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PRODUCTION OF INTERLEUKIN-8 AND MONOCYTE CHEMOATTRACTANT PROTEIN-1
BY PERIPHERAL BLOOD MONOCYTES STIMULATED WITH MICROBES

Jung-Min Lee, D.D.S., Mi-Kyung im, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Wonkwang University

The recruitment of leukocytes to a site of inflammation is dependent on a complex interplay of a number
of cytokines. Monocyte chemoattractant protein-1 (MCP-1) is a potent chemoattractant for monocytes,
whereas interleukin-8 (IL-8) has chemotactic activity for neutrophils, lymphocytes, and basophils. The
purpose of this study was to determine the effects of several microbes found in infected root canal systems
on the production of inflammatoy cytokines, interleukin 8 and monocyte chemoattractant protein-1 from

Monocytes isolated from peripheral blood were stimulated by group A streptococci (GAS, ATCC 19615),
Enterococcus faecalis (ATCC 29212), Streptococcus mutans (ATCC 10449), Streptococcus sanguis (clinical iso-

Each of these bacteria induced dose-dependent induction in IL-8 and MCP-1 determined by ELISA. IL-8
production by each bacteria was decreased in the range of the microbe-to-PBMC ratios of 0.1-1.0. Group A
streptococci was the week inducer of MCP-1 production.

These results suggest that different oral pathogens induce specific dose-dependent patterns of cytokine
release. Such patterns may provide a means of control of the type of immune celles particularly with regard
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271 0o o] 5 AlEA interleukin-13 tumor
necrosis factor (TNF-a)¢} Z-& 7323k & F4 cytokine
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AT 3 o] FREo] 2Ho] AW 7L AEH
o %3 o] FAFE cytokine WM BE F7HT
T AABHEQ el 7138 BASAAM 3 e 24T
o 2HAN STt ARehe Aol Al 249 &4

= e ohn Yol AL uh=
7t EASEY F7 Aol 7194 ]E}*‘E 7o) Ead
v QoY ST E o|dde HFH R 5
Al EAo] Zrad AEZA 7HH o 9‘101’} »F“’ﬂ
4% 84 A, interleukin (IL)-1, 1L-8, tumor
necrosis factor«, granulocyte-macrohage colony stim-
ulating factor (GM-CSF)$} transforming growth fac-
tor-es} 5 Xt o8 7 AE 24 EHE B4
= Aoz AdelAT?,

Chemokine® $42 2+ cytokine 24 & ol £
HoH, o2 AFA cytokineT= ”rﬂ H| 3 A "’EJ
Soldg Zeth”, daldl g4 M E= interleukin-83%
monocyte chemoattractant proteln—lol AEE F8
g A Eo|th4® g, o]E chemokined i8] A}
oJst] AfrotME 2 EHTAE 5 WY AL ofd
A ZAM = BPEH

ok Gt YAEE cytokineS X429 AdfolA
Fo 22 AEAM At Aslel] thadste] chemokines

RS 228 0 489S FFIT MOP-1€ AL
o 933} 2% 7199 Yas Avd 2ol @3 P49t 2

< AlgA Aol FEEAG, -8 FATE A=
3l chemokineC. 24 FATE WA 22 A%ely &
A7l e ekt AEEA ZHE YepdTE?, o] o vjs}
of MCP-12 2¥7E ¥ 77 22j8ole #4& U
BRI, 247 disiAe ol2ld 38 YehiAl @&
o7 Tl oA AAEE cytokineS X290 Ao
o 2 tE AI} Aol Zelo] tadsted chemokine
= P E fEdte T8 9L E9IY,
Streptococcus mutansi= 1% YA A TFOEA AHe] F
L3 AEom X2e 279 dF whgox 71oq4E & gl
Y| Candidia albicans= T7+2] ATihEe] 9 ¢19]0]
He A4 WY 2935 A 22 Wy 750 Astd
SRl A Ap ‘?—-_}745113} Group A streptococa‘_ }

[e]

p

N
ko
r&
o
I‘:Ll
o r
B -
ol
W ox
i
=
o
I
8
i)
ul
ox
_2:
—LI
£
> e

i o]-ng;] o]r/}zm

M a9 9] 9 ¥ oz
e B4 537]” ATl group
A Stl“eptOCOCCI, Em‘erocowus Jaecalis (ATCC 29212),
Streptococcus mutans (ATCC 10449), Streptococcus san-
guis (A% B8 3 Candida albicans (ATCC

S

d

—|—' X'U
r

o CHH0lA] Interleukin-82} Monocyte Chemoattractant Protein-19| &40) &t o1

90029) 5 Ak Tz FolojA]
AAX, o5 @817} [L-8 ¥ MCP-1&

FI% BAT AN
AR s

T o=

FAFoA, o5 Aol Y9lo] Hle 4B % AT
2ol WA Agh) ABE 3 ¢ /10¢ APekas
st
I. A4 iz L gy
1.2 F

7 el A A5 B2l 9 & group A streptococei (GAS,
ATCC 19615), Enterococcus faecalis (ATCC 29212),
Streptococcus mutans (ATCC 10449), Streptococcus san-
guis (AR B8 4F) D Candida albicans (ATCC

90029)& EH**OE 9tk W% BAsgd 25 89
g o] HFF F Todd-Hewitt Axuix|o] A &34t
kst C. a/bzcamg A9 e NFEL QAIgEL A
(pH 7.2)22 23] A4 ¥ 1087 B B =33

U} g Qlatgkzgdio g 33 A § g9wA (VITEK
Colorimeter, Hach Company, Loveland, Colo)&
McFarland 0.59 852 A9 & At ©]
ok 108/mLe o Fol B3}, C. albicanse QASE
oz 23] AT F 65T 308 =& F it
%—%0# o2 53] AH319 . McFarland 39 %22

2 2R9 5. C. albicansy 70| 7] W& o]
o] g%} o 10°/mLe] Alde] Fo iddict. it
A& Abgse] 106 At gMste # £& 10°/mL7A
TEQiT). F AMEEtE BY AlZste S ARSI

OFO Fﬂ -h e oo FlF

REESE

chelit M 22

A B ALAZEH o 20mLA ABste], WAL 5

01912} 28 heparin (20units/mL blood) Oﬂ Yy 2
2ot YPAAFE ek Ao d9E Mg 3y

Z(s.g.)°] 1.0779] Ficoll-Paque (Pharmama Biotech,
Uppsala, Sweden)¢] & 9533 FHe 2:19 HEE &
Fatdeh. 1,500rpmellM 3083t °J/“ 23 £ Ficoll-
Paquet} $3ol PA4E DT && Pasteur < 9|
gato] 2AlAHA E2la%ch. RPMI 1640 ¥A] (Gibeo
BRL Life Technologies, Madison, Wis)& ©]-&3to] 23]
AA 3 3 hemocytometer (Cambridge Instruments
Inc., Buffalo, N.Y.)E |83} A2 $& 5x10°/mL
2 238t

3. M7 0|83t ctefE X=

Yol 8| E Tl TE 96-well microplate (Nunc,
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Roskilde, Denmark)el] 10044 EF3te] A XY
7t welld 5x10°/mLE 23 sttt e 5044
gt A wello] 5x10°/mLe) HE2 3193, o] o] well
< 10W Al 7t Fhastel, AESigare] H)go]
1:1,10:1,100:1, 1,000 : 13 10,000 : 19] T}A 7}
A 2702 {3, Fo] Bo7A e AU zToRE
RPMI 1640 HAMx & AHg-stsit. 2% RPMIZ 1004
A A7k &, 37T COz wiF7]ol A 24417t F<t wjokst

ok
4. ELISAE 0|23t IL-81t MCP-1 £X

Endogen Human IL-83% MCP-1 ELISA 2
(Wobrun, MA)<& ©] &3t sandwichf &2 IL-83%
MCP-12 S48t 11-8 ELISAE WA Alge] 244
b Eet w2 HAF FEA 504E FEFEA IL-8 A
7F ZHE microwelld] HE3ln AMES A T A L4
N Bt vhgAI AT AR gdoR 33 AHe &
biotinlyated antibody 504 7} wello] ¥eith. €A A
LA 1AZFESE A% & 33 Aldsla, streptavidin-
HRP A A& 10044 ¥ T A 2o|x] 3087t uh2A]
At AF F TMB 712494E 10044 Y3 ALdA
3087 A7 F stop £ 1004 S Yol Haluke-&
F2AZT. 30%|Wol ELISA Reader (Dynatech
Laboratories Inc., Model MR700, Chantilly, VA)Z o]
&3t 450nm GANN FFEE 29 EE2ER
o 3% (Fig. DY vinsld, 7t A8 18 ¥ 55
311t MCP-1 ELISA® 99} T1-8%} Whie A9 H|%:
gHell, 239 biotinylated antibody® A|8E Aol 4
3, AZoAA 2417 ¥EA17)E Aol g2 Holt},

[==n-s8}

400 1000

Fig. 1. Standard curve of optical density (O.D)
according to IL-8 level.

214

M

I. & M5

oo

Fig. 2% group A streptococci (GAS), E. faecalis, S.
mutans, S. sanguis® C. albicans7} 1L-884 & A=38+]
+& JERTE. GASe 9o tid Al H]&o
0.0001el4 0.174A] F71eel vheh g s = IL-89 %
Rt 2Nl DT $2E FAGD} AT W]
X e A Yt E. faecalise ST t)g
A9 H]&o] 0.000114 0.12 F7igel wet [L-89 A
ko] F7HElo 19 Hl&E FUbE W A4 EHE [1-8
o) ke AAYQT. S. mutanss FATF gt A7 b)
0.0001¢l14 0.0012 F7}3tel mat A== 1L-89
7kt 0.01-12 Al vigo] Z718ld thAl
S A% BAT S, sanguise BT g AT
1€°] 0.0001014 0.012 Z7}etel] wet A=« IL-
o] o] ZrFtA U, 0.13 12 Alete] v)go] Z7hshH
| Z2E AT C. albicansN N G T g AT v
€01 0.0001014 0.1% 713 wte} A== IL-89 &
o] $7keithrt 12 vl &o] ket ZaE it

Aol AR 5714 AltEL Tl tidh Alvte] H]
&o] F7hgtel met AAEE IL-89 %] F7lsitirl o
% B o) dAE o A F] FAsd), dalTe o
g A2 vl g w7 B [L-82 AAsE Aol
t2A Jebgdth 2 0.00013 0.0010X e 8. matans,
0.0191X&= E. faecalis, 0. 191< C. albicans, 18] 1 19
M E. faecalis7t 7V B 11,-89 AL Hyon}
AT Aol= UERA] &gkt

o] go] AT 11-89 4L C. albicans7} A E22] v]&
o] 1¢ u A3 41.0(ng/mL)3} 0.1 w) A3 92.3
(ng/mD) AT AN fro)/de] AFHATH (p<0.05).
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. 2. IL-8 production was stimulated by group A
streptococci(GAS), E. faealis(E.£.), 8. mutans(S.m.),
S, sangwis(S. s.) and C. albicans (C.a.). Each datum

points the mean of triplicate samples
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Fig. 3. MCP-1 production was stimulated by group A
streptococci (GAS), E. faecalis (E£.), S. mutans
(S.m.), S sanguis (S. s.) and C. albicans (C.a.). Each
datum points the mean of triplicate samples.

Fig. 32 GAS, E. faecalis, S. mutans, S. sanguisS} C.
albicans7t MCP-1 A4 <& #%31% 22 YEAAT.
GAST T ol tigh Alte] Hl&o] 0.0012 Z7Hgel w
2t e MCP-19] @l 37tttz 0.013% 0.18 %
7heol whet stz 1 H)go] 1o] HE MCP-10] A
A FUT. E. faecalise T U3 AT Bl &0
0.001=2 Z7kstek7k 0.010] HH FF 7+4s}7] Aldkete
0.1c] 81" F43| Zasta 1 vj€o] 1o] 5¥ MCP-1¢]
RAAE A B}, S. mutans= QT gt At v &
°] 0.0012 Z7FstaA AAEE MCP-19] %o| Z71sit}
7F, Mg Hlgo] 0.012 F7hshaA Zasa 1 v $o)
0°] =" MCP-10] BAERA FUTY, S. sanguisc TGHF
o g Alitel "-ge] 0.012 71 Wrixle A E
MCP-19] %ol Z7k= 7} 0.1~12 S71etaA 24AEH
t. C. albicanse 7o gk AlFe vlgo] 0012 &
7kl A A= MCP-19] %o] Z7kstthrl 1 H]&o]
0.10] 9 A== MCP-19 %o Zaslt}r) Al Ee)e]
H]go] 10| HH MCP-1°] A485A] et%et.

57171 Al BF Dl Fof] tigt Ajatre] vl &o| S}l
wheh A EE MCP-19] %ol S7keivtrt 94 ulgo| g
Me B e o] aHe A%E EAY. & GASY E.
Jaeclis 9 S. mutans= FH | i Aol wEo] 0.01
d o BPEE MCP-19 o] HAH7| AlZtete W,
8. sanguisSt C. albicansA A (. 1904 A= MCP-1
o} oko] Zadtath, Gl ol thgh Al X9 g we} 7}
7 B MCP-1& AAsHE Aol 24 Jvehytt &
el o tigt Al ¥ Eo] 0.0001ME S. mutans,
0.001X & E. faccalis, 0.013} 019X S. sanguis7}t
7V B %o MCP-14& st 3k 1 v &0l 19
A= GAS, S. mutans$} C. albicans| = MCP-10] A

&0 CIHTI0{A{ Interleukin-83} Monocyte Chemoattractant Protein-12| &4A10] B5H o7

AR A%, E. faecalisSt S. sanguisNA & 00| gk ool
AL JTE, o]5o] AMAE MCP-19 &2 E. faecalis7t
M xske] wgel 0.19 ® 84 2.0(ng/mL)# 0.01<
wol] AAE 14.6(ng/mL)oIM EAHLE §g Afol7}
9IS T S. murans7t AZSHe] W8] 0,019 ) 44
3 2.7(ng/mL)2 0.001%4 wol A43¢ 12.0(ng/mL)el
M= fof g Zpol 7t AFHAH.
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o} T3 cytokine 8] 7H4 AXE 24371 F4
A7 B3 BT ol FA S 2HAY o
Z cytokined] ¥H|E 2AToZN WY W] 7w 7]
7+e 248} Cytokined FAFFo] Z& wiidy ot
HA2A ofF 2 RN T223 22 FJHE 787
o Agdro 2R 243} Cytokined cytokines FH]

g AT gle 871 Astd eI §ha,
cytokineS HH]3 Al X AR NI F&7o 2T
g 5 glon EE 32EI o] cytokines FHI3H Al
FollA He] Dojzl Ao AET Qe 474 At
o 248715 G Chemokine W TS &A43lstn
Wy Mo Z-g3he gl Eolth Chemokinee 700
A 909 ofnlite® FAE §le™, a-chemokine
(£ CXC chemokine)¥} B-chemokine (CC chemokine)
o2 B2at)” (XC chemokined F2 F4TE 84
3718 vha | CC chemokine 2 X7, 98T &
A3 9 IATE AT, 7 WA FEE CXC
chemokinee platlet factor 4 (PF-4)°]A|§, F& A+
H AL [L-8]th. [L-8& 98] LPS 528 A=A AL
o g wigo A B, 1% AfotAE, 49
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HAE SlME BHEAAG. [L-8& FAT g Was
FEE, actin®] FEE FEPH. £ L-8L A

©
CD11b/CD18% CD11c/CD18 ¥ integrin AA<
aHA| Foh?,

CC chemokinedl= MIP-1 a, MIP-1 8, RANTES,
MCP-1, MCP-2 ¢ MCP-37} &3t} 1 2 & 749 A
< MCP-1o/9, 89 Qa3 A3 w%(glioma)3} 47
A 259 W Aol FAHAT . MCP-1& g3l e] 3
Q8o AFA cytokine, PHASY LPSY Za)5}ko|A
T YA

B2 FA] T A E(monocyte) = HoZRH g
Z TR o3 94 243 o] (activation) WE T
chemotaxing X33 434 chemotaxing W&3c}, o
& WEEd o 838 F4 (chemotactic) IAE T2
WY LE Lgete] 45 WSS FEAT MCP-13 11~

& ofulieit FEAME 21%9 homologyE ZA| gt
MCP-10] @35 7}23] A8ksle= b [L-8 AT,
HZT 2 2970 el 38t F4L Yt 92 2
Aol B WA HTES 2830 2H MCP-13% IL-8
o] 4% ¥HgoA Uehde A2 #3S AR 208
Qg G G FE 11-18, TNFE 3319 of
2 7] AFe] tigle IL-8& AAste Ros deid &
o a8y, 987yt MCP-12 AAksls Sgd] e
T =80 golstth. o 71X AFAM MCP-19) A<
ER3A] gethe 779 $230E 7% 2 MCP-1
o e dAFdTe A7 5w A9} gl
o IL-B8sk TNF-ool tiais 8] 7238 MCP-10] 84
HEA et A2 AR PP Leibler 59
ATl A F9 @l A £7} phytohemagglutinin®
Z 2SS 2ol IL-8% MCP-1% 343e Basigd
]2 @ cytokine®] A4 mRNAQ A& A=4)9] ool
Hl#Et3 o, IL-89] mRNAY] f37} o] Vel 34]
7t Follof MCP-1 #4217} 29t sk

B2 45 HAdA wA ST 6P F o]Ye g
T FEZE7E Wi Yehdt) olgd dAe £ 3
gotA 24 [L-8o|v MCP-13 22 338 4
cytokineo] £ o 2 TP RN Yojdr} Ao
A 7149 A9 BE AXE MY IL-8E X o
2 g93A g,

4%9 SANTEY C. albicans® 718 AP I Thal 1o}
BETE ATk 24403 Fof wigee] guld IL-8%
MCP-1= EaWigyos 43t 28 A8 o ¢
M3 s, FEFF7F dojua FAF 2 el
HEZT9 zFo] dojudt), BE 23 72U L Yoy|: A
T2 PorphyromonasS; Prevorella 5 A 24

Tol 8% A dolA e, T ATz B o
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AT C. albicanst THEE Lo F Ye 7Hs
Jotn AlRET B8 RdoM o] #EE

713, 2 A A chemokined &3 3THA 714 o
AARE 4 A ET] AgelA o9} v]kE AdtolM B
A5 APt Jiang 59 G TY YIS 24
AHE 7359k 24A17F & A A% chemokine #4]d]
Zpol7} dtka AT o] ATV} AgH T2EAYo
FH e A A AFE wgoEd o 3y
AA7E AEE AFAE = Q7] dEo] FZ 7 < EE
Al 24717 A= Fasitn ek B dPee d
T AT MR PRSI AMSSIA] %k, T2 Yo
ZHE B3 AEE 24-well microplated] £33 ¥ =
Al 7HE, A AlddE R w2AH T Y Ey
71 A DAM Y Tl e} AL o] Aol tigh wheE
guigle Ao AIRHY, F Bd F o|x Ao] ¢ A4
FERGo|Y Al A Y] AT o] AR steAe 5 A
F7HEe¥ o2 Algdr)

Azbe oA 7ER 9] AlgelA foJstAl IL-83 MCP-1
FH]9] zbo] & ZISFARIT, o] 3t Aol s HFHA] gk
o} [L-89] 75 D3l A X9} A<l H]-E<] 0.000104]
0.171A 2 A= B4l sRdE §93 a}o]7} glo] 58-
93ng/mLe] H|5:3 WAE Ba, Hl&o] 19 A$ IL-8
9 ¥%7} 41~54ng/mLE 7 PolgA W EAFHoR
93 2fol = GIiTh, ¥bA MCP-1& [L-8¢) v]dled £n)
F=7t 20ng/mL oJ8t2 vi$- Wk, BAF A x} AT
9] v]-&o] 0.19! 2% 10ng/mLe|3l2 ¥gkom njgo] 1
A A% MCP-10] A9 A&HA sk}, 023 Aozy
Bl A A37t AR o2 Maol] =& A XA At
& 4 3= cytokined] & AgHd 4 vtz P & 9l
1, BA AES} vgdte A 3 oot dada 2
T U} IL-82 A X5} Ale] H)go] 0.00019)4 = t}
7 A A3, MCP-19] % 0.001 vl &4 7H¢ o)
ARE I o] o|F A TFTolY C. albicans7} v §- &
ZF EAF T ALE F83] AFAIA cytokineS FA 5t
AE T des ¢ F A 28)x o3 @ cytokined] %
< BEA] AlF o v e Ee2 € 5 YA 23]
Agd7t A xSl vstd g3 & ojfoz wolxd
cytokine FE=7} ROl AL} ole] FH|H|A] Gol M ¥ W
kg o7t sS4 AU

FoUgye vlud dye] BF3EY 9, ng 3
pg B9 nF7A] ST § Qe o HAPHo|A T
So|=rt va walo] okglt Ao FAAJo] glojd
HolHE 4lslsl7] offt}, whd @Al H oot YR 2o o
AM e T2 &3] A4t ozl 4] ¢
A AAE gAste] ALt AUy
" A& AT A vixEeE Ay € B3RS

3] W AAEZ A% A 4 Q= B 9l
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