265479
CD38 antigen (p45) kribb71  0.26558
CDI12la haks8 0.268034
CD33 antigen (gp67) kribb31  0.273076
colony stimulating factor 1 .
receptor_, fo ‘ kribb84  0.289828
31 ﬁﬁ}k linker protein(SLP65), hak279  0.290634
CD9%4 Ahn33 0.292577
alanyl (membrane) .
aminopeptidase (aminop) kribbl 0.296377
immunoglobulin (CD79A) :
binding protein 1 kribb19  0.300105
CD205 hakl43 0303723
CD241 haki74  0.305033
CD207 hakl45  0.305362
CDwl121b hak89 0.309016
‘(’:‘lt)elgf‘/{‘*(pallggf L(antigen) 1 ibpon  0.310767
integrin, beta 1 .
(fibronectin receptor) kribb38  0.311232
CD91 hak81 0.326429
CD42b hak66 0.330585

1D is the name given to each gene in the Stanford
Genome Database.

Cy3—labelled mRNA came from vehicle treated HM
C—1 cells and Cy5—labelled mRNA from Bee Venom
treated HMC—1 cells. Normalized ratios of medians
were calculated as fluorescent intensity of Cy5 over that
of Cy3 and the ratios more than 0.33 are shown in this
table.
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lony stimulating factor 1(macrophage), CD38 an-
tigen(p45), CD121a, CD33 antigen(gp67), colo-
ny stimulating factor 1 receptor, B cell linker
protein(SLP65) mRNA, CD94, alanyl(membra-
ne) aminopeptidase, immunoglobulin(CD79A)
binding protein 1, CD205, CD241, CD207, CDw
121b, integrin alpha L{CD11a), integrin beta 1(C
D29), CD91, CD42b &l U TKFig. 3, Table II>.

HEO WAKE WEIE, AR 5o
RIERRS S Z0E 2580 wrag v
F3to] Z1@AHA, FHAF, 9F o8P, 7ot
B2 BE 5o $50] 2olx 9o 494, A
B0 moizg g9 29| oglatgoz o
AR 28997} A3 Rl Y S0,

HOHAEE BAGY] WRAge oA #AF
Age i), Fuigry BRIV Doy THE
@B gale] golnt 2o B|TAEI} B)S 3
7HEe) e Rol EEA don #ER Fx g
ofi A u]ekAl XL ] AHEQ] tryptasel} histamine©] &
Agrks 22195 wwne] g wRtA T}
gzlso] gtk A& AR bRAlEE 4F
2 27 A7l YA gAg s asiEAS
& BH)& F 4=, protease, histamine, heparin,
eicosanoid 5 3} cytokineo] olol s|FL} F
olelA #EF] A= ofF cytokineso] &
st o] AX Alo]d) Agg wiiEEA EF
ALY} AANES #AZ TojEol1 olE AXE
BJ3ls1q 7|28 23 & gk BAS0 £
HE T2 sH=d E5724 cytokine?) Interleukin
~1(IL-D3 TNF-eo& #EFY "] oA
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F8% 4gs g

Microarray 7]&< DNA sequencing, ®¥°] ¥
A A2e FAZ 2RP ) fA% 3 By 59
Hool] g450 gtk faA wd A7l oA
microarray S ©|83td Wo| EAsh= mRNAS &
Ao A FAZ WPL N4 FFHoz Hrt
& 4 glon B3] £%e FAAE FAA 5XE
F k= A3o] Utk mRNAE DNAZRH 33
AAbEe] 42 B2 mRNAE FAY dddte
drgslA gt olFA FBE FHAE FA AF
Hog HrigtozA Aed E& e A o
3 ®o gz 3Agd JEE 4L + QA HA
t}. & microarrayt ¥ TE & WY F3z
of sl 1 g FAlO BEE F UES e V)
2 S840 mis yon FAl FH~1T ¥
o fAzt sYe] sheEiR T 71&S 9 3 A
T 4 waE Qe e & AHE AYx
o)L} 28

B =o] v|ub4 £59] CD/cytokine F-3A} &ief
o)X= A4S gotrr] As ¢4 vlNAEF M
TT assayE Alg3lo] AXZAYES HgE BEst
Aok 2 2% 10ug/mi AT Tl Hlsko
FA% AXEYEY e BRI (p<0.01) o
2 AxFME AEEEEST FostAl AstEA
Atk A Fee 4] g v 528 &
22 F7] 98 10 ug/mlE AXG T d=2Fe
BES AR gttt 121 dz2Ey 47
CD/cytokine f-3zF Z@Z L] 2ol & TR

B dAFoME CD/cytokine 82} 342742 &
e FAlo AT F 9 microarrayE 7HA
3 HEAETE E40] Qe ZES] BEA(10 g/
mb) & A& WkE o FHA BEY T2
Hale e wEsn gz visty AT
NF7AE7} 3u) o] E2 1/3d) o3RI A& 79
& Aoz st An =AY AXA Y3

Byo] Frkshe ke FREHA @en £9
&A dde] ZAsHs 42K colony stimulating
factor 2, CD122, IL-7, CD112, TNF—alpha, CD
138, CD166, TGFbetaR2, CD42b, CD62L, CD
111, interleukin 10 receptor alpha, colony sti-
mulating factor 1(macrophage), CD38 antigen
(p45), CD121a, CD33 antigen{(gp67), colony sti-
mulating factor 1 receptor, B cell linker protein
(SLP65) mRNA, CD94, alanyl(membrane) amino-
peptidase, immunoglobulin (CD79A) binding pro
tein 1, CD205, CD241, CD207, CDw121b, integ-
rin alpha L(CD11a), integrin beta 1(CD29), CD
91, CD42b Fo] #ZHUY

TNF alphat #89Q, 9, NFE 5 B> 2
gl WeloA o8 98 sk 954 cytokine
oo}, 5] §AAAM TNF alphat: collagen ¥4
£ 9A3}7 prostaglandin A4S s A=
oM 2] colony stimulating factor 4k #}=3h
I prostaglandin® #EFNMY FE3 AAFY
5 A o] Stk AFHE FAA reactive
oxygen species®] MAHE -3 apoptosisE R
Th.2% TGF beta: @27 £9] w2y A4e) 9
olx FQ% cytokineol™ TGF betad #FAL
receptore] oJ&] ZAATP

integrin® heterodimeric /8 AXEH &
FEAZ AE7F ME7]H (extracellular matrix
ECM)elyt & th& A¥o} A543k 2AS v
W3} integrin @ subunit< 71 AIEE] 79 F o
2 60719 712 FA4E 7719 homologous do-
maing N-terminal 79| 7} transmembrane
glycoprotein®]™, integrin B subunit® & A¥
9] domainel 3HSE HHRHE cysteineo] FHFE
F93} 100~200 oFv|xAre] dig- BEAO] 3
F& 749 transmembrane glycoproteino]tH?

integrin beta 12 epithelial—mesenchymal inter-

57



SEFRH0 H|HYEF CD/cytokine RF SR 0IXl= B

actionold 288 H&2 &P, integrin LFA-1
(lymphocyte function associated antigen—1)
9] alpha L subunit2 CD1lagt2% 3M o,
FH 7, dE@F, AT Fela wEs1 CD54
(ICAM-1, intracellular adhesion molecule—1),
CD102(ICAM-2), CD50(ICAM—3) o} Agach®
CAM (cell adhesion molecule) 2] & &8 HY
ahg-3 AFWk3oA $53A 98-S 3 LFA-1
& integrin type CAMolul 2 w¥F o] o]F2}
9 f&o) F2 Bostn 2ol oA A7
A S5 ApradubeS xdsh= Yoz o
Tt Qo

CD12lai= IL-1R typel°lgtnE 3te FAA
E, T AXoAA o] HH3to] type [ interleukin—
1 receptor@ &83}o] IL-1e % IL-149 AEe
t} CDwl121bE IL-1R type 121 % 3} B AIX,
M E, G Folx go] WHE3t typell in-
terleukin—1 receptor® 243} IL-1a %} 1L-1
B¢k @Y}, CD122% IL-2RA2HIE shzd),
AASHAE, 7] TAL o, 4 BHAEAZL
oA BAEY IL-2 receptor 8 chain®Z 7|53
3 IL-18E EFA cytokine2® FFUEE
g4zl F4E F283 ¢y BaLE F
& 7182 WAtk BAEA [L-14 Lol &
b AT A9 FFuke BalFol 3
=1 FolgA Bago] oslE, B8 AT T
A IL-189) Wo] =W autocrine gene LE
& Z7slo] 2HEAY Hrt dsldon geiA
AF” B3] IL-1& FutelA $E) @XM &
50} 9lon collagend #AFsH= MMPE A%
@-E}-SB).

BAGNA TNF alphas F2 4ap7olA it
go] TNF alphad] $4& dAlske A8& 28-S
AsiA)Z 4= 9lo w?® IL-1 receptor antagonist
= $Ed FERAA 953 2ARHE A4

A
o2 YAk Rog A P IL-1oht T
NF7} 242te) receptorel A@sa B2 Ayt
2o] g4 3}5lo) -« B7} Q43 2 NF—« B 7} ©]
22 Eulgo] thaFst cytokine, adgesion mole-
cule, acute phase reactants, I-«B, pb0, c—rel,
cuclooxygenase—2 % NF—«B reseponse ele-
ment7} QU= F2AA] HARE AsA T INOS
U} MMP (matrix metalloproteinase) %°] %
71 ANE o] Azst BAss ook Y. IL-1
3} TNF alpha® MMP} HAFE £33 aggre-
can®]} collagen type II$} Z2 matrix compo-
nentd $4& AA3 #AE T WA dF
o] 5= B BojgH?,

IL-72 pre—B cell¥} pre—T cell® 4% #
ojdtt} IL-102 THE, dAAE oA iAAx
75e kA AN, IL-10& Feielx 8
ape) A AHE/AET Z& BxFE Yo
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