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Secretory leukocyte protease inhibitor (SLPI), a serine protease inhibitor abundantly
found in mucous secretions of lung, is thought to serve as an important protective com-
ponent in the secretory fluids at sites of degenerative and inflammatory diseases. In this
study, we examined the effects of SLPI on the production of a proinflammatory cytokine,
TNF-«, and immunosupressive cytokines, IL—10 and transforming growth factor— 4
(TGF-8) by macrophages (Mgs), in response to lipopolysaccharide (LPS)-mediated
stimulation and M. avium complex (MAC) infection, using recombinant half-sized SLPI
(1/2 SLPI) consisting of C—terminal domain (Arg® —Ala'”") of intact SLPIL In addition,
effects of SLPI on the production of nitric oxide radicals (NO), important antimicrobial
effectors of M¢s against micro—organisms, by these M¢s were studied. First, when the
number of TNF-a producing cells in the LPS-stimulated M¢ population was counted by
the ELISPOT assay, more than half of the Megs acquired TNF—«a secreting ability at 24
hr after LPS stimulation. On the other hand, MAC-inefected M¢s produced detectable
amounts of TNF-¢« into culture fluid during the first 24 hr. In both cases, 1/2 SLPI did
not affect the LPS— or MAC—induced TNF-a production by Mé¢s. Second, when the pro-
duction of IL-10 and TGF- 8 by M¢s was determined by measuring the amounts of
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these cytokines accumulated in M¢ culture fluids by ELISA, the following was observed.
M¢ IL-10 production was rapidly increased in the early phase of cultivation after LPS
stimulation or MAC infection, peaking on day 1 and thereafter declining to normal level
by day 14. Half-sized SLPI did not affect IL-10 production of LPS-stimulated M¢s,
while it caused slight enhancement of IL—10 production by MAC-infected M¢s. M¢ TGF -
B production was initiated in the middle phase (day 7) of M¢ cultivation and continued
until day 14. Notably, 1/2 SLPI markedly potentiated the TGF- /S producing ability of
the LPS-stimulated M¢s. Moreover, 1/2 SLPI caused moderate increase in the TGF-p

production by MAC-infected M¢s. Third, significantly potentiated NO production was
observed in M¢s during the first 2 days after LPS stimulation and MAC infection. Half-sized
SLPI did not affect the NO production by LPS-stimulated or MAC-infected M@s. These
findings indicate that SLPI up-regulates the production of some immunoregulatory
cytokines including IL-10 and TGF-p, particularly the latter, by M¢s in response to
LPS stimulation or MAC infection, thereby suggesting the possibility that SLPI may ex-
hibit antiinflammatory effects in vivo, especially patients with bacterial infections in-
cluding MAC diseases, through the modulation of M¢ expression of some immunosuppres-

sive cytokines.
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75 AEHARH OMIBEERS TH B ) RRYY v A T
A F (LPS) i, =2zu77—3 (M¢) DfkiGEH
fbeek A L, AARE, HESREE, H4 by 4~ (CK)
EERERED M DFE L DEWEME X HET LI L7
mohTwp b,

B, BHOLY v 7uF7—¥ f Y EY =75,
LPSHI#~rza 77— (M¢) IZBFoMlNY
FVEER CK LN LTS 2 oREERHF S
LIENBESNTVAIY b MlWICHE D% FFE
FTrvYyrTuF7—¥ A ¥y —-ThY, Pk
Fur7—XIiZX b~ )y 2 AOREEVEHOHIHIC
EELRRE%H U T 5 secretory leukocyte prote-
ase inhibitor (SLPD)®~7 &, I3 L7=M¢#akC
ot LT S 2R % RIZTTREMAZZ b,

SLPIIC T v F7us 7 —EiEEosAZ 5, LPS
H Mo (2817 B NF- « B BEHD 5 1E TNF-a %
NO EAEICHTAMENEREE T A L REINTS
DY, LPS 2 & X BEMALY 7 F V& ZIT 72 M¢ (2
BT 2B REOBIERICH LT SLPI A& D & 9 %=k
A% RIZTONTHEEKREAHETH S,

ZZTAENE, I LPS#I# M¢ 5 TNF-«,
IL-10BX U TGF- B R EDRFEMD 5V IZHKEN

CK EE, EHIZIEMORRELTI 79 —53FThb
nitric oxide (NO) DEABREIZN LT SLPL A& D
I REBERIZTOPIIOVTRETB E L DI,
Mycobacterium avium complex (MAC) B3 M¢
DM CK BLUNO EAEREIIH T 5 SLPI OfER I
DNWT RO 21T o720

MEEHE

1) #tAHE  MAC BRPBE X ) 58 L 72 N-260
SmT # (MiEE 16) % v 72, Middlebrook TH9 %%
BB A OB L, 0.1%FMiET V73~ (BSA)
Iy EERE ALK I3 S 872 b D% —80CTITRFEL,
FARSRIAR L CEBICH L 720

2) SLPI : SLPI i&4F&# 12kDa T 107D 7 X
JBRELVRZEEATHY, HEICHRREZ D 2D
DRAL XY BB, BFEDCEKEEFAL 2D Leu™
~Met® 5% € M) 7Y U RFHFERLTAY ¥, AT
TV GIERNTARETA P LTHWTWEZ LS
M5NTWSY,

Z 2 TARZETIE, TAKRKSHIC L ) EWTEN S
FHECI VAR EIN Asn® -~ Ala" @ C K K 2 1
X Y7Z%Ae b half-sized SLPI Y~ (1/2 SLPI)
PR L, ZOLDIFTTASLPIO#HERX A V&
DENZE3% DOMHEMEAF LT 5,
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3) MpDH A + I A VEARE : BALB/c (H&Z L
7) »5ViE CBA/IN (Fr— VA=) YT A
IZ Zymosan A (Img) % BEEAKS 4 HEIZ, 2%4
BRmE (FBS) My 2 AR (HBSS) THEEEN%
Ve LTI 2 IR L2, BN 2X
10 6 ff % #3272 10% FBS i RPMI 1640 55#0 5m/
% 5H L FBS T coat L7z 100mm £ D MRS &E
H57v a2 (Falcon) I2#i%, CO,f vFaxX—%—
(5% CO,) WTITT, 1EHKEEE, XWVT2%FBS
fn HBSS Tt L CIAT AR L v /21, 5
FITLANTTRERY, Thz10%FBS il RPMI 1640
Ko\ C R S 720 DR ERE Mo & L TR L 72,

RNWT, BoN7: Mé % 6mm FOMBBIEEY = v
(96—Well ; Corning) #7219 5X10* EDMILEEE T
%, LPS (E.coli O111:B4; Sigma) (10 g/mi)
51213 1/2SLPI (100~1,000ng/mil) D@ % \»
BIERMORT 2 BMIChl o TEE Lz, T2, EB
WX o TIEMACH (IX10"CFU/mi) % 2 iR B
ek, FERPW A REREL TH LS M2 MAC
% M¢ % 1/2 SLPIRMPB & OFERMO R THRE L 72,

FrER ISR ERINL, i~ YA TNF-« E
/ 7 a—F )itk (Pharmingen), Hi~ 7 A IL-10
£ 7 0—F Uitk (Genzyme) 3 & 0%k b TGF-
BE/ 7 a—F itk (Genzyme) %IIRIMAKIZ, F
7€ F VI TNF- o ik (Pharmingen), €7
F VHEPL IL- 1044k (Pharmingen) B X U U H
TGF- BHifk (R&D Systems) ZMBREPERICH,
EBETNAYTAART 7 —EERAMLTITEY
> (GIBCOBRL) $72@7 VAV 74 A7 75—
EHH ) Ig itk (Zymed) BLUORBEEL LT p-
nitro-phenyl phosphate % fi\>7z3% ELISA 12 &
), TNF-a, IL-10% 50N TGF- B HlE L
7> 12)O

4) ELISPOT #:1i2 & 3 TNF- o BEAKRREOFHI -
EROFETES N Mo DML RER D 3 R
BAERRVZFARL, Shiddd LOMHRIAET coat
L7z ELISA F =)V (96-Well ; Dynatech) 2, #&
B 2 ViZiZ 5X105 /Well OMIfEEE L, F/2 2K
B &) TOFIDY x M1 4 3 B FRS o Mfa s
BB E)IT M V72, 29 LTHRE LA M¢
W% LPS $/213 1/2 SLPI @M F 22 FEdmd % v
EHERMORTHEDEMT T, 24 A v Fa~—
FL Mg kYD TNF- o BEEITOE 2%, LkEF
FROBH YL TNF- o PiAB X VERIAOMEE %
FAVTo# ELISA 12X ), NBT-BCIP #&£H & ¢
ZEBFBIZIVADOSNE ARy b (TNF- o
R EEHILAY
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Fig.1 Effects of 1/2 SLPI on the TNF-« produc-
tion by LPS-stimulated and MAC-infected
M¢s. (A) The number of TNF-a produc-
ing cells after 24-hr cultivation of LPS-
stimulated M¢s was counted by ELISPOT
method. (B) The TNF-« production by
MAC-infected M¢s into culture fluids dur-
ing 24-hr cultivation was measured by
ELISA method.

5) Mg ® NO BEELERE © LR DERE M DFTED G
TTOREZERPIZEE L NO; &% Griess ETHIE
L7

6) Me B MAC DOHFEENRE © ERodIEHE 3) 12
L7 E RO FHET 6mm EOMBRREEY = VIR
B 72 MAC &% Mo % 1/2 SLPL RN 5V IXFER
o> 10% FBS i RPMI 1640 54 T 7285 ICH 22 1)
BER L2 BB VL) EMEPRSIBREL, RWT
M¢ % SDSLHEIC L B S, E51220% BSA %
Nz T SDS %l L7-f%, ZEAKTIVERERR % 1T
W, BoNZHRHDOL 1060 % THIL ERFEHICHE,
5 HEE#BICHE LI 7o oo = —$r EREMSE
TCEHIL 7.

& ES

1. LPS##$B & UF MAC &#: Mo ® TNF- o EEA
2% % SLPI D%

FHRETIX, FERIE M¢ 2 LPS Fl# M¢ TldiE 3
14 HEFTOLMM %8 L THEERT~D TNF- o E
HEIBRHBRUT CTh oz, T NITEEEEP~D TNF -
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Table 1 Effects of 1/2 SLPI on the production of IL-10
by M¢s stimulated with LPS or MAC®
Stimulation Addition of 1/2 SLPI 1L-10 production
with (ng/ml) (ng/mi)
Expt. 1
- - 0.99 + 0.10®
- 100 1.41 +0.55
- 1000 1.66 = 0.14
LPS (10xg/mi) - 2.46 £ 0.29
LPS (10¢g/ml) 100 2.91+0.41
LPS (10¢g/ml) 1000 2.70 = 0.07
Expt. 2
- - 1.25 £+ 0.089
MAC (10"CFU/ml) - 4.72 £0.13
MAC (10" CFU/ml) 100 5.94 +£0.12
MAC (10" CFU/ml) 1000 6.14 = 0.05

a) Mes were cultured in the presence or absence of the indicated agents for
24 hr and concentrations of IL—10 in the culture fluids were measured.

b) The mean + S.E.M. (n=4).
©) The mean + S.E.M. (n=5).

o DEEREERA LPS HIMMSEEHcE— 2 L2 ) Lk
AFIERT ¢ 572012, ¥4 1 HE T3 CICRBIBRR
LTIt oTLEoTWw iz EickbbD0d, HbH0IE
EHA & N7z TNF - a 2% post—-translational proces-
sing #ZF 52 &R NRREEBIZT > — LK
BAM Y U THE L TWi kb gk, %
ENBLRPo POV TRIDERIZEZIDEEZD
Nz, 2T LPS H#d 5\ i3 IERIE Me 10° 84 7-
HO¥EF#E 1 HETO TNF - o EAEMEK% ELISPOT
HEIZX o TROTHRIZEZ A, LPSHIBIZ XD 50% LA
FOMpRE 2L — 3 VA TNF- o EEAREZ BT
5T G0l

ZHEHIZLTHEE L LPS ## M¢ @ TNF- «
BEERRIZOWTIE, 1/2 SLPIRIMC L 2EE LB
BHLNED o7z (Fig. 1A). i), MAC B3 M¢
TIIHF R 4R H OB ICHE 2 LNV D TNF -
a BESKRETE 2, ZoBHAD 1/2 SLPIICLD
Mg @ TNF- o BB ICBH SN D &9 REIE
HAbhzdholz (Fig. 1B),

2. LPS##B L 0" MAC &3 Mo D IL- 104
*4 % SLPI %
LPS #l#d & O MAC B3 M¢ 205 0 IL-10EA,

B#1~3HBZ -7 ICRBITTTHE L 724, DIRRH
BBIZEWEA KT LI4EBICIE, BIREELAV
L7 (B, /2, JERIE Me T b REkkZ% IL
—10 EEINY — A SNLD, FOIL-10EAE
LPSHIB Mp D 1/2 %5 1/3 LBETH o7,

Table 113 LPS #l# 3B & U° MAC B M¢ DHE2E 1
HETOIL-10EARICHT 2 1/2 SLPIOEEZ A
725 DTHbH, LPSHIEDH 5\ ik MAC Y Mo DB
#FH~D 1/2 SLPI (100 ~ 1,000ng/mi) OHFHMMLD,
EEERAEEMEIZ RO SN o 228, IL-10EAICE T O
HEERASEAYD T, FREIC, FERIE Mo @ IL-10 EA
BEd 1/2 SLPIICX W ETHEINDL I EVTHh o7,

ZHT & L) LPSHIE Me 2 MAC &3 Mo % 1/2
SLPI THLE L 7235812 A b5 IL-10EAREDOHEEIT,
LPS F72id MAC BEEORBIC L h BRI WG E,
1/2 SLPIIZ & 2 Kt & DMK 2% % ATV 5 T RE
WHAEZONDL, ZOHE, TRERORIBHRNIZRG L
TWBLMpEE 2L —Ya Y iEELR-oTWAEENSHT]
HELBETE R,

3. LPSHI#B & O MAC &3 Mg » TGF- B EEA
I2xt% 5 SLPI o#%E
Table 2 i& LPS #l#$H & " MAC B M¢ D TGF-
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Table 2 Effects of 1/2 SLPI on the production of TGF- £ by Més
stimulated with LPS or MAC®

Stimulation Addition of 1/2 SLPI TGF- B production(ng/m/)
with (ng/ml) Day 7 Day 14

Expt. 1

—_ — < 0.1¥ < 0.1

- 100 < 0.1 < 0.1

- 1000 < 0.1 < 0.1
LPS (10¢g/ml) - 0.7 +0.29 0.6 +0.39
LPS (10¢g/mi) 100 1.0+0.3 0.6£0.3
LPS (10¢g/mi) 1000 1.6+£0.1 3.2%+1.0
Expt. 2

- - 2.9+029 N.D.?
MAC (10" CFU/mi) - 3.4+0.3 N.D.
MAC (10" CFU/mi) 100 40+0.2 N.D.

a) Mgs were cultured in the presence or absence of the indicated agents for 7 or 14 days
and concentrations of TGF- # in the culture fluids were measured.

b) Lower than detectable limit.
¢) The mean * S.E.M. (n=5).

d) The mean + S.E.M. (n=4). Culture fluids were subjected to acid—treatment before

ELISA.
¢) Not determined.

BEEKEREIZNT 2 1/2 SLPIOEE AL D TH S,
LPS Hl# Mo 5D TGF- fEARRIIEEIHHE T
IRHBRAUT Tho722% (HMEEH), Table2 IT/R
FTEHIZ, FRUBOREET~ 4 HBEICPITTREE
OEENBO LN, %B, LPSHIBM Mo DK% T H
HTo TGF- B #4113 1/2 SLPI (1003 X UF1,000ng/
ml) OFIMCL - TREICHBIADZ L, S5
#14HHTO TGF- BELIZDOWTIE 1/2 SLPI
(1,000ng/mi) DFEMICL2EELZBEHEHF RO LN
(p<0.05;t BRE). DA, KIBED 1/2 SLPI
(100ng/mil) TRUHELA Mg Tid, TD & RikITH
Shehorz, 7, FEHB Me Tk 1/2 SLPI R
tn, FERMONLLEETHBLITUHOWTRTY
FERLANNVDO TGF- BELERRD LN Eh 072,
155, MAC &3 Mo Tit, BEEFEZHLHI LD
0.1N HCl1 TELE L T TGF- B # EHES FIIER
EgBZEIZLY, ELISAETORBAMO THREL
olds, ZOPEDS1/2 SLPIIZ X5 M¢ TGF- 8
EEEOETOHMMITRO b,

4. LPSHI% B & U MAC B Mg ® NO EAE I
¥ 5 SLPI D8

Table 312773 & 912, FERIESB L ULPSHIBM¢ 2
5 NO EA I 1/2 SLPI (100 ~1,000 ng/mil) D#
I & 2BEELRFBEIRD O Po7z, i, MAC
B Mo O NO BRI, PR HARKEREIRDS
NendbDND1/2 SLPLIZX o ThIMIlHmEns
LG hotlz,

5. Me¢ RS MAC B DMK I &I12T SLPI
DEE

Table 4 1%, MAC &g M¢ % 1/2 SLPL &M S 5 \»
IR OB Hp THERE L 72358 OB O ML AR OB
HMEHRLDTHBH, 1/2 SLPI (100 ~1,000ng/mi)
DFMZEL>TH MACHOWIZZINE Vo 2 BE
BEOLNLEDo7T,

£ =

LPS #li#~ 7 AfEkE Mo » CK ELE IR $ 5 SLPI
DERIZDOVTOREIZE VB L NS EOBEIZOV
Tit, LTOZEFTMETH S, T3, MpDIL-10
2 TNF- o ®»5\id NO EA 21X LPS fil B X O
MAC BHett D h % ) BIC—BEOTLEDS A SN D
X LT, TGF-BREEIZIIME S HULEZ&E/-hH
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Table 3 Effects of 1/2 SLPI on the production of nitric
oxide by M¢s stimulated with LPS or MAC®

Stimulation Addition of 1/2 SLPI NO, production
with (ng/ml) (e M)

Expt. 1

- - 13.3 £ 0.25

— 100 13.1 £ 0.52

— 1000 145+ 0.84
LPS (10#g/ml) - 25.0 +0.35
LPS (10¢g/mi) 100 24.8 +0.14
LPS (10¢g/mi) 1000 24.8 £0.32
Expt. 2

- - 12.6 &+ 0.25°
MAC (10"CFU/mi) - 14.0 £+ 0.32
MAC (10"CFU/mi) 100 14.6 £ 0.25
MAC (10"CFU/ml) 1000 15.2 £ 0.37

a) Mgs were cultured in the presence or absence of the indicated agents for
3 days and concentrations of NO,~ in the culture fluids were measured.

b) The mean + S.E.M. (n=4).
©) The mean #+ S.E.M. (n=5).

Table 4 Effects of 1/2 SLPI on M¢ antimicrobial
activity against MAC organisms®

Addition of

Log CFU/well (mean = S.E.M. ;n=3)

1/2 SLPI
(ng/ml) Day 0 Day 3
- 3.94 = 0.04 4.63 + 0.05
100 N.D.® 4.68 +0.02
1000 N.D. 468 +0.11

a) MAC-infected M¢s were cultured for 3 days and the number of
CFU of bacteria residing in the M¢s were counted.

b) Not determined.

LD phase I27% > TH 5 DBRIELTEIBDO SN,
CDL)BREAENY - DENIE, LPSHI#EE L O
MAC &g Me 12815 Zh b CK &5\ it inducible
NO synthase ® mRNA REHDFHIZITH 4 B
WCRELRBRZOVFDHLILEZERLTVWSL I ICEDLR
b, £Z AT, 1/2 SLPI & LPS ## M¢ 75D TNF
—a, [IL-10 BEXU'NO BEIZIIFIEELHE»RIT
ERmolzds, TGF- BEAIZH L CTidA & 2 ¥Emk
HERTZEFHLIZR o7 (p<0.05; t—test) o [
FRAEIIE MAC B3 Mo THRD ON2AS, T

A, Bt T REE1/2 SLPLIC & 5 IL-10EAE RO B
584% LPS Fll# Mo DB-&SIH_TLhBHETH L 2 L
THhb, F7-HETHI, EBRICL>TE Mo D TNF
- a BEAEFREN1/2 SLPIIZEX o TETETT5 &9 28
MOBOLNTEY (BEAHE), BT MAC KE M¢
® TNF- o BAEREIX, SLPIICL DFLVWEELZT
ZWHOD, bFh%dS down-regulate & L5 HH
D) bbb,

B, Jin 589% 2k, SLPIBEFOEAICE D
SLPI Z BREB S /- M¢ cell line Tix, NO ELE
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2 TNF- o« ® mRNA BHAFHWH SN B Z & HE &
NTWBA, TN ki, SLPI 7 protease it HE
ENTL0HBVIESLPIREL TS — 24T 500
T, MFEATO LPS ¥ 7 FMEERIT S A0 7 0 &
P2 2T WEEEEZRERLTE Y, SEObhbIhD
TGF-BIZOVTOEEDI I ) LA A =X AL D
dbDLEZHLND, i, SLPIitk M EIROD prosta-
glandin H synthase-2 % 5 Ui matrix metallo-
proteinase FEIXT T 2 HEHWER % F 3545, TNF-
a R IL-100FEEIIIFICEREETRIZERVE Vo7
Zhang 5 OHEFEELI2BE, A MeOKRE 2
L= a v Mo Rl EOEBREMEOTIZ & -
Tid CK BEAICRIZY SLPI ERRBICIZT S 20
BEWDPALNAMREEDBFETE 2V,
SHEObONONDOBEETIE, TNF- o EER S VIS
IL-10EEA DWW T LPSHI# D 5 W id MAC &5 Mo
D2, 1/2 SLPI OEEIIFICHELZ DD L IZE X
¥, ThidHrLs Zhang 5 O#E L8 —I12F 5K
BTHDHEER D, LIzhoT, Jin® OEIZH B &
I 2 M¢p~D SLPI #IZFDEAIZ L Y SLPI % en-
dogenous ICBEIBH I E/-H/IT LI N ELT,
Zhang & 9 R4EDObNbNOFE, S dRE SN2
TEL, AEMNBRERENO SLPI 2482 bEH S &
728 Tld SLPI ® TNF- « BEMEIMER 34 ) B
LD R VBRI bDEEZLNDL, kB, &
EbhbhMtE LA 1/2 SLPI M CRKE F 2 A
v &Y% % half-sized SLPI TH» 55910, Znd D
DEFHFIRL T R & — EHEFEMEIZIZIZ100% RF S h T
WBDTW , 1/2 SLPI D M¢ TNF- « BEEIZRIZF
ERIZOWTObhbhOFE&E L Jin 5° OFEEDOHM
A, R L7 SLPIER oY) v FuF 7 —YHERE
HOEIGER L7z DTH LRI ZVIDLEED
Nd, WFRICLTH SLPIA M O TGF- BELE%
up-regulate L, ¥/ IL-10EE%* bETHELES
L) SEOFHIE, SLPI B RERMETOFHEK T 1
77 — BT & B HBBEIE R I R ERREIC L B RAEDEAL
2t L CHIRIBNCE S Loz 2 7 = XA A D,
Mo BREZ A L 72272 b TEORAERB 2 RET 5 &
Vo TEEEDH LI L2 RBT AN ELEEDbNS,

¥ & 8

Half-sized SLPI (1/2 SLPI) &< A EE M¢ D
YA b A 2B X W nitric oxide (NO) FEABEIC
BIZTERICOWTHRE L, 2082, (1) 1/2 SLPI
E LPS #Ii# B & O MAC K3 Mo O TNF - o EEARE
WXL CTIIAR LB ERIZE RV, HBHVIZEFTVID
BIER A 7R3 &, (2) IL-10 % NO EAREIZX L T
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BFELRZEBERIZS 25, MAC &3 M¢ o IL-10
EAREETHMERT S22 L, (3) LPSHIH, MAC B3
M¢ DWFho TGF- fEERED 1/2 SLPLIZ & ) 3
HWEINLEEMIALNLZ L, (4) Me EKE: MAC H D
ML AREIEICIE 1/2 SLPI LB X 2 BBIIRD 5
WwZl, ZEFHLPIRo T,

# &

Half-sized SLPI %4518\ 7% AR &L IC RS
LEd,

X 73
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