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Commemorative Lecture of Receiving Imamura Memorial Prize

BASIC AND CLINICAL STUDIES ON PATHOGENESIS OF
PULMONARY MYCOBACTERIUM AVIUM COMPLEX DISEASE

Katsuhiro SUZUKI®

I have studied pathogenesis of pulmonary Mycobacterium avium complex disease (PMAC),
using mouse and human alveolar macrophage (PAM) model of the infection as well as
clinical evaluations.

The mouse model revealed no relation between natural resistance against the bacteria
and the activation of macrophages which was evaluated on the basis of releasing capaci-
ties of prostaglandin E2 and superoxide anion. The PAM model suggested that TNF-«
and GM-CSF could activate PAM to restrict the intracellular growth of the bacteria,
probably not through the superoxide anion release, but through the myeloperoxidasae-hal-
ide system.

It was also found that rifamycins in combination with clarithromycin could have a
good bactericidal effect in the PAM-model of the infection. Clinical evaluations suggested
that defect in local pulmonary defense, such as healed pulmonary tuberculous lesions,
pneumoconiosis, and COPD was more important predisposing factor than defect in sys-
temic defense in the development of PMAC.

Most patients having PMAC without predisposing factors are elderly women, the rea-
son of which is the most important question to be answered in the future studies.
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) U SERASHETE & BIRE LIS RIS VAR I A Y RBWT B
JyRAA Ik ER SN s a7 7 — VK
HOEKEEZBRETEL L1242, BBEORMIKR
AR S B, LA EARAL R BN 31T B HER
MDD KT THD, €N T Mycobacterium
avium complex (MAC) SEDBRGFBEBFE S F L F 7
T THHATE DA D ? INHEBEIVTBREL <7
077 —YE0hhbhicBT5ERERELCENO
BTHoT, TNk, B2 ERDTHREELTELA,
EREIZZOBRBOEARE ) AOVTWIEZTTH o7,
DTN COMEDBEZBNDH, ORI
BEZICIEDL LI D RoTwiV, BRI, SHROE
OFFEERT & T, BEL TONEBRRNZLED
AP RBODTHRNIEEHo T 5,

vy RAREHEE Y IO T 7 — JHEE

7% MAC ORI BT, 52 DFT
MR RIEO RS ER S 0T 7 — U HoTENE
Lo, MAC 2 5# T & TRt Bk
AELEDRBIENThHotz, BEIVIIOTT—T
OB EB T IC T Yo L 7219874 4%, Mifate
wEOMEEE L L Cibit~ s 07 7 — VOFENR
IEE SN TV, Edwards i3~V AETF VRV,
MAC B 3 -4 8 B itk % HET 2 Mfk~
ra7y—YHHEBEL, BRCITORY 7TV Y E2
(PGE2) #5WT2IETY Y NREKDOY VR A4 V5
WERD L, BEmiczy sy —filacddbs<rn
77— VOEBRBEREERELET S8 5 2 & ANBMHERHR
# MAC BB OB KTH 5 & Journal of Immu-
nology WCH&EL7zD, —F, HRELE, w7 R
MAC BRSO R % 5 2 ZHAHEL, $15REH4
Fizd 3 BCG BIZF I L Wik HES TV &
HELD, bbIZZ D2 20RXEHI2T,

B K g8 B10F

RLAEFIE D RS B 2 ZHD < 7 A2 MAC % BHERK
del, REEROICHER - BRBERARERERERTH L E DI,
Bl - RN~ 7 07 7 — VU OEREEO—ETHH A~
N—=FF T F7=4 > (02-) OFsEEE PGE2 7k
Be R BRE L7z, BN - BRI A EBUIRER O Y
Sy ACREICEML, —HEREYY A TIIHE
meEBDRho72 (K1), &A% Edwards b D
BLAELY, KEMTTAOT IO T 7 — VIR
yADT T 7 — T BT, PGE2 EAREAEM
T TR, FRERFILTO-EERDEEI
BINLTW (K2). ZHUSAERBOMMIEVER
By ADTraT7 77—, PGE2 & O2-EAERT
B2y, +oEE LRI Tnas I e 2RBL T
3, HEORETHBREEY Y AT LARFERS
BB LTEY, —HEHAM~ Y A TIIRFERIE
LAERON G072,

DEokERIE, PR EIBEEETTRACBNT, M
B RIEDRE L IEE L~ 07 7 — VOBRMHPLT L
b MAC OBRBEICEUR P2 VOTIE R & DEER
EHRIE,

b Mf2T o077 — YO MAC HEHGIERA
ICRIETERY A FHA OE

X e FOREEIED {2z, e Mg s o
57— (PAM) #BWCERTHE Lz, MEERS
& (&Y A A 4 v TiEMILL 72 PAM i MAC %
BEHELON?] ThHDH, M3DLHITMAC 33
EMAL PAM HCHIBIA & o 6 FE0RE % /R L7z,
ZZTHREFA I A VRV PAM 2iE®HILLZ L
A, 112+ IFN-7 2 & 5iEHALIE MAC OHMFEICA
EREEY 52 o7h, TNF-a - GM-CSF 2 &
LEBALTIIEERARBOKTHRD Sh, s
EROTENBEIN.Y (4), I OBFEIMHIERIZ
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PGE2 SECRETION FROM PERITONEAL MACROPHAGES STIMULATED WITH PMA
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Effect of cytokines on anti-MAC activity of PAM

% p<0.05 compared to the control

C F U.(106)

0 R
Control TNF-alpha 1L-2
GM-CSF IFN-gamma

4 v bhig~r 77— YHNTOD M.avium
complex BFEIZ KT T EHEY A b A A ¥
BEDOXE

EFFECT OF ANTIOXIDANT OR AZIDE
ON ANTI-MAC ACTIVITY OF PAM

thiourea 100
thiourea 10
thiourea 1
catalase 300
catalase 30
catalase 3
SOD 300
SOD 30
SOD 3
azide 100
azide 10

azide 1

* p<0.05 compared to
the control

control
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LEIKEE~ 7O 77— Y DRTIE MAC 3B SN
TBYY, FROEBRERLEETERXSLE, MPO KX
Z L\ PAM #* MAC OIIFOBEIRE 2o TV 5T EE
LERE - ¥ (AN

b M7 7077 —YRO MAC ICXT 3
ERERIOHR

PR O BRI FRESEERTH H7%, il MAC

OB OET2% £10F

F1 BKEHOLHEBKRIIH T S MIC

strain
31F093T Mino KMC3117 31F049T
KRM  0.059 0.32 0.94 3.1
RBT 0.63 2.5 2.5 5.0
CAM 0.63 20 5.0 10
{13 3 Bl D EERDFIHE

KRM=KRM1648, RBT=rifabutin, CAM=clarithromycin

FEICR L CIdBRRIOIC A 2 e BHIRZ R S AR 2R
FEEADOEEED 2 VODPBERTH S, FBEOHIT AL
€ & 7-EERINEIZE L I AIDS Bl MAC BHLE D3 P
CERBLTWS & WD) BRRIEEL Y, PAM FTHEE
LT s MAC 2k 2 EHI R OME D ERRB R %
BLRBT 2 RBENOHETH L LER T, £ TH
LT AY A TERENTW S rifamycin REFTH 5
Rifabutin (RBT) ¢ AH THESNABREN TR
HBOPLMACHTEA 2 O rifamycin REHTH 5 KRM
1648 (KRM) Ok Mififa<ws 07 7 — YN TORRE,
WA L BEROAER L E 2 b Twb Clarithro-
mycin (CAM) & OBRTRE LA AL AHE
BRICHT9 5 MIC 2K 1 IR,

KA BEH D PAM P~ 245 i 1 0 IR BE & IREY
L7-& 2%, RBT & KRM (3#708%, CAM #9324
MRS & AT WERRRRE & 72 > Tz, MIBBRTO
EROBHEOERE TS L, SEH L HI2.0pg/ml OE
S uE, MBRTIE® ) I TRTOEKRD MIC
Az THY, BROCEITOLRBRENRERTEER
LNnd, LaALERE, 20Tk, 2.0¢g/ml DE
FOBE CHREMREL TR LAEH L EROMAEDER
FobNhhol, —F, RIWRLAEEH L, CAM
LOBERETD & 2.0 0g/ml OEFEET— OB
Tlid HVBHEREIENTL B, U LOBRIE, FH
MEDE TS PAM A MAC DEIF & %2> T HE
HE, MAC EQEEICBT 5 SR RAREOLENEZ
RLTWALEDNS,

FifE% & B MAC FEDBRFRIG O L8t

CNFTOEBERLY, MAC OBHB T 3
BETELLNTWS F/ITREFLENZVWEED
N7, &2 THigsH & i MAC SEDERRS & BRE L,
Z 2 o TEROGHEFEOEVO—HEEE AL Z L
LLTY

B3 8 E B OMiEER & I MAC SIECOABEBE, &4
805 & SIER % B REEOAEIZL ) SBIIOET A
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Drug Dose(#g/ml)

Bacteria

Early control*

Late control **

KRM 0.2
2.0
20

RBT 0.2
2.0
20

CAM 0.2
2.0
20

31F093T

3600700
2.8X106+2.7X105

3.4X10445200
45005300
250£65**

7.0X104+6300
75001700
9001150

6.7x104£5200
54001000
110080

Mino

60004620
4.0x10°+3.1x10*

1.6X104+4100
1100+301
8.0+0.65

3.1X105+£2.4X10*
700041200
2000360

2.3X104%4500
4700870
240+15

KMC3117

59004520
1.8X104+2100

6500560
560+65
130+36

59001300
32004340
70076

91001400
1600+150
590+44

31F049T

6600720
T7.4%X10%+£1.4X104

37001200
1000+135
150+69

2100480
650£120
96+15

2.7X104£6700
4500920
100080

* &4 OEIITFH CFUBHEFRE (n=4), late control DT RCTOMEIENIET 2 late control & HRTHEIZA 7 (p<0.05),
+ Early control 3% 2707 7 — VDOBEHINEHRD CFU %7577,
++Late control I3 2 & E 2 VM TT HEEEZRD~I 07 7 — K CFU 35R7,
* % T#i bactericidal effect %R,
KRM=KRM1648, RBT=rifabutin, CAM=clarithromycin

&3 FHMAELEOMI~Y 2 07 7 — YA MAC $%

Drug Dose(#g/ml)

Bacteria

Early control ©

Late control **

KRM+CAM 0.2%
2.0
20

RBT+CAM 0.2
2.0
20

31F093T

3600700
2.8X106+£2.7X105

59+20** (98.9%)@
24+3.8 (99.5%)
2.0+0.8 (99.2%)

290+51 (94.6%)
77+26  (98.6%)
14+7.4 (98.4%)

(=]

~

Mino

6000620
4.0X105+3.1x10*

850+240 (81.9%)
240+94  (78.2%)
4.0+£1.2 (50.0%)

1400+350 (70.2%)
640300 (86.4%)
21050  (89.5%)

KMC3117

59004520
1.8X104£2100

3100+610(—93.0%)
540+55 (4.00%)
170+14 (—37.0%)

6500+230(—306% )
2100£330(—31%)
58085 (17.0%)

31F049T

6600720
7.4X104+1.4X10*

130437 (96.4%)
18+4.8 (98.2%)
4.3+1.5 (97.1%)

42413 (98.0%)
12+£2.1 (97.8%)
7.0+£1.3 (87.5%)

* K& OMEIZFY CFULIEHERE (n=4), late control SO T _COMEIZIIET 5 late control & RTHEIZA R\ (p<0.05),
+ Early controlid~ 2 07 7 — YV DERRILEHRD CFU %71,
++Late control iIZFHI % & F 2V EHTT HME#EFEDO~ I 07 7 — YK CFU #7577,
* *k TH#RZ bactericidal effect 777,
# 24g/miDCAM LA AEDLEL KRM - RBT O,
@ % increase= { I-HEHIM A &b D CFU/K 4 OFH| O BMEHEDO L \WHD CFU | X100
KRM=KRM1648, RBT=rifabutin, CAM=clarithromycin
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F A4 B LM MAC AEQHEBER B & 258"

K MAC
18 49 (B32 &17) 55% 24 (B 4 %20) 48%
o 97 (B2 & 5)30% 7 (F3 &4 14%
3E 13 (B10 % 3) 15% 20 (B16 %« 4) 38%
st 89 (64 #25) % 51 ($B23 XK28) &

1B EREEBAL, 28 SHNEMKRE, S RO
EBERIE

PRADE IR D, 2F I TIREFNERERE
DOHHLBENEL, —H, M MAC fE TR IZE
BB A B O BENSVEIICH o 72, FIEFE & M5
R EBERO L WEATRET 2 &, B4 L (i
AL EEZEDBEIILZ VDI LT, it MAC
FEVL PR DI D ARG & D TV 7z,

B - ORES A OBET T, MO REN SL2E
R LTV LT, MiMACETIZHE - &
X i 2 R 2 R IR L T\ iz, B D%
e & L CRIFT 5 VbW B —RASHZIE DR
BB E S L, —H, VoltARRIHIZS
NV R S REO R TS CEREETRRT
VbW B REALEOIARZED S 26 IZEF T 5 R
PoEXDLE, BARSEEOKEIDVPREHETDH S
Z &, —%, Wi MAC JE T3 - B - ERAES
LTELTWAZ LN SND,

HIV i 8E Tl s mic et L, —7,
MAC kB AT a o L bEE2 5L, MACK
WEE T IZES VA5 o 7 ARSI T B LB -
ERORIRER TR LR T, ZFOBRY - FIRICILND
FOBEPDETHLBHEETHL LEX LN, ¥
BERO VI MACIEICE LT, FEUBRORHE
THDHIENERADERETF Th B, ZOFMIIBE
DETHFRHETH S,

SHDH MAC FERED A

T, BEE TOMELHEZ 5N B5%DN MAC
EREOFICELT, Buol FEFFEFTHILTT
DINLERDYIZNERS .

1) EpEBOZVRENBEOTEIC, [REILRE
MR % £ L L7 MAC AR LTV 575,
ZORED A B Z XL 7 1 EEERED O OEHD
BB Lh, BAEY - EEAHTH20 LD,
BRIV E Y DEBBETENEL LN TREY, VE
ko &0 L-BHRIARETH S, LERE - BHOR
T pELBRORETH S L) EE EOBBELSH

OB OET2E B 10F

RICHRETT B RELNH S L BDbIhD,

92) Bl MAC HiE Tl A 24 12 5 % 0 S5 8 3 il
XNTWL0ON? @ AIDS Ko FBER L R2D,
3F AIDS BITIHRE I RHET THICBRB L TVwb, &
BREEE C L) BT, RIEXBSIIZIZEIIL
Twb, HETH 2 MAC 2SN TEERHRNICHE
570, B HAtEREE R L T 5N
L, Z0kEERE LT0—30FE0RKB TR A IZHBIE
KNDLICAZD, FRLIZTTADETVOFERD
EET 5L, MBEEREETHHRILL TSI L Db
59, MAC 2BH L ENRVEIRYFHDL, DL &
BRI % & U S BV BORKME AR T 54
BEXEHD)

3) MAC 0BGz~ r a7y —JeHA 7 A4
CEFTRBEATE RV KB B, WRHER, il
bR, AR, NK R, v - 0T U ¥k, Alfa
REEM T 1) Y EEOIDP D ) BRE L T LED
HD, EERTIEI NS DM E M L AFEL
W70, ZRCAREXIROTBIZS AT Iy 7 2@
WTWaHHNEEZLND,

4) =su77—YOMACEEDLT 7 =7 ¥ —45F
FixmMr? FEMACIR<ZO7 7 — Y HOBER
DS ED L) ICHNCHIRIA LY b kD H T 5
CLATEELDLON? | TOEISRETH B, V»E
PR EZFELRTVERV,, Y7 ACBWTIEEE
BEABEDVEN ST THAEL, ehvruTgr—
UL END &) B IEME E 22, EEER
FRLETEH L TFHTRENI EPHON TV S,
MAC OREEHED S DHBED X ZAAD—DE LT,
phagosome- lysosome fusion DM EDGERDHFD
NTWBDS, ZFOHHMER A HZARIVELERATH S,

#t &
i MAC SEQBGER - EERICHE L TRIGIRE L TWwiz
75X O LSFEIZHERE L TV B AME GBI ICER
B LT, BEHLIERVEE, BROBRES

2TV BEREORTEREEL N BORKEES
LD ET AR ERERROKEN ICR#CZLET,

X [N

1) Edwards CK, Hedegaard HB, Zlotnik A, et
al. : Chronic infection due to Mycobacterium
intracellulare in mice:association with ma-
crophage release of prostaglandin E2 and re-
versal by injection of indomethacin, mura-
myl dipeptide, or interferon-7 . J Immunol.
1986 ; 136 : 1820—1827.
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The 72nd Annual Meeting Education Lecture

PYRAZINAMIDE-CONTAINING INITIAL INTENSIVE SHORT COURSE
CHEMOTHERAPY OF PULMONARY TUBERCULOSIS

Masako WADA*

Six-month short course regimen had been accepted all over the world since early 1980s.
In Japan this short course regimen had not been accepted as a standard regimen for
treatment of pulmonary tuberculosis until April 1996. The reason why this was not ac-
cepted is resumably due to hepatotoxicity of pyrazinamide. The situation around tubercu-
losis were changing in Japan especially in urban areas. Incidence of tuberculosis in younger
generations is higher in urban areas than in rural areas. More effective and shorter
course regimen were needed. Efficacy of pyrazinamide were briefly described first, then
results of six-month regimen with pyrazinamide in Fukujuji Hospital since 1991 January
were discussed.

Pyrazinamide can kill tubercle bacilli in acidic environment. It works bacericidally dur-
ing the early treatment phase. It can kill not only replicating bacilli but also semi-
dormant ones. The results of many six-month regimens showed that only pyrazinamide
containing regimens were acceptable for standard regimen in pulmonary tuberculosis with
less than a few percent of relapse. Newly accepted standard chemotherapy included 2HRZ
with or without S or E/4HRE, 6HRS or E/3HR, and 6HR. Among 429 tuberculosis pa-
tients treated at Fukujuji Hospital with pyrazinamide-containing regimens, the negative
conversion rate after two months of chemotherapy was 95 percent and similar to those
of Western, African and Asian tuberculosis trials. Six of 290 evaluable cases have re-
lapsed. (relapse rate; 2%) Noticeably all relapsed cases were complicated with diabetes
mellitus. The higher percent of patients, 8.2 had elevated serum transaminase levels 5
times of upper limit of normal level or more compared with that of patients without
pyrazinamide, 6.6 percents, but this difference is not statistically significant. One patient
whose pretreatment liver function was abnormal with unkown origin died from
hetatotoxicity of anti-tuberculous drugs. The risk factors of hepatotoxicity included HCV
carrier, elderly more than 80 years old, but HB carrier, alcohol drinking and hepatic dis-
eases were not risk factors. Less patients, 5.6% defaulted from regimen compared with
that with 9-month regimen without pyrazinamide (8.6%), but this difference is not

BRI D FEKE % From the Research Institute of Tuberculosis, Japan
MH HF Anti-Tuberculosis Association, 3-1-24, Matsuyama,
FER T B A5 FERT Kiyose-shi, Tokyo 204 Japan.

T204 HUEEERIEHATIAN L 3-1-24 (Received 12 Aug. 1997)
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statistically significant. The efficacy of the regimen was 90.3% higher than that of 9-

month regimen, 86.0%.

In summary, six-month regimen containing pyrazinamide is highly effective. The inci-

dence and severity of hepatotoxicity must be further studied in Japan.

Key words : Pulmonary tuberculosis, Short
course chemotherapy, Pyrazinamide, Hepa-

totoxicity

*—T—X : WEEHE, EEMEERE, YTV
I, FRE

Lo

pyrazinamide (PZA) 1X196524F ICBRIRID A & iz
BIFEEO O ICEVEMEIGE oL o 2d Y,
Grosse % Micthson & O B)#EEX % British Medi-
cal Research Council (BMRC) @ Hong Kong %
Singapore (28T 5 EKRIGERIZ & o T pyrazinamide
(PZA) 292 W AMMZ BT EI2& > T, R
M EMTRECTH D Z LAFERH S, 1979412 2HRZ/
AHR oE#EFN Q H AMZ+H+R, 4 A H+,R) ¢
SRS A%<, HERIAEL 6 A ATENTHS L
HaN/z?, 19864 ATS, CDC %%, 8842 IUATLD
A%, 914EIC WHO AR #E L geEE & L CHERE L R
WCEFREENE T 70 LTRESNTE L, Ly
LAARTEHEVWEANOBENZBEIC S P2bbT, £
DEMER D720\ AERALH TR SNk o 7275, 20
FEIb Y BERBROBIOMELTHWEZ L E, K
AT BT B &, HEBBO LD LEEHE
WwZk, k—ALVRA, TIVa—VhEE, TARBHEMRS
B ERBOBECETNLVWRBIEEIEHEL TVD
Z R L OBBEEOECER, X DEITL ) EH
HESLEE SN, PZA % & LS A 19964
4 AD S REROKIEIRH SNz,

A. pyrazinamide DR L EH & EHIBHRR
PZA 3 in vitro Tid pH5.6 T M. tuberculosis =
X LCEWEREER LRz 225, in vivo TIidil
NaBEEREZHF-oTB Y, HEHOMBANOD pyra-
zinamidase (PZase) |2 & - T pyzazinoic acid &£7%>
THRRERERT . TLBACHRBEELTCVAEIC
o L TIREOEEIER LR E WS, 1ZEALHR
BGE L 2 as, BT 5B (semidormant
bacilli) 12x L CIHEHEBER 2 o Twa Y, /-
RDIEHDER)ThH 2 BEORETOHIZEHNTH Y,
% bV MIC99 i pH5.5~5.6T, 16¢g/ml TH 5 &
DOHEDD B, IWEAHIZBVTOARRENH R R
FEMIOMBAIDOEIZ, B THB L VbTWDA,

CHRTEOBEEITRE 5 2 LR, RIEIMEE S R
WO pH B2 570 ShTWh, ThbDT L
1Z Grosset® % Mitchison® 5 D 8j# £ &< BMRC
D—E DR B EEP IR OB S RSN T
\/\5”-7)‘9)0

F7- PZA WEHOBRECTEMTHLH0OT, BEDOR
Ho TR B LB 72 D R R S R IR D 5
BECTREHETE IHEIEO NV, fF PZA WHH
® PZase BIZFICEBRIHE SN, EWIFRICITHEE
FHEMEECEARSHERBRATRRE 25 THSH ) 10,

B. #iL <HEAEhiAEED

19864F ICEE S N7z R HETIL, (RHBAAAIE DWEHE
BHMRAE L, XBEARUMICL2EEREICL > THFE
FEEZBIRT 2 L) ICHERS T iz2s, SEOEET
FHEREL FICIEBTIORTOH 5 WIE@THET 5 2
EDRDLENTWBEH, BEFITVTNLOERET D ER
T&5%,

a. WEBFEMEE © © 2HRZ(S)(E)/4HR(E),
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Tuberculosis, past, present, and future (F&¥HE)
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