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Abstract — Bacterial components and their derivatives have been reported to mediate various immunomodu-
lating activities and to activate immune cells including macrophage. In this study, the secretory and cellular
macrophage response to teichoicated fragments (TFs) from pneumococcal cell wall subcomponent were exam-
ined. Tumoricidal activity was measured by MTT assay and secretory molecules were assessed by biological
assay. After stimulation of macrophages with various doses of TFs for 18hrs, secretion of TNF-¢, nitrite and
H,0, were significantly increased as compared to medium-treated control. In addition, tumorcidal activity of
TFs-treated macrophages was enhanced, whereas production of IL-1 and IL-6, and phagocytic activity were
not induced. These data suggest that TFs is a potent inducer of macrophage secretory and cellular activities.
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NN ZE Agel 3l S50 vl5e)x Wdd] F
238 9g& = AERA 2354 ATl lipopoly-
saccharide(LPS)9} 7Z+2 zx}=EAo] w23 A shE o]
7% B3-S vepdvk(Adams er al, 1984). LPSel 2]
A3 M E= pro-inflammatory cytokinel! TNF-o
(Carswell %, 1975), interleukin-1(hazuda%-, 1988), Inter-
leukin-6(Tosato 5, 1988) X NO(Stuehrs-, 1987)%% &
vlEle, o] & Fal hMEe] Nk M) ZEEA (tumoricidal
effectys VEPE Z02 B =9 oH(Doe%-, 1987). LPSE
FH3lA] w2 asedxd Mde] AS HdEy AR
peptidoglycane] HANZE A7 HAom oUdaiA
3)vH(Gold, MR. 5, 1985). 28k A7) ARHTE Al
¥ AHO% peptidoglycano] el ol &3} FHAS 3}
X 9]3=teichoic acids (TAs), polysaccharides (PSs), lipotei-
choic acids(LTAsYs= &-s}al o). teichoic acids(TAs)e}
lipoteichoic acids(LTAsys~2 ### Al¥3e] 7= pro-
inflammatory +343#2.24] phosphocholines| 372 &<
Sk 9l HHEHe] oligosaccharide THE o] FI 9l
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=

7oz w3 ch(Behr, TS, 1992). 3] LTAst 4549
tri-hexosyl-diacylglycerol’| & 7FA| L gle}. dabH oz o]
2 T FH, HuUdd, o, % 95T I 5
< doFe= HHT] WA Z2 fAHe] e HeR
Az = c Tuomanen, E 5, 1985, Tuomannen, E 5, 1987).
E35] TAs, LTAsE-2 A|FHslel] Fabshd A7 2
2 deoglE Aew ¥yHE9 o (Tuomanen, B 5,
1985), FTell= TAs, LTAsE®] ceftriaxone, rifampicin,
rovafloxacins2] A o] A] HEHA F=mA
HH7e] HAA4ES FVATE ] EBFH T Heer C 5,
2000).

oo} Zh& WAL 7 Al HANZBAM i 9]
B TNF-o, IL-1, IL-6, NOGo 93] defvh= 7oz
oA Qluh B dTelA AR S®ET AlEEE
teichoicated fragments:= o3& cytokine?] A fr=o A
Brez zhasle 7oz olex 9lh(Riesenfeld-omn, I
% 1989). AF monocyte?] HH)A ZAll FHE dF
& ulA=LPsSete gl o 2 IL-1¢ wi-f ddgRe
2 7] 5 A7l AeZ ¥ uEelvh(Riesenfeld-ormn,
I 5 1989). =}, AR8F TP} A Ze] n]x)= o
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o] HeAE o] TeiAA) Asleh B AFlAE TP
o] AAES Shat ¥nla B AER Bl A 9%
o dsted ZAbsioAct.

Ay

HEHSEH Al

®] B. Charles River Breeding Laboratories AF2]CD-1
AF (6F~8F)5 TUHEEENE FF Lo} A &=
E Alepd BT odge] gl & vIFE SigmarlelAd T
d3led AMgSlAT}. RPMI640E #|= GIBCO(Grand Island,
NY)Abel 4] Fetal bovine serum(FBS):= ®|ZF Hyclone
(Logan, UtahyAlollA] 2kt 4)sted AR2s}oict.

TFs2| 22| & HX|

weksl H%HT-E lysaterZ] ¥ Garcua-Bustos® (1987)
o] =3} affinity chromatography® 2 2. teichoic
acids-linked peptidoglycan(TFs) 2 teichoic acids-free
peptidoglycan(peptidoglycan monomer) 22 #2359t}
E2lE Ths= 227)d w2 Eelsigen /‘-]]E“-'-’i teichoic
acid®] o 70%% Ak Ul =15 Adel A
sl 223 2382 Orcinol-Sulphuric acid Assay
(Sennerholm, L., 1956)% %4l 94%2] +=3 vlehiix
Aoz Z2AHYon, FPw &4 7 Bradford"‘ﬁ-—c" &
o) DNA 3 Sale] o9l Qshes Selakc

SUciA M x| 22|e} vl

Thioglycollate(Difco Labs, Detroit, MI) 1 ml 2 3F
2] Bl T3k 3-4Y F 7 ether2. HEAF A7
F EAE Fo Az 2E $sked 5 ml9
RPMI1640 WA S B7tel] FApslaL 2 &5 o o]
AR ARSIl &3t 1000 rpm«ﬂw 10571 $34]%8
g t‘f]-S'dE](Adams D.05, 1988). AAZ MNEE 10%
FBS 3 RPMI1640¥x|ol] &etA]7]l F AE el &
Teﬂon-coated petridishe]l €3 37°C, 5% CO, ®%7]<]
Al 2717F wiekElaL 23] Al Ble] FAEA] ok MIEE A
A& % 0.IM EDTA 300 e} 1.5% FBS ¥+ D-PBS
49 15mlE platee]] -2 AEZE F=|A)7] E}'T:_ X
106 cells/ml®] =2 34 AJAAM Yo Algslgct.

UME AHEH 55

B163AEM el T3 A2 AtaAE 45}
7] $18] 96 wellel] HHAMES 1X10° cells/well®] T2
YA TFs ¥ LPSHFN-y (AT ZF) 522 A=e ¥
B16 € IX10* cells/welle] %5 7}3}al 184 7H5<t wl
oF3lodt. MTT(2 mg/ml) 25 w8 7ksb 447k o whekst

¥ AAE formazand DMSOZE 9] i"F- Microplate

readeri 540 nmefl A EA sl AL APEe Hh 72
o] AksRsict.
% of COHHOI:IOO“[{ODrnacrophageﬂumor target ODmacrophage}

/ODtumor target] » 100

TNF-o2| M =X

TNF-0¢l sensitivedF 192940+ ES- o|-&8}ed Flick
=9 9P (Flicks-, 1984)l wel TNF-oF 3317 {3
M EE( % 10° cells/well)S TFsZ A3} A]7] & ul
SFAEAN 100 WS sl 3% Hol mE) 96 welld)]
monolayer® THE 1929 ME4X 10* cells/well)l] actinomy-
cinD(2 pg/ml) 50 pieh FHek wioF Aol 100 WE 7}ska
AAFE 2000 E §F F 184 zHEel wiekElT MIT
(2 mg/ml) 25 uE 7Rkl 4A17HEet o ekl AA
% formazang DMSOZ =91 F Microplate reader®.
540 nmel| A £33} A5 F TNF-09] oF& vhorsh
¥ TNF-oF A8l 2M3t BFFAe =58 A4t
shodet.

NOg| ddz £H

HAAZF TFset P2 187175t wiokst F A5y
%) NO 44%=Z Ding £(1988)¢] whe] wie 574
stdeh, 100 ul A5N-S #H3le] 96 well platesl] 71 ¥
Zzre] wellell 100 pi¢] Greiss Al2FS 7}aled Microplate
reader®. 540 nmoll A FR=F AN NOTEE
NaNOZ AMgsle] ZpAel &5 FAo2e A4l
Greiss A|2FE ZF¢l 549l 0.1% naphthylethyl-enedia-
mine dihydrochloride, 2} 5% H,PO&8e] =<l 1% sul-
fanilamideT %% £t 722 AMAAR Thge] A
31t

EtAl53o &N

hAMEe] B %E2 Okimuras (1986)2] zymosan
particle =343} Stossel(1973)0ll 2]s] w3 E NBT
(nitro blue terazolium) reduction HWFHS o]-8&le] &3}
At 96 well plated] welld 1X10° cells® 3L 37°C,
5% CO, wWioF7lolAl 2A12F wieksle] Azl F 5X10°
particles/ml®] zymosans} 0.6 mg/ml NBTE 7}sled zy-
mosan# 7 NBT A|ofe] uptake®=F 147} v wi<k
siicth. AR A2 A 3 NBT &gl
AEee] B84 formazan®] A TS dolEr] $]3}
& 540nmelM FHEE SA3EY o9 formazane]
vleel] FdsA H#g)7] dliel 5o dar) ik
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H,0, d4=H
H,0,9] ##]& XA k3] phenol red®] AJ¢] horse-
radish peroxidase?] £¥&}e]] AlzfEe] Wal= AHEZE &
8= Natan and Root(1977) &) WPH& Wisle) Al4-
it 96 well plated]] welld 1x10° cells & €32 37
°C, 5% CO, #F7]Nr] 2X|Zb wiokaled F-AAZ] F 1
mg/mle] zymosan £50ulE W3 1A7} uptake AlZ)
3?—, freshdt ®oFe] 100 pigk 50 wie] phenol redE 7}kl
|7F =] wioFAlZ] &= ELISA reader® 600 nmol A &%
f"a— ZAgc}. Foiz] Azl FHES] AbE A
A% 10,2 = vjEEke. o] & 2] FEEe) vlal
3‘}‘5:] % of control® VER YT}

IL-1, IL-6 Md=d

IL-1, TL-62 ELISAHPH-S- o]-83e] &733}3w}. Coating
AbZE 2-4 ug/ml/E D-PBSe] 3]A{sle] wjekst & coating
4g ¥]-$3 4% BSAE T3 PBS(pH 7.2-74)%F
200 pg®  wellell 7kshe] Ab2ol|A 1A17HE9E blockingdh
o2 PBS-Tween202 2 33] A3t} of7]ol] F0]E o
AN E vk AEY T standardS 50 upy 7heka 147k
Abgel ] WL 3 PBS-Tween202 2 33 £A83L
biotin-labeled detecting AbS- 0.2~0.6 pg/mlZ 4% BSA
g+ PBSE. 3]48F 5 50 pkg 7138F v Akl 1A7L
¥kx 3§ PBS-Tween2022 33 =43}, Alkaline pho-
sphatase-avidin® 4% BSAZ T3t PBS(pH 7.2-7.4)%
50004 &4 s}e] 2 wellell 100u¥ 7}sled 308 "k &
PBS-Tween202.2 3% A 5}e] diethanolamine buffer
(pH 9.8)%] 1 mg/mliE <] nitrophenyl phosphate £
£ 100l A F}BRa A4 slellA] 30% et Ak wjoks)
9v}. Microplate readerE- ¢]-4-5fe] 405 nmellA] SHEZ
A3}

7 Nz

WEzTe AT ALDZH] g 5454
student-T-tests ©]-88}d pgke] 0.05 ofs}el AL
o] o= A= dAMsisict

ERES
EER

Aé =iz2d :I'I_I.

HET TFO 28t tHHMZES| cytotoxicity SZE 2t

HPT Thsell o8] HAHZ7} SAdsse] tastg
e EAE ehRr] #lsf A $=(0.1 pg/ml~100
pg/mhE NANES g F oY) g wheksted
A E2] cytotoxicitys SA IR A ZE X
A FelAsl e stEE el =Fg. ).
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0 -
medum 01 1 0 100 LPSHN!
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Fig. 1. Cytotoxicity of TFs-stmulated macrophages against
B16 melanoma cells. Macrophages were pretreated with TFs
for 18 hrs and co-cultured with target cells for 16 hrs in medium.
MTT assay was performed as described in materials and
methods. The results are the mean £ SEM of two independent
experiments. *p<0.05 ; significantly different from control (no
treatment)
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Fig. 2. The effect of TFs on TNF-o. production by macrophages.
Macrophages were treated with TFs for 18 hrs and replenished
with fresh medium and cultured for additional 24 hrs. Super-
natanls of macrophage cultures were added to 1929 and
incubated for 18 hrs, Cytotoxicity to 1929 was determined by
MTT assay. The data shown are the meanzx SEM of two
independent experiments. *p<0.03; significantly different from
control (no treatment)

HEZ TFs0| 2|8t chAMsE2] TNF-o 52t
»H*‘F TFs7} %mmﬂ z}ﬂﬁ}o:l TNF-o. B9& f=

& JeAE depir] AW Gdd T=0.1py

ml~100 pg/mhE. A EZ iﬂ?—]ﬁ}‘}iﬁ}. =] 10 pg/miet



220 Jang Dong Kwak et al.

100 pg/miell A Bzl ¥&] TNF-o2] Ao =54
F7RRe A & 4 addled, o3 e FE AE
el A ®odoh 2Ehvh 1 ugml o)Ee] FZeM=
TNF-a2] 45 F=87 Z3ictFig. 2).

HER TR 28 ChiAlMZS] NO & B0, Y53t

Nitrite?] ¥%=7} $E% NO2| AdE=EZ uledgros
NaNO,;& ©|-838ld 2Ae FFEFACZRE nitrite®] 5
=2 2Asiich. HET TFE 9kt ¥5(0.1 ug/mi~
100 pg/mE A2tk 100 pg/mie] F=ollA NO2 f
=7} GAFA VeERtort 10 pgml °)8le] FEelME o
g u]X A EohFig. 3a). NOgt 7 respiralory
burstE 3 %= H,0,4 HHT TR} 7lAE 93
< 4818t 1ug/ml ©lAR Azl BAEE fe
AL Zh= Ao R HAFEYTH(Fig. 3b).
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Fig. 3. The eftect of TFs on production of nitrite (a). and H,O, (b)
by macrophages. Macrophages were treated with TFs for 18 hrs.
Culture supernatants were collected and the levels of nitite (a) and
H,0, (b) were measured as described in materials and methods.
The results are the mean + SEM of two independent experiments.
#*p<0.05; significantly different from control (no treatment)
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Fig. 4. The effect of TFs on IL-1(a) & IL-6(b) production by
macrophages. Macrophages were treated with TFs for 18 hrs.
Culture supernatants were collectd, and the levels of IL-1 and
1L-6 were measured by ELISA. The results are the mean £
SEM of two independent experiments. *p<0.05 : significantly
different from control (no treatment)

250 1

.
.

200

150*

100

50 I

D_ —t

01 1 10 100

medium

Phagocytofic actvity (% of control}

Concentration of TFs (ug/mi)

Fig. 5. The effect of TFs on the phagocytosis of macrophages.
Macrophages were treated with TFs for 18 hrs. Macrophages
were then incubated with 5 x 10° particles of zymosan and 600
pg/ml of NBT. Phagocytosis was measured as OD 540 nm. The
results are the mean £ SEM of two independent experiments.
#p<0.05; significantly different from control (no treatment)
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HET TFsO 2|8 ChAMZS| 1L-1, IL-6 Wdsa

#=F TFs7} proinflammatory cytokine] IL-1, IL-6
5 FEAITIER] gelr] A3te] ELISA WS AHg-sted]
2351w}, Fig, 4a, 4bollA] AR w3 Az vl
o7ke] A Esr}t et SA 8] el s
o a2t HZ®}F TRss= HAMESY proinflammatory
cytokine?] IL-1, I1-69] %ol ¢ake =2 E3l= A2
2 Holr}

HEH2 TFO 2|8 tHAIMZS| phagocytosis SZHE T}

)24 E2] ®]Be]&d 7]%<¢l phagocytosis 5
phagocytotic cell®?] Z7|HAANAM AA=EE 0, 2
NBT7} 3%l formazan®| <FS- Z#3le] vz H)
s}, AEE9 TFs(0.1 pg/ml, 1 pg/melAr SA1EEe)
FP) BRHe, Trroi Aoz hde
7Aee BATKFig. 5).

gﬁa%rio

24

il
A fel| A rq]egi?—_,] gl F, C substance, F 34,
M E}‘:‘JW 5 ShdskA whgeld BA|EAIS o Al
%‘:’7]1_ ez deA gt ol2y} ofej7kA] "a].—‘?-
< A2 vehie ST A dYdkge] F8

_ﬂt“v;_ e 'es}—— ALeE B =l v (Muschers 1986).
ATolM= Tkl BT Al EHL TRE
_g_g}oq M A M e Ba)Ad B MxEA 3Ade = :1'_'-

o}, Riesenfeld-omS (1989)2] X ol 2Japd, &

A HEE Az TFsE AV monocytﬁlf—*ﬁi IL 1<
AHLZ frEAT = ‘aﬂ EZ‘J_FL =4 it Lpsell
vl oF104u ojAke| I =3FA g, TNF-of= 234
o7 £wAF|R] E ]—,—_— 4__§_ H =9l (Riesenfels-orn
o 1989). =3} olelgt AFH] ke r izl HAAE
o A Ee] HE AEEA o] IR K= R
Badge. F2 oagedAde e MxE gEq
peptidoglycan®] ZHEAAT2] LPSX ¥ A Ee] A
ol g HEEA f52g 77 222 HaEgls
o (Kellers, 1992a), ¢ #|HTY] UL vehdoz
2#7] lipoteichoic acid(LTAYE |83t AHAME A}
814 weldehBhakdi, S. 5 1991). whekr o]g) -
= FHTE F3E aRAT AR duke
of BAlel Zez HolvkKeller, R. ¥, 1992b). °]&
LPSel= o2 Al3AGAZE Ba] A ES B8
A ZIAlﬂtﬂ} S, 2 Agellbe ou] 2EH 9
o) A g} wlamsiel BAAES] Balg B4 B A2
249 glo] Abolst sk BARK. Fig 4a, 4ol
el e wlxE #9T AlEEe] TR IL-1, L6592
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proinflammatory cytokine?] %ol WaiM= F94d =
Z3E A 5 glol o}, TNF-a8] A9 Teselr &
Ak 2717 BAH AN Fg. 2). =3 HAFT Tl 23]
hAA 2] oA Ze] TIF AEFA ] FEHE AL HF
& 4 9J9l o™ (Fig. 1), Respiratory burst systems 53
FEHE Nog H0484 =3t By A3 $ds)y
o}(Fig. 3a, 3b). 919 BHEE FEs) & o Ths 94
Az Aol Fe wlH, HAMEAA vhehd g
Fof| 3 NEFAE=E TNFogl NO o 93] F2 o
FoiAH, H,0,= 1 J&E & "’Hh:}ﬁl R 7+E o]z
olv] EH Ao} thE o= Al AN EE
¢] TFs2] 7(—12-]]1:11—13‘3 1:1 }:4_@._1_7:'-—4 z].c»]oﬂ o]z} 7—1__1 X
¢lv}. Riesenfeld-om%-2- cholineEr-frul Aol A wfj oF3}ed
ethanolamineS *)3HA)7) A E2) A TH-L- affinity chromato-
graphy® AR8-3}oteichoic acid-linked peptidoglycan(tei-
choicatd fragment)¥} teichoic acid-free peptidoglycan(pep-
tidoglycan monomers)2 2 22|8l= upy-& o] &35k} TFs
Z47ZJIIﬂ,-;{1-‘-]—(R1esenteld—orn , 1989). Z&v}, B A
/\if choline%! HHX]E ALE51A] gkol TFRs9] FEhH -4
A3H-2] Z}°]7} Aoz Bold) 3t ARE monocytee]
S5t Rlewnfelduorrﬁf——ﬂ Agaie= g B AgE A7
WA ZNA Fsisfo] TR} ATZAel] w|Z|3= ook
HZo] we} o A 2 4 Uik
Aldd ksl Fedsl= Fagt WA E] WAL=
s Ze 3t AEFHS 7RI 9=, of=d dAE
o Wigk MESAL o7 WA 4% S AX 2
7)%5e] WEEHA d5HE 2R deA gl olfet
sotahg-2 djalM 27l g3 DAE AF o= 7] 7]
o] MM GMEE SY 4 9l fully activated
macrophage AN E A #AFoiA viepde}. =k Al =)
FAslEo] YHEE Fo)A =H7|7RS AT 4327
2 1, resident, responsive, primed, fully activated
macrophage = W93} 2 s GAZE U £ 9]
= 5HE 54 7 AA2E FEATH(Meluzers
1981). #iAN1FEE= g4 3k=]d proinflammatory cytokine?!
TNF-¢, IL-1, IL-6 ¥ respiratory burst system®] ZAje]]
28] NO, H,0, 5°] A= 4 Fe) w8t M EFAe]
F7pst . g EE-2 Al ZeE dEA o+
(Morahang, 1984). ¥ A7-ol|r TFs= IL-i, IL-659]
AL YT = dokent HAMEE AF8led TNF-a,
NO, H,0,, Aol F7lslar glege] Tase AHE
viehfolel. ajebr Thse tiAM Z2E S slshs oA
A GHEE Y F g HAR G HeE A
ZtEn o]k A PNZAESHE ST Fal
it 2Bt o=t %J-]r'g = v 77}7‘ = XA E7E
FAdslue] Ralehe v okl AXERlES ERlsle I
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