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dependent cell-mediated cytotoxicity %
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£ A= #3 3 (homogeneous) 2zt
T HIAHNEFE o|§3ld, o]E AHEFY
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1. Ml Zufjek
B AYd) 2R3 AEFY FHE g/

YA M EFS U937, RAW2647 ¥ WR19m.1
# TYHAFHESF9 CTLL-R8, HuT7s,
CCRF-CEM % Jurkat, B g gAlxsF9l
Daudi, A20, SKW6.4, Namulwa % Raji,
erythroid/promyeloid Al £F<1 K562, KGla,
HL-60% ot ©l%F RAW264.73%}
WRI9m.12 10% fetal calf serum(FCS)o] ¥
8" Dulbecco's modified Eagle medium
(DMEM, Gibco)dlAl vjkaldx, KGlae
20% FCS7F X883 Iscove’s medium(Gibeo)
AAM wFRen, UnA AEXFEL BT
10% FCS7} E3¥ RPMI1640(Gibco) o] A wl
Fatgltt. BE A, 5% COp 100% 4% 2
37T 2x9 FYT 2Ao2 vk

ul
=

2 HIEZEXIS 3 jLdEHY Al FH|

Z} M E3FE Dulbecco’s phosphate buffered
saline(DPBS, Gibco) 2.2 A& 3}e] FCS7F X
gdEA e FEH DMEM, Iscove's
medium, && RPMI16409] Z} A=A E AG
FTER 713 16 A7F WA 18A17F w3}
At ASFAZ ALS3E lipopolysaccharide
(LPS, from E. coli 0127:B8, Sigma)+ 01 =
L lpg/mle) FEE AL ALY,
concanavalin A(ConA, Sigma)y 5#g/mlE,
12-O-tetradecanoylphorbol-13-acetate (TP A,



Sigma)+ 10ng/mlE, phytohemagglutinin
(PHA, Sigma)e 3ug/ml &, N°O>dibutyryl
adenosine 3’5" cyclic monophosphate (dibutyl
cAMP, Sigma)+ 500#ME, SP(Sigma)+ 10
WA 1010Me) & 747} Ale-at T
FEA AHE 16417 WA 18A1 7wl ool
g & ougA S 3000mmoE 1087 93
AlA Bl FRE AT olE FF A7)7)
A3te, 1mlel A Ao 3004 100%
trichloroacetic acid(TCA, Sigma)E H7}3 &
Ao HolA 2587 @A S AMAA I,
12000rpm, 4C¢ z7Aog 2527 gwxds
AAANA ARAE AA Ak dyF JA
Eo 1049 H7|19%F AELZFH(50mM Tris,
pH 68, 2% SDS, 01% bromophenol blue, 10%
glycerol, 5% mercaptoethanol) & 713l &
& A7l o, 100CE 587F denature Al AT

3. Westem biot A

Z} A 59 4% recombinant(r) MIP-1a,
rlL-18, 2 [IL-6%5¢ ¥EFAEE Laemmli®
¥ (1970) o) wa}, 15%(IL-18, IL-6)F 20%
(MIP-1a) gelolA] sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-
PAGE)3 % PVDF membrane(Millipore) o)
transfer3l . Membraneg tris buffered
saline(TBS)/tween 20(TBST, 10 mM Triis,
pH 74, 150 mM NaCl, 005% tween 20) & A
3 3l%, blocking &% (5% BAEH/002%
NaNs/TBST)el o AgoA 3087 ws
A ZAth TBSTE membraneg 23] A& 3},
rocker& 2 40]FHA primary antibody3]4d
Bo g [AZERF A2oA ¥hg AlF o]
o] A}& 3 primary antibody¥ rabbit
polyclonal anti-MIP-1a antibody/TBST 1:200,
rabbit polyclonal anti-IL-18 antibody
(Genzyme)/TBST 1:200, mouse
monoclonal anti-IL-6 antibody/TBST 1:500
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Solag, ukgol Y ¥ membraned
TBSTZ AZ3A &5 1084 FAd Al
282, rockerZ & 40}FHAM secondary
antibody/TBST 1:3,000 3Aaoz 1 A7t
T4 A2oA WEAAHD, olm AL& 3
secondary antibody+ alkaline phosphatase
(AP) conjugated goat anti-rabbit IgG
antibody (Bio-Rad), &2 AP conjugated anti-
mouse IgG antibody(R & D)t} whgo] &
v & A EEWA membrane2 TBSTE
1024 F2hd MA3% o2, akaline phosphatase
o] B84 substrate?l bromochloroindolyl
phosphate (BCIP) /nitroblue  tetrazolium(NBT)-&
alkaline phosphatase buffer(100 mM NaCl, 5 mM
MgClz, 100 mM Tris, pH 95)e] 343y
membrane®] ©M A band7} BYu7tA] AL
oA Whg AJA T
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£ AN AMEE A8 HAMNEF Fo
western blot £ 0 2 cytokine v
2% 4 A+E high producerES ol
7] 93ted, Z+ MEFEY st AF 3
ASFAES A2, GdHAAA MIP-1
a IL-18 ¥ IL-69] 8 ATE westem blot
o8 BAso YoHoz 1 AxE vy
o2ZNH ¥ 19 A#E IAh
GAAT/PAAEFE LPS 1lpg/ml2 A
F3l9 S ®, RAW26473% WR19m.lol A&
TE53A R AAdAME s A3F 8
kDa¢] MIP-la band7} &=L}, U937
Me B5HE AEYdxE B3 MIP-le
band7} #FHA FAdH2Y 1, 2Y 4 &
1). IL-189) ALE LPSE A=234L A%
GANE/NHHNEF BT 71 fadF F
7}8 ®.92(17 kDa band), U937 vz A
g IL-18 bandE JEIATHIZY 2, ¥
1. [L-6¢ Z& A¥4Y dal2/daqz3
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H# 1 Secretion of inflammatory cytokines from immune cell lines induced by various chemical signals.

Cell Line Chemical Signal MIP-1a L-18 IL-6
Monocyte/ ug37 LPS - + -
Macrophage RAW264.7 ++++2 + -

WR19m.1 ++++2 + -
T lymphocyte  CTLL-R8 ConA/ILZ2/ + - -
HuT78 PHA+TPA - - -
CCRF-CEM - - -
Jurkat
B lymphocyte  Daudi LPs/TPA - + +
A20 - - ++
SKW6.4 - - ++
Namulwa - - -
Raj - - _
Erythroid/ K562 LPS/TPA - + -
Promyeloid
KGla dbcAMP - - -
HL-60 - - -

Arbitrary scores are deduced from band density of western blot analysis.
2 Cell supernatant needs not to be concentrated for western blot analysis.

A westen bloto.2 #&E 5 = F 9
FE e JepA R HE 1).

T oA EFAME A cytokine F,
CTLL-R8S PHA 3pg/miz} TPA 10ng/ml=E
A 2AFEAES AFol MIP-lag] €2
bandqte] #Z =& #o|m, HuT78 CCRF-
CEM, Jurkat9]*l+= western blotAfollA] o
gt cytokine band® ##FA] RIIGTHE
3, 218 5A & 5B, ¥ 1).

B ¢ MEFE Daudid] 799 kzhe)
IL-18%w 7} #EHUI(2Y 4, § 1), MIP-1
ar BE FA} YA E oA western bloto 2
#ZE F de FEFE YA 2L
o(E 1), [L-65 A20, Daudi, SKW64 A9
Mgt Ag band7t FAEHNLY, BFAE
IL-62] H=xpgko] 24 kDagld]l ®3td, A20%
32 kDa, Daudi+ 329} 35 kDa, SKW64+= 29
kDao 2, M2 Aolg IL-6 #¥A3E veh)
Rt olE MEFENA IL-65 YAHA &
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g ERen Daudi ¢ SKW64= LPSY TPA
2 AFeAE o ojdy #v) T/t very
2| gkt (2@ 5B). Erythroid/Promyeloid Al
EFoM e K624 £ & LPSE 238 79
IL-18 band¥t 3jw|3}A] AL Eo Tk
E3] HL-609 7#A$ TPA% dibutyl cAMPE

HAAE, £ dPgNEdz2 B3E fk
st 2] HYoy o] cytokinek
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western blote2 A& 4 9 LaFge U
EhA] Rt ti(2d 4, 2¥ 5A, ¥ 1),

a8 6& M EF RAW26479] LPS,
TPA ¥ SPE AZsld g wWe MP-la £
Ze B3 Zojth SP 10° M @& A4,
) zZol B35t fz7he] MIP-le ¥4 718
Yeh iR 2, LPS #HHold F%E2 0.1xg/mlA
Al v)s2d AE BHYon SPY LPS
A AHEA vxnEH He o H53F
(synergistic) ®4] F71E YeRfich TPAE
LPS HHolst Frr} vf-$ mefst 7y =



AL Yehiles, SPet TPA FA HE]A o
T LPS¢ SP e Ae? 4 YehlA
rorch(29 6). WRISmIdAME RAW 2647
I AL FAE G BA=T, SP @F A
2 A, RAW264 794 Bok MIP-1a #H] §%2%
fo] AR wlekslFon, SPe LPSY FAIZ
£ £ AR JepidY (289 7).

IL.-189) 7 %A% RAW264.72 WR19m.1
2% MIP-1ag} A b8 342 eI
t} &, SP 10°M3 LPS 01 #g/mlE <749
Ba) 27171 dew, TR B A4

HeAe B FE} dolwon 3 4%

o
Lt
/

53

'y

MWt

ConA 5pg/ml3} SP 10°M A elo] €] 3t
MIP-le #H] f=7} YehtA] &2 v, SP
107 M HgA] G434 871 FEHALH,
PHA 3gg/ml3} TPA 10ng/ml BA] A g]Ad
E FAR 359 MIP-le #H7F FEEHATH
23} PHA+TPAS SP 107 ME BA o A
25 9e Ao AMNEFA LPSS SP7}
BoFEAd dedQ BH&E7 YEAE
o¥ol, cosignalel FHel wet £ A EFR
e} FAAA 7 g HeEpiAT(ZE 3).
23 9= A204 ¢ SP 109 M#} LPS 3
Holgt ¥ESl 0lpg/mlo] IL-6 FH|Fo oj
3t mAle TS vebd Aojtk LPSs
SP7F A2 FAHe A w9 1L-6(32 kDa) ¥
F2E dozlen, TR WE AAde

KDa B ¥
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1% 1 Induction of MIP-te secretion from monocyte/macrophage cell fines by LPS stimulation. 1044 of cell supematants
were fractionated with 20% SDS-PAGE and subjected into westem blot analysis.
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18 2 Induction of IL-18 secretion from monocyte/macrophage cell lines by LPS stimulation. 1 ml of cell supematants
were TCA concentrated and fractionated with 15% SDS-PAGE and subjected into western bot analysis.



MW1
KDa
16.5

- . 6.5

183 Induction of MIP-1a secretion from CTLL-R8 cell by SP or PHA+TPA. Concentrated cell supematants were
fractionated with 20% SDS-PAGE and subjected into westem blot analysis.

1. MIP-1a 2. control 3. ConA 5 ug/mi 4. SP 108 M
5.SP 107 M 6. ConA+SP 107 M 7. PHA 3ug/mi+TPA 10 ng/ml 8. PHA+TPA+SP 107 M
b‘_\
W & % A
. ? © ) Q
- + - + - + - 4+ LPS
[ 3

13 4 Induction of IL-18 secretion from various cell lines by LPS stimulation. Concentrated cell supematants were
fractionated with 15% SDS-PAGE and subjected into westem biot analysis.

Ay MWt
KDa

32.5 -

25 -

2 2

1% 5 Induction of IL-6 secretion from various immune cell lines by stimulation
A) 1. AL-6 2. HL-60 3. HL-80 LPS 1ug/ml
4. HL-60 TPA 10ng/ml 5. HL-60 TPA+LPS 6. Jurkat
7. Jurkat ConA 5ug/ml 8. CCRF-CEM 9. CCRF-CEM ConA 5ug/ml
B) 1. rL-6 2. A20 3. Daudi
4. Daudi TPA 10ng/nl 5. SKW 6.4 6. SKW6.4 LPS 1,g/ml
7. SKW6.4 TPA 10ng/mi 8. HuT78 9. HuT78 ConA 5ug/ml
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213 6 Synergistic induction of MIP-1a secretion from RAW264.7 cell by treatment of SP and suboptimal dose of LPS.
1, MIP-1a 2. control 3. SP10? M 4. LPS 10¢ M
5. LPS+SP 6. TPA 10ng/ml 7. TPA+SP

1 2 3 4 S5 6 7

1% 7 Synergistic induction of MIP-1a secretion from WR19m.1 cell by treatment of SP and suboptimal dose of LPS.
3.SP10°M
7. TPA+SP

9 8 7 6 5 4 3 2 1

1. MIP-1a 2. control

4. LPS 0.1z29/ml
5. LPS+SP 6. TPA 10ng/ml

-

12 8 Synergistic induction of IL-18 secretion from RAW264.7 and WR19m.1 cell by treatment of SP and suboptimal
dose of LPS.

1. dL18
4. RAW264.7 LPS 0.14g/mi
7. WR19m. SP 10-°M

2. RAW264.7 control
5. RAW264.7 SP+LPS
8. WR19m. LPS 0.1zg/ml

Mwt 1 2 3 4

3. RAW264.7 SP 10°M
6. WR19m. control
9. WR19m. SP+LPS

KDa
I
32 .5_ e o |
25 - — -
16.5-
% 9 Synergistic induction of IL-6 from A20 cell by treatment of SP and suboptimal dose of LPS.

1. fL-6 2. control 3. LPS 0.1p9/mi
4. SP 10°M 5. LPS+SP
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oz A QTHY. 3. 3%~3), 4~ MIP-le,
IL-18 2 IL-69 72 cytokine2 tiEAQ
71954 cytokineE2A, ZH§ HANHEo) o
o] g 2d715S JERY, SPY ¢
F2H7NT L A3 FEol o|F cytokined]
FHo FFE P oEA WEHL E £
Jovg olEol RHlo pxE SPe g3k
H5z2d 71AE weled F83%
. B AR A cytokined] FH]|E
7] 98} AFE3 western blot ¥4
nanogram Y¥AAM A 7tEdt
nzE JelEZ ELISAWHS 1/1009)
Az il Uo7l sy, HolA4
(specificity) o 1e}M = ELISAM ol whetzt
4 9le ¥ olYg, cytokined thE A I
7HA] stegx Eo|HoF Z} cytokined &
g & g AAMHY SHAM F 3
apebr o2 F7/ cytokined] e SPY %
£< 2AsN2AT E Ay EFde
western blot o] #2383} Western blot
9] EQl ARz v FE B8] Y3k
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222 e Jo| $AMHojo} T 1559

HAHNEFEAN Wt 37bA] cytokined]
g#L FAHA AFAE AL 2FS
A3}, MIP-las RAW?26473 WRI19m.1o A
LPS z}=9) st 33s] e o] £HH
< Fslgy, IL-6= A20, Daudi, SKW64
5 BT AEFAM OF FH7F 84
o}, IL-18+= western blot o2 W
A AT 5 e 4 Bulde HAEE
27 29} Promyelocyte A ¥£3F F HL-
609} Ze& MEE Lim 9 BIoA
dibutyl cAMPY TPA9)| 98] E3t8l A4
SPel| 9l&te] ggaatgol FFHUATL B
o} B A8 cytokine Er¥)o] B3 Ao
Me 238 F g

MIP-layx DA AEE LPSE AF3 &
o TNF-e¢} GEo 7H¢ Bo] #H|HE 8



kDa®] cytokine®. 24}, F4 9=z8 PGH
FaAs ddzg, T Jubol dig 334
2, stemA X 4Z4ARE 58 Yed=
719%4 C-C chemokineZ 9| &rfo]r}s-67,
IL-18%= 17kDa 719 7|9ZA cytokine® &
A, ZAFoly g felHo s AE
83 848 Yeiez, Fe) Ylgd &
gL A Aoz dEA o], FAHo)
U AFE e oty AT A

W F8¥ 4V A L6 AW,
FAVE, 2¥5S 2ARE 5

cytokine & E A|8~70) glycosylation A= wet
AEvith 2 2z IL-68 A4t B
AYo)A FEFAE IL-6 FA}go] 24 kDa o]
A wksled A Eel whet 29, 32, 35 kDao)
o 2 band7t T FE AL oy
glycosylation ztelel 7|18k Ao 2 Alg €}
CTLL-R8& A9 UHA HEFE SP
X 10° MolA 7 & &8-& Yede
g, ol o8 o8 BIES AFH I
t}. Rameshwar3} Bartold 54 13). 3). Boj 2
3 A2HFOHE AAED FE9 A
10°M, T A¥2] IL-2 mRNA 233z&
1012 M, 3§ HfelAEs 107 M,
synovial cell & 10 M, I FdlA 2] cytokine
UEE 109 M &, hAFo=Z 106 M A
108 M Apeleld 2 48 Yepdda g
o}, 28y} Lim3} Lowman 5 5. %. 3.2 u]
b £ 9 histamine f#9+= 105 M WA 105
M, tguE e g A4stol= 10° M
5 52 SPE:E ¥8E 3y YN
Kroegel ™2 3419 23y v
E¥EE g3ty Bysgth oy
e 27 HEFAHAA A 29T
de SP sxolH, HRAE, 357, 34
59 AEE 271 EF3DANA &3
AN7EeE F2 g 488 99siy
g 7 FEAE 7S 3IEE,
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olF MEZ} WSS e AE A
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ME 4% Z39.7 3 Bz dAN T
o &3 IFN-79] #8140 2 TH XA IL-

FHIB A AAHJAG o 71HL o} F
& F otk B A¥dx e o] F, peakE U
Bl v & Ad3A AMEsl9 s, CTLL-
R8oA 106 M FEdA BTt 107 MlA o
MIP-la #2827} ZXHJAAR L o] AR
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B AddAa SPeE “BHoZe= FHd
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3t Fx9 LPS% A9 AHE3de o 4%
Al F4-g Yehie RS2 AFHAUL o]
23 Az SP7F TH XY IL-2 BHFT4
2A FAgrEgs, i FEA 948 3}
¥t cosignal24] g3ty B8 Cavo 5
®)o] A9 A gy E§ Bartold §Y% A
SAFOHN XS A dste SPr £ E
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Atk SPE FHol omI FFe 33
sgnalo] EAst=itel e FYY AT o
s 27, 52 dAeE B8E 4 A
4 dE 9, SPe dFHNILE priming
AA fMLPE 2232 o superoxide
anion®} A4HE F7HAF]|AI R, TNF7} EObE
AFAZE AHEE A, SPe 299
superoxide anion A4HE ZFAAIZITIR Serra
S0 RI3AY. 2 AYY AFAqME o
AN X2 MIP-lefr2lol] 3l HAolstFxx
o] LPSS} SPAlelol& 453 2Hgo] #&F
Qo TPASH SPAOlOIME dojubA] gt
3, TY ST E PHA+TPAS SP Alo]d]
MIP-laf-2 ol gt Asagof AZHA o
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-Abstract-

Effects of Substance P on the Release of
Cytokines from Immune Cell Lines

Jin-Yong Lee, Soo-Ah Kim, Seok-Ran Seo, Hyong-Seop Kim
Department of Periodontology, College of Dentistry, Chon-buk National University

The neuropeptide substance P(SP) has been implicated in the mediation of inflammation and
immune-mediated disease such as arthritis. Recently, it was reported that SP was markedly
increased around the blood vessels in inflamed gingiva as well as in close association with the
inflammatory cell infiltrate, These results support that SP may contribute to the pathophysiology
of neuronal inflammation in human periodontal tissues. SP may regulate inflammatory/immune
responses by stimulating the proliferation of human T cells, differentiation and antibody-secreting
potential of B cells, macrophage respiratory burst, connective tissue proliferation, and the secretion
of cytokines from monocytes and T cells, Here, I studied potential role of SP as a costimulatory
chemical signal in inflammatory/immune responses, by determining the released proinflammatory
cytokines such as MIP-la, IL-18, and IL-6 from culture supernatants of homogeneous immune
cell lines. Serum free cell supemnatants were concentrated with TCA precipitation, fractionated
with SDS-PAGE, and subjected into western blot analysis. Among 15 cell lines tested,
macrophage/monocyte cell line RAW264.7 and WR19m.1 showed the highest level of induction of
MIP-1¢ when stimulated with LPS, Discrete IL-6 bands with multiple forms of molecular mass
were detected from supernatants of B cell lines A20(32kDa), Daudi(32, 35kDa), and
SKW6.4(29kDa), which were expressed constitutively. IL-18 could not be detected by the
method of western blot analysis from supematants of all cell lines tested except RAW2647,
WRI19m.1, and erythroid cell line K562 which showed the least amount of IL-18 secretion. SP
10°M with suboptimal dose of LPS treatment showed synergistic induction of MIP-la release
from RAW?2647 or WR19m.], and also IL-6 release from AZ20, but this synergism is not the
case in costimulation of RAW264.7 or WR19m.1 with SP 10°M and TPA. Although treatment
of T cell line CTLL-R8 with SP 10" or PHA+TPA induced modest level of MIP-la
secretion, synergism was not observed when they are applied together. These findings all together
suggest the possibility of a regulatory role of SP in inflammatory/immune reaction through
differential modulation of bioactivities of other chemical cosignals,

Keywords : Substance P, Inflammatory/immune response, Proinflammtory cytokines.
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