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A line of study reported that electroacupuncture(EA) modulate natural killer cell(NK cell) activities. One
report suggested that EA enhanced splenic interferon—gamma(IFN-y), interleukin-2(IL-2), and NK cell
activity in Sprague-Dawley rats. Another study suggested that IFN~7 mediates the up—regulation of NK cell
activity, and endogenous B —endorphin secretion also play a role in the up—regulation of NK cell activity
induced by EA stimulation.

In order to better understand the molecular regulation underlying the activation of NK cell induced by EA, we
have utilized cDNA microarray to elucidate how EA alters program of gene expression of spleen in rats. First, we
divided three groups, group I was EA group treated with EA in restriction holder, group I was sham group with
only holder stress, and last group Il was control group with no treatment. We measured NK cell activity after EA
stimulation three times for 2 days using *'Cr release assay. Second, Biotin—labeled cDNA probes synthesized from
EA group and sham group, were competitively hybridized to the microarray that contained variable genes. Such
high—throughput screening has identified a number of EA—responsive gene candidates. Of these, we found that
EA induced a subset of genes that functionally could modulatory effects on NK cell activity. Genes(vascular cell
adhesion molecule—1, protein—tyrosine kinase, CD94 mRNA) related to boost NK cell activity, were increaed by
EA. And, genes(protein—tyrosine—phospatase mRNA, protein—tyrosine phosphatase(SHP—1) mRNA) related to
inhibit NK cell activity, were decreased by EA. These EA~responsive genes may provide key insights from which
to understand mechanisms of activation of NK cell induced by EA.
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o FEE nxl= FHA gt ATE vl @l
Aot o)l Hzl= FAle FAHA FAx LY
& #Ig F &= microarray 71 & o] &3l 3
Z=o] NK cell activityol] »lale @kl @3+ &
Az #4E AEsl

HA Cr release assayE Aldslo] WYz
Z3 shamT2 NK cell activityg Z3goay
AAe] NK cell activityoll ojmgt @3S n)x)=7}
£ ATE A% oudt Bo] Az A3 9
& AHEHEE g8 918k Oligonucleotide
chip microarrayE A8}t

71 A AHFY NK cell activitys shami®el]
Hl&] fol8hAl ket 3, microarrays A3t
An AHTAM NK cell activity® F7}A)7)=
mRNA for vascular cell adhesion molecule—1
(VCAM~-1), calcium—dependent tyrosine kinase
mRNA, Rat mRNA for protein—tyrosine kinase,
CD 94(Cd 94) mRNA &o°] shama*] H]3tq &
7k o, NK cell activity& A& protein—
tyrosine—phospatase mRNA, protein—tyrosine
phosphatase (SHP—1) mRNA %©] shamaol] ¥
Bto] st o] A A 98k NK cell
activity®] W29 7]A& oldfish=dl F3 @A
7h €9 oz Alggrh

I. Az 9

1. S8

Sprague—Dawley#l €4#E Charles River
KoreaolX 6~8F# g HAl= 220~250g8 +
dPom 2xg §E 181 FE EF Yol
FHA Aol AMEsItH12h dark/12h light cy-

cle, 25%£2T, 55+10% &%).

2. 38
A9 3TN QA FdPAR Sl
(ST 36)%¢) Ab&ah= 898 HYslgch

3. ®ME X=

5 709 "o AEiRlYA H(Length :30mm, dia-
meter : 0.25mm, Dong Bang acupuncture Co,
Seoul, Korea)& 5 Fitelol] st 27
A AH AR71el SJsl AEERCH (Voltage
1~5V, frequency 1.5Hz, duration 0.25ms) 3
o] A7y AgerA 2AYPEH IHY FFHo)
dojuks Hagre] AP|R ok AEFE AF
¥, shamit, RTFOE ro] AYTFL 29 F¢
3084 33] o}y Frje] Wi WHAAEE F90
o, sham& 2 AZHEQH 0o Yol EHAE
HgAgkE Folon, R offd HNAE 3§

43k

4. NK cell activity 53 &Y

v)4e] NK cell activity®= & 4h-"'Cr re-
lease ¥AWoR ZAsIUch eElAl Qok3d
HAE A HoE A3 10mee) wiRof sin-
gle cell @894 TEUTE JE1E Haldlo] ¢
N Fol effector cell?) #EHS phosphate—buf-
ferd saline(PBS)E 2¥ of Av} A 55
iAot thA] B-FAIFC) HAM] X E o YAC
-1 HEQ #Ho YTFUYHIE target cellE A}
319k A FEE A 100 effector
cell#} ICr& EX|3t 50u0(2 % 105¢cells/me) ¢ tar-
get cell& 96—wellq U-3 v} microtiter
plateo| Al vlIA AT} old effector$} target cell
£ 10:1, 30:1 I3 100:1% cjkst &z
AHEEIATE Platet 4A1%F B¢ 37CE 5% CO»
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off ujekst & 7249l welloll A =318 100109 A
HAE YA 58 dAEEE stH400Xg).
UIr BEE Avl ARE ASNE A EA
oy =8 o] AHAE YHA AU IN HCle
A wjokste] ApkEat Ha WESS 2T
ApdEe HE 1 w39 84 18%¢l sFEic)
Percent specific lysist o5 F4]o 23] <ich

Percent specific lysis = [(experimental *'Cr
release-spontaneous °'Cr release) / (maximum
*ICr release—spontaneous °'Cr release X 100)]
NK cell activity= %3+ Lytic Unit(LU) 2.2 FA|
st 1LUL0E 10%9) specific lysiso]l L3
effector A2 wAtd] AAHSF total LULO
& effecter AIE 10°707k 1LUL0Y B wjell a2
=R YERdT

5. Oligonucleotide Chip Microarray

1) Total RNA #2]

zt 782 Fo}lA spleen celld RNaeasy mini
kit (Qiagen GmbH, Hilden, Germany)& AR&3lo]
A ZAES] protocolell wel Total RNAE #3815
t}. %2 total RNAE spectrophotometer (DU
500, Beckman. Inc., USA) 2 F&3% ¥ DEPC A
2l FHTFE o83 F=7t 2ug/w7t HEE
p=g

2) cDNA ¥4

1849} total RNAZ} ds cDNA 4ol A4-5I)
t}, cDNA 42 Superscript Choice System
for ¢cDNA Synthesis(Invitrogen Life Techno-
logies, USA)E AHEste] A ALY protocolth
st ot ss cDNA @40 AFS-® primer
= 100#M T7-(dT)24 primer(Genotech, Ko-
rea})E 1E ARSI, ss cDNA #4& Y3
g 5= A ZA} protocol®] 37TelAM 42TE
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uHfto} AME-3IgIT BAE ds cDNAE HFHog
12u09) FFrll =it

3) Biotin-labled cRNA #4

12u4£9] ds cDNA F 3.3u7} biotin—labled
cRNA g4 A=Atk Biotin—labled cRNA
A& ENZO BioArray Highyield RNA reanscript
Labeling Kit(Affymetrix, USA) & A}&3lo] A%
A8} protocolel wet Al8Esitt. #4d€ biotin—
labled cRNA RNaeasy mini kit A}83te] A
ZA1e] protocolth2 cleanup® ¥ spectrophoto-
meter® EBA 1/ 57t HEF SIGich

4) Fragmentation of cRNA

3% 20ug cRNAYE 21402 5X Fragmentation
buffer (200mM Tris acetate pH 8.1, 500mM
KOAc, 150mM MgOAc)E #7135t & DEPC A g
FHRTE 40u7F HA AT 409 WAL
94CollA] 3582 HjFste] 30~200based] &7t
o7 e

5) Oligonucleotide Chip Hybridization

cRNA fragment 15xg& 12,000 ©}’¢2] Rat
#zks} EST clusters?t ©A1El0) 2l GeneChip®
Rat Genome U64 array(Affymetrix, USA)¢} &
£-38l%] hybridizationd}gith. @S P2 A xA
o] #Xt}& standrad format protocolZ uwhgtth
150p8 2 Xhybridization buffer (200mM MES, 2M
[Na'l, 40mM EDTA, 0.02% Tween 20), 5u
3nM control oligonucleotide B2 (Affymetrix,
USA), 16pt 20X eukaryotic hybridiztion controls
(bio B, bioC, bioD, cre 30pM each) (Affymet-
rix, USA), 3¢ 10mg/mé herring sperm DNA (Pro-
mega, UK), 38 50mg/mé acetylated BSA (Invitro-
gen Life Technologies, USA), 30l 0.5ug/1d fr-
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agmented cRNA E§ e DEPC A& FHFE 3
7heted 300ue) ¥Hg-AE wHEdTh

gk 99T 5%, 45T 587 ¥ES ¥ 15,000
xgollAl 5E diEeste] B84 48 AAG
itk Array chip2 septag F3ko] 200p0°] 1x
hybridization buffer® 32 ¥ rotisserie hybridi-
zation oven(Affymetrix, USA)°l4 60 rpm, 45T,
103} incubation}3ith.

Array chip®llAl hybridization bufferg 7%
F 20008 HEEAE A$-3 Rotisserie hybridi-
zation oven®l4 60 rpm, 45T, 16A13F E<F 3HE
ATt

6) Oligonucleotide Chip®l staining3}
scanning

Hk-2-o) 89 array chip® GeneChip Fluidics
Station(Affymetrix, USA)2 EukGE-WS1 pro-
tocololl whek A#E}A 01 econdary antibody am-
8389t} washing ¥ staining® %
GeneChip System confocal scanner (Hewlett~
Packard, USA) & ©]&38}o] 3um resolution®.&
H scand3irt.

plicationk

7) Sampled Quality 37}

7} 79 total RNAS} cDNA % fragment cRNA
= 1ug& 1% agarose geld] A7|QES S sized
H71eket. f-actin ¥ GAPDHS 3' oligo$} 5'
oligo® average Differental expression ratiov
AZALY] BEYER 3 v|RI7HE lEsich

6. Data X2

NK cell activity 5% A% datat mean+SEM
(standard error mean) & EAIBFE A9 9
4 M7hk= SPSS 10.0 for windows(SPSS, Inc.)
£ o]843to) Mann Whitney U-testE HiHisich

Array chip9 scan datar GeneChip 3.1 soft-
ware (Affymetrix, USA) & o] §-3t4] #4315t}
Hybridization®] €34 control oligonucleotide
B2, bioB, bioC, bioD, cre signal® BlZEL

% H7pslgie. AHEE array chipell® EE pro-
be oligonucleotide®] th&te] mismatch probe’}
AFsAM gA=o] o] positive matcholl thstod
AtH o2 mismatch’} & A%+ datadlA AA
a3ict.

2t FAxe) Wk signal intensity?l Bk
9% normalizationdto} average differential ex-
7% ¥ GAPDH, B-actin %
housekeep gene® TA¥ internal control¥ spi-
ke control€ AD valueo] thg Atjx& o] &3}
o] nlagregsn wdFe zo)7t e FAANE
RS

WEF] e AYLE 7)1F2E shamdollA
o) W] wngE HAAEAth shite] fAaAw
oje] 7§19 oligonucleotide”} AEHo] oz 2zt
oligonucleotide®] hybridization intensity®] 3¢
#FoR HIE lon WHEFS xolE Hlee
NEE 7RALE AZRAY FHYRE 12 oL
2 &9} Oligomucloetide microarrayd 2+ #9
signal valuezte] A¥3)A ¥4oll= GraphicPad
Prizm 3.02(GraphicPad software, Inc.) & ©o]&3}
.

pression(AD) &

m 2

1. & X2 # NK cell activity2] #i3}
2947t % 33 AHAE T NK cell activitys
Az aro] 5.5910.590]901, sham A= 9.21
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£0.57013 00 AHASTLE
Sham A=72 Az s vlas] AR &
g4de] e AHRSTE Yz F 7 i
2d 25 FAHY FoA4E HATFig .

13.21+0.520]31t}.

2. Oligonucleotide chip microarray

1) Laege] Aolg Kol HAA

7} §Abe) WS signal intensitye] Bt
© 2 normalizationdto] average differential ex-
pression(AD) & T8 ¥ GAPDH
ping gene% 3% internal control® spike con-
trolE2] AD valuedll thgt x| & o]g8te] vl
}dt} GAPDHS] #M3o|ut shamatoll Al 43}
At

9120 BRE HOFE oo AtE AHAMHY
ool A AAE £ control oligonucleo-
tide B27} hybridization®|oj4] wkE0idl positive

% housekee-

Lytic Unit 1
Le-]

T

Corttrol

Fig. 1. NK cell activity after EA in normal rats.

All parameters are expressed as Lytic Unit, which
are represented by the LU10. Symbols represent the
following :

[ normal control group,

¥4 sham group,

B electroacupuncture(EA)-group.

A star above the parameter means the significance
of difference between normal control group and sham
group(p < 0.05).

Two stars mean the significance of differences bet-
ween EA group and other groups(p < 0.05).
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Rolet. %

o]ul—

S el olsl) ZEAA 4BE FAL o
ATtI<Fig 2, 3>.

Microarray scan A3 log—log scale? scat-
ter plot®® A3 <Fig 4> 2t}

Fig. 2. Scan image of each oligonucleotide chip.

Blur square image shows hybridization of spike
control added to check the efficiency of hybridiza-
tion. All array chip was passed in positive and ne-
gative control test,

Fig. 3. Scan image of each oligonucleotide chip.

Blur square image shows hybridization of spike
control added to check the efficiency of hybridiza-
tion. All array chip was passed in positive and ne-
gative control test.
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Control
Fig. 4. Scatter plot of signal value means hy-
bridization intensity in log-log scale

(A) Comparison between EA and sham group
All signal value means AD, which was normalized
with average signal value.

AT shamel wlsted w@Ze] 2o|E
Bl HARE F 154F 28 olF 30F9 /A
v gl FAET, 124F9] FAAE Wl

NK cell activity9t ZE® FHxE A% A3
T <Table 1>} o} HAFIM NK cell activity
%771 mRNA for vascular cell adhesion
molecule—1(VCAM—1), calcium—dependent ty-
rosine kinase mRNA, Rat mRNA for protein—
tyrosine kinase, CD94 mRNA $o] AH A
Z718tg1oH, NK cell activity2 A8l protein
—tyrosine—phospatase mRNA, protein—tyrosine
phosphatase (SHP—1) mRNA £o] 7433t}

Akl £398 YehlE Cu, Zn superoxide dis-
mutase mRNA, glutathione S—transferase Ycl
subunit, heme oxygenase gene®| 43Tl 25}
F7V5F3 e Table 2>.

ADP~-ribosylation factor 1 mRNA, ADP-ri-
bosylation factor 4 mRNAZ} PN F7}3h

Table 1. The genes which significantly dif-
ferentially expressed in sham and EA Group(NK
cell activity related genes)

Gene Name Fold~ ID#
Rattus norvegicus
protein—tyrosine-phosphatase -2 M33962
mRNA
Rattus norvegicus
protein—tyrosine phosphatase  -1.6 U77038
(SHP-1) mRNA
R.norvegicus mRNA for
vascular cell adhesion 3.1 X63722
molecule(VCAM-1)
Rat mBNA for
protein-tyrosine kinase 2 X58631
Rattus norvegicus CD 94
mRNA 20 AF009133

* Fold means ratio of hybridization intensity. The
genes with negative value are abundant in sham
group, while positive value are abundant in EA group.

# ID indicates the accession number of GenBank
(NCBI).

Table 2. The genes which significantly dif-
ferentially expressed in sham and EA Group(an-
tioxidant enzyme related genes)

Gene Name Fold+* ID#
ADP-ribosylation factor 1
mRNA 3.1 L.12380
ADP-ribosylation factor 4
mRNA 2.1 12383

= Fold means ratio of hybridization intensity. The
genes with negative value are abundant in sham
group, while positive value are abundant in EA group.

# 1D indicates the accession number of GenBank
(NCBI).

Gt Table 3>. ADP-ribosylation factors (ARFs)
+ 20kDa® GTP-hinding proteins®]™ the ras
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Table 3. The genes which significantly dif-
ferentially expressed in sham and EA Group
{(membrane traffic refated genes)

Gene Name Fold~ ID#

RATSODCZL Rat Cu, Zn
superoxide dismutase 2.6
mRBNA, complete cds

M25157

glutathione S-transferase
Ycl subunit [rats, fetal 2.6
liver, mRNA, 1052 nt]

S72505

Rat heme oxygenase gene,

complete cds 2.0 J02722

» Fold means ratio of hybridization intensity. The
genes with negative value are abundant in sham
group, while positive value are abundant in EA group.

# ID indicates the accession number of GenBank
{NCBID).

superfamily$] subgroup®|th ARFst AlZHEH|
A9} phospholipase D& activationAl7]& ZRLE
aeA Utk

V. %

2zt 3] AYATE shamoll H]ste] NK
cell activity®] F7He B3tk oA Yu Y, & §
9 Ao} YAFE Yepirt. V32 vy ¥ 52 o)
23 A ) NK cell activityoll F&E v]X&= A9
= INF-7, IL-2, 18]1 B —~endorphin E°] o]
gokn Raspge®?

AR ARTY vl celld EolA total
RNAE F%3}3 cDNAE #AF ¥ A biotinoE
labeling3ld 4] ¢cRNAE §438k oligonucleotide
chip microarray®ll hybridizationdt 23} 23]l
A sham7ofl B|3te] w@ze] xjo]l& HQ {FAA
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% 154502 o)F 30F9Y #F¥zk= wdo] 7
&1, 124%9] Fize BEo] Fotskitt. Z
te] Oligonucleotide chip microarrayE scand}
o] 9& signal value % hybridization intensity &
scatter ploto® H#sta A3 +4E& A&
27 27 AT, 2y A8E, gAY o
279 7 scorer BF 0.95%0.05 oY E BEA
HOEH data®] HrEAHS FET ACE Algd

ATl shamdol] w3} L@Fe] WsE
Hol FAAES A¥RY, NK cell activityd] &
8lojM+= protein-tyrosine-phospatase mRNA,
protein-tyrosine phosphatase (SHP-1) mRNA+
ARToIM shamzoll vlgld Ao, VCAM
—1, Rat mRNA for protein—tyrosine Kkinase,
CD 94 mRNA°| AHTelM shamT ol Wty F
7¥etsict.

AR HEE
negative signals® %o} cytotoxic activity® X
ity NK cell receptort= target cell® histo-
com—patibility complex(MHC) class19] inhibi-
tory or activatory molecules$} ZA¥gtch, 12]3h

o] human killer inhibitory receptors % im-

o

Z

{

receptorsell &3l positive and

munoglobulin superfamilyt} another family of
Eol3tA o hu-
man leukocyte antigen(HLA) class] allotypes$}
ZA85l9) NK cell mediated cytotoxicityES A gk
T}20% widjz A2 AR inhibitory receptors
S} AR moleculeE2 NK cell activity® %32
A7)E dge IR CDo4E 70kDY
disulfide bonded dimeric protein®.& ztdAts)4)
9} A TAZANN Yehke 222”, CDY4 C
—type lectin NK cell receptory £0]3 mem-
bers of the NKG 2 family®} T538k o8 g
& FY8P. CDY4/NKG2AE SHP tyrosine

phosphatases®} ZA#3}d tyrosine—based inhi-

related Ig—like receptors¥
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bitory motifs(ITIM)& 7Fd NKG2A subunit&
%3l inhibitory receptor® £} 108 o

= Wl2 CD947} NKG2AE #AHHAIRE ITIMs
2 7}A)A) 942 NKG2C protein3}t Ag3d DAP
-129} AZAHO] triggering receptorZ 2§38t
2% CDY47} cell mediated cytotoxityE %7}
A7) 7Z9-E activation signaling pathway©ll ¢
8 M¥UW protein tyrosine kinases(PTK), ph-
ospholipase C, and phosphatidylinositol 3—kin-
ase® BAHATT AR ALY BHAIT
98t microarray 23 CD94 mRNA7} %7131
o, ®ICr release assay® %38t NK cell ac-
tivityo] 71 RA& Bol AMAFoE CDY4/
NKG2C receptore] &) NK cell activity®] &7}
o7 AR

AEWME F F579 PTKs(the Src and Syk
/Zap~70 families)”} immunoreceptor—mediated
signal transductionel] #Hsh= AL LA U
V19 o7 AT st Src-related enzy-
mes®] immunoreceptor tyrosine—based activa-
tion motif(TAMs)ell QA&
rosine& <UAFFCEA  immunoreceptor sig-
nalingg AR RAeE ¥ o oE ¢
Av8h=  Syk/Zap—70-related PTKsE A3t
FE3= 88 Fok Src and Syk/Zap family
kinasest= o] downstream effectors(phospho-

two conserved ty-

lipase C(PLC)—, the guanine nucleotide ex-
change factor Vav, phosphatidylinositol (PI) 3'
kinase, and Ras)& 843417t} o]zt down-
stream effectors® AU FZEL Aujx|3}y,
AAFE BAsAA rRReR HoRge fEs)
A o’

olgl= HIHE negative regulatorsZ¥E SHP
-1, SHP-2, PEP, CD45 and HePTP, the Src
homology 2 domain—containing inositol 5'—ph-

osphatase (SHIP), and the protein tyrosine ki-
nase Csk# protein tyrosine phosphatases
(PTPs)E0] 3Uth o}F ¢hA3] o|Eof tfdt 7]Ho]
TFEEAE ¢tAul, immunoreceptor tyrosine-
based inhibitory motifs(ITIMs)& 731 U+
killer inhibitory receptors(KIRs) and FcRIIB %
2 inhibitory receptors &8l SHP-1, SHP-2,
and SHIPo] Rol& Rog & o}, '7?

Protein tyrosine phosphatase % SHP-1<&
killer cell Ig—like receptors(KIRs)E %3l A
AAAAMEY] GAE Ak Roz W HGED

B A7 A3 Ay AR 98 pro-
tein—tyrosine kinase’} $7F8}i, protein—ty-
rosine—phospatase, SHP—10] Z4§ RoE
Ebtrt.

oj7lg AAel & protein—tyrosine kinase’}
F7kska, NK cell activity& 9Al38R= protein—
tyrosine—phospatase % SHP-1 4% o2
Ho} activation signaling pathway?} o]0l 7
& & & 9loH, <Fig DA vepd R o)
AHol 98] NK cell activityo] shamToll 8|5}
7t g Y s FAE AAZL.

T3, VCAM-12 JgAxe EHe] cytokine
o o8 WHEHE A YT} Rojed T8
3 dgg sk E3Fo|t}, VCAM-12 Interferon
o s Frtehe Ao R dA e, INF-7 £
AR AR EHlghe F2§ cytokinelE
INF~-y¥+ TNFZ #E¥ VCAM-19] A} wt
A& Z7MPIE AR g3A AP VCAM
-19 37k 84St AAdSAEAA BulEHE
INF-7y ¢} &g 222 3¢ A 93 2}
AASIAIRES] 8449 Wzl Bl FHHE 7)A
& <Fig 5>} #t}.

ojell = Mol oJsto] FAI3} 243 BAE ]

CwZn superoxide dismutase, glutathione S-—
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transferases(GST) YC19) ®#eo] 7184 th Cu
/Zn superoxide dismutase(SOD)+ catalase2t
&7 F 23 antioxidant enzyme(AOEs) 22 3}
7} ARPrE AOEs7F FolEe A0® Yehty
3lrt.

SOD+ superoide ion(O—-)& NOgt d§§oz
# peroxynitriteZ BHrE A& A4, Absha
Lol dst] AEVL FAE e RE e Ao
A Aok

wgh A A3 gt GST YC1%E F7HIA
=], GST+ glutathione® MX Jaog H4
£ W AI8= carcinogenic compound®} ZA§gHO
ZH HxYolE 9Ed: isoenzymelZ YC12
GSTY subnit®) spfo|t}*

Heme oxygenasei= skin fibroblastsol4 UVA
(320~380nm) radiation, hydrogen peroxide$}
sodium arsenite® F%%+ 32kDagl protein®]
t}. Heme oxygenaset- oxidant stressel| chs}od
Z2% cellular defense mechanism& TAsH=
ALL sk AL gEA A oluF FAAE
o UEe AYE st Ao FEE F Qe

< SA7F E AeE gzd

ADP-ribosylation factors(ARFs)¥ 20kDa%)
GTP-binding proteins®]® the ras superfamily
9} subgroup®|th HE&oF WHE AL Initially
identified through in vitro studies as the het-
erotrimeric G proteins the cholera toxin—ca-
talyzed ADP-ribosylation®] cofactors® Y#%
t}. ARFst= AZHGMA S phospholipase D&
activationAl7]E= Ao &4 o
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