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5S F deS AT JTh FES US A8 9tk S Levined T2
AFA g FA o lo] AEje] EA7F & AFolAM APHor dozl A-EHS SP7t
FAHQ o7l sy, AFASe] HAE U% otsAZ T sh3la, Kimball 5107122
of el U A4 destde 8 HAMEE 24SIAA prostaglandin(PG)
g 7ol HA Xtk wEkx 3RS s A5 wA, 2 IL-1 2818 53 AA
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dependent cell-mediated cytotoxicity 2
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3 A (homogeneous) ¢ Zt
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o] U937, RAW2647 ¥ WRI19m.1
o) ui} - ]47‘01 CTLL-R8, HuT78,
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X<
CCRF-CEM % Jurkat, B f3-7AZF2l
Daudi, A20, SKW6.4, Namulwa % Raiji,
erythroid/promyeloid A £F<1 K562, KGla,
HL-60% o]ttt o] RAW264.73}
WR19m.1< 10% fetal calf serum(FCS)©] &
g% Dulbecco’s modified Eagle medium
(DMEM, Gibco)dlA] H]%3tH I, KGla®e
20% FCS7} E¥HE Iscove's medium (Gibeo)
oA wjFstRom, U] Als
10% FCS7} 3 tfj]'% RPMI1640(Gibco) | A Hl
FtHth RE A, 5% COz 100% =
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2. MZxt= SE H|

T AER=E
T =

Z} A3 Dulbecco’s phosphate buffered
saline(DPBS, Gibco) 2.2 A& &le] FCS7} £
sto xR XL FE A DMEM, Iscove's
medium, S-& RPMI16409] 7+ A=A S Aot
SEZ A7lele] 16 470 WA 18417 Wl efel
Atk A=A E A3 lipopolysaccharide
(LPS, from E. coli 0127:B8, Sigma)= 01 &
e lpg/miel FEE ALFAL
concanavalin  A(ConA, Sigma)& 5#g/mlE,
12-O-tetradecanoylphorbol-13-acetate( TPA,
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Sigma)+ 10ng/mlE, phytohemagglutinin
(PHA, Sigma)E 3pg/ml N’ O*-dibutyryl
adenosine 3’5’ cyclic monophosphate (dibutyl
cAMP, Sigma)t 500#ME, SP(Sigma)+ 106
YA 100Me] =& 2+ AR

8% AR 16A17F WA 18A17F ul kol
2 & oS 3000rpm o2 1087 9
AlA W FFH NS A ol FF A7
Y35, 1mle] A Ao 300ul2] 100%
trichloroacetic acid(TCA, Sigma)E 7}k £,
d=
12,000rpm, 4C9 ZHAOSZ 2587+
QRAA ARAE AA sk T
=l 10de] 7195 AMESFTH(S0mM Tris,
pH 6.8, 2% SDS, 0.1% bromophenal blue, 10%
glycerol, 5% mercaptoethanol)& #7}sle] &
3 A7l the, 100C 2 5%7F denature A7 T},
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3. Westem blot &4d

Z} A58 &3 recombinant(r) MIP-1e,
rIL-18, & (IL-6%59 EFA|ZE Laemmlivt
H(1970) e whel, 15%(IL-18, 1L-6)¢F 20%
(MIP-1a) gelolA] sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-
PAGE)3d &, PVDF membrane(Millipore) ol
transferst 4 tF. MembraneS tris buffered
saline(TBS)/tween 20(TBST, 10 mM Tris,
pH 7.4, 150 mM NaCl, 0.05% tween 20)Z A
8}, blocking £ (5% EAEH/0.02%
NaNs/TBST)ell gol A2eA 30&7 v
A AT TBSTZ membrane 23] Al H 3},
rockerZ Z 41o]FMA] primary antibody 34
Moz IA7HEF A2eA whg AFT o]
Wl  A}£ 3 primary antibody: rabbit
polyclonal anti-MIP-1a antibody/TBST 1:200,
rabbit polyclonal anti-IL-18
(Genzyme)/TBST 1:200, mouse

monoclonal anti-IL-6 antibody/TBST 1:500

antibody
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5ol ATt membranes
TBSTZ AZsHA 1024 T2k Al
23t3, rockerZ 2 4 o]FHA] secondary
antibody/TBST 1:3,000 3AdHoz 1 A7k
S ARoA WS AI AT, ojwf AMEgh
secondary antibody= alkaline phosphatase
(AP) conjugated goat anti-rabbit IgG
antibody (Bio-Rad), &2 AP conjugated anti-
mouse 1gG antibody(R & D)$th wheo] &
% & AdaA EEHA membranes TBSTE
104 F218 M A ¢ th, alkaline phosphatase
9] E& A substrate?l bromochloroindolyl
phosphate(BCIP) /nitroblue  tetrazolium(NBT) <
alkaline phosphatase buffer(100 mM NaCl, 5 mM
MgClz, 100 mM Tris, pH 9.5)° 3]4] 3}
membrane®] T A band7} BAurzpx] A
o A REg- AlF T

n 2 =

2 AP A AL o HAMEZEFT F
Al western blot EAWHO Z cytokine W]
< Z4 4 2+ high producerES Zroh]
N skl 2 AFE dskel AP
A=A ES M, wFdd Ao MIP-1
a [L-18 ¥ 1IL-69 3 AEZE western blot
o® FFste] oo I FJEE HLF

oB2X & 149 A%E dATh
ohal 4 32 /1) 2] A LPS 1lpg/miZ 2}

=
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39S W, RAW264.73 WRI19m.1ol A4+
544 e FHANNE FFI AP 8

kDa?] MIP-la band7} #ZE o, U937
AE 559 ANEYdE EFsa MIP-le
band7} #&FH A GATHIHE 1, 1¥ 4,
1). IL-189] 7#$-& LPSE A58 7
S Z/ WA 2T BF o] frel @
7He B121H(17 kDa band), U937 H]iL
3|v] 3t IL-18 bandE YERHSITH(LE 2.
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I 1 Secretion of inflammatory cytokines from immune cell lines induced by various chemical signals.

Cell Line Chemical Signal MIP-1a IL-18 IL-6
Monocyte/ U937 LPS - + -
Macrophage RAW264.7 ++++42 + -

WR19m.1 ++++a + -
T lymphocyte ~ CTLL-R8 ConA/IL2/ + - -
HuT78 PHA+TPA - - -
CCRF-CEM - - -
Jurkat
B lymphocyte Daudi LPs/TPA - + +
A20 - - ++
SKW6.4 - - ++
Namulwa - - -
Raji - - _
Erythroid/ K562 LPS/TPA - + -
Promyeloid
KGla dbcAMP - - -
HL-60 - - -

Arbitrary scores are deduced from band density of western blot analysis.

a . Cell supernatant needs not to be concentrated for western blot analysis.

oA western blotS = ##T F U= FL9
fFa s dehiA ZadTh(E 1).

T JFFAEFAA = ZAME cytokine F,
CTLL-R8S PHA 3pg/miz} TPA 10ng/ml%
7 A=sstde Beol MIP-lad] @2
bandro] #AE 9L Woln), HUT7S, CCRE-
CEM, Jurkatol = western blotA}ol|A] ojn]
g cytokine band® ¥EEHA XstATHIIE
3, 1%1 5A & 5B, ¥ 1).

B du AlZF= Daudi®] 7 ‘{ ke
IL-18E8)7F 2 AL (| 4 1), MIP-1
o= B A OIFAI 2o A western blotO =
#Ed £ Sde FaFe HEiA Esie
(¥ 1), IL-6= A20, Daudi, SKW64 A o
RF 3 band7h AFHAOY, ZFEAR
IL-69] Ex}2Fo] 24 kDa?l®| H]s}e], A20&=
32 kDa, Daudi= 329} 35 kDa, SKW64+= 29
kDao 2, AM=ZE Abo]st IL-6 x2S YeER]
At ol AEFSAAM IL-6= LA

X Hoe

428

=2, Daudi 9+ SKW64= LPSY TPA
2 AFAE 4 o9 Y] T7HF YERY
] ‘3% It 19 5B). Erythroid/Promyeloid Al
F = K562H 2 E LPSE 2= 799
IL- 1/3 band 2t 3] Ul A AFEE NS WOk
E3] HL-60¢] 79 TPA$ dibutyl cAMPE
gAME, 52 E}ﬁﬂf—fﬂ“m%i ®IE &
o] AFa HYgOor} o= cytokine®
western blot®. 2 #&8 ¢ = FIFS U
ERA] ekt O™ 4, " 5A, £ 1),

I8 62 tiAAEZFQA RAW2647¢] LPS,
TPA ¥ SPE AZatdS weo] MIP-la 4]
2 ¥ w3k Zlojtk SP 10° M v ] gAl,
t=atol] Hlske] oF7ke] MIP-le #H] S7HE
YeR 23, LPS FAolal FE 01pxg/miA
Aol = H]%e AFE HOom, SP9 LPS
A AEA HaA A Zo A
(synergistic) 4] F7+e UYERTE TPAE
LPS Ao} FLHT} wjg mjoket ] %
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g YR e, SPeF TPA FA A Al
T LPS9 SP 2 454 #&2 dehiA
AATHIE 6). WRIIm 1N E RAW 2647
I A fAFE S EAEd, SP s A
2 A, RAW264. 70| A Bt} MIP-la ¥-H] 422}
o] @A wekston, SPeF LPSe] FAI%
&2 T dedee e (28 7).

IL-18¢] 7%-o| X% RAW26473 WRI19m.1
B MIP-last AR whg 2 YEhi 9l
.2, SP 10°M3} LPS 0.1 pg/ml2 <7+
v Z7H7F d9eH, Tk Wa AEA

Al FH FE7F ooy I A%
= 18 AA EUHIHE 8).

T A3 NEFAA FL3A MIP-la
bandE U F UJY CTLL-R8 A&

o> T

ConA 5Sug/mlz} SP 10°M =@ e 293l
MIP-la #¥4] §%7F YepA] ¢k BkH, SP
107 M A 2|A] FA3HA EH)7F fFrE3ion,
PHA 3pg/ml3} TPA 10ng/ml SA] Aol
= frAReE AEe MIP-le #H)7F 25 Aok
I8 Y PHA+TPAS} SP 107 M ZA]d] A
3RS Aol M EFA LPSe} SP7}
BAFId A5 2Eu§2rt YehyA =
grol, cosignal®] ol wEl S A EZF
w2l AAAA 7 e JeERiATHIE 3).
I8 9= A20M %< SP 109 M3} LPS
Aolal =59l 0lug/mlo] IL-6 EH] o] o
o] HAE 9§ UERd Aotk LPSet
SP7} A& A} A 9] IL-6(32 kDa) 4]
FEE dozion, F7kA He AHgAde

MWt

KDa ) '+ %

2] 1 Induction of MIP-1a secretion from monocyte/macrophage cell lines by LPS stimulation. 104 of cell supematants
were fractionated with 20% SDS-PAGE and subjected into westem blot analysis.

v
S S
Mwit o <

KDa - + +

2! 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.



MWt
KDa

16.5

L - 6.5

213 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. tMIP-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
o
vyo9 + N v
- 4+ - + - + - + LPS

32l 4 Induction of IL-18 secretion from various cell lines by LPS stimulation. Concentrated cell supermatants were
fractionated with 15% SDS-PAGE and subjected into westem blot analysis.

(A)

(B)

2l 5 Induction of IL-6 secretion from various immune cell lines by stimulation
A 1. rL-6 2. HL-60 3. HL-60 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. riL-6 2. A20 3. Daudi

4. Daudi TPA 10ng/nl 5. SKW 6.4 6. SKW6.4 LPS 1ug/ml

7. SKW6.4 TPA 10ng/ml 8. HuT78 9. HuT78 ConA 5ug/ml
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2l 6 Synergistic induction of MIP-1a secretion from RAW264.7 cell by treatment of SP and suboptimal dose of LPS.

1. rMIP-1a 2. control 3.SP 10° M 4. LPS 10¢ M
5. LPS+SP 6. TPA 10ng/ml 7. TPA+SP

2l 7 Synergistic induction of MIP-1a secretion from WR19m.1 cell by treatment of SP and suboptimal dose of LPS.
1. rMIP-1a 2. control 3. SP 10° M 4. LPS 0.1zg/ml
5. LPS+SP 6. TPA 10ng/ml 7. TPA+SP

-

2l 8 Synergistic induction of IL-13 secretion from RAW264.7 and WR19m.1 cell by treatment of SP and suboptimal

dose of LPS.
1. riL-18 2. RAW264.7 control 3. RAW264.7 SP 10°M
4. RAW264.7 LPS 0.1zg/ml 5. RAW264.7 SP+LPS 6. WR19m. control
7. WR19m. SP 10°M 8. WR19m. LPS 0.1zg/ml 9. WR19m. SP+LPS
MWt 1 2 3 4 5
KDa
( 1
'
32.5- - — A — |
16.5- /
2 9 Synergistic induction of IL-6 from A20 cell by treatment of SP and suboptimal dose of LPS.
1. rL-6 2. control 3. LPS 0.1¢g/ml
4. SP 10°M 5. LPS+SP
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H 7 E 0|50 58~62) o]y

oz A QTHI. 30, 639, 4~42) MIP-le,
IL-18 ¥ IL-69 72 cytokines w3 %9l
719ZA cytokinegE ZA], 72 Hgu-So o

sto] theket 2@7)5S YeRH, SPY ¢
TEAI5E AT TRl °E cytokined
Ao JFS HOZA wiAEGY E 5
Joermz o5 Huld mAE SPe JT
= AR dexd 71AE weled a8
@A77 "ok B AN cytokined] EHIE
=A3st7] 98] AFE3 western blot £
2 @A nanogram @A A 73
dUEE JepEE ELISAYE S 1/1009]
A EaE guolrlE i, SolA

(specificity) ol 1ol 41= ELISA®H o] wrabzt
T = ¥ okYzh cytokineol| thEk A g
7dA] Mo BT Eo|x O R 7} cytokined =
A F Qo] AAA FHAAA F sttt
ks o] F7F9] cytokineo] thek SPe| %
25 SAHGIAST 2 AP EFHd=
western blot HIH o] 239t Western blot
o] &Rl ANES WEFS Hestr] 9135t
g B2 ¥ cytokines #H st Al
E Ze do] AEH ok P 1559
MEFE] skl 37FA] cytokined]
< BAAA AFAE AMEsY SA S
A3, MIP-la= RAW?264.73 WRI19m.1o] A
LPS A=l oJate] 3] W o] EHld

-

S 99, IL-6= A20, Daudi, SKW64
5 BATT AZFoA o FH|7F Y
Ao} IL-18+= western blot HPHO 2 W=
A SAT & e e BHEe AEE
22 B3kt Promyelocyte Al ®3F = HL-
609t 22> AMEE Lim 59 HilolA

dibutyl cAMPU TPAS] o|ate] Raie A
SPol elste] Farzgol FSHANIL 5
Oy, B 2g9 cytokine wH]o] #3F A
HE 248 % 9k

MIP-la= HAAEE LPSE A535%0<
1 TNF-e$} ©Eo] 7}4 @o] Rujg: g
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kDa9 cytokine®.ZA], =4 A
ek dEAg, T dapol EH@ stet7g
23, stemME AFIALE 55 UEHE
71954 C-C chemokines 9] afifo] opbson,
IL-18% 17kDa 3719 719 =4 cytokine® &
A, Aol el frElEo] thdst A E
g4 A4S e EE, W HlEd &
A= AoE A Qlof, AEH ]
ojgtd HAZFA Ao A
gt} IL-65 HukS,
< XAE3e 9UlE
cytokine © 2 A168~70) golycosylation A E.ol| FE]-E}
Azt o2 229 IL-65 Akt 2
AP A FFAIE IL-6 2] 24 kDa ©|
REd whste] Al Eo uwhE} 29, 32, 35 kDa]
o & band7t #HFH AL o]y
glycosylation zfolel 7]¢18dt o2 AlgH T}
CTLL-R8% Al9Jg ymA] MEFE
T 100 MellA 7 & #eS
] ol tE oY Hise Aot E]i]
t}. Rameshwar®} Bartold S4- 13). 38). B)o]

St 2ot E AREZ FE9

10°M, T ME9] IL-2 mRNA %d
1012 M, 3% AfoliEE

=i
108 M, A9 cytokine

01

Flo rir

synovial cell &

e 109 M 5, dAIFSRE 100 M oA
109 M Afelel A 1 34S Uity @
th. 23V Lim3} Lowman S %.%).3)2 1

WA Z 9] histamine F8]o< 105 M WXA] 106
M, thgaiaid e oigk &Astel= 10° M

5 =2 SPEEE Zo®E 9T YL
Kroegel 5™ ALY &Y E H|=3F
EFEE 3‘?3&‘3}1 Hist} olggh I
TEE 7] FESAHAA HA e F
AT SP FTZolH, BRI EZ, ST+, A4k
S Axe 27 9N A&t F
S J7Eot =7 O 93S gyete o
SHSS S8 SZAIE 7S B, X
7] AsdAlANA YEhdE SP A ko] tis)
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At shP& Fdd AW F7FY 3t5H4
signalo] ZAF Lol W2k T Az o
st 7, 52 AR AT £ A

_ g ol SPE BRANTE priming
]74 fMLPZ 23232 u superoxide
anion®] AMAFS Z=7}A17) A9k, TNF7} o2
AZFAZ AEH AS, SPE 23H
superoxide anion AR 7FAXZITEY Serra
SV Byt B A8 Aol E "H
A A E ] MIP-lafr]ol tjate] A o|sts
©] LPS$} SPAtololl= Zd53 2ol 47‘?
RNe L}, TPASL SPALolo A= dofutA] &%
3, TYgFo A= PHA+TPAS SP Alo]o
MIP-laf2lo] st A280] aeA 2
Uth I8E=E SP 95799 o8 A
S0 ZAjo) webdl, o3 2
s
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Eold AFRL FozM
T}6). SP4&A+ G-protein coupled
receptor familydl] &8lmM~8D $8x)7} 2=
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HEA A A ZW cAMPEE9 W3y
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o WeEko 7 HEEAE Wel7l A=
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"X+ SP9| cosignalZA] 9]
Jaks #AOoTH SPY WY XAHIAE
W 2l stk Alx w2 2
H MIP-1e, IL-18 ¥ IL-65 western blot &
AHOo T ZA5te] S AA4E Ak

cytokine EH]o]

=z o
X’"]E

>
ok

RAW264.7%}
A T datAa xS0
CTLL-R8% ¢F7hke] HH|E el om,
IL-6= B It EFS A20(32kDa),
Daudi(32, 35kDa) % SKW6.4(29kDa)ell
Al BIRA BEFo]l #HIEACH, IL-18
+ RAW26472F WR19m.1 2 erythroid/
promyeloid A ,1_—7,“?_] K5620 A uf - &2
ol THHAS W, 99 ArAEF
A M E westerm blot o2 =3 7}53H
T TH o] #EHA] skt
FAolsl Fx9 LPS(01pg/ml) 5 SP
109 M< A#sdS o, RAW264.73}
WR19m.191 4] MIP-1e9} IL-18¢] &Eu]7}
oF7F Z7HE RO, LPSS SPE S Al
23RS W, F7FA cytokined| A EF

L ZAE 1559 RgA 2T
7tlE W MIP-1a®] EH|Fo] 713
g A2 A xS

WR19m.1 ©] 3}

2l

TT 9

[e)

A EulEE #EEJSeH, TPA
gk SP Aelell= o] gt Fztgol #F

P ) 4=

.CTLL-R8% SP 10'M & PHA+
TPAZE A3t 74$ MIP-le®H] 9 %
7 dojtong, o5 Atole] AFzEE
SAEA ot

. A20, Daudi 2 SKW6A4dA = DA
IL-62H]7F dojwtom, A20 oA FHA
olslEx o LPSS SP 109 M| <3t
IL-6 FH @l F7F S7hekial, LPsSet

SP Atollo] AA5A FH|frEztgo] &z

= Aot
o] 4o Ao A, SPE dFH 9
cytokine 212 fF23l= cosignale] ZHES



N BN
rh

FoBA WY Vee A= ALR
o
o2

. Bost, K.L.: Hormone and neuropeptide
receptors on mononuclear leukocytes.
Prog. Allergy., 43:68, 1988.

. Stead, R.H., Tomioka, M., Quinonez, G.,

G.T., Felten, S.Y.,

Bienenstock, J.: Intestinal mucosal mast

Simon, and
cells in normal and nematode-infected
rat intestines are in intimate contact
with peptidergic nerves. Proc. Natl.
Acad. Sci. USA., 84:2975-2979, 1987.

. Felten, D.LL., Felten, S.Y., Carlson, S.L.,
Olschowka, J.A., and Livnat, S.:
Noradrenergic and peptidergic
innervation of lymphoid tissue. J.
Immunol, 135:755, 1985.

. Bartold, PM,, Kylstra, A., and Lawson, R.:
Substance P: An immunohistochemical and
biochemical study in human gingival tissues,
A role for neurogenic inflammation? J.
Periodontol,, 65:1113, 1994
. Freeman, R. and Goss, S.: Stress
measures as predictors of periodontal
disease-a preliminary communication.
Comm. Dent. Oral Epidemiol., 21:176-
177, 1993.

. Green, LW, Tryan, W.W, Marks, B,
and Huryn, N.: Periodontal disease as a
function of life events stress. J. Human
Stress., 12:32-36, 1986.

. DeMarco, T.J.:
stress syndrome, J. Periodontol, 37:67-
68, 1976.

. Fedi, P.F.: The effects of stress on the

periodontium of the Syrian hamster. J.

Periodontal emotional

435

10.

11.

12,

13.

14,

15.

16.

17.

. Levine, J.D., Clark, R., Devor,

Periodontol., 29:293-299, 1958,

M.,
Helms, C., Moskowitz, and
Busbaum, Al:
P contributes to severity of experimental
arthritis. Science,, 226:547-549, 1984.
Kimball, E.S., Perisco, F.J, and Vaught,

JL.: Substance P, neurokinin A, and

M.A,

Intraneuronal substance

neurokinin B induce generation of IL-1
like activity in P388D1 cells. J.
Immunol, 141: 3564-3569, 1988,
Hartung, H.P., Wolters, K., and Toyka,
K.V.: Substance P: Binding properties
and studies on cellular responses in
guinea pig macrophages. J. Immunol.,
136:3856-3863, 1986.

H.P. and Toyoka, K.V.:
Activation of macrophages by substance

Hartung,

P induction of oxidative burst and
thromboxane release. Eur. J. Pharmacol,
89:301-305, 1983.

Lotz, M., Carson, D.A. and Vaughan,
J.H.:
rheumatoid

Substance P activation of
synoviocytes: Neural
pathway in pathogenesis of arthritis,
Science., 235:893-895, 1987.

Pernow, B.: Substance P. Pharmacol.
Rev., 35:85, 1983.

Jiang, Z., Dun, N.J., and Karczmar,
A.G.: Substance P: a putative sensory
transmitter in mammalian autonomic
ganglia. Science., 217:739, 1982.

Hofelt, T., Kellerth, J.O., Nilsson, G., and
Pernow, B.: Substance P: localization in

the central nervous system and in some

primary sensory neurons, Science.,,
190:889-890, 1975.
Goetzl, E.J., Adelman, D.C., and

Sreedharan, S.P.: Neuroimmunology.



18.

19.

20.

21.

22.

23.

24,

25,

Adv. Immunol,, 48:161, 1990.
Holzer, P.: Local effector functions of
nerve

capsaicin-sensitive sensory

endings: involvement of tachykinins,
calcitonin gene-related peptide and other
neuropeptides, Neuroscience,, 24:39, 1988.
Lembeck, F. and Holzer, P.: Substance
P as neurogenic mediator of antidromic
vasodilation and neurogenic plasma
extravasation, Naunyn-Schmiedebergs
Arch. Pharmacol,, 310:175-183, 1979,

D.G. and Goetzl, E.J.:

Modulation of lymphocyte function by

Payan,
sensory neuropeptides. J. Immunol.,
135:783, 1985.

Payan, D.G., Bregster, DR, and Goetzl,

EJ.: Specific stimulation of human T

lymphocytes by substance P. J.
Immunol,, 131:613, 1983,
Bost, K.L. and Pascual, D.W.:

Substance P: a late-acting B
lymphocyte differentiation cofactor, Am.
J. Physiol., 262:C537-C545, 1992,
Scicchitano, R., Bienenstock, J, and Stanisz,
AM.: In vivo immunomodulation by the
neuropeptide substance P. Immunology.,
63:733-735, 1988.
AM.,

Bienenstock, J.:

Befus, D., and
Differential effects of

vasoactive intestinal peptide, substance

Stanisz,

P, and somatostatin on immunoglobulin
by
lymphocytes from Peyer’s patches,

synthesis and  proliferation
mesenteric lymph nodes, and spleen. J.
Immunol,, 136:152-156, 1986.

Lowman, M.A., Benyon, R.C., and
Church, M.K.:

neuropeptide-induced histamine release

Characterization of

from human dispersed skin mast cells,

436

26.

217,

28.

29.

30.

31.

Br. J. Pharmacol,, 95:121, 1988,

Shanahan, F., Denburg, J.A. Fox, J,
Bienenstock, J., and Befus, D.: Mast cell
heterogeneity: effects of neuroenteric
peptides on histamine release. J.
Immunol,, 135:1331-1337, 1985.

Wozniak, A., Betts, W H., McLennan,
G., and Scicchitano, R.: Activation of
human neutrophils by tachykinins.
Effect

phenylalanine and platelet-activating

on formyl-ethionyl-leucyl-

factor-stimulated superoxide anion
production and antibody-dependent cell-
mediated cytotoxicity, Biochem. Biophys.
Res. Commun.,, 78:629, 1993,
Brunelleschi, S, Tarli, S., Giotti, A., and
of
mammalian tachykinin on human
neutrophils, Life Sci,, 48:1, 1990,
Wozniak, A., McLennan, G., Betts,
W.H., Murphy, G.A., and Scicchitano,
R.: Activation of human neutrophils by
effect of FMLP-

stimulated oxidative and arachidonic acid

Fantozzi, R.: Priming effects

substance P:

metabolism and on antibody-dependent
cell-mediated cytotoxicity, Immunology.,
68:359-364, 1989.

Serra, M.C., Bazzoni, F., Della Bianca,
V., Greskowiak, M., and Rossi, F.:
Activation of human neutrophils by
substance P. Effect on oxidative
metabolism, exocytosis, cytosolic Ca2*
concentration and inositol phosphate
formation. J. Immunol, 141:2118, 1988.
Marasco, W.A., Showell, H.J., and
Becker, EL.: Substance P binds to the
formylpeptide chemotaxis receptor on
the rabbit neutrophil. Biochem. Biophys.
Res. Commun., 99:1065, 1981.



32.

33.

34.

35.

36.

37.

38,

39.

Bar-Shavit, Z., Goldman, R., Stabinsky,
Y., Gottlieb, P., Fridkin, M., Teiberg,
V1, and Blumberg, S.: Enhancement of
phagocytosis: a newly found activity of
substance P residing in its N-terminal
tetrapeptide sequence. Biochem. Biophys.
Res. Commun., 94:1445, 1980.

Lim, JD. Oh, KO, and Kim, HS.:
Effects of substance P on the activities
of immune cells, J, Korean academy of
Periodontol,, 1996: 26(2): 376-395
M.A., Persson, M.A.A.,
Dalsgaard, C.J., and Haegerstrand, A.:

Laurenzi,

The neuropeptide substance P stimulates
production of interleukin-1 in human
Activated cells are
the

Immunol.,

blood monocytes:
preferentially influenced by
neuropeptide. Scand. J.
31:529-533, 1990.

Lotz, M., Vaughan, JH., and Carson,
D.A.:

production of inflammatory cytokines by

Effect of neuropeptides on

human monocytes. Science.,, 241:1218-
1221, 1988.

Cozens, PJ. and Rowe, F.M.: Substance
P is a potent inducer of TNF and IL-1
secretion by macrophages. A potent role
for TNF in the pathogenesis of asthma,
Immunobiology., 175:7, 1987,

Nio, D.A., Moylan, RN, and Roche,
J.K.: Modulation of T lymphocyte
function by neuropeptides: evidence for
their role as local immunoregulatory
elements. J. Immunol, 150:5281, 1993.
Calvo, C.F., Chavanel, G, and Senik,
A IL-2
expression in activated human T cells, J.
Immunol.,, 148:3498-3504, 1992.

Blum, A.M. Metwali, A., Cook, G.,

Substance P enhances

437

40.

41,

42,

43.

44.

45

46.

47,

Mathew, R.C., Elliott, D., and
Weinstock, J.V.: Substance P modulates
antigen-induced, IFN-Y production in
murine Schistosomiasis mansoni. J.
Immunol, 151: 225-233, 1993,

Wagner, F., Fink, R, Hart, R, and
Dancygier, H.: Substance P enhances
interferon-y production by human
peripheral blood mononuclear cells.
Regul, Pept., 19:355, 1987,

Agro, A., and Stanisz, A.M.: Are
lymphocytes a target for substance P
modulation in arthritis? Semin. Arthritis
Rheum., 21:252, 1992.

Serra, M.C,, Calzetti, F.,, Ceska, M., and
Cassatella, M.A.: Effect of substance P
on superoxide anion and IL-8 production
by human PMNL. Immunology., 82:63,
1994,

Fewtrell, CM.S, Foreman, JC., Jordan,
C.C., CEhme, P., Renner, H., and
Stewart, JM.: The effects of substance
P on histamine and 5-hydroxytryptamine
release in the rat, J. Physiol, 330:393-
411, 1982.

Mantyh, P.W.: Substance P and the
inflammatory and immune response,
Ann. New York Acad. Sci, 632:263-
271, 1991.

Weinstock, J.V.: Neuropeptides and the
regulation of granulomatous inflammation.
Clin, Immunol. Immunopathol, 64:17-22,
1992.
Payan, D.G. and Goetzl, E.J.:
Neuropeptide regulation of immediate
and delayed hypersensitivity. Int. J.
Neurosci,, 38:211-221, 1988,

H.M.

Immunoregulatory

B.A.:
of

Johnson, and Torres,

properties



48,

49,

0.

ol.

o2.

93.

o4,

90,

neuroendocrine peptide hormones, Prog.
Allergy., 43:37-67, 1988.

Levine, J.P., Goetzl, EJ.,, and Basbaum,
A.T.: Contribution of nervous system to
pathophysiology of rheumatoid arthritis
and other polyarthropathies. Rheum. Dis.
Clinic North Am., 13:369-383, 1987.
Baluk, P., Nadel, J.A., and McDonald,
D.M.:

sensory axons in the rat respiratory

Substance P immunoreactive
tract: A quantitative study of their
distribution and role in neurogenic
inflammation. J. Comp. Neurology.,
319:586-598, 1992.

Gyorti, A., Fazekas, A. and Rosivall,
L.: Neurogenic inflammation and the
oral mucosa., J. Clin. Periodontol.,
19:731-736, 1992.

Nagata, E., Ohura, K, Shinohara, M., et
al.: Distribution of nerve fibers with
substance P- or calcitonin gene-related
peptide-like immunoreactivity in ODU
plaque susceptible rats with experimental
gingivitis, Acta. Histochem. Cytochem.,
25:161-168, 1992.

Scott, D.T.,, Lam, F.Y., and Ferrell,
W.R.: Acute inflammation enhances
substance P-induced plasma protein
extravasation in the rat knee joint.
Regulatory Peptides., 39:227-235, 1992,
Ballieux, R.E.: Impact of mental stress
on the immune response. J. Clin.
Periodontol., 18:427-430, 1991.

Farber, EM,, Lanigan, SW. and Rein,
G: The role of psychoneuroimmunology
in the pathogenesis of psoriasis. Cutis.,
46:314-316, 1990.

W.R. N.JW.:

Extravasation in the knee induced by

Ferrel, and Russel,

438

6.

o7,

98,

99,

60.

61.

62.

antidromic stimulation of articular C
fiber afferents of the anesthetized cat. J.
Physiol., 379:407-416, 1986,

Gamse, R., Holzer, P., and Lembeck,
F.: Decrease of substance P in primary
afferent neurons and impairment of
neurogenic plasma extravasation by
capsaicin, Br, J. Pharmacol, 68:207-213,
1980.

Jansco, G., Kiraly, E., and Jansco-Gabor,
A.: Pharmacologically induced selective
degeneration of chemosensitive primary
neurons, Nature,, 270:741-743, 1977,
Olgart, L.M.:
nerves in hemodynamic reactions, Proc.
Finn. Dent. Soc., 88(Suppl. 1):403-410,
1992.

Fazekas, A., Gyorfi, A., Posch, E.,
Jakab, G., Bartafai, Z., and Rosivall, L.:

Effect of denervation on the neurogenic

Involvement of sensory

inflammation of the rat mandibular
mucosa, Naunyn Schmiedenbergs Arch.
Pharmacol,, 343:393-398, 1991.

Olgart, L., Edwell, L., and Gazelius, B:
Involvement of afferent nerves in pulpal
blood-flow reactions in response to
clinical and experimental procedures in
the cat. Arch. Oral Biol, 36:575-581,
1991.

Izumi, H. and Karita, K: The effects of
capsaicin applied topically to inferior
alveolar nerve on antidromic
vasodilatation in cat gingiva. Neuroscience
Lett,, 112:65-69, 1990.

Karita, K., H., Tabata, T.,

Kuriwada, S., Sasano, T., and Sanjo, D.:

Izumi,

The blood flow in the periodontal
ligament regulated by the sympathetic
and sensory nerves in the cat. Proc.



63.

64.

65.

66.

67.

68.

69.

70,

71,

Finn. Dent. Soc., 85:289-294, 1989,
Graham, C.J, Zhou, L. Weatherbee,
J.A., Tsang, M.L., Napolitano, M.,
Leonard, W.J., and Pragnell 1B.: Cel
Growth Differ, 4:137, 1993.

Kwon, B.S., Zhou, Z., Pollok, K, and
Kim, Y.: FASEB, 6:A1147, 1992,
Davatelis, G., Wolpe, S., Sherry, B,
J., Chicheportiche, R.,
Cerami, A.: Macrophage inflammatory

Dayer, and

protein-1: a prostaglandin-independent
endogenous pyrogen, Science., 243:1066,
1989.

Wolpe, S., Davatelis, G., Sherry, B.,
Beutler, B., Hesse, D., Nguyen, H.,
Moldawer, L., Nathan, C, Lowry, S, and
Cerami, A.: Macrophage secret a novel
heparin-binding protein with inflammatory
and neutrophil chemokinetic properties, J.
Exp. Med,, 167:570, 1988.

Oh, K.O., Zhou, Z., Kim, K.K., Samanta,
H., Fraser, M., Kim Y.J, Broxmeyer,
HE., and Kwon, B.S.: Identification of
cell surface receptors for murine
macrophage inflammatory protein-la, J,
Immunol,, 147:2987, 1991.

Hirano, T.: Chem. Immunol, 51:153,
1992.
Hirano, T. T.: In
Handbook of Experimental Pharmacology
Peptide Growth Factors and Their
Receptors, vol. 95/1(ed. M.B. Sporn and
AB. Roberts), Springer, Berlin, p 633-
665, 1990.

Sehgal, PB. Grienger, G., and Tosata,
G.: Ann. NY Acad. Sci, 557:1, 1989,
Santhanam, U, Ghrayeb, J., Sehgal,
PB., and May, L.T.: Arch. Biochem,

Biophys,, 274:161, 1989.

and Kishimoto,

439

72.

73.

74.

75.

76.

7.

78,

79.

May, L.T. Grayeb, J, Santhanam, U,
Tatter, S.B., Sthoger, Z., Helfgott, D.C,,
Chiorazzi, N., Grieninger, G., and Sehgal,
PB.: J. Biol. Chem., 263:7760, 1988.

Rameshwar, P., Ganea, D., and Gascon,
P.: Induction of IL-3 and granulocyte-
macrophage colony stimulating factor by
substance P in bone marrow cell
partially mediated through the release of
IL-1 and IL-6. J. Immunol, 152:4044,
1994,

Kroegel, M.A.,

Characterization of

C., Giembycz, and
PJ.:

eosinophil cell activation by peptides.

Barnes,

Differential effects of substance P,
milittin, and FMEY-Leu-Phe., J.
Immunol,, 145:2581, 1990,

Paegelow, 1. H.:
Immunomodulation by some oligopeptides.
Methods Find. Exp. Clin. Pharmacol.,

8:91, 1986.

and Werner,

Nilsson, J., Von FEuler, A.M., and
Dalsgaard, C.J.: Stimulation of
connective tissue cell growth by

substance P and substance K. Nature,,
315:61-63, 1992.

Quirion, R.: Multiple tachykinin
receptors, Trends Neurosci,, 8:183, 1985,
Lee, CM.,, Iversen, L.L., Hanley, MR,
and Sandberg, B.E.B.: The possible
existence of multiple receptors for
substance P. Arch., Pharmacol, 318:281,
1982.

Takeda, Y. Chou, KB. Sachais, BS,
and Krause, J.E.: Molecular cloning,
structural characterization and functional
expression of the human substance P
receptor. Biochem. Biophys. Res.
Commun,, 179:1232, 1991,



80. Shigemoto, R., Yokota, Y. Tsuchida, K.,

81.

and Nakanishi, S.:
expression of a rat neuromedin K
receptor cDNA. J. Biol. Chem., 265:623,
1990.

Yokota, Y., Sasai, Y. Tanaka, K.,
Fujiwara, T. Tsuchida, K. Shigemoto,
R., Kakizuka, A.,Ohkubo, H.,
Nakanishi, S.: Molecular characterization

Cloning and

and

of functional cDNA for rat substance P
receptor. J. Biol. Chem., 264:17649,
1989.P

82. Catalan, R.E., Martinez, A.M., Aragones,

440

83.

M.D., Miguel, B.G., Robles, A., and
Hernandez, F.: Dual mechanism of
by
substance P in brain. Eur. J. Biochem.,
172:547, 1988,

Laniyonu, A., Sliwinski-Lis, E., and

phosphatidylinositol hydrolysis

Fleming, N.: Different tachykinin

receptor subtypes are coupled to the
phosphoinositide or cyclic AMP signal
in

transduction  pathways rat

submandibular cells, FEBS, Lett,,

240:186, 1988.



-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-1a, IL-18, and IL-6 from culture supernatants of homogeneous immune
cell lines. Serum free cell supernatants were concentrated with TCA precipitation, fractionated
with SDS-PAGE, and subjected into western blot analysis, Among 15 cell lines tested,
macrophage/monocyte cell line RAW?264.7 and WR19m.1 showed the highest level of induction of
MIP-1a 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 supernatants of all cell lines tested except RAW?2647,
WR19m.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-1a release
from RAW?264.7 or WR19m.1, and also IL-6 release from AZ20, but this synergism is not the
case in costimulation of RAW?264.7 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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