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Substance P(SP)¥ mammalian tachykinin
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macrophage®] AI3}* 2 mast cell &3,
histamine 2 ¢ mast cell-dependent
granulocyte -3} 2 okt F72 o
o 4h-3-g A Aoz gk

SP:= o3 F7F9 M Eo|A IL-1, TNF-q
IL-6 9 IFN-r9} 22 cytokine?| H3e] o
8-S Foj¥9 IL-32} GM-CSF induction &
%4 in vito 28 £234-& AT g2
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=3} rheumatoid arthritis®} Z-& A 9%
A 3bo|A] SP7} pathogenesisell 523+ 9&&
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Human promyelocytic cell lineql HL-60-2
10%2] fetal calf serum(FCS, Hyclone),
100U/ml®]  penicillin %  100¢ g/ml1¢]
streptomycine] ¥ 3% RPMI1640(Gibco)
mediumell A 5%2] CO:9} 100% #%=2] =4
22 37°Col|A wjeFa}lst}h. Mouse macrophage
cell line¢l RAW264.7-2 919} 5 272 FCS
7} 847} £3% Dulbecco’s modified eagle
medium(DMEM, Gibco)ollAl HA] $j9} FY
% Aoz wepsiele

2. Antimicrobial assay

@® HL-60 cel2] 87T

Atere] promyelocytic cell line§l HL-60 cellS
50064M2] N, O-dibutyryl adenosine 3’5" cyclic
monophosphate(dibutyl cAMP, Sigma)7} *§
g wjoyAgA 7] AERE 2X10°cel/mlE
397 whoFsted, granulocytes} FAME 7% &
b= AEE E3A)7 L 33, 20ng/mle] 12-
O-tetradecanoylphorbol- 13-acetate(TPA)Z 34
7k wjefsle] macrophages} AR AEE ¥
3}A1Z .

(® Antimicrobial assay

235 s o|23td HL-60 celld A4
7} 23EA 42 wiokdelA SP nME 24
A7t A48k ¥, Staphylococcus aureus®} A E
4 1:12 Eg3le 37°CollA 247} rotationA]
F1HA wh-EAFH -

4} 22 hovine serum albumin 0.01% 48
Ao F 1:10000 M3l 10042 IMYE
BHI agar plate2 platingdlgdel. 37°C



overnight Wj% F colonys& A3, 2
E AYL triplate2- & 3} o}

3. Mast cell §23

@® 5Z mast celle] £2]

27} mast cell?] #8 & Cochraned}

Douglas®9] #l & §43ld A3
Sprague-Dewleyd 317 E oe]|22 ul3 A7)
% oF 20ml9) Ca-Locke £9%(150mM NaCl,
5mM KCl, 2mM CaCl, lmg/ml glucose,
Img/ml bovine serum albumin, lmg/ml
heparin) & E7} o] F9)8}3 027 B &
ZbgA epAbxIEE ¥, B A 57
AMA g AFstack A FRAE 400g
257 43N F A FHdE HElx
Ca-Locke Se}o2 ¥ fA1Zc 94Ee
£ AP SAA Percoll 494(10X Hank
£ 1ml+Percoll 9ml) 35 mlE ¥ F =)
Hed mast cell ¥ 0.75mlE ZAAHA
£8¥3 Hank §9 05mlE A3l A+
1087 B0 29 S 1252 15
b 4% A7 F A3 2mlE L=
A% & Ca-Locke §4 22 24 HA F
4%105 cells/ml %2 mast cell F+FH& 7t
==t

@ S #o|FAoA S mast cell2| HE

Substance P9} MIP-la7} Z+z} mast cell
g3 A7 =R S HAE]) A AFF
AlZ] mast cell Y 10045 =37
chamberdl] ¥3. M EEo] AAFHEE 1037
) %8+ F Ca-Locke £ 504 Z mast cell ¥
SHo| H7}sl, oJ8 =2 Substance P(4
X10°M/ml, 4x10°M/ml], 4x10"M/ml) &}
MIP-1a(10ng/ml, 1ng/ml)E 747} 5044 37}
ste] FxW EHNE HAFGC. =3
Substance P2} MIP-1a2] mast cellel] ©jst A
3288 ##3E 7] 9)5led= Substance P(4X
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10°M/ml, 4Xx10°M/ml) 504E mast cell H-f
Aol A7}ty 5FFo| MIP-le(10ng/ml,
Ing/ml) 5045 H718 o 1 E3E #3243}
). =4 du|7-L Olympus IMT-25 A}43}
9T, mast cell®] e W3 oF= 02
#HEs

4. Immunoblot 4]

RAW264.7 cell2 LPS lpxg/ml#} SP 30nM,
LPS + SP%-9] W z#2.2 Yo FBS7| &
oA 9 Aele] DMEM mediaol 4 %
10%ells/m1¥ 24417} A58 F, A4 FUE
slo] 44> supernatant?-& FAU. 10 %
TCA (Trichloroacetic acid)Z A}-2-3ted o]n]
o supernatant® & A A 9. 20%
acrylamide/ Bis(30:0.8) gel2 A48} SDS-
PAGE (polyacrylamide gel electrophoresis)Z-
gkl

o] gel& TBS(Tris-Buffered Saline) 2 A}
M)A 8 F, nitrocellulose membraneo] western
blotting® T8 membraneSTBSel| A& 3}
t}. A3 3& membraned blocking soln.(5%
Nonfat dry milk, 0.2% Tween 20, 0.02%
Sodium azide in TBS)efl ¥ I Al 2ol A 24|71
wjokslglch. o] ¥ TBSZ F el Mz 3] A
3t ¥ rabbit anti-IL-18 AbZ 343k £
membraned ¥ I Aol A 24| 7F wfefalol T,
TBSEZ A8 ¥ anti-rabbit Ig-Alkaline
phosphatase conjugate(Bio-Rad)E 3|43} £
o membraneg A-2A 1417 0% < o)
Pt

TBSZ A|# %, alkaline phosphatase2|
substrate® 2 4 3 = BCIP/NBT
(Bromaochloroindolyl phosphate/nitroblue
tetrazolium) soln.®] membranes ¥ band”}
B w7px] AoA wjeksisl, o) wHE&
23 A)7)7] ¢ 3] 20mM EDTA soln.ol
303
AA

o]
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F 12 v]¥3s) HL-60 M 29 3F2H8o
o)X= SPo| °f3S FAd L2, HL-60
o] H7t2 S aureus?| MlFF7} 3682144201 A
1324+1682 A 71A3le], HL-600] A3
Fa44-5 AV S-S e o, SP
3nME HL-60& A8l A4+, 22 LPS
o} A4 SPE Aslds At delde &
Aoz fo3 F#3E Fvle Jehdz|
orch

E 2= TPAZ HL-60% 3d7t 23ty
macrophage/monocyted] 7]%5& 713 MEE
3RS A F, olol ot SP 43S @
A3} 7o)k £3}sl HL-607} TPAXE 3}
olo o 2Fof u|d}e] 132411680l A1 697 167
2 #X 744 A4S Jepde =
& SP 30nMZ HL-60Z z339<& A
392+509] M#FFE veple] 2SR o
A$Hd BAHOZ {3 gHztse] F
7He Yehf gl es LPSe} SPE A 2H4-3)
A& Afole olB) 47t ¥ & FAS
S 29 o), synergism®] JAE Heolz ok
atek

£ 3= dbcAMPZ HL-60E 397 23}
granulocyte®] 7]%5& 7M1 A T2 3

¥ gztgol o3k SPe S JES A
olc}k. dbcAMPE A e]d}#] k-2 A EQ] glo]
1324416891 7ol H]3}le granulocyte® H-3}%
M EE 71811824, 319 A 271 94 ¥
HaA we FEEL Yo SP
30nME Helgt S 474173024, EAAL
2 frost Fatge] Asg Belon, speg
LPSE FAld H4319& A4, 4307924
SP 2EEFHs} 2 |7t v dTAHEE
ehg gl o

23 2= H3¥AHQ mast cell S F=F
# el compound 48/80°.2 2]3}9]-S mast
celle] FelA W3E epd 1P 22AM, BE
mast celle] @AFAALS Jelhl g HoAF
I gk

2% 3% mast cell 233 i SPe ¥
=y §32 #Ag oA 10°MeME &
Ag 2aAg Ao Yeptont, o o]3le] F
T M Fol = Wl dde

1% 4= MIP-les} SP7} $4 A4S
W 2] mast cell &Y A HAF Aot
MIP-la 4M(E2)88-A] 7ke] &33] #r =
Aol vielyk o), SP 10°M# MIP-la 4uM
SA A4 (A2), 23] SP 10°Me) 9|3 &
#3]-& MIP-la7} A8 X3 43S vehd
ek

¥ 1. Numbers of colonies of S. aureus cultured with undifferentiated HL-60 cell

Stimulant HL-60
+
- 3682+ 442 132441682
SP 30nM 1154+ 104P
SP 30nM+LPS 1ug/ml 1108+31P

n=3 (mean+SD)
a © p{0.0001 when compared with non-HL-60 control

b : statistically not significant when compared with non-stimulant control



H’ 2. Numbers of colonies of S. aureus cultured with TPA-treated HL-60 cell which is differentiated into

macrophage/monocyte
Stimulant TPA treatment of HL-60
- 1324+ 168 697 +672
SP 30nM - 392450
SP 30nM+LPS 14g/ml - 309+12P

n=3 (mean+S8D)
a  p{0.01 when compared with undifferentiated HL-60 control

b : p¢0.0]1 when compared with non-stimulant control

¥ 3. Numbers of colonies of S. aureus cultured with dbcAMP-treatment HL-60 cell which is differentiated into granuiocyte

dbcAMP treatment of HL-60

Stimulant
- +
- 1324+ 168 7181182
SP 30nM - 4744730
SP 30nM+LPS 1ug/ml - 43079

n=3 (mean+SD)
a © p{0.01 when compared with undifferentiated HL-60 control

b : p{0.0]1 when compared with non-stimulant control
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3. 1. Enhancing effect of substance P on antimicrobial action of undifferentiated or differentiated HL-60 cell
* : p0.05
** 1 pd001

Al : Ca-Locke control A2 : compound 48/80 2.54g/ml

% 2. Compound 48/80 - induced mast cell degranulation
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Cl : Ca-Locke control C2 : SP 10'M

2@ 3. Effects of substance P(SP) on the mast cell degranulation
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C1 : Ca-Locke control
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F1 : Ca-Locke control

% 4. Effects of macrophage inflammatory protein-1a(MIP-1a) the substance P-induced change in mast cell

degranulation
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D2 : SP 10'M + MIP-la 4 siM
B,  ©° "W

f"g?o;' |

F2 : MIP-1a 0.4 «M



Cl : Ca-Locke control C2 : CGRP 25x10°M

13 5, Effects of calcitonin gene-related peptide(CGRP) on the substance P-induced change in mast cell degranulation
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13, 6. Immunostaining of RAW 264.7 culture supematant with anti-IL-18 antibody

1. control

2. LPS lpg/ml

3. SP 30nM
4. LPS lgg/ml + SP 30nM

2% 5% SPe} FYd AAAA &3 &4
ated, $Alol frelslo} 248 CGRPS} SP
o] mast cell 233l A3 FAAEE HA
g adeloh EAFEY 27N AE T peptide
Atele] &3 fxo W3 A5HES AF
g 4 gk

1% 6% macrophage cell lined] RAW264.7
ANEE SP E-& LPSE A}=-3}od, wliofAA A
07 fa|xe e IL-18E western blotl 2
B3 Aolch. LPSE A}F4] IL-182] AJAbo)
- FrEgeY, SPe 35 W LPSst 4] A
4] 25 IL-189] W3o] 2= %] oot

v. 1 &

SP:x von Euler®} Gaddum™el| ¢)3}e] of
60 A A&z 22l peptide2AM, FF ¥
Bz ARFA de] BEF gloed, F=2
nociceptionel] A | A1 G A A AAGE
AR A4l ez dedx g 274
7] 2] o] eosinophils, endothelial cell
macrophages© SPE AJAlglciy B 315¢] oo
W8 SP9} 72 neuropeptides?} WA ¢} Al
AAE A3 AAANAFE JE§ g
A& s dAdEe] ¢ A AFHG

b
ot} Z primary(Z<, thymus) o secondary

)
~

lymphoid organs{lymph node, spleen, gut-
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associated -lymphoid tissue)l] peptidergic 4173
o 9 glel, WY B AT Ao
QMo UG WA 9gel vusgs
"1, o]¥ % lymphoid organ®| w]A| 7ol
25 e 9 28 ATk AAEF ALl
o] 721413 2143 #AAZ Ql5ted, neuropeptide
ARAGEA- ] fol3lA FElHe] e
Al 5o, o]Eol H3t FolH F4AE HH
3= A EE] Hete ligand 2422 H o
g 7bx] AEI}A ubES do7|A "ok
macrophageS H| %3} o8] subpopulations?)
T cells ¥ B cellol] SP $4-A| 7} Ex)8}e1*,
high affinity 8- ¢l NK-1 &A= A7}
2 okeix 9l ™, human SP F&AE G-

7L

-
ST

protein-coupled receptor familyel| 43}
2 e .

Interleukin(IL)-& HYA E7} Felsls= ¢4
A AHEEAM, 2 doubgol ddte] ohefst
Z2A7)%& Jebliv, SPe} ZH-E neuropeptide
o A1y 23 75k A9 FEo] o] 1LY
Wao o3fs vjAoz A wsj"e & 4
sk olEd #3839 g oA, o F7e
M EANA IL-1, TNF-¢e, 1L-6, IL-2 9 IFN-y
o) A4S SP7E BN B A
v wEl Spe 2d £33 EHE wishEd
3 Rameshwar® 5-& ¥ 173}¢t}.

254 83} 2 pathogenesisoll A o3 A}



oFArL == rheumatoid arthritis& A}2)
synovial cellel| Al SPX PGE:9} collagenase2]
$HE SR GebN arthritsd] 7199}
Aol 744 583 cytokineql IL-19] #H|o %=
4% & Fegt FZ&549, rheumatoid
arthritis3}A}2] synovial fluidelA ©}eFe} IL-1
o] A&HAUtE Wood® 53 Nour” 52 B
T3l =3 AAR Y arthritic jointel] A
SPE &3t AAAR7 B 2yER A
Hd ¥, A EE A E arthritic joint tissue
M ¥ SP FEEF HHTT Levine® 52
2. 373}¢9]v}. Rheumatoid jointel| = &AM 44
B of @2 macrophage’l Ee9]low o]&
M Zoll & SP 837} EAgicga deA 9]
C‘_Zﬁ. 45).

2 3§ oA+ murine macrophage cell linegl
RAW264.72 SPE A3l ot IL-19) AAk
< dojubx] ¢kl LPSo| &8t IL-1 AAHS
o F7HA71A = F3deH2d 6). o|2jd A
7= Y3k SP x| A macrophage cell line
P388D19 IL-1AAFS Z7}14)%Z] Kimball39)2]
Aol vfF o9& Zlo|¢lok. Macrophageol]
3t SPe] zH8-o] YeptA| 9 olfr: Al
o dA £ origine] ME F37] dELE
F25 . Abe] monocyteo| A SP7} IL-1%
v & FAAHGT B33 Lotz 52 A}
$elA 7138 Kimbal®$] A= dX)shd,
murine schistosomiasis®] splenic macrophage®]|
M olFd ztgo] yehtA dtdi 3
Weinberg®] X3¢} Ahubgl He] o]2{3t 7}
4e SeRYT =GE 5T A2, A
o] 2% M E duodenal mucosaclr] SP
7} IFN-y A4S FAAH 24U 9, murine
spleen cello] M= E37} Jepta] b AEY
cell origindll wet MZ2 o AHA7}L g 5
AEE 453 Aol

Neuropeptides”} ¥ % {45 & 24
E dlol FeJ3h= = e 7)HE, @
£72] A Z(lymphocyte, granulocyte, connective

3

Lo
T

387

tissue) EHol| E|5= peptidased w2 &
ZA o)}, E3) neutral endopeptidase(NEP)=
52 SP9} enkephaling 33 3h= g2 3h=
Aoz ez dd* ¥, 7]#¢ NEP:
virast} mycoplasma ZHIAl o} o5 &
o] Zadrx 3m* Y glucocorticoid X &
Al 7132 Au)H Ee) A NEPS wd¢] 57}
1%, SP 444 o] downregulation® o}
39 =, E3 polymorphonuclear
cell(PMN)-2 A EHEdo)] c}ake] NEPEAES-
7FA I g e o] FHAJ} chemotactic
peptide?] fMLPE 3}3)3}1, NEP inhibitor=
chemotaxisE FAA1Z1G g™ . o]}
Zo| NEP7} 5HE Ao 2 985 v]H
A2 3E, NEPS] 84 H3E 2 4+
Ue 2L 45A8E 2A3e=d & 9%
S & Hee F2xo) =3 SPE neutrophil
chemotaxis, PMN®] lysosomal enzyme &,
neutrophil ¥ macrophage?] phagocytosise &
A% 5, P 93 P15 S e
T A A9 2 AgdAE gl
promyelocytic cell line¢l HL-60 cell& |83}
4 $2H8d vIAL SPY E3E IR
Az}, v)E3td Adle] HL-60 cello: SP7}
53 grate-5a1 S Kol gron) F31d
e e AZEANME A a8 A5
£ Jepidle dbeAMPZ H2]3ted PMNL
2 w39 ATAAY FTFHE 452, PMN
2] chemotaxis, phagocytosis ¥ lysosomal
enzyme F8]23}4-5-& $AA AW Marasco™ 5
9 Bar-Shavit® 5] Az}l dx)aE= Aol9l
1, TPAZ A3l monocyte/macrophageE
349 HL-60°] ¥d2§ FAxH:
macrophage®] 7|95 ¥4 FAEHE e
W2l® Hartung®} Toyka® o] Z3}e} dX]a}=
7ot wetA PMNeo|y} macrophage®} 22
AN 3ol ZH8-3led SP7} 934 -L modulation
3, o|F H4FMEZF Yt mediatore A
neurono]] 2H-8-5}e] SPe} -2 peptide®] F-H]

a
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7b 2AHYT AMERERPE NEPEA 9
neurogenic inflammation®] FA}-S wohA] W 3}
A7) wg B3t Az s 45 A
< AT & 4 9loh 31A]% B cell®] Ig
A Arell SPe} LPS7} synergistics}Al 2H-4-3}91
oh1 & Pascual” 59 Mol UAHA
= A7 B AN el & 23
HL-60 ¢} 3724 A%l 9lo] LPSs} SPA
o)ol|3= synergismo] Z3&}A] ¥ektl. Mitogen
Aol 93l SPY +4A7L FrHEoEH
synergism HAHS UEepfE oAZH, T cellol
W3 PHAS} SP §A1&4-3), B cell] wsh
LPSs} SPaHL, 28] T celldl] 93 conA$)
sPel FAHEE B 4 A0 28y
anti-CD3 Abg} EA|H 43 SPE T celle]
3le] additive effect®t vlelio] A
cellular target?} signal transductionel ©j3} &
A4ze 447180 A2 27) dEolet
7 224,

Mast celle] S435518S ehhs AE
24 &3 93433 mediator] FEHALE
L 4 9}, SP= micromole §+$)2] 3 Eo
A mast cell 3L $533 histamined
$3) AR st H, B AR AzelA
T 10°Me] SPute| T3t &3y Aol
ehdet. 28 71954 cytokinedl MIP-lee
25E AEAN el LAY RS vhe)
Wl ol SPst A1 Fof Al antagonism¥F
HE Bl o] ojAtulte] AFeie. MIP-1as}
SPA}o] 2] antagonism-2 signal transduction®}®
o A} second messengerAle]8] Ab3 ITIAl Q)
A Aoz Audo

T Janiszewski® $¢] K.ilo| olald =3}
212 $5x £3}% picomole WA nanomole
holo]l =% SP7} mast cell®] outward Cl-
currentE - E3}od, M E free Ca™' & F7HA
71024, oF2 additional signale] AT A
of o]eo th3 mast cell FAIFE FA
potentiation A|Z1T}i dtg e}l &, mast cell

1.

°| &
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membrane?] A7]H W3E Yo7|= AHES
% FE SPE AR uEAS FUMTE
o] 28} ‘primary’ EI}E Feigtdt ol
)23 priming #4h& basophi™ ™ 9 o
HEE" DMz B 422 priming
factorE2 A= IL-le, IL-3, IL-5, IL-8 =
insulin-like growth factor I, GM-CSF, TNF-a
9 protein kinase C activatorsS S 4 92
o, SPE % 42| priming factorZ o A=l
o} 3l o}®. odebA] neuropeptide®] mast
cello A3t Aejet 75 Ao &HF <Y
Yz 2244 BAKE ATIE Aol ok
g} A EvF-2A e modulationd HoE FAEF
st

3 B A= Sspet &3] FY AA
froll coexisting HoQlE ALR U =
£ neuropeptide CGRP™ ¢} SP2] %-A|zH&-
[AZY A, ol =He HIE FHSA
25t 28y SP¢ CGRP, CGRP$%}
somatostatin, 28] 22 SP2%} cholecystokinin-o]
5d ARAAF FAlel EAF= A9t ©
omB-7 o]28}t peptide?] colocalization & A}
%4 Aot o e P el
HYzAr|HY BA4E 85 H3a s
Z tissue-specificdt 95 Y Huk-gd A}l o
Fupoh eldlg ALEA 4l AR,
rtheumatoid arthritisv} SH X9 2 543
7)#e] WMAEEH ARE ARsed e
neuropeptidergic 41739 44 9 9% Z2A7]
AL o $3te= WYL, J7bE A
neuroimmunomodulation 798 FA A =3 o]
Fojof & Aoz AgHo.

¢
o}

o

L

v.d £
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— Abstract —

Effects of Substance P on the Activities of Immune Cell

Hyung-Seop Kimi, Kwi-Qk Ohz, Chong-Deuk Lim
Dept. of Periodontologyi, Dept. of Pharmacologyz, College of Dentistry,
Chonbuk National University

The neuropeptide substance P(SP) has been recognized to modulate immune systems, with
close proximity between peptidergic sensory nerve endings and immune cells. These include the
macrophage and neutrophil activation, IL-2 production in T cell, augmentation of Ig synthesis,
mast cell degranulation, PGE: and collagenase secretion in synoviocytes. In this study I
examined SP-induced various biological activities such as antimicrobial action, cytokine
production, and mast cell degranulation in the presence or absence of other inflammatory cell
activators. Antimicrobial studies showed that undifferentiated HL-60 cells were not affected by
SP. However, SP significantly enhanced antimicrobial action of TPA-treated or dbcAMP-treated
HL-60 cells which had been differentiated into PMN or macrophage/monocyte. I could not find
synergistic relationship between SP and LPS in parallel experiments of the above. SP did not
induce IL-1 production from murine macrophage cell line RAWZ264.7 whether costimulated with
LPS or not. Mast cell degranulation was occured only when stimulated with high dose (10°M)
of SP and the degree of this activation was slightly reduced by simultaneous application of
MIP-1a. In addition, CGRP which is known to be a common coexisting neuropeptide with SP
within specific fibers did not augment the function of SP on mast cell degranulation. These
results suggest that immunoregulatory activities of SP could be mediated through direct
upregulation of various functions of immune cells and also upregulation of responsiveness of

immune cells to other immune activators.
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