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IMMUNOLOGY OF TUBERCULOSIS AND CYTOKINES
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(Received 6 February 1995)

One of the unique features characterizing human tuberculosis (TB) is its pathogenesis.
The pathogenesis of TB involves cell-mediated immune responses against Mycobacterium
tuberculosis. Concisely, macrophages activated by various soluble mediators or cytokines
released through the cellular interactions after infection with M. tuberculosis play a pivotal
role in the pathogenesis of human TB. In fact, very complex cellular interactions are going
on within the host after infection with or endogenous reactivation of M. tuberculosis. Cells
communicate by cell-cell contact and by the release of mediators which may originate
locally, called cytokines.

In TB infection, macrophages can be activated by two ways ; directly with mycobac-
terial organisms or lipid fractions of their cell walls at the earlier phase of infection, and
indirectly with cytokines produced by CD4" T cells specifically activated by mycobacterial
peptide antigens at the later phase of infection. The various clinical features of TB are the
summarized outcome of cell to cell interactions mediated by diverse cytokines produced by
various immune cells which are initially triggered by M. tuberculosis infection.

CD4" T cells can be classified into two subsets according to the patterns of cytokines
they produce ; Thl cells give rise to cell-mediated immunity and are characterized by the
production of IL—2 and IFN—7, whereas Th2 cells are more efficient in mediating antibody
production and secrete IL—4, IL—5, IL—6 and IL—10. Th2 cells can control Thl cells and vice
versa. Th2 cells therefore inhibit the production of cytokines by Thl cells by releasing IL—4
and IL—-10.

Infection with mycobacteria stimulates macrophage IL—12 production which appears to
act directly on naive CD4™ T cells to induce Thl development and initiation of cell—
mediated immunity. IL-12 is a critical component in the development of cell-mediated
immunity. In addition, IL—12 also activates NK cells and 7/8 T cells, both of which secrete
various macrophage—activating factors to kill M. tuberculosis.

One of the structural characteristics of M. tuberculosis is the cell wall rich in lipid
components. Of importance among various biological activities of the cell wall lipids is the
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stimulation of mononuclear phagocytes to produce a certain number of cytokines or
monokines including IL—12 and IL-10, both of .which play important roles in regulation of
immune responses in mycobacterial infection and in pathogenesis of TB. Considering the
biological characteristics of mycobacterial lipid components, we need take these lipids into

consideration in the future research of TB immunology, particularly in the strategy for

development of a potent TB vaccine.
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T, HERKEOBALS - EAEEZ DL L, ZOW
Hreswoid FidoBE K L 2 EEFEHICKD< 0
77— VREHILENETHS I, BilRE & bICRRR
FEEESr L, Thl fifas o ofEMHALRFIc Ly, <7
07— VUMNEHILENBEEZ ONE, VTN OE
ks L 3IcLTbrr7u77—Y (TITRE
mononuclear phagocytes 2\ 9) »5IEWVWL 2D
) hA VDL, HENnb, w07y —VhoE
HEExhaH4 bH4vELTE, IL-1, IL-8, IL-10,
IL-12, TNF, GM—-CSF 5% %, Th ooz &
Sl3 Y v oSERD HER A R AT IC R & ¥ RAER SIS 4
%, TNF & GM-CSF R&=2s o077 —VICEHE
ER LT % ORESROMRIBS LTWwb, —K, 1T
B E - RERIGOMEIZIE TL-10 ® TGF-8 Ok
SRFEEER AT A YA b AA <207 7 —Yh
SHT, MERIGEMA, HBOBEOMKEIH L T
WBEDTHAHY,

IL-1i3=2 077 —VHEkKkOERbILAH SIS A
FHAVTH B, FEMOBEORMOFERYEDOV &>
THb, TDIL-1IcBIL T Fujiwara & 35K EE
TREBAICKL, ZOEENTIEL TV LERE
LTWw3?, £, IhoiEKEED PBMC TR’ in
vitro TD Y v SERWENMRIEBE T LTE YD, Zhb
IL-1EAEETLTVWAIEEZRTWS, IL-11E<
v Z DFHTIE Th2 Mk O EHALICHBIRICER T 5
EHHISNTWAE®, Thl ¥ 4 F7OMdIcH LTiRZ
DS BIERAMBEV, £ T, Th2igoEwLOKE
BELTo IL-4 & IL-10 DEAZNLT, IL-1 &
Ml IC Thl RMAEICHIEERZ 725 L TWVWHDT
B2 5D IL-4 & IL-10 1& Th2 R I3{EHEHICE <
7S, Wz, Thl R 3MEIMICERT 294 M h A v
Th b,

B M BB B ST

TNF—a 1 IL-18 & & bIckEEOEBEEHICE -
THEEINZYA I HA VY THD, w2707 77—V
ERE oMY TH 5 LAM Rl LT, 1)
©< D TNF—a 2FEAL, THilghkD IFN—y &
EBICHIHOBENICBHR L TV A S LW, ZoKg, §
Eiod 5 HITRv 250 LAM R TRIBREED
H37Ra #i» 5D LAM Fl# & v & 100 53D 1 @ TNF
—aEARELPTVEVL S, HITRVIRTIR DL DI
FEEMAES S D killing #1R%E 7w v 735 &k D,
HSOMBAREEZARICLTVWEDOE LBV, #E
KE® S WEHKD LAM 13 % 72 THIlEH 5 D [FN—7
&by, —VOEHIES Ty 7T B LN
WHNTWVWBD, REREN SO X7 — THBOD &
DTHADo

EMEEERICEET 351 b A4 vidIL-18 &
TNF-a T& 5%, Ll 5z, HintkiiEsEs
5 DHIKIZ TNF-a OFEAMKT LTV S &g
ShTWaYP, OB D#E granuloma DK
BHEBREO—DELTESZ8 5, T2 TNF-a
DEE LTV 3, EKOBADRIEIC TNF-a OS5
BRKTH 2, —H, ¥V F<4 Fiz TNF-a OFEHIC
m-RNA O v~ THIHIFNSAEHT 2 & hfionT
WABEKITH B, £2T, Kaplan 5D 7V —FidE
Bk OBEICY ) KA F2EET s EickD,
HEACEBEBROEOERMHE L EEZRELTY
3%, IL-12 0EEHIc >V TR ER L 72,

5. HEORBEREYA FhaY

R OMBB A BEO T TV A DI, FEGEEE & 2R
DR TH 5, ML ~NVTAHSE, HHERME 2
Efffe (Langhans’ giant cell) &, ZODRicH->T
RO vSERPHMBRORIE L 0 185, BH, LR
fiii granuloma ORI, v 7 v 7 7 — YA ORHKE
PERET LI, BCHR#rbsansl Lic
& B, MRS LT AR (epithelioid cell)
DK TH 5, BEFIBICED T Y v SEROFERINICTE
MWikxhz &, xov A s#4 v (JFN—y, TNF—a,
IL-3, IL-6 %) »EEL - pibah, InsOfFHICEK
D, =/ v 75— YnEE s N5 & LM &5
b3 3&ZZ20NTVE, THOLBHMROTEIIRELRD
», endoplasmic reticulum 233N L T 5 DASEER
THERTE B, S DIT/MUDEEL E HVICELE (fusion)
DEET v, giant cell MEHEhB, Th b EK
fHRa - EMMARIC & » granuloma FEMAEEI SR E 11
3h, T DF5HET granuloma EBIC EE L EE 28T
DM TNF-a Th 5, —4, Bl TNF-a biiFLE< v
Z® D IFN—y / v 7 79 b« =0 290 T3, #EK

_.8_
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EIERGL I g B HIE S A+ TH 5,

Takashima 513 in vitro T, KMIMPOHEIREH
W THBM L EMBEOERICEKIILTWE?, LED
ConA THIE L /- BBk % IFN—y AT CEET 3 &
PO THROMESSEC W ZMEMEL 125, T OBER
»oDOEMEMIEOERICH > T, IFN—y IZIEEHI,
—, IL—4 RIMEIMICER L, T2 THiEKICH -
Tld Thl MBS BN TH Y, Th2E»SDH 1 + A
4 v TH 5 IL—4 (I ORB ORI 13T L AN
KW TWBE T Ebbh B,

FERHERR S T B M ICB T ARERBRO—DD 51 T
ThH3, MfELRe, MtoRESERcE T3
RIERICTERICETTLTVWSE I EERLTWS, Thl
ROBERMORIETH 5, TNF—a, IFN—7 % IL-2 %
DY A A4 VIEEO EFE, ThS mRNA LR
DIEWENHEI D ENTWV B, #ic IL-4 ® mRNA @
RHIITH O IL-127EH skt ERLTwaY,
FE (PPD) %5 Thl fMAED Mask Bk~ O B &
NERIGEEZEZOND, —F, KEMhTcR¥Ficihsd
FRRIT ) v SERO MRS D05 5 0 3%, fgkid
ERMBIMETDH A M H A vDre sy — v 3558 OBIRIC
b b, —H, BRI TIE Thl RHEL, IL-4, IL-
10, TNF-8 %D Th2 ZDH A +H A YHMBRLED,
Thl Rt L CiEIRNIc @ &, 2 ofER7 2 v F -1k
AL LTWE?, oA, Th2 RSB
K> TOEhEAHTH 5, TUFRR HEHH) »HEn
EDBBBRLTVRDhb LKL, FFESWICEIT 3
& [ERED FIEFH IS X =7 P VDS IC B LT BT B
DTRBVD, EEAHEDZRZ PUVERRELTL
2%, FEINRL Y N VB ETHOERRBEAET 3,
BEORBRIECHOZEIC LD, RIGOHRETICH
WENDBY A b A A OFEHELIEEDOBS KRS  FEIK
LIREFTROBVWE L > TENEZDTHS S,

6. BEOMBEREEY S A

EMORBOTROEAE S, &5 5 bRKMITIZ
wmE s e s 07 > —ORNFERERLTVES LWL
TEiEbroTVE, BHL, HERENDKIEDEIE
DRI D BRIBE R FERAE T DTN DBIEE 12 £ 2D TH
59, HERBSL COMKT 20 b LOBWIERE b
7259 T EEBHLTRVEBVE S S, FEEOHIEL
US4 bAA v E2ENEHS, EREEERL, R
BIEDIKIGELTVWEDTH S S, % IBEIEH A b
AAVOEEPBESTEH A bhA VDY — v DE
VW, RKDBILNDBRERIE BIEREL -72DTH
A9 LIch-T, BIHIKG Y TD=r 07 » - VD7
HALICE S 4 b a4 iR, EiRORIRE O OB
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KRS A AL Vv ERSCELEEZ SN S,

< v ATl THIIE® NK fifgh 5D IFN—y & TNF
—aB=<ru7r—-VOEHLICEES L, NO 24w
HRECH EEZONTVLEY, Thhe FDEAKC
MOV TLENEIPRELAHATH Z, w2707 7 —
U OEAINAYEICLABRE TN T, Ebs
NrcT Y voo5ke NK MIESEE, EREEEELE
<787y —YIC cytolytic ITB < T & MHUEER K
BThaLbEIoNTVWE, LMLEMS, #Hick b
D%T, in vivo THBEZEESBREICEHYTWELE
AMIEHMD > TV,

7. 8 Y IC

CITIATHEMGEES, Bl (protection)
ERZDR (inflammation) IZH1F TR LA -
720 BAMICRBSCREL 4 7O/ L ARG EE
ZoNBEMoTH, B5T5414 a4 0B H#E
THE, BI5TB30L>h0H A r 4 ORIy —
YDFEWITED, XD protective DHE LS LD,
£V inflammatory DM AE#BDLD LTWEDTH A
S0 TNIRILEERBDEVEL > TEREINBDTH
55, HDET A, DM, T protective K%
BT 2914 b hA VORI NS — ViR -ED &d
LTWiEW,

EEHROREEREIE > T THEL, LrIHKO
BRE b1 5T OHROERTH D, BIARNICIZRY -
FIRDO T &, BFOEAMMEERA~ORNETH 5 5,
D2 0AGEBFEDIENSEVNLITAHASLE, 1) 7
7 FvOBIRE 2) RBEETH D, ko7 7 F viT
DWVWTERR, EFicbi) BCG HOALEbh TS
TBOEHG, ZOHRIBELTIhEERFINTE
170 FVidIEV, BEERTRINER KL DO,S
Z, EEBPHsSATREVEVWDOTH B,

ST, O F v EEZIGS, bhbhidsE
THEDIHSEANEOA %, ZOHEME L TEVRD
TELDTIIE - 12, BAH SFAL D HSP (Heat
Shock Protein) R->o»hv s v —=v s/ &h,
SINTRETORUDIDOFITA- & X, bhabiid,
ZOPC I ZRBOFEN T 7 F VHEHAT D TRV
DEERK, LLLEMS, Thorso—=vrank
10kD, 30kD D~7F FiZBICEEEO KM Y ~
NERD Y BNFELRIE AR C S € 31RO inducer
THBIEBDD -2, in vivo ITBWVWT, T84
FERITBVLT, T oBHEE L TRETH 5 & 13,
RERBIIC N E T 3 EREB N T IV B,
RYRCBWT, BHEIREY 7 F v & LTRIRERS D,
ZOEER—HFTRRBOEE S 5TDTH B, T

9_
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ZTb Kochd YL rv=hdbbhbilidkiFHegdic
W3,

ETBOHEEEATHDLEE, bhbNIEIIT
HEZEARA» SIEEICEATCRBELTASNETH
A3 he Lz & ST, kRO ) € FERON< 2
07— VIRMEHLT, ThiEEbl, HEERBED
WERICHEER YA A v EHLTWR I EBbh -
TEl, ¥4 M A A VDS RIEE, BORE%,
W &b ThIBRICHESEVWS T ETHA D » IL
—-12, IFN—y, TNF-a %0441 b A4 v ZBINCE S
HEE, LaLiss, MEEARENT THEOEHT
(LIRB/NRBIC LTHEL DBL VWO b LTV, KD
B S & 7 O MMBABER S O ENCBAL Tid, K254
BICEEIC Ribi 5D 7 v — 7=y 2% fi-> THEL T
WwWa® Zhick 3 &, BCG EARDHIRREER S DA %
AANEEbITT Y RICHIRERT 5 &, H3TRv #it%
B AW EIRES S I N Ewd, TD
PRI 3RS BEHBRARE TN TWEL -2 TH A
Ho AANEEBICENT A LTk iORATICBYL
T, HMIBERRSY ORIEIC K B '/ A A v 3RERE L Torilk
AN EN, HEGEDRE GO LILEEL SN S,
Thl A OREE MRS 5 o Hicid, EAERDE
WEMB X Wb LREnT,

INODEMOERBE, Rill, —ifotiETHs S
nNTW3 M. vaccae ZH\W1z7 7 F v OFIC b Z D
EHEERVWETIEMHEERID G LARV®Y, +ib
5, M. vaccae \IHERKEEIZIEEALEEAVFEL NV
TIREMEN IV, & OHIFEBERR M IC & 2 ERHI S Y
4 b HA VEEERERFENMRBLTVWE EEZONG, T
# B, protective BHD A EKT T LB ARETRA
W e, EBICY Ny ) VIRIGE 7 ORHEE & OB
EFENHENS B0, ThICLBE, YNNI Y VR
HTIE S B B AGHRES IS WA, D 7 V- 7T
DA > TRIRED Lot E VD, HEEORIND 7V —
T S RIREMED - 12 &V S, Rt AREE,
Bz y ~L2 ) YRIBORE S & E - s, £ OB
Bz L7eh8 > T J—shape DBHRTH s 72 & H, VN
o) VRIEHHE DR IEVEEDY A M AL Ve Ny —
v OBEI, BHENRLEVDTHAS I D TDHA
FAAL Y e XY —VERELDIMLENDH I,

5, 33— AvBSEEOEAKRREO—D & L THE,
EREICRIGED THIM Y o — v 2R RICRHIEBT 5 C
EaHEsnL?, Toff, MHC Class 1 #1IO
restriction 1375WAS, CD1 A F»BE5 L THIFEDOR
LBV EVS, VFRITL TS, Thh ook
Mo BicsWT, oy 7 F vEREBIROBIC, <
ofiBETIc KRBICE T MW AIRERY O EER L ZES

o OBT0E B 5T
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