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JEGE R AIDS B#H T2 SR MEIESYE 1L & b o THRTE
THH¥Y, IVERLHBPMEEORENREEIN TV S,
& 22T clarithromycin (CAM), azithromycin, #T ketolide
hEowrug A FRHEH R, rifabutin, rifapentine 7 &
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LPRNREHANRDS 0 R Y HRETE 525, TheEThBD
TRLRAEDND 59 212, EOMOFH I MAC L IED B
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MAC N—444 #k, MAC N-260 %z ik L7z, b Lid
MAC ® 2 Hi#kiE, DNA 72 —75F A M2k, #h
ZN M. avium B & O Mycobacterium intracellulare &
HESNTW5,

2. fLEAHIE

@ ~ 7 AMEHEMo: BALB/c R~ 2 (HAZ L
7) {2 Zymozan A (1mg) ZERENIS 4 HEIZERIL
L 72 B8 HER L o 2x10° Ml % 3338 S ¥ 72 5% s R i iE
(FBS) Ml RPMI 1640 554 (0.15 mL) % 6 mm £l
Mixs2E £V (96-Well; Falcon) (2#t X, 37C ®» CO,
4o Fax—r— (6% C0,) WT2HREMERE, R
T 2% FBS /il Hanks G (HBSS) TU¥EE L TIHAFHE
BRI EZBRW2b 0% EHEM & L THW, @K1t
Mo #i fid: THP-1 & b B2k H 2k Mo g #k (THP-1
M®) B X UFRAW 264.7 = 7 & HiEk i1 3k Mo #H %
(RAW-M®) % w72,

3. fLERIER

CAM iZKIF#IE L ) 55223725 0%, F7-ATP
& rifampicin (RFP) 3 Zh il oA (ICN,
Sigma) % H\v:7z,

4. FEMHEB X T MAC O Mo PR G B RE

3k Mo 2 $5B W H 5\ & MAC H % 123 X872 5%
FBS-RPMI 1640 ¥;#rh, MOI=1GEH) 7213 MOI
=10 (MAC W) TEZNZLhPTERMHI&G S &, 2% FBS
N HBSS Tok# LIFIE G W % b2 L 7o 1%, B4 Mo %
1% FBS /i RPMI 1640 ¥5iH°C 0.5~6 mM ATP DR
MELIERMORICTEHMIZDAZYEEE L2, F
T EBIZ X o TIEEE P 2 5 uM Ca®' ionophore % 7
U720 Frg 12 & % Mo % 0.07% SDS T#Hf &
H, E5126% FiET VT I TSDS AL 2tk
12, o MN7zcell lysate HHIZEDX S 721 O A R HLAL
(CFU) % 7H 11 ZERK:H L CRHAIL 720

T BIEBIZ X o T, *H-uracil uptake 12 X 1
M NIZBIT 5 MAC BB EZ & L7z, $4bb,
RAW-M® |2 MAC H % MOI=20 T 18 I [ J& 4« X &,
2% FBS Jil HBSS Tob# L IRl # B e L 72 1%, &
4t Md % 1% FBS il RPMI 1640 ¥ (0.2mL) T
0.075~4.8 mM ATP #7213 IR oRiCT 5 HH
B L7z KW, 0.25% saponin #&te 7H9 Kb
(0.2mL) ZMZ MO % S & THITN RGN % it
472, °*H-uracil (7.4 Mq) (Amersham Pharmacia)
A E 51224 BEREEFE L, *H—uracil Z U0 AA 7
WA % glass fiber filter |2 MY UGG % ¥ v F L —
Yarvawyy—TllE L7,
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585D BALB/c R~ 2 (HAZ L' 7) {2 MAC
D 1x10" ZFIRNEEG 82, BPEHH XD, 40 mg/kg
D ATP, & % W IE Rk 542 0 CAM (16 mg/kg)
BXORFP 9mg/kg) %, 1H 18, A5 Mm% T, 8

Wbz TR TS Lz, BrgHIic~yw 2% B -
FIMRL, Wiz S ONCA R LAERKPTREYFA X
L, Z0&IECFU % 7TH 11 R ETFHIl L 726
I #& e

1. Mo NRBIERBER OMMEIEICE LI1ZT ATP O
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Fig. 113, ¥R EY: Mo % ATP % & it ¢
#LGE, MBBNBEROMEBIEN LD X 5 g
BZTBEDONPIIONVTHRLDTHS, FTTHP-1 L
b M® Mk TiX, 83~5 mM ATP ORI & ) 557
BOERZR LAV OMEBENRE»RD b7z (Fig. 1
Ao TRk ZJERE M T3, 3 mM ATP ORI
XD Mo NWHBHOMIEPERICHH SN Z &b
Motz ThbbESEOME Tk, Kusner 5Dt
2D XD % ATP OFEHIC X - T M O IH§
HREEHA R FEIND X9 RBRIZED Sk dh
572, A L ATPIZ X ) Md WHR5A% T o 145 B
ERR D E VI BRI, Kusner S5DOEBZATHWS
Nh7z THP-1 M® O A% 55~ AW Mo OBE5TH
RBOLNT=bIFTH B, Lz ->T, ATPULHIZ L 5
Mo OFFER MG OB IC oW T, 4 H O
X Kusner 5OFNEBBLRAME —IZLEEE WL
%o

2. Mo WNREMAC B OB HEICB LT3 ATP
DIEH

Fig. 2 1%, MAC W /&% M® % ATP # & ¥ b ©
B L72MEoMBANRTER OMIEEESED X 9 7%
BEZTHONIONWTAHIZDLDTH 5, Fig. 2A IR
T & 912, MAC &Fe~ 7 AJERE M® % 0.5~6 mM ATP
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Fig. 1. Effects of ATP on the anti-MTB activity of M®s.

THP-1 Md®s (A) or mouse peritoneal Mds (B)
infected with MTB were cultured in a medium with
or without ATP added. (A)O, None; @1 mM ATP;
A3 mM ATP; 5 mM ATP (B) ONone; @0.5 mM
ATP; A1 mM ATP;HM3 mM ATP. Each symbol
indicates the mean + SEM (n=3). ““Significantly
smaller than the values of control Mds (P <0.05;**
P <0.01; Student’s ¢ test)
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Fig. 2. Effects of ATP on the anti-MAC activity of M®s. MAC infected RAW-M®s were cultured in a medium
with or without ATP added at the indicated concentrations. Intramacrophage MAC behavior was
examined based on changes in the residual CFU of the organisms in M®s (A, D) or *H-uracil uptake by

intramacrophage organisms (B, C).
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DOPL MAC PLHTEEZJE L TW 525, ZOETH,
0.3~2.4 mM O ATP #1T Md W&k MAC H OHfili Ca®" ionophore (5.M) H
HED 20% L REDFHVHEEHP RO SN72H 0D, ATP/Ca®" ionophore s |
0.075, 0.15, %7213 4.8mM ATP DIFHIIC & > T, (0.8 mMi5,M) —ﬂ |
Mo PEAE MAC W ORGEICIE, FFICHE R LV o 4 5

Log CFU/well

EFROON Lo FFig. 2DITRT LI 1T,
MAC &4 M® % CAM 12 2 T ATP %2 40 L 7255
5 HHB L 72HETH, CAMIZX 2 Mo NRTE
MAC B OHFEHER T A, MO O ATP REIZ L 1) &
HIZHTREIND Lo 219 RBRIIRD LN o572,
LA L7%A5, Fig. 3 1RT &)1, Bz 5 uM Ca®”
ionophore il & Vo7 M® N Ca*' i )E % LA X &5
X BREMTIZBWTIE, ATP (0.3mM) I2X %5 Mo
WIRTE MAC T OB FHIPHIVEH 25588 5 7z

3. MAC &He~ 7 A T O J&He 1 o Jisl 77 Y 1 il ) 78 12
BXIFT ATP 50 %

ko kH1z, LR L bin vitro DR TiL, ATP
1d MO WRAEFEZ N O WBHEIEH 2 R4 b o0, i
#, Ca’ ionophore M X ) M N Ca* iR % L5
EED LD BRI REEZMZ WD, ATP BT
1, Mo WJRTE MAC W ORFEBRE I LT3R ICH =

Fig. 3. Effects of ATP with Ca®" ionophore on the anti—
MAC activity of M®s. MAC infected RAW-M®s were
cultured in a medium with or without ATP/Ca*"
ionophore added at the indicated concentrations.
Behavior of intramacrophage MAC was examined
based on changes in the residual CFU of the
organisms in M®s. Each bar indicates the mean =+
SEM (n=4). **Significantly smaller than that in
control M®s (**P <0.01; Student’s ¢ test)
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Fig. 4. Changes in bacterial loads in the lungs (A) and the spleens (B) of MAC—infected
mice given either ATP (@) or in combination with CAM/RFP (&). Control mice (O)
were given saline instead of test agents. Mice infected intravenously with 1x10” CFU of
MAC were subcutaneously injected with ATP (40 mg/kg) or CAM (16 mg/kg) /RFP (9
mg/kg) . Each symbol indicates the mean + SEM (n=5). * **Significantly smaller than
that in control mice (*P <0.05;**P <0.01; Student’s ¢ test)
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JUHEICHE) L 22T, MO O#E R R BCG W23
HPLHIEEA SRS WM XN D Z EAMBE IR TWE, &
MICBHE LT, Fig. 31I/RL72& 91T, M % ATP &
Ca®' ionophore THLIE L 728541213 MAC 1§ 1209 5
PR H BEICHREIN DL Z e SN o7z L
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B PR WM SN EEFHE LN TED
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Effects of ATP on the in vitro and in vivo antimicrobial activity of murine
macrophages against Mycobacterium avium complex

Chiaki Sano”, Keisuke Sano"”, Katusmasa Sato”, Keiko Ogasawara’”,
Toshiaki Shimizu" and Haruaki Tomioka"

YDepartment of Microbiology and Immunology, ? Department of Otorhinolaryngology,
Shimane Medical University, Izumo, Shimane 693-8501, Japan

Extracellular ATP stimulates a wide variety of cell types, including macrophages (M®s), by ligating of
plasma membrane purinergic receptors. Treatment of human M®s with ATP® is reported to potentiate
M® activity in killing Mycobacterium tuberculosis (MTB). We studied the effects of ATP on the in vitro and
in vivo antimicrobial activity of murine M®s against Mycobacterium avium complex (MAC). While ATP at
concentration of 3-5 mM up-regulated the antimicrobial activity of M®s against MTB dose—dependently,
this was not noted for M®s infected with MAC organisms, although intramacrophage MAC growth was
weakly inhibited in ATP-treated M®s under certain conditions. When MAC-infected mice were
subcutaneously given ATP at 40 mg/kg dose, once daily, 5 times per week, for up to 8 weeks after infection,
bacterial growth in the lungs was inhibited significantly during the first 2 weeks compared to control mice
without ATP administration. This effect on the intrapulmonary MAC growth was no longer observed after
week 2, and MAC grew much more rapidly thereafter in mice given ATP than in the control mice. ATP did
not, however, affect MAC bacterial growth in the spleen. These findings show that ATP affects
M® antimicrobial activity against MAC negatively, in contrast to the positive effect against MTB. The
finding that ATP administration inhibited MAC organism growth in the lungs of infected mice in the early
stages of infection suggests that ATP may be useful in treating MAC infections when given in combination
with anti-MAC antimicrobials.



