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DEVELOPMENT AND TREATMENT OF RESPIRATORY FAILURE
DUE TO TUBERCULOSIS

Toshihiko HAGA *
(Received for publication January 4, 1989)

Though the incidence, prevalence, and mortality of tuberculosis have decreased so
quickly in last thirty years in Japan, we still have many persons suffering from so called
tuberculosis sequelae who complain pulmonary symptoms, particularly respiratory failure.
As I have been studying this problems for last many years as a part of tuberculosis
treatment, I would like to summarize the present status of the problem.

1) Acute respiratory failure is observed in DIC followed by milliary tuberculosis and in
far advanced cases.

2) Chronic respiratory failure is common in pulmonary tuberculosis sequelae. Sexual
ratio, male to female is three to two and average age is 60.5. It is quite reasonable
that advanced restrictive failure, ¥VC less than 40% , occurs in 70% of all cases, but
obstructive disturbance, FEV, , % less than 55%, was also observed in 40% of cases. It is
still not so clear why tuberculosis sequelae shows obstructive ventilatory failure, but the
response to obstruction with the administration of B —stimulant is observed. Advanced
hypoxemia, Pao, less than 50 Torr, is observed in 30% and hypercapnea is observed in 70%
of total cases. Clinical right heart disturbance is observed in 80% of cases.

3) Based on to calculation from the number of interval organ failure and questionnaire to
hospitals, the number of persons suffering from respiratory failure is estimated at 20
per 100,000. and it is presumed that the prevalence of respiratory failure will begin to
decrease in two to five years later.

4) Pulmonary hypertension, mPA 28.8mmHg, and higher PVR, 402, are observed in 90
catheterized cases. a—NA Peptide in serum and ACT, RVET by echocardiogram are
well related to the value of mPA.

5) Average accumulated survival rate is 50% after three years, and it related closely with
Pao, .

6) Long term oxygen therapy is the most reasonable and practical treatment for not only
to increase the life span but also to improve QOL of the patient. Exercise training is
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also effective. Almitrine (clinical trial base in Japan), Doxopram and other drugs are
effective to recover hypoxemia and to improve pulmonary hypertension. Home mechanical
ventilation just started in Japan, and two cases for tuberculosis sequelae are reported.
In persons suffering from respiratory failure, special consideration should be made on the
treatment of complications, for example abdominal surgery.

Social measures, for example, residence with sheltered workshop and vocational
training center are quite important to care the respiratory failure due to tuberculosis
sequelae. Profile and follow up study of the residence and the training center are
reported. The writer thanks Tuberculosis Research Committee (Ryoken), and Cooperative
Study Unit of Respiratory Failure of National Sanatoria in Japan for the permission to
use their data, and also thanks Dr. K. Machida, Dr. Y. Kawabe, Dr. N. Nagayama, Dr.
Y. Ohtuka, for their cooperation in this studies.
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UCG (RVAWT) 7 =0.448 7 =0.376 7=0.402 7=0.088 7 =0.020
%
P<0.001 P<0.01 (kif)
+ H#

FHEEE O HEIRT (mPA) & ORI ¥ =0.03575
ThEh Vv, —F, BEHOEIEHSLBEX4OD
& mPAA31.45542. TmmHg EFL, /b
15013 3.66 25 4.99 i< EF L 7B ic 3D I a —ANP
I 77 2pg/dl £ 0 101.8pg/dl i LR L T, 4%
SED| % B RLHEBEOH O mPA & OHENR SIS0
Ey eI NE LR,

b) BERK VR KT T -k (X5)

HERHD SIMFEEE D E— 7 10E T 5 acceleration
time ACT &, ThzAZEHRHEE (RVET) <Hl-

o— Total
x——~T0 Torr
o—-~60 Torr
== ~50

B
—god 77 k005
601 o 05 [(<0. 05
(<0. 05)
50:
34 H,(54H)
Green Wood iR & O

Accumulated Survival Rate

10

0

Years

0 1 2 3 4 5 6 7

ARy ARk [ 1377 | 800 | 528 [ 367] 248 167] 95| 3] Survivor

Him oL %K| 366 130| 87| 51| 28| 25| 10| 8] Death

& &
&8

7oAl & HEIARE & DM ZE A7, K6 DT EL ACT &
3y =-0.694 CcHMEBEAL, ACT/RVETBK 7D
Ly =-0.647 &L[E U < HHABE L 720

o) Ly VT

)Y AL BLHY VFEOEBONKLAER/EEL
b, SEYMEIRE & v =0.633 THEAL 72,

BREHBMIRE EMERZFROBBKREKRIITRL
to (THIEMBBELA OB ET),

i %

IS R%BIE DO F R IC> W T REESBERAERGS
NI FRARIHET OFREFTIEL TVEH, 0k
RIEIN8 DT L THEFEL D 2FH QE~S FELH)
TRABEGERIES0%TH 5, HRYFID Pag, Blic
Lo TR D Pap, 50 Torr LINTI3H 35 % L&,
61~70 Torr T3 60 % TH Y, 51~60 Torr H &
LEILL50%TH B, 2D LIF5ER GHFE~6ERF
#B) TORIUTH B, THK (THE~SERB) TRRA
AEFERIID BERB 2, 1L NIIHESET 2K
Wb DEEFELE L, bhbNOFT TRIEARITE >
THoDRKRENORBEERRES B &, BB
10ELIERB L THH 80 % &5 < COPD fthges &
DRV, TOZLRETENZEEBRREFITHRL T,
HEEBRKREAGBROEFERIZI0FEEBA TS 80 %o
LTWw3,

FEC LI H 2 OBFERBO 7~ s KB B L, B
£ (FRAR LS - EDOER) OLEHE, Pag, 40
Torr IFTIX30.8 % i< KT, 41~50 Torr T 20.8 %,
51~60 Torr T 10.6 %, 61~70 Torr T3 5.3 % & BH
52 Pao, EHHBAT %, Paco, & D BRI IEHHF
AN D 45 Torr LR T3 17.7 %, 46~60 Torr 16.1 %,
61 Torr LIET 21.2 % & 61 Torr I EDSHEDITE L,

ER OIS (AR TH -2 D) DIRE



1989 # 2 H

728

z
ﬁa;a;s%ae o e 1257
A Ll 39.9
=
BB R 25T C
k0.2 i ’i ? LS| % v s

H9 EUSEREKIETRE (19849

115

OERRBE S B & 1959 FELIE S FR/ICHEL TV
73, 50~60 %ASLHHSEER L TH T D RRFEE(LIZ BV,
Bz 1984 HEE D 1, 257 Bl O TIRR % & 5 & ifsi%ot
1257.9 %IBES, FIC40 BIIFEEKETHY, K
D 60. 2 % I3HHERERRIE T, FEAERIED 25.2 % 13
DBAETH B (Ko

x4 ®

R A4 O EA B RMETH 50T, MEDOH—
BT ETH B, T E b REHRSO MBI
2RI 1 A, R (BRRERIR) KB T
BAE RT3 40 mmHg » 5 35 mmHg i, 7
FEESE S 14.5 mmHg 25 12. 75 mmHg i</ETF L,
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The 63rd Annual Meeting Educational Lecture
THE IMMUNOLOGY OF TUBERCULOSIS
Tohru TOKUNAGA *

(Received for publication December 19, 1988)

An introductory overview on the present state and future prospect of the immunology
of tuberculosis is presented with the following six chapters.

1. Contribution of tuberculosis immunologists to the modern immunology.

When one reminds Koch’s phenomenon, Freund’s adjuvant, and the findings or new
ideas of, for instance, cell-mediated transfer of tuberculin allergy, test of MIF which was
first described as “lymphokines”, effector macrophages activated with immune lymphocytes
against mycobacterial infection, MHC—restricion for presenting tuberculin—antigen from
macrophages to T cells, everyone may agree with saying that the tuberculosis immunology
contributed greatly to the opening and development of modern immunology.

2. Central dogma of tuberculosis immunology.

Tuberculosis immunology possesses a central dogma : infection of tubercle bacilli —
phagocytosis — antigen presentation — expansion of specific T cell clone — production of
lymphokines — macrophage activation — killing of the bacilli. Recent knowledges from
modern immunology have clarified many things in or around this immunological process.
However, there remain many important questions.

In the following chapters and subtitles, what have been clarified and what are still
unsolved willbe described.

3. Induction of tuberculosis immunity.
(1) Mechanisms of phagocytosis with macrophages, and natural resistance.
(2) Antigen presentation and sensitized T cells.

4. Expression of tuberculosis immunity.

(1) Lymphokines.

(2) Activation of macrophages.

(3) Immune suppression.

5. Special characters of tubercle bacilli in relation to the host response.
Biochemistry of cellular components of tubercle bacilli and their biological activities

* From the Deputy Director—General, National Institute of Health, 2—-10-35, Kamiosaki
Shinagawa—ku, Tokyo, 141 Japan.
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have been reported by many investigators already in this journal. Therefore, the following

items only are discussed here.

(1) Mycobacterial proteins produced by gene—technology.

(2) Adjuvant active derivatives of MDP.

(3) DNA from BCG and its biological activities.
(4) Difference of immunity induced by viable and dead bacilli.
About (4), possible mechanisms to explain the difference are discussed, with emphasis of

both MPB70 protein as an antigenic metabolite released from viable bacilli and the

heat—shock mycobacterial proteins.

6. Unsolved problems in tuberculosis immunology.

(1) Mechanisms of endogeneous reactivation.

(2) Development of new vaccine.
(3) Others.

In addition to the practical problems on tuberculin diagnosis and BCG vaccination,
problems to be solved in and around the central dogma are discussed. Some examples of
these problems are illustrated in Fig. 7 in English.

Key word : Tuberculosis immunology, Cyto-
kines, Macrophages, T lymphocytes, BCG,
Natural resistance
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— F K> X T —

EECBT 2 REFORBIIEHEE L, 4PEE
YIED eI b 2 ERHFRIBRRE LTSNS
B, TOEBOBIRITBWT, BEEFENEICK
ERNERE LALLVHYFEERFATI LT, ABOF
ELVWERS, EEORRETH S R. Koch B
D5, FARESE SR I > W T DBRYI DITE B EBE Th -
7o B, RANCKHERE A FERLEE LDLELVE Y F T,
BEREPREPOEE KRBT L, LrbZEOK
ISRERCRBES N, ZOMREBERIEERNE L%
BRI, KochHRE L THIONE ZOHEHEIZ,
PERIEIS WV LIBRERI 7 LV ¥ — O BRI IH & LT
SHbBELASNTV S,

Z D% 19454, Chase BFEHGHBEELE Y PO YN
V) T LVE =%, [METEE ARk ZE
BALBZCEERHL, MastiEsiEd < & ol
IHAEMARR LTz £ 0%, T OAMRPOBERIS b
D YyNERTHY, ESITHIBRICRE L TRET B Y v
Ko, LrbEEDY Ty hTHEIEBHONS &
S8, A HOMIEREOELHELL D TH »
oo AERKERNTNTS B AE(RBATEREAS 2 ARAT L ~ OV TRERT L,
BRRINIE T 7 =2 5 =%, PUEEERNEY v oBRick D
Ebs N [EHfb<=s 077 —-Y ] THB T LER

— 44

L7 ®id, Mackaness TH 1, ZNHHiamfEsse
BcH 2 A vy PIREMP -T2, TDK, TXTOD
FHR D, S ERREMAOEET Z2MBED Y A
FHAVERFOR Y b7 =212k > THRILYT % T &A%
SN, BRANCHES NI YA+ B4 g MIF T,
Bloom 5 & David 5745, &% GEESHY DO ) v ERk%E
YRV Y TR B LI KD RHLAEBDOTH B,
ZD%, TOXHIEHA AL VOBIEFBRAZICY o —
=vrah, KBEEICL-> THiMp O KBICELET 3
K s, 1tEAERERBESNAA vy -0
F V-6 bEBEESICKD, vy s ) YRIGKE T M
fazHWTEBONZbDTH B,
BHRGEFZOWEEBFKRO—21F, ) v, BRE<s o
7 7 — VR OHUEE/RIC B O THi#iiE o F B E A
BIZTFO—EBMETHLEVHIFEETH SN, Ihd
Rosenthal & Shevach iZ & - T, #EEGEELVE Y b
DHRTRHENIbDTH B, £/, HREEOEER
HWETHBZFFa50+5— (NK) #IHBOELED
BCG BB THD THES N/ BDTHo7e TD
X OBHIEZS B LR BEVH, ThoDfH»S D,
B ODICEHRGEZDOREATM L 720 PRI S &
37,

2. EREEORLH RT T
CDEHITLTHYLL TEREKOREFITBWVT,
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Sy #_ JRAET U v/ Bk
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CY YT ahAY
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K1 EHZE¥ED Central Dogma (AXBHR)

Nl b E I NEBLNEEEES DD, TOELLD
HERBELADOH LVER S, ) RTY TEEOHIMANEE
MR ICH T 3Bt > VT b —LL TEZ SN TV
%, #hid (EEOBRA-EER LRI >RRE
T Y Y XERD 2 0 — v DERKFERERARLTD ) ¥
T i hAVOEE><7 077 —YOEH-KE] &
WHRKTRENSE (KD, CoRA>\WTiE, £
DHOBEFOERBICLD, £ OHANMASNTE
too MEE 12 OROELICE, RERKHEASHTREVWS
CORIENERENTBY, SBROBHAIFFIZNTV S,
AfETIRIOF 7 <ERREHESRE LT, T TICHE
S NAEEELENL, o RBPAORTES %R L
T, WEREO—0F & LT O GEFEDSER DR
AHRBELIcVWERD,

3. WERREOKIL

(1) =787 r—YickBEOKFLEIEIME
BCG & % W 3 DHOBEMEEEANESNT 5 &, BT
PR, DWW Tw s e 7 » —YDRBLBEEIT ).
FhERIc b= 7 07 7 — Y I3RYICHT &R
(selectivity) D&, v U h RO X 5 RIH» S
HOoEEMBEL E2bERT S0, FAlE LTHED
EHEMELsERTALINILERB LV, w7077 -V
ORI & LT3, BY & MIaREOBUKIE PR
B EOYHEKERDIENP, PF X7 2 ) P LDL
(low density lipoprotein) 7% & D4 FIicFFRHL L
LTy —DBEHAONS LI -k, MEDEAIRS
BIoKT AL F LT s - OEEUENSEHSNT
W3, EREOEASIRVWELPLHATIEV, TOED
v/ 07— Y ORYEIE L DABITE, REOHIK
LVt 74— & Fe Lt 7y —2B57 3 0P
HEMY, EEEHOERDIERSG, 0L [HE¥
HIkD 1 ] OEFESH O AT,

vsu7 =Yk BEYDE D TH (endocytosis)
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IKBL T, VA Y FRYKF ORI EESH LT
WABAICIREICETTEEVD Yy = F P,
T F UREAEACERILICEE T 452 v bV
&, HMEMELEE L TARTEATVWSY,

VHY FELVET I —DBESGLIDS, TOEEERD
EMIBLTR, L7y =) 4 20 L TEAIC
HHET 284S (LDL, *7F FHhEVEE), Ebic
VoA 20T BBE (b3 vR72) Y, 725 2A0HE
HE), EbICHATEE SN BI5S (REMERT,
Fc AR L), & biclan~tEts v LHans
BE (BED [gG, fttIgA L) 040568
HohTWV3Y,

BYNI7 > TV —sEHTEROGrucE DA, T
NEBADOMLBZEARBLTVE S A4 VY — L L0RE
&LT, 77354 v Y —4 (phagolysozome) %
L, TOHRTEAOMHMEPZOMOREYDIZEAEN
BEH s h, PrTHRANKRHENE, 77354
V) — LT TOREOFIc>WTIR, &L THH
HRTBEIMEsh, EEBESI VA F Y - LI
IKGEHEOBEIIONTVWEY, LhrLIDk) BT
2k - T, BEECHEEENBREOZ A KEELXT T,
CHR N S AR | & L CARiao hcsiE ki <
WL &Il B,

BCG @ HAMkIZAMEh Ty, FERNTHRLE
A EWENEG B ER M ENED, BCG D/XRY —
R, MR, AEANTHET 50T, FRL BCG T
bLWhWBRENLL Y RIZENHDILEZHSHLTD %,
LirLZoEny v ZEHET BERFHETH 50130
SHTR O,

—%, FEUCHEERBETH, <V 2ARHIck->THE
RN TR A F2 15 2 R L S L 2w THERR S 2 %
HKEND B, BIESICENIE, M. intracellulare ®
Mino ¥k D4, BALB/c, C57BL/6, BI0A = 7 218
CumiEcEL, A/J, C3H/He, DBA/2 12 & 3 RE
B3 5%, E. Shamene > BHBER ST 5 ~< Y
Z 8 EIEGUME OIS EHITIZE 21TV, £ 08 Beg gene
LI A EETFIcL-Taviro—Lahdl xR
LY, T OBIETFELET BB IOV TRAHE
THDHH, HoO—EDOWZIT LD HIS hic T DBIET
OHARER 110 EDTHI, HFREFIEICB L T34
OEFELEFEIEL, Lich-TEL OfETOS»HEL
5h5h, Beg iz FiR3EhoohTbEETRLS
D—o>EBbh b,

(2) PUROHEREEET U v VER

EARICERES N BCG I1E, 28RI%ICIEZ0#1/10
ERE Y voxEithic R E b, RFIcBL T, w70
77 —=YDEM, 73 ANBEBHED S v v v 2l
famBEELEEERLL, WEEHE-> THRAY v Y&,
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®1 Beg BizFOMHK

1. {iBE EME, BCG, HERBE, B
HEEL), FI7RE, 74 YV av=TORYEIT
X9 5 HREHMA KT 5,

2. =uvRTR1BFBORGE LI~y T7ENB,

3. EroREAK2q Fitb v —H—FkED Y-
»H 5,

4. Z DEIEFD congenic mouse (BALB /¢ X
DBA/2) iZ8W\T, ffEBAIC L DikbitEss
ERIh5,

5. DUAEELE S N KiEHE & 3BIRAII W,

6. BHHER YY) HWNBTHET B, v s/0T
— VOERRITIIEDE N,

7. BEM~YRTR) V7 4+ A4 VIERK, <2
077 —Y0 la BEPOPUREREENE D,

8. ZOBEFHXETL2HFRABETHY, #iz
FDI7o—=V7HRIHLTHIIED,

SHRY voSHiORE T~ EBE L, interdigitating
cell #N LT, THlEEEMT b0 LBbN S, KR
HARICIE, BREHRERD Y v IR TER I EIEE LU
», I0HHEIcRMPRHENE, 2D Y v 5Bk
DIFEAEHNBCG HFICHERNT LTy —% b2
TET Y v RERTHBD, TNODHBbDORIPHTE
oy voolEgRicidiEias LTESEL, 2808 R
FEIRHEDSRRIL T B,

OB, REFOMESICE > TE SIFEICH S

CD3- §(20K ; 11g23)

CD3-7r (256-28K ;\\
11923)

TCR-f  TCR-«&
| (42-44K; _(40-45K; |
7q-32-35) 14q11-12)

(GE) R ofEINoBER
SFE L geik EOBERT

o BB E 2SS

NBEIICB ot PTHHEHARBEFEORKDOKRED—
o, BUERAMRE TMEE oOMEERICBET S b
DTHA5, L rDHFELVET Y -3, R2ITRT LD
KT o—vick D ZFhEFNREE -7, VbR
EORZEHITHY TS a L B #HO~T o 2 BIKL,
EEHICAHYET S5 CD3ATF (r, 6, € #HILOKD)
&, THIRRE L THRAEREER L TEET %, T
» THilL €74 —& CD3EAKOMEEE~ORE
2T 52 ORF (1213 CD3-w) dAEISN
T& 7,
THlENERINA 72D OPFEOMEBICEIL T, #£
2ITRT &SI, HRICKDRRY, BROFEEST S
b ®, unholding # 4B LT EbD, £h747Y/
FUBEDEIITERDSTOE & THRI/RATHES b
DREIEFIETH b, MKEETROESICO>VWTOFH
IZHI S TWIZ W,

THEL LTy —t=r 07 7 —UNHEEN LT
BT 5E, ws07>—VIiRIL-1%EEL, CD3D
76 FIk D Ca DRAMBEES Nz T fHZIC IL-1
BEM LT, IL-2 (TR »EASH, %
72IL2v€7%— (L-2R) ORBELEEI N 25
B, THIKRZSZESEZHET 5, 2 DIRFEDOHIR L
7y - b0 THEZ v— V12 HEIRKICEE S
3 EVSBD TABRNNRIGEBERT 31T TH %,
FHINE THEOY 7€y PELTI, ~s—=T
Wa (Ty), BEMT LLF—1cB54 53 T#HKE (Tp
;7707 —VEHLTHREFESAD S 2), Hila
HEW T (Tc; 75— THREPEIALS 3),

\ CcD3-¢ (0K ; 11q 23)

T Vo8

=y 7 A DR
(HLR-DR)

207 y—9Y

®2 #HEORTECD3/THlEKFELY 75— (TCR)ESK
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Ly ¥ —THIE (Ts) D4E1EH, =9 2TiE
TuR&aoi, 3IWKRT LT, Tgld Tg2D2E
HWEEL, Tul BRECLEHOEMmIC, Ty 2 3iFE
RIRCHEBHIOAEICBIS T 55 LW EMHISN B
Lot TNEDTH Ty FOVWThNFE
SNBHEPICOVTE, (1) BEB3V 4y Ficxtitd 3
RBRuzve7y—0r . r ) —cEoL, (G1) VAV
FOBEICKHGE LR Y 7 F VicikET 3, (i)
BRAPFIRTIIC L 2 EB A7 224 —v T+
W2, WEVWAVWADEZHNDH B, —RICIFHEE®
fi RERE 1S EDFEHITIE Ta », BERKEPC) RF) TR
ETIE Tp M, YA4NVATE Te BWEAMICHEES NS &
EZONTVWAN, BERLOTIRE L,

4. BERERORR

1 Vv7zxrh4v

250 voHBBICES LIZBIET U v RE,
HEOBEAK L TEe»ICHE L I hEEET 5,
BCG BRIEER DG AIIF, #HE & @RI ¢
3Le7y—%bo0 THIKEMSK2IRT & BETH
REMEEGL, 3Dk s 5, 2 &EMEIC, #
REBEG LA THREZERHDOY v 7+ 714 VEEA
L, 205260137707 7 —Y%2mLIERT 3,

Y VY74 Hh A4y ORTRIRHES W RT>ERD
X IICMIF (=7 v 77— VilEHEMIERT) Th 345,
Z Dk v oSBRPIAC bTE 2 DRIFIAEEA B RIE PR
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2 <7707 7—JIKL3HENLE

BRICK B0 NE L
T35H0D

V' F—4b, IATOEY
VERRX 7 V7 —+

AXRTINT IV, £ VR
vV, Fhso—-uC #E

RYRTF FEOHF O I
7cA%EI1ET 4L (un-
holding) %2M4EE4 3
HD

NV F— L
iAoy
VERRI LT =%

MBERELE LI HD
ERERE DR D
feDEE( LA LB

747Ny (DFE3M4
), VZRF)T7OHKSE S v
N

ELW)

BB sRFARLICRBINT, ¥4 b Af VL
WI¥RENB LD ICH ot AHELITRTELIIIELD
HA M HA VBLETFOs e —-=V ORI, Ml
R (R I I S A A N
INSDSBbes a7y — UEIEHELL TREEEER
HLBAETFRENTHA 55, IFN-7 OfEHNEH
SNTVEH, LU YIS FEVHV. £ 5 IZRE
> DREBENTORBENER % R EREETH 5%, #
xR IFN-y L OEET, w7077 —YHD BCG
X BRES 3V IREEISIE N TV B, EEOE

%3 <wYRD~NWA—T (CD4*) HilaD
2ODHTHA4T

Tua 1 Tu 2

e BiffasgsE +
R ) 7 g —F IS TR + +
BRHUAELED VT - +
fmfamEE + -
PR D HIE + -
BIER 7 L v — + -

H4 bhA VEE IL—2 + -
IL—4 - +

IFN—r + -

N7+ bFvv + -

IL—3 + +

GM—CSF + +

HA4 A7y — [IL—2R + +
IL—4R + +

IL—1R - +
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R4 FELE rOBETHEIRY AL MHAL
A1 vs -4+ (IL)

IL-1
IL-2

IL-3

IL-4 (=BSF)
IL-5

IL-6 (=BSF;=TRF)
IL-7

{v%—=7:0v(FN) IFN-«
IFN- A

IFN-7r

G-CSF

M-CSF

GM-CSF

TNF -«

TNF- AELT=0H-1)

EEREHEETF (CSF)

[EZHSERF (TNF)

T Y v/¥8k

-

\\\\\

% 4B E 25

BRENIVEY, EERIABEOBRARS SIKiue
LRGN D, BEDPRBTFOXRETCOHTICL S &,
FEMREDOBES IFN-7 & IL—4 OfEHIc & BE»
Rohsiwd, LZ5715, Tyl & Ty 2 OHENE
REWSZEbEZOoNE D, SBRORADBMBETH 2,
Kaufmann (3 TN F A MHEOHR I Tp ©
E» Te WEEBBFENAHL AR LZBA LTV R,
LpL, TORRDOTREAMELS Y, HhoEHE
TBHEIATH B,

2) ~2 w77 —YDiEHL

REEDFET I BE L CEE SRS, THIEY 7€
FRY YT x4 VORIEDE»IC, BRI 7049 —
LB8B=007 > —VORENS R, /077 —VD
SHMEDRRIEDBARIC X DRI Z T & E2RT 1HIE LT,
2YZADffiv s 07 r = VOB ERNEB, FKS
3, Y 2Dffivs 07 r—VhERCHEOv 0T 5 —
VEDBLEB2ODHTELLER BT EAHE LT,
%1 REEISEIEET © 7 0 GML 22 Bici-T0 5

B3 HFEERRICE BT v/ IROFEHEL?

%5 <=UR<wr077— UhORBED IFN - rick 3B 4°

OB # i} | 108 #HREY 72 D KK m & (%)

e % 3] b Bk 2.7%x105

(H37Rv) IFN-7 (100 U/ml) 2.2x10° 16.7
IFN-7 (200 U/ml) 1.1x108 59.3 (P <0.01)
BCG-PPD Lk iH* 1.8 X105 33.4 (P<0.05)

B C G | BB 7.4% 104

(Pasteur) I FN-7 (100 U/ml) 1.1x10¢4 85.2 (P<0.01)
I FN- 7 (200 U/ml) 4.3x 103 9.2 (P<0.01)

M. intracellulare B B 8.9x 104

(Mino) IFN-7 (100 U/ml) 5.9 %104 33.7 (P<0.05)
IFN-7 (200U/ml) 5.6 % 104 37.1 (P<0.05)

* B CGHE~< Y XDMMMIZIC P P DRINEEE 11
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® LPS &AM IFN-T
GM%fE]
\
CSF-1
GM-CSE IFN-7 &
g FN-7
CSFA1

R4 Mivrzo7r—Y05L

DIT, BETRIBIEH LSBT AERALZVWT &,
2T 1d, BB LPSIck > Tl iE b h 5 DI,
HiZRLPS L7y -4k, Li-TLPSH
TRIEE LS hBEWT ETH S, L Liizws 077 —
STbHoMUBDIFN—7 & & bicEET 5L, LPS
L7y —2RBET 3 L5100, LPSICk > TiEH
et n, RBENCEEMREEBELE LI
58)0

i</ 07y — VEBESE 0L 20 ORELK
KF (CSF) O#EFH7 v —=vrsshih, Bk
BB ric, vvRfivsu7 -V M-CSF &&
blclEET 2 L~y 0y » — VEIOHIKE L CHEE
455, GM—CSF &&bictigd 5L, fiv/v 77—
OB AR Lo CHET Y, TOREE L
BT 4Rk L, CM—CSF (3o bt
HEBHERICED SNEDT, TORFHMivs7 a7 7 —
oIS LTV EEZ ON, FUOKFENE b
DIBAI b L OISR T & BE L TR
THEIENELZON D,

29 20icH Sh CHEEREEEALTEE,
IFN-7 & LPS # X 4 ¢ % & B M BE T MZ 5
nz, L L IFN-7 & LPS ®ZNZ n BT IS
TH B, TDOT&EE BRM HEERISETHEHRD OR5IC
3, BRSBTS &0+ ETIcE D <
BRM 0:#iRE, HEOIFFSLUF v RHRENICE
B LARTODTH S, BB, BCG EEHELIIG
&0ffiersn7 > —YDLPS Lt 7y —DFREIR 1~3
HThb, IFN—y DfERZLEL LBV EEDLN S,

IFN ® LPSic k3= 7 07 7 — ViEHLOBEREICS
WTiR, FhZENDOLET Y =R 7 FVREDETFD
RIADEEICEATV S, L LRKRNSRENE DR
FILoWTIE, MIEMRAERICESC L DELLH

HBHDD, HBETIHE O,

(3) SyZInE DHIH

BCG #EBBABICBELBVWHBR SN S L, BIE
PR Y A VA EOREGIc LDy vy ) VRIS
(YR BRELT 2T EBHONTV S, BREEL W
SHEE L »oEHINTE R, BCG #BEROEA
122, SRSk BRI S b OBIZKIKIED B BI56
REQEZONBD, £ dREEIME T 28 E <
feHEEZL LN D,

FIERBR OB & Bl 5 assiliEfia & L Tid,
FERSRN S 5 V136 RECIDHIME T Ak & itk
2sa7,—VYEDN, ZLOMEHEICIVHEINT
20, 2 & 2 $dhkt 513, C3H/He ¥ v 2 ® BCG K
A, SR THROFHICLZ I LERL
<#H 0, Ellner 5 2K EE O KMHBKIC & 2 B
B Fazy 5y VERICE BT LEHEL TV B,
ZOEPHEHOIMEMFEOFEEIIOVT S, EARE
H S IREEERL 7 LAF— EEREY v 74+ A4 VD
REMZEEZELTH Y, U IEERIR
BEEORE TR, IL2EEHZVIRIL-2LVET S —
DEREAMEVE VI WESH 5D,

5. WHEICXT BERKLE

REREIRR S DALY & £ OTEHIC B 2HRE, b
HEOHERES IR E CEBL 2FO—>TH
D, &< IHIEBEIEE i< BT Y B AP ZE IR D BT I
M4 2B HRICEZ 2 5D TH B, TNHIKDOWL
TRAFEBETHTTRLELEANSA TS D
T KT, (VEKEOEHR 2)7Ya
Ny EMYE, 3) MBABOEYE, LU W) ERER
EEHEGEOREIc > W THBIHEN L TH L D,
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K O HEeE E 25

£6 13N FYTHOHBEINLES

G 1Ay 7T
Jo—=vy| RhL2RE

Kd) | gwes | BCcG | % & A #
70771 + + + Dnak

65 + + + + GroEL, C62

38 + -

36 + -

30 + + ? + MPB59, a&EH

28 + —

23 + + + - MPB64

19 + -

18 - + + Soybean17

16 —+* + MPBT70

14 -+ -

10 + ? + GroES,htpA | MPB57

*BCGHtRIL LRIz 5

(1) FEEEOEA

EEERROERE LTIE, Seibert DFEHELY N L2
Yy v (PPD) BEZTH 54, PPD IFEKRITI3H 300
BOBASTFOMBEEL-bDTHD, FHEKOZHP
FHOEMW TS SIcEMLA2EBAR VL RTF FEHL
£ LT 2HRBRIMEL BB, —H, BEICOVLTIIE
BOLHREG /DI, By o— VHIERLRE T LN
WOIGHASENCRA SN, KBEICX D EEOEND
AMEBSE 5 T LI, £ OHMASEKE® BCG
KbIEHENE Xt otk, AHETIRE6ITRT &
SR LR2EHOEAMREEshTVWE, ZOoXRDO—FLE
D 70/71Kd (Fa st v) BEARFICE VAT 3
&, TRREKESBEON LD SHBERfETH b, ¢
TIRBLETO/o—= Vv I PBETLTWSE, TOEAIR
Z bV AEHASBWVIIE Y 3 v 7 EH (Hsp) & LTH
5N % Dnak' L[E—DNFEAEENE, HEMI
ALIcbDIR, bAETHHSNICEATH—OSFE
EZZonbbDTH0, MPB IZkHE o EBIKH
EE, BAREBES L VmESNT,

INODEHDI L, ROIPRSATVE DI
65Kd HHTH 5, 513, 65Kd EEICxtd 5 50N
ZEoxE - THKTSH 50, hRfEEOX v 7 213,
ERDHEE, HADFEEEE BCG O_7F FiiERT
DT, EEOES, NKEEAFA=EF 25576
Bo7 I/ BEIEATWS, BCG &EKE O IX
100 %E—Tdb, EREEIZ B %ULDOFED Y=
BB, FREy 7 ZOLEMMOWERG, I3V E2a—5—T
i S N BAOHIKME S BUKEOE S 2R LS DT,
THFROMBIERE<TF FBERON B, KOAMIZ 28

OBy o— ik Eh 2 UG LIS 30 FHROERS
R L, @ALE2HERERSSTFREIChK > THF
LTV E, —F, KoL 10E T, o—v
ERY o —F NI THIRESKIGLEBSZEN—7%
ARLTHEY, 737 KERMICREL TV AE[IA SN
5, CDEKIEHEKRBEOEY 2 v 7 EATH S
60Kd &M (GroEL) & oflicid, 60 %07 3 7 BE
Flo—HHBRO5N B,

MM OB REDOE&KIF, FARTREL THREE
ZOoNTWVEY, 65KdEHRRLHINS 7 v—vik
SNERICKHT S THRIEER, KEFIVvyod
DZHATHUELTOWEEMTH S, LL, TOXIHN
WESES LItk b, EKOBEVIURS 2 W Iid2Hi
JHOMESRIBRICES TH A D T LRV,

(2) 7Y asNv riEMYYE

BEEERREL DS 704 VY FORET YVanNy biT
WEHDRESY E LTHIGN B0, ZDEIB/NELIH L4 5
INYRFTFF (MDP) Tdh 5 &M% 5N, MDP
DEBKBITh, IL-1 OFUCKIEEHEESDERN
HYITEAIH S iz s e, MDP 87 ¥ 2Ny Mg
Eholewicid, PUEE EBICE M VORI ARKRT
HBH, BEFHSREBTIRTEIIC, TELVEY LD
RSl & Bl kst MDP ik (B30-MDP)
LIRET AR THRVEEMFELFE LGS LERH
L7117, BEIZ AT 545, 20GHBERBEVEE
Zoh, EEEERRSOWES GRS LIRRO—D2 &
RTkuwiss,

(3) ¥ B 4> i

#E513BCG » ol L7z DNA 2 (MY-1) g,
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Tz =7 BMilaIE +—7
R1F9R2E4 R2E5| r
=
S| A
Br2-10 c11 VD,
vyl 2
L
P77
_£070—+W[
Br5-3 T fka
Br3-10 - K, \R100 -
L MOC 6
]nng :] 1T 33 (=1 H9)
D E 3 xvmal
D, G
E 423
Agb [ 7 1A
Agc IX A9
- 200- X BT
A
IIP 01G1
E\D XIX H5
] ir3
011G XI D8
s|p
R3F 10
ML 30
- 721 500 ]
TilA”
14
/M / IT 31
11 - SA2D7C
,T0 / J F 67-13
HOMO| | LOGY~
"/ / F 67-18
W ITH| | AMS ~ SA2DT7C
KYrsa—-Fw / //
T #i2 - / 400~ MOC 2
Kivg ] ME9
T IE
M;,L XV Bg
S\Jl/P
Ay HiomP i
ENV ] 3
RLIA I c8
- 500~ j T 23
AT A F 67-2
A E
pé =K
1% v mcs
T G i
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OB OBk 2

KT EHEREOFZCKIFTB0-MDP OF ¥ as5y MR

% B H i 2 OB DL HEK HEER (%)
KW E 53, 53, 60, 61, 64 0
S MR, ik 49, 50, 57, 58, 63 0
fES Ml MD P 53, 53, 53, 61, 68 0
fEgs M. B30-MD P >100, >100, >>100, >100, >100 100

>100, >100, >100
[EZ#lE. B CG >100, >100, >100, >100, >100 100

Line—10 E5#ie (1X106) & 50U asov ML, EHiHK, MDP, B30-MDP
H5MIBCG (108) LRU, MRELE Y FE2ERE, 201 BHICI06 OSSN

faEF»LvIULi,

DUESIEE & bic, s NK /SR IEH, IFN—a /8
BXUy OFYUIEANSZEXRHB LAY, MY-1
BEESEBRD T\, £ bW ) v 7 4 — <Ok
A T B MR © R EER S S s h, Ehrs
TAPIMBRENTW S,

HBRENTO EARDEMIZ, &8 DNA 2HVWTH
Ao, %813, BAOHHEMNH S LPS O
R %S 5 7%, LPSIEIRE D < v 2 ka4 H »
TV 2P DGR DNA OFEEERIE L i Th %,
B—H oD GC a KR Y = — 12O IEMEMD S 17055,
MY-17%8 GC-rich i —8{ DNA TH 3 T & &% %
b TEERED, MRICE - AR T A Y IC 13
BEXIOYIE T, IEMEIZSROAEE S 3w, EH
KRSV EEZEZSNTVWBDT, FHMEDOITHN DNA
IS B ARG ET S RER - BROmHE»SEBH SN &
520, BCG D & 2BEAID T ¥ a8y MG IEEE
WD ENTZTHZ D DNAIKKEL TV AE0IZIES
THL, SBRRFOLEND 5,

(4) HEEREE & TR s

T3 2 B E 2 HE S 5 13D ROEREO
EESERT, REORHOEE I Y ~Lvs ) v
F-ARETE B, BHHGEOFEIIFT[T T &0 S
NTWB, 77 F v ER O 2 RESHE OGN IS

ELTRIECHSNBD S, 2 DBIEIc>WV TR

MABREV, BERNCEZEIAFCIOMEARL

(1) BB & 3 WATER O M, 2 HES AN
persist I BRI D7, (3) FURMEE & >RBIEY O &
(4) MBS & D MBEIT X BHFEHR T V2N Y MERD
ZAt, O MENTHCERT 25EMN s 5 2 THEE
BELPT VA, REDAER A =X AiIc> VT
i Lo, SENFE IKHEE LT MPBT0 B,
BLUOZR MLV ZEHEOBEICO WTH L TA U,
MPBT70 i3k HANHRER L 2 BATH 2082, 20k
70 —=V7ICHBIILTWE, ELE Y M BCG
(BAMK) %2#% L, PPD % X U MPB70 T2
ARG %3884 % &, K6 127kd &SI, PPDIc

10
MPBW:Q:t:\\

w20
s
23
PPD : 0.2ug
a
%
..H
g
£

[ —

2 5 9 15

24 30 40
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®6 BCGHEGERDENLEY D PPDBLU MPB 700 RAHKIED R
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%8 AMDNATHEINAC3H Hed v v 2MARDIGE

A DN A 5 4 7 | NKiEF#H MA F &t I F N/E#
Poly (dA, dT) ss—¢ 1.9+2.2 2.8 £3.0 <4
Poly (dG, dC) ss— ¢ 28.2 = 3.1 30.4+0.2 46
Poly (dA)-Poly (dT) ds—h 2.2+0.6 0.2+0.3 <4
Poly (dG)+Poly (dC) ds—h 2.1+1.0 1.9+0.5 <4
Poly (dA,dT) - Poly (dA,dT) ds—c¢ 1.7%0.8 1.3+2.2 <4
Poly (dG,dC) + Poly (dG,dC) ds—c 12.3+£0.7 0.5+0.3 <4
Poly (rI) « Poly (rC) ds—h 65.9 + 4.7 42.3£3.4 64
None 3.8+3.2 2.8+ 1.7 <4

LPS R & =& 2 C3H/Hed @ I (1 x107/ml) & 100 ug /ml OERRIIER & & 20K % O NK
EWEE, bSO MAF EHESXU IFN EHRRIE LR o ss: B—8, ds: Z&, c: aRY=—, h:

FERY < —

% 2 RARIGIE 0B Eicb iz D BHETH B,
MPB70 i3t 3 2 RANKIE R PPD & (33 [E#E M &
By, 5E%EL—7 & LTRIGL, 20 8%ICIIEEGME
LY, PHTEREE(LT 5, MPBT0 28 BCG (HARK)
DREERKEHOEAORN 1/10 25y, EAEGIEHT
HULOEHSNEVWEEE FROBHRZAZEZADE S &,
MPB70 (&4 B 2S5 28858 L > > BRIt 3 5 F 8
BEHTH Y, BCG HEEVMHICIRC OELICHRNIS
Tp 7 0 — v HFBSNT LIVF—DBKILT 505, EO
HENZINME IR T B EHURMAERN K DIHK L, RARIE
THRIETERLEE b0 LIRS N5, MPBT0 528
Tp MElEMEE LTEVBI LR, 725 -HR
BADONBEIEMSBHON B, TOERABMTIIE
EHE & 137 0 EE WA, T X S BHEEREEY 0%
HERTHE L THEKS A EEZL 5N B,
VwE—o, LR EEREOBHEOBWERELLTA MY
ZEACHBICEHTRETH A9, ROSWRLILED
2, YanxsFYTIIEVS DD L ZEANVRDS
N3, GrocELEAR Y LVERXRIRIZ YT I,
hspl0 EHIR 752 EVY, YAbY—=%, 745307
HECRHIATVSA, 337 7Y TIKRBZOHE
LOEHET B, TOXIREADEERAFER, =70
7 7 — VN TOEDEY MY, EAMEP s 7 X o —
< DR OFER & 125 LEMIC, ZhEESIURE LT
TEFS 5T &Itk » T, WOBE2HEd 5 aaelk
DB B, EENEENRHID 2BV ETREAKR
S h ot COFRENEE, A EAEOKRKSBRED—D
ELTARIFEALICVER S,

6. RERPELHITIIEREFDRE

(1) Endogeneous reactivation

D OERENRSE SR TRE LGS, ERLE b

TREEDRHATIC K » T, WIKEFHHEEMRN Y ~ o His
LRI, L TRAIERT 5, —HOATIRETHRE
R L, &SI TIKIREEEKT 545, £ ORkEknic
ELUSIEIREENE D AL 5B &b 5 &, KVEHD
DHETH->Th, FEENEML, BUMGOUFEE L
12, HERORKBICEET 52D L& D EZ NI endo-
geneous reactivation & FEiE#, AL & X5
ahb, BREDY —ZASBETERLVDY, £LOHE
FRINEHOBERLIcE 3 EBEZONTV S, L
LR TR BN O R EY, BRC3EHE S O]
persist L TW3 % # =X 4%, MR- BEOBREEILO
BRI St oW TR, REICHES > THW,

(2) BCG 77 F v

BCG B o BHMHIc > WTRE L Fimr d 5%,
BCG ORI —RBRBEOEEN CoTid L, [
AN L TCOHAHZHIET 2 EIcd B EELON S,
U 728 > THERGHEBEIE 28 0 SRS 72 Siod L Tl S
PICETH A5, BCGIRbAFLLWIVER Vb
77 F B EORFELRA SN TVEY, %413 BCG
REET 7 F v REHVEEDNE, BCG7 2 F
VIZOWTIE, FrLwAy 4 —ROBIFEN Bloom 58
XokO (FEEEKR) LEELDIS V- TTZERTNH
NHICHED SR TWA L, BEAUEERRE D, X
TT7 Vany MEESTESE BCG T, #HLELETE
ADSEREE U, D0 TR, e TG HEER
DIEVET 7 F v OBFESAIREL 185 LHRfa N 5,

(8) Sl UHERBREFORLE I E2H > T

— fEEICRAT—

B 1 @ Centrl dogma %, FE DL & FHE DB
KA TRRTAE, KTOLHicgsnonsd, F1l
FICEE L BRmEREIckV T, oKL THS
DILENL VL DL OEMHICOWT, HEDOFHFTHFET
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Mechanism
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FERZ R ORI & B

FEFEORRBREV OMBERDOFIR)

BRTE, L L—F, TOXOPICEETRLEE
1T, TOREDETITIIRIES D S I OIE 2 &
ADb, TTIKBFLLW 2002 RT, £0ic£l
OEAMBEENHS picsh TRV L icBrh 3
HbBohkd,

—75, #EGDOBW P FH~DFREE OISR L T b,
BCG &Y Ry ) vSHESLS L TRU%, BEMEZ T
WAL DRI, 72 & 213 BCG % 0 Hif AR PPD
iZL BT =27 —KNROFE, BB THESILE Y KD
Tk &, REHSE L VKBRS DL B0, 1B
ANDGRICE > TR, IL-2 #5500 kEMH? hRE S
TVWBLBVT, REBEAEESDTFSENTVEL,

KRR AR S U < Mfak o iS4 2 & L
T, ZLOHEMBEFIRENTVE, LELLZEDY AL
2 ED S ZEEHL WHO BIR#EAES Lk, —
5 ORI 300 J7~400 J7 DBREKEHEEF AT L
200 77 ~300 FAD R THEL TV B LHEFEEATY
2%, RRGOBBEOER & L CHE, #Haymm
HoE»ic, BYEENSVIEY, REEMRLEI LV, [
RIERDSETHITH 5, SROTSNBMEY 7 F v
BHot, BEOEYHENEREZBTTHWEMY, &
BEORESTHED, ZORFEAROHED SEL 3IEHED
FEEEOHBEICH B EB3MOHLTH A, BHEIE
DORFFRMIEDHIC, T ORISHIRMESEE & W S BT S

TRELINEVEE L OBRD THERLLHLD A2 b b,
Z OIS THEESRBAET 3, COBIINE LR
BBl DWW D & 0 IEREISERARAS, FEIGAE DREB D 1291
BARAIREEZ SN D, ORI ED, ZTDOXD1EH
FITE5HRV->ZIRET BT EERFH->TRPER L,
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