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Role of Th1/Th17 Balance Regulated by T-bet in
pulmonary Mycobacterium avium Complex infection
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BAL, bronchoalveolar lavage

CFU, colony forming unit

HIV, human immunodeficiency virus
HLA, human leukocyte antigen

IFNYy, interferon-gamma

IL, interleukin

INOS, inducible NO synthase

MOI, multiplicity of infection

MAC, Mycobacterium avium complex
NTM, nontuberculous mycobacteria
NO, nitric oxide

SNAP, S-nitroso-N-acetylpenicillamine
T-bet, T-box expressed in T cells
T-bet” mice, T-bet knockout mice
T-bet'? mice, T-bet-overexpressing transgenic mice
Th, helper T

Thl, type 1 helper T

Th2, type 2 helper T

Th17, type 17 helper T

Treg, regulatory T cells

TNF-a, tumor necrosis factor-ou

TGF-, transforming growth factor-f3



B
- fifi MAC SEDIFSEER
PEHE & (I~ A 27 7Y U ABICBRT DM/ V—7 O Ch 5, ZDHb, fhik
&L DVEZBRS GUBRE D IERAZHTIRE CTh D, IR LTI 0K E
DERBREELSAHELTEBY ., b bbb hAFEGE LS, BREENSERACE b
YA 5| S 2, BRI YR TV F 7ERER 7B DMEE L7\ B
TEMERLIE T %, FERSREF IR EEIRYYED 8 E4  Mycobacterium avium complex (MAC)
N2, MFEEOMEEE BT 5 —77 T, i MAC SEOMELFRITIRZ 20 FE T L <
WL TERY 1, BAPRPLETH D, MACBYYEDRRNIE, 1) #5H - K& SHE
T 2) BREZSIR (REEZERURY) . 3) AINZAGRSETY, 4) SERRREMAL, 5) i
A2 (hot tub lung) D 5 -DIZH3T BHALD, ITH-OM MAC JEDHEESR IO
FRE, FEE - RESHRRRIOBINC X 2 O TH Y | L IRE RO Bk
DOHFEFELIECEE LTV 5, BREEHERD MAC 2B IfYYE 25 S 23 0h,
Z OIFAEAEFROFERIIRIZA TH L05, ii MAC JEITCETEOPRAE LM AF3E L
FIEHERIMAANZER S D Z LD, ML 0OIEERIRF23 572 Z & AMHER ST
%o BRATRIAZ TR MR s - IRFRITTED H1d, HLA, NRAMP1, CFTR, MICA
FLOBA LN MAC JEDRBIEEME L BRET 2 2 L 3G S g 27, CFTR
X, ROEORIEIRESZ VT 7 AZBRT 5 FTH Y | I i d Sziifuoréae
WD A8 T Th b, Fo. PAREEAMEIZRE LT W E W) RICR#EL T, =X b
17 U RN EIREI R KIFT 2 LN U RET AOERN OIS TVWD 8 F
TRNZEIE L7 Jifi MAC SEDRENTN B 2, PHREASI MAC IEDIFEIE, FERRIA, HLA-A26
MEIEOZNEIVERIN T Th D Z EVRITe 9, BLEX D | il oas
HIZELI 3T MAC JEDFIECHIRNZ B0 2 B EMIRF-Ch 5 Z & A3FEHIERIRIIZE
MOHEIIE D,
-MAC BIYE, Fii MAC JiE & 5 £
—fRMICHIREIX~ 7 0T 7 =Y DT 7 T4 Y — ANTRERET HHlN AR T
&%, Thl SUSIFTAMANEEREIIKTT DUV TEE TH H EF 2 b TV %, Thl
YA FIA LD IFNy 1T~ 7 v 7 7 —UNIZEIT D NO EAZ TUE L, RETEEE 5
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%10, 1L-12 | Thl Ml b2 a8 5 A N A 2T, BIRGE L EERE ORI L
EHSTHS M E72 IFN-yid~ 27 0 77— BRRAE B IFNSZ &K% L,
NHORPEN S D IL-12 FEAZRAMET D, 2D IL-12 & IFNp2 kB, BERGE & 18550
BEDIEMACICIT DR T 4 77 4 — N3y I, IFN-y/IL-12 8l & 'R D,

iR U7z 2B fRIERL D MAC JEIZ DUV TR, 20 IFN-y/IL-12 Bl Huls & L7e Thl 5
NEIETHD Z EMNSIZOMRLVIALNE IR TS, AT NVBREA~ A a7 T
U7 ZREGE (MSMD) 13 ENRSERIIER IR TH D . BCG ° MAC 72 £ D557
PRI G RGMEE 5290 2 L 28 L T 5, MSMD IZ81F 5 MACHEIL, &5, #%
FEVEDIERER & 5 2 E NV, FIEMEFRIED A DAL, MBOMRFEIEOEE N <, 1%
& EITHEREOERAEVERIDTR A & 203, AR E R ORI & 2
bOGH D, IFNYZRIR, IL-12 /K, BLOE DT 7 FIURED T ORI RED
FHREBICRBWTREBEE TRl BILE B8 S bic, #fEME MACTEDOFERIRD 1 &
LT, IFNyIZx3% B ediRiE A forms Shi- ¥ £72, HIVIEGE#ECId, CD4
BEstE T AR OO A IR S RE A E T D 726D, HUEEE 6T LABGWE L 72 5,
MAC JiEl 3% RIS R AEEEERE (AIDS) OFFESRED 1 DIZHZT Hivd HIV YR
HORFHIEHHETH S 1, AIDS IZHE D MAC JEITM DS R & AR SRR
MAC JEDJFIL % & 2 DN TH 5, 72721, BAMFIIAE Tl MEEThH
o, MATHEC AR OFF. W . B, U LosED IBUSR AR S Y

ZDOXHIZ, FHREME MACEIZIBUWTIE, IFN-y/IL-12 dili 2 iy & L7 Thl B s
THDHZ EIT5E ) RHNR, LILRR G, HIBRE A~ 2% A S 720 il MAC JiE
IZBWT, Thl 2R &3 D liflaMZE OLEEID ENETEE TH LI TH 2,
TR DAY MBAZERIZ 31T 2 1L-12, TNF-a, IFN-yPEAERBI I 54 & bUfs L C. ifi MAC
JERHE T L Q2832 8ERH 0 B0 2B OREE. B IE Thl 523l MAC
JEICBWTHHETH D Z LRSS, —75. IL-1, IL6, IL-12, TNF-a, BEW
IFN-y DA~ 1A U EEAEIZ, i MAC JERRFT S EHF O CHERZEITR DN &V D i
B0 2, il MACHEE Thl G ISV TIE S B2 ARFFEANE T 5,

FA—7 CD4 BEtE T MRUSHURSCMAE ORI L 0 . I ENORER) iR E R
FOEMELS D 2 & C Thl Mifld, Th2 Mifla, Thi7 #ffc. Treg Mlifid/e &, #kx 7x~L



PS=T MR35 22, T-bet 13 Thl i M Lo~ 2 & —RENR - TH Y . Thl A
N A > DPEAIVIADESGIRF-Tdh 5 2, T-bet 13 Thl MO/ E AT 5 721 T
<. Th2 M BRI 7-Cdb 2 GATA3 IZHEFIHICER L The flas b A4kl
Z L TThUTh2 T o A% % B, S, T-bet KB~ 7 A(T-bet")~ 7 A Tld U —
Vaw =T FEEE, PAERT - F 7 AR E ORISR B IR S TTE

T4 2 LS STV S B



B

Thl SOSTIEA A ERII T2 FESEINE TH Y . Z &l 5 T-bet 1 LM#fEMA
FAERBYDOREZ M EHET 2BEREFHRFTHL EEZXOND, LLRBG,
MAC &4, 3 X O MAC FEIZX3 5 T-bet DEENTAEL DA > TRV, 16T,
ABFFED BE9IE MAC J8G, ifi MACIEIZE1T 2 T-bet DEFIZ B HNT L, FEROIAH
AT 72 R R E L TRNLTAH Z & ThDH, ABFFETIL, i MAC JEEMW)ET
IVERESL L, T-bet i FiliZE~ U A ZBIET /W T 5 2 & T, MAC Yy, B &
OYili MAC JEDFSFEMER 246 JUET T-bet OEFIZ LN LT,



J5ik

MAC &

Jitif MAC JEAE I3k MAC iRk, M. avium subsp. Hominissuis ([ESZIREakss B4t m=imbe
RN ERNEL, ANITE T X0 b E) 26 L7, [FEZ THI #RIRERHIT 14 H [FEsE
TEEZFHE L, BT 5 ET -80°C TRIFLT,

< U A, BIUMAC B

Human CD2 7' 11— 4 — T T-bet Z %8195 T-bet MFIFBL (T-het?9) ~ 7 23[R
getr kvt Esn®, A~ 2% Balble ~7 A T8RITh7Z Y R LARALL, Balblc
T-bet¥" < 7 2 Z{FRk L7=, Balblc T-bet” ~ 7 % & BF/EH Balb/lc ~ 7 213 The Jackson
Laboratory 2> HHEA L7z, SEBRICIE 8 G 12 iRt~ A2 L7z, EiERE
(1x10'CFU) ZAFAHK T S0uliAfiE L, RY =F Lo Fa—7 A0 TREMNICE
5. UTe, SHRERCIZAEBREIEOK S0 2 #5- LT,

AR
AT Tobet”. 38 LN T-bet¥? £~ 22311 5 MAC &Y% DOA1ES 10 + A £ &l
LT, BEEENEIN 20 CD~ 7 A% =,

gt AR DRIE

B~ 7 A DB, i, P, ATl L, s O R B TR &
nRDI-, Thbbh, KhEesE T ARET A P—TER:L, 0.02% tween 20 AV %
AR T 10 fECAmIR Uiz, [Flli@ @it 4, 10 5 DB L. £ ok
% 100uL -5-> 10%0ADC enrichment %3/l 7H10 agar (28 L7, 37°C, 2 1A MHE#E1%.
S m =—5 G L, iBes 7o AR (CFU) ZHRE Lz, FERICIIAS
FE8ILO~ T R Ao, 2EVIRL, HEMEAMHES LI

TR ERRARR
<~ U ANBHIARH L, 10% P PEEER L~ ) ARCREEE . 23T 7 4 AL



Too [ANERZEY), BT 7 4 D%, ~~ XU 2« AV EITUV, TREMS
PRI UT-, PIEFEORIEDT-HIC, Ziehl-Neelsen Yea 14757~

KB X HTEE(BAL)

YU AKENIH =2 —VAEFEAL, MEREE L, A =2—1 X0 Inl OAFRHEK
ZVEA, BT D Z & CRESUase 21T o 7o, ~ U ARG 6 BIOVERZ AT L,
ooz, MERGHREAR CIIE LTz, YA FAE L ZMNWTAT A R T AITH
faz#eEt. Diff-Quick Yutazfiad T L/l 2 50E Lz, FRRITIIHHE 4 B~ T X

W, 2[FHEVIRL, BEMEAHEL LT,

RT-PCR

JRERE, iR >k CD4 [ U o/ ER, BEIEE~ 7 v 77— 36 SO SRASRIR A
a5 RNeasy kit (Qiagen) 7% VT total RNA A+ L. High Capacity cDNA Reverse
Transcription Kit  (Applied Biosystems) % FV N ClfifizE %170 ) cDNA Z1Ek L7z, U TV
S A LEEPCR I, Table1IT/RL727"F 14 ~—% M, ABI 7500 (Applied Biosystems)
TITole, HEIETOFRBUIXIIET 5 GAPDH OE(R T38L CIEE L L7z, FERICIT
BHEAVCO~ T A% e, 2B IR, HEMEAHER LT,

T MR Y-A A o REBRNT

YL 2 7> A L ofilkRR . A, 75 UIml =2 & —F (type 1; Sigma) ¥
10%FBS-RPMI1640 %I 37°C, 90 ZpfiliiE L7z, 7ot S av-fifaz 20-um 71 =
VA w2 THBE. 25 ng/ml PMA (Sigma), 1 pg/ml ionomycin (Sigma), fHA % <7
A 1L-2 (Peprotech), 33X TN 10 pug/ml brefeldin A (Epicentre)iAiZ C 37°C., 4 BFEJLEL L 7=,
#HRa 25t CD4 HifA(Biolegend) . T TCRBHUA(Biolegend) THxfa, [EHE%, IntraPrep
permeabilization reagent (Beckman Coulter) % Fi N CREEEALER 21T - 7= 2, HICHINaAHT
IFN-y $iff(Biolegend) F7=iL, $HTIL-17 HUIABD PharMingen)HiiA TYta L, THAfEIC
B D IFNyEB X OVIL-17 OFEAMIEE 7 a—0A b A N U —"CHHT L7-, FEBRICITARE
4ED~ T Az, 2 BRI, BEMEEMHEER LT,
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JRIBPS CDA4 Bt Y ~ERODTEMEAL,

MAC &5 2 A0~ 7 A L0 gt 274 FU T AL Mg, bko =
7 —BEHIZ 37°C., 90 /3 fEHiRE L7z, /B Sz - w2 A & = TopfE.
PLCD4 £/ 7 a—F ViR % 7= MACS system (Miltenyi Biotec) (ZJ V) CD4 BG4 T
A BEE L 7=, 24 7UERE T L— Fh T (2x10° cellsiwell) [FfE % T cell activation kit
(Miltenyi Biotec)|Z X V) 24 FEREHIHIL . £528 HIET O IFN-y, IL-4, IL-17 SRE A Z T
?® ELISA kit (R&D Systems) % FHVNTHIE L7z, CD4 5D > BRX D total RNA % L
IROFFETHIH L, BRI~V E Y 7V 5 A NER RT-PCRIETHIE L7, 55k
IZIFEHEA VO~ T 22 Wz, 2[EEVIRL, BEMELHES LT,

<7 u 77—V OHEERS LUMACEY

K~ U ADIEEZ 2ml D 4%F A7) 2 L— NMEHE G L, 4 B
10%FBS-RPMI1640 T UIEER IR A B L7z, [FESE#C, 5%C02 T 37°C, 2
RS L, JEEMaZ L L~ v 7 7y — VHEESR A, il 96 7UssE
7L— MK L (Ix10° cellsiwell) ., MAC % MOI=10 T 1 FHi&Y: S 872, Z0D%, 5]
10%FBS-RPMI1640 £ THE4 L. IFN-y (800 U/ml)Z#SIE 723 REINC T 5 H ksaE
L7-, B5#t%. 0.02% tween 20 A Y PGS 2888 /K 2N 2 ABRE 2 AR U 10 [ TR O S &
Bk LTz, ~27 07 7 —NOAEES (CFU) % B miEaiBic L v gHll Lz, &
BRICIIAFE A ICD~ T 22 Ve, 2[E#RD IR L, FEMEZHER LT,

LB DT, ~ 707 7—T% 24 7587 L— | (3x10° cellsiwell) |2 T
MAC |~ MOI=10 T 6 Bfijike S 87-, ~ 27 1 77— 10 total RNA Z k51Tl
ML, B FRIL~LE U TVZ A LiEs RT-PCRIETHIE L7z, FERICITASHE 4 T
D~ A%z, 2EHEDIKL, FHERMEEZHER LT,

BRRMIRIDHME, B, B IUMACRKS
G~ 7 2D L, R )51k CIEHII 2 B4, CD11e €/ 7 v—J) /U
& (Miltenyi Biotec) z J\ Y7~ MACS system C CD11c FGMAERRAMIN A BAEfE L 7=, #hRHmIR
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% 24 SR T L— b (2x10° cellsiwell) 12 F &, MAC % MOI=50 T 72 BeIE M4, Bhik
ALk Y total RNA & RO ETHILE L, B FREIL~LE U TS A LIER
RT-PCRIETHIE L7z, EERZIIAHE 4 LD~ T 2 AW, 2[E#IRL, HHMEZE
R LTz,

BRRAINL & 1 — 7 CD4 Btk T Ml 2 258832 2 & ¢ TMlasb% in vitro TH
7o, BRI SR~ T AL . FoT o — 7 CDA B T ML, AR
&Y~ 7 ADMHIN L W BN BRI EETHEE Uz, BRI (2x10° cellsiwell) &
F A —17 CD4 B Tl (1x10° cellsiwell) % 24 /5 7 L— M8 L, MAC %
1x10"CFU /well C 72 WEEG: SE7, B4, 1ia8 BIEOYA b i1 LRI % ELISA
kit THIET 2 & & HI, FEERMAOBIL 7RI L~V 2 U TV 2 A LER RT-PCRIET
BE LT, FEBRTIIBHEATCO~ T 22 Ve, 2[E#RY IR, B8R LT,

HEEAIEIZ NO 548 Cd % S-nitroso-N-acetylpenicillamine (SNAP), 200 uM % #¢5-
L 5528 EIHO IL-17 2% % ELISA kit THIE L7z, EERIZIIAFE4 RO~ T 2 % UV,

2 [Elf 0 R, FEWEZ R LT,

IFN-y $¢5-

T-bet” ~ 7 AT L, MAC &Y 7205 2 o H O, A3z~ 7 2 IFN-y (10ug/500ul

PBS, PeproTech) %3 3 [A] & G- L7c, <IEBEZIE PBS 28NS L7, MAC J&

L2 o AR, P, 36 KOHFiEAZ BRI L. MAC EHEERIIE Lc, £7-. BRods

{ETBAL 21TV, [BIEFROSMIE, ~7 77— B BEO o EkEA

BE LT, FEBRITIIBHEATCO~ T 22 Ve, 2[E#RD IR, FEMEZHER LT,

Pt IL-17 a5

T-bet” ~ 7 216U, MACIE&H: 725 1 » A DR, 900pg O 7 H-FHEPT IL-17 R 7

o —FLHUA (S 24 K5, Pam Lincoln {833 . Ut Steven L. Kunkel f#i+- X v fit5.) %
W 3 B B UTe, STRBEIC ISR 19G A RN G- LTz, MAC B 1 - At

(T, R, d K OYITIR A BRI L. MAC BEEIIIE LTz, 7. BROTETBAL %

70, [EEFOSHE, ~7 v 77— 4FRER BLOY U BREERIE L., E

BRICIZSBEAVCD~ T A2 Ve, 2[E[ED IR L, HEMEZfERL LT,

12



BRFHRNT

T—HILTHE + AR (SEM) Cridl L7z, SREOHEN T, 1 JollE /i O,
Tukey i, F 7213 Games-Howell {5 CL B ZIT 572, HF173IT Kaplan-Meier 14 Cf#
HrL. log-rank test THEE Z2A4T -7, #ialfiEtT 7 i Statistical Package for Social Science
(version 18; SPSS Inc, Chicago, IL) 2 L 7=, p<0.05 ZHaFHICAEZEZDH D S HIEL
7o
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RS

MAC BRGURBS MR RIE T T-bet DR

MAC DIRYLREENEC I JIE T T-bet OFBZFHET 5720, BFARL Thet”. BLO
T-bet?® ~ 7 2 MAC ZRAUERGESE, YL 10 0 H £ COAEFZR~=, Y 10
P3H DIES T, 5 7T0%DEF A LT T-hetV? < 7 Z3AAE L CUV=DITH L, 2T
T-bet™~ 7 221 L= (Fig. 1A), MAC &Y% 0 Thet” ~ 7 247, B~
A, T-bet¥? < 2 L ARTHEEIAE T LTV (Fig 1A) . AFRAEKEZHEE LT
K~ T 2R BN RGN oTz,

T MAC IR 2 B OEFARL Thet™, 36 XU T-hetY < 7 2 fififiitkl 3517 %
MAC DGt ZFR~7-, Ziehl-Neelsen YefafEATlE, T-bet~w 2 fifio~27 v 77—
L PUEEIEZE IS MAC Z7RIed~ 2 HlETE 2SBEE L T30 B A3, BFAE. 365 UM T-het Y™
~ U ADMFECIL, 1FE A CHERS N2 o7 (Fig. 1B) . i, JEle, s 5
IERNDEELI L, T-bet™~ 7 2 TR AR~ 7 2| Thet¥d~ 7 2 & bl U CARITHEIN L
Tz (Fig. 1C) . ZHNHDFERN G, T-bet KB~ 7 A Tl MAC S DM U
LTWAZ EDRESNT,

MAC Bt BN RIE T T-bet DR

MAC Y% DM 2 B4R, T-bet”™, 38 KO T-bet™ <7 2 TEIZE L7, MAC J&Ys 2

H%EDBAR~ 7 A TIE, WEFIEA 1 5 SOERBREAY RS SO g R BlEE S hs
(Fig.2A) , T-bet"~ 7 2 TIZSENIRENEE TH Y . KB KB R T/l

FififaREE £ TR < R LT, —77, Thet¥ < 2 Tid 2 & 02 ki chH - 7=

(Fig. 2A), AHEHEKZHE LT~ 7 ATl FRld S BEIT IR R0

7= (Fig. 2A),

BAL IR DRSEAMIAL, FRZAFHEREN T, FREGL~ 7 AT~ MAC Y% IZ 2T O
~ D ATHINL TV, T-het ™~ 2 Tid, B4R~ 7 X L il LC, BAL iiE P
B, BLO~7u7 7 —VENEEICEETHY . —77 ThetY~ 7 2 T3 ER~
AN HARAETH 7= (Fig. 2B), VU o7 SB80 S T-bet™~ 7 2T, oo~ 7 2 & Hlgs L
THREICEETH -2 (Fig.2B), ZHHDFEENG ., MAC JBYLT L A iZIENL T-bet
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THIH S TND Z LRSI,

MAC Bt D Th RO RIET T-bet DR

BT, MAC JRY% OBFAERL Thet™, 35 LU T-bet Y = o7 244 fitiiikl 2351 % Th
A NIA L ORBEMHT LT, IFN2yOFEBUL, T XTD~ T AT MAC BEYZITTTEL
TR, Thet’~ 7 2 TIZE DRI L~ UTE AR~ 7 AN EICRIETH Y
—J7, Thet?~ 7 2 TIIEETH -7 (Fig.3A) . B8 (LR ARMEES (NOS)
DISBUL, T-bet™~ 7 2 TIIE A~ 7 2T HAYEL | T-het¥ < 7 2 TI3EETH Y (Fig.
3A) . IFNwy & FUEDZE LT o 7=, TNF-a DOFHL, Thet'~ 7 2BV T, o~
DAL L CAERBIZIK T LTV (Fig. 3A) . Th2 HA R A T D IL-4 DIEBIT
WD~ 7 A TH MAC G IR E S e h o7 (Fig. 3A) o Thi7 oA " A T
BT & IL-6 DOFBUL, T THO~ T AT MAC JBYRITHIIN L=, IL-17 88U
T-bet™~ 7 A TlE, AR~ 7 A L L THBEICHETH Y . —F7 Thet¥ ~ 7 2Tl
T o7z, IL6 DFEBUL, Thet'~ 7 RTEBNT, fhd~ T 2 & il L CHEICE
ECH-7 (Fig.3A) . IL-10 OFHE, T-het' ~ 7 AT, O~ R LHE L THEICE
HTH-7- (Fig.3A) . THHDFEFNS, ThL ¥4 b HA 13T MAC &Y% O T-bet¥™
~ 7 ARSIV T, LIRS FHEIND Z LRSI, RRHZ Th17 Y1 A
> 7S MAC J84st% O T-bet™~ o Ak © L 0 < SN, F72. ZhbOA b
HA L DOFBL, BLOVST U AL Thet I K> TRHET SIS Z EHEII ST,

ThHERED Thl, Thl7 %A MU A VEEAEIZRIET T-bet DEEI

Thl, B L ONTh17 1 b A ORI Z T ~5 BAYT, B4R Thet”, 35 LU T-bet?®
~ 7 ADENTHRERED HDERL S A7 CD4 Btk T MR IFN-y & IL-17 DpEA Z ik L7,
IFN-yZ EEAES % CDA4 B T Ml £ MAC G444~ T~ 7 A fiCHEN L Tz (Fig.
3B), T-bet¥™~ 7 2T, BRI~ 7 R, MAC RGO IFN-yE4: CDA4
BSE T HIRRAME TN L, — 5 T-bet™~ 7 A CIIAEICIE T LTV /= (Fig. 3B)  IL-17
ZPEAT D CDABME T MillaiL, MAC B4 OBFERL I LU T-het™~ 7 A DJififHik©
TN LT3, T-betY < o7 2 i CI3Hsin L TV 72~ 7= (Fig. 3B), T-bet'~ 7 2T
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X, B~ o R MAC TGS iRk o 1L-17 PEA= CD4 5 T ML A IS
BN L, —J5 Thet¥9 <= 7 2 CIIAEITE T LTV (Fig. 3B) o ZH S DFEED D, MAC
Y ZIN T, CDA B T HIIRIZ L 5 Thl, Thi7 Y1 b A U PEAIT T-bet i2X > T
FE LTS T EAVRS T,

25D ThUTh17 RS RIET T-bet DEEI

MAC JE&YGet% 0 Th BUBITERRZ 1T T < £FIZAE LT DD, 2880 Th SJISIZ
T T-bet DBEENZBA SN2 575D, MAC st OB A Thet”, 35 LU T-bet¥™
~ 7 ZADEYED CDA AR A HEE L, Thfias b, BXONTh o1 M1 U PEAEI
DUWVTHiANTZ, Th A EOfatR & LT, AR S 25 SR - O FEBL A fifdT L 7=,
T-bet DOREBUTEFAT, I U T-bet¥™ < o7 2 Pl T MAC JEYL1% 12 TTHE L TV =78,
T-bet”™ ~ 7 2 JHsklaClIFEI 25RO > 7- (Fig. 4A), T-bet¥9 < 7 2 [k <lL, B
Al 7 2\ T-bet OFBIAE BT LT 2 (Fig. 4A) . ST Thl7 R Fadiis
FIRT- T % RORt DFBLUL, MAC Y% D T-bet” ~ 7 ZAMHINUICHN T, e 7 2
AT LT (Fig4A) . GATA-3 OREFEIT L O~ 7 AT 7,
SiRinoT- (Fig. 4A)  Treg AN BEAGESEIR T T % Foxp3 DIEHIL, T-het” <
o A PRI Ot~ 7 A ZH~TTHE LTV (Fig. 4A)

BT, MAC Y% OB Thet”, 36 LU T-betY < o7 244l HERHL S h
7z CD4 [fiaEsE HFIZHT D IFN-y, IL-4, BEOILLT OREZRE L, T
NTO T ADPHIIEIZINT, MAC G % D IFN-y FEAITIEIN L Ty, £OfE
I3 T-bet¥® ~ o7 2 CIIBF AR~ 7 R &l L CAEICHE . —F Thet” =7 %
I CIHECh 7= (Fig. 4B), FRHZ. IL-17 FEAEIE, MAC %0 T-het”™ <
A MR CREE S L, T-bet?® ~ o7 2 i <l STz (Fig. 4B), IL-4 13
T RCO~ 7 AL TR 2RO~ T (Fig. 4B), IS DFERN D, MAC JEiL
%00 Thl Alfads KON Tha7 Ml ki ZMRETZ TR < &2F s E LTEL TS Z
EOSRENT-, Thet” <7 XA T RORYt OFHNTEE Th-7-Z & LV, T-betix
RORyt (DFEE %] & 2> DOF TR L, Thi7 AIla b 24l L 5 2 rIeEA VR S vz,
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T-bet"= 7 2D MAC BT RIET IFNyOZhE

MAC J&H1% D T-bet”™ <~ 7 2T IFN-y OREAENHTI LTV =2 & LY. Thet” =7 2D
MAC S MEIZIET IFN-y DRIV TR L 72, MAC G Ofifi, i, LY
FFIRLZ351F 5 MAC E80E, IFN-y 24585 L7- T-bet” ~ 7 A Tld PBS #-5-5ct HARE & Hrls
L CAHEIZIE T LTz (Fig. 5A) .

—J . MAC J&st%z BAL IR ORI, ~27 07 7 — 4FEk, BN B
1Z. IFNy D5 & 55438 72 - 7= (Fig. 5B), ZHHDFER LY | T-bet” =17
AT D IFN-y DFEEIL, MAC OB ZIIHIT 275, FiZEICI 8% KT S 700
ZEDVRINI,

T-bet"= 7 2D MAC BEHHIC RIS T IL-17 DR

MAC JE&4si% 0> T-bet” <~ 7 2T IL-17 DPEAENTTHE L T2 L X0 T-het” <7 2D
MAC B2 ENZ RIET IL-17 DRI OV TR L7z, Thet” ~ 7 2k 55T IL-17 $1
ROEHIL, MAC B 0 BAL IRHSEMINEL, FRCAFFERE DO ARl % b2 b
L7=(Fig.6B), ~7 77— 4 U U BEb £72, HuIL-17 HUROE G2 L 0 B
L 72(Fig. 6B), — /7. Bt IL-17 FikiZ, MAC E4Lt% DA, IR, 3 L O30T 5 MAC
RSB % 5 2 127p - T-(Fig. 6A), ZHHOFERL Y | Thet” = 22k 5 IL-17
OHFIE, MAC B X D MIEA M2 2723, MAC OFFRIZITHEL 5.2 7002 L3
RSN,

~r7u7y7—V, BROBHRHMIIZIT 5 T-betDAHE

~ 707 7 —VIIMACEA ORI L L THBILTISY | F 7o hilR B O 24 il
ThbdD, Thetid~r 77 —VICHHBT D720, v/ n 77—V OMACEKEIIK
HT-betDF B Z R Uiz, B4R T-bet”, 38X UT-bet¥9~ 7 2 BRI S -~ 2
HY 7 —VICMACZBG S H, WHPROBREZ IR L., £ TO~ru 77— B
TIFN 512 L 0 AEREEOIK T 27807275, 3EH TOEITERO D> 72 (Fig. TA) .

BRI, RRRPURE SR CH Y . HUFRREZ - U TR+ A

Y EPEAT D T L T S=THID b 2SS D, BRHIIES A A CREEAIC B K
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ETT-hetDFEL A N D720, RGO Thet”, 3 LN betiwte~ 7 A
gL 045 DT BRI CMAC A YL S, ThIFFEY A M A CTh HIL-12, ThiTah
A N A L THDIL-6, IL-23, BLOTGF-BDOIEZMIE LT~ MACEKYHZ L~ T,
TANTO~ T 2O TIL-6 & IL-120FENAEITIIN L7203, 45~ 7 A TOZ
TFBD o2 (Fig. 7B) o IL-23E TGF-p OFHIL, W~ 7 A THMACKYL T
WX ehoTe (Fig. 7B) . ZIHDHA N A UREBUCOWT, @~ n 77— T
[FHRIHRT L7ze MACEZUZ K> T, T _XTHOY T ADO~Y 7 17 7—ITIL6, IL-12,
IL-23. TGF-BOFEENAEITHIM LT3, ~ 7 AR TOZETR SN2 h -7 (Fig. 7C)
TNHORERND, w7 17 7 — BT DIFN-ZyIRIFERERESC, PURTE iR
DThFHE A b A1 A - OFBUT-betl TEFE TIT A KT S 72N 2 LDV RS,

MACEH % DNOBEAIZ RIE T T-bet DR

ThiifE DM EEEE A Invitro TR 27280, ARG DB AR Thet”, 3 LU Tbetete~
U ZHROCDARGEY /3B & | BpARL < o7 2 R OBMRHMING 2 MACHERE N2 538 L,
1% BRI OIFNy, IL-1TIREEZHIE L7z, A CoHER HF TMACHEIZ X ) IFN-y,
ILATRE E BICHEERENAROT-Z Eb, MACEYIZ XY, A — U THIRRIXThL
A & ThATHIIROM G M ERE S D 5 Z EAVREST: (Fig. 8A) . Thet’~ 7 AH
SRCDARGETHIMRS A Cld, B 36 LU T Dettw et > RCDAIGETHIEILET 2R
e, IFNyIBEOIK T, BLOILATEEOHNEZRDT-, ZOZ Lid, Thet'~ 7 AH
SKDF A — T THIRUIMACEYZ > T, ThIfIIE T2 <, ThAZHIIZ /M LasE-9 DI
D LAERLTND (Fig 8A), Nk CORIR L BRI, Thet”~ v AHIRCDAR
PETHER SRR Tk, MACIREZE % DINOSHELED MR Z LK T LT/ (Fig. 8B),
Tbet”~ 7 AHFCDAGHETHIE SR INOSL SR TH HSNAPE N2 5 & . MACE
G2 K DIL-1TIREE OB Z B il L 7= (Fig. 8C) . T B OFERMN G| T-betiXINOS
HBFHEL ST LI-NOFEA AT 2 Z & T, MACEYZOTh1 7/ bA#ifl L Tnad 2
EDIRENT,
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ER

AWFFETIE, M. avium OKENEGIZ LD | FEGYES TR E L7z MAC BYSEW £
IWERRR LTz, A3EICEE STV D MAC B~ 7 AT UEFhA E DRI G2 &
HIFFEMRYE T L TH Y . STEWER L7-E7 /Ui MAC JEOEMET /L & LTHEM
Th 5 LBz, Thet BIn FHlZE~ U A A RDGLE T WAL T 2 Z & T, MAC
Gy, B LU MACJEICISIT D T-bet DILEIZMENT LTz, T OREH, T-bet i3 MAC Jik
QUK DIRESEZNEZR & MAC G HE D FRIED 7 = ) X A TTRROMmITIZE G- LT
WBHZ LB 0Tz, AETICY —Ya~=T, filE, VLT RT - FTAHE
73 E ORI BT 2B T-bet ™~ w7 A CILiET 2 = L NHE SN TE T,
Thet' v~V AICY =S a~v =T ZRYSE D &, IL4 & IL5 OENE L7 Th2 g%
LT ZEWRENTND D, LLAND, il & VLEXT « F7 2 H % T-het”
~ U RIEG S ETREL, 527 Th2 (@ Cldze < IL-10 OFIIAVEHEINIFED bz
A —hT, VAT UT « B HA NFFRAE Thet” ~ 7 AICEY ST T HEEED
TUE L 72N ERHE STV D, U AT U 7RG, T-bet FHKAFNR K CTF =7
IV T —Hillin & CD8 Bt T HME M AEANT IFN-y 2495 Z L 32 0EEh & LTS
STV, T B ORI, T-bet (RIFOFE EFIEIN TR & > Ta fBigd &
WO ZEERLTND,

ABFFEZI\N T, T-het” ~ 7 AL MAC IS B EANTHET 5 2 L VRSN,
YA N AA L OfFHT LY . MAC Y% D T-bet™~ 7 Z i C IFN-yDFEED I STV
5T EDRESINT, IFNwyDS, PIEERERGE OB B o E 2 Rl LT D DIZR S H1
BTN D, IFN-YIZxT 5 A ChitiRz A9 2 BEDEREM: £ 721350 MAC JEYE %
SIS ZTZ 0B, IFNyORIBRBAE, 28 MAC B ORSA 2 TUE 2 768
PEDVRIE STV M ARBFFRICEN T, Y4 T-het™~ 7 2O EHHE T MAC @
FEEAHEIN L T2 2 & AR RS- L7 IFN-piX MAC OE5EZIH L7- 2 L1, B
PRI BAF O HERZ HX T 5 b0 & B b, Y4 O Tbet™~ 7 il ¢t TNF-o
DOFE B STV, TNF-oh E7ZHIRERGU G4 2@ HEHIN & L TEET
b5 EMESNTND, FBE. TNF-afAERIORNWEM & U THIRERGYEN GRS LT
W5 %, TNF-aD KB~ 7 A CTIIRELREN 6 U CORGEMED T L, BYifes CAZEE

19



DA RE ST 2 EBHE SR TN 5P, MAC RY4D T-het™~ 77 A il ClIIAIZEE
e LOIT, ZAUCABELTRER Th o7, ULEX Y Thl YA A o OF5EKA
T Th D T-bet L, 25 MAC GO LB R R Z2E AR - CTh o b0 & b
iz,

PR OREZ ML, Th2 91 R A v TH 5 IL-4 L IL-13 53 ThLRIFR 72 hilikE
R AT 2 2 L35 ThUTh2 /85 0 A THICTX 2 LB ST &7 3 R,
T-bet DRIFIAEZ T Th2 EALORILAEAEY 2 & BIOBYYEE T LV CTIIREN T
WBA P PRG3R Th2 SRR AEE 2R T & TR0 %, A
FEZHNT S, MAC YA D T-het” <~ 7 2ITHUV T, IL-4 DREARS GATA-3 DREBLTE
F SNDERL7R Th2 S IHGER SN - T, [ABEORE I, Y% D T-het™ <7
ATEHRENTND B, ft- T, HIKZR Th2 SOSOTEMALIE, Thl S sk -
PBUZIT D MAC B DIE FRG M2 BUET 2 FHER TI RN EB X Hitd,

BT, MAC J&Y% 0D T-bet™ 7 ZJIil2 35UV T IL-6 & IL-17 DRI TR FHE S h,
CD4 BEt T AN TIX ROR-yt OFRBINTHE TH -7z, ZDZ L%, MAC Btk D
T-bet™~ 7 A TIL ThI7 REAVE LTV D Z L & ER LTV 5, Thi7 S, Milasto
PRI LC, EEARBGEN T CH 5728 Y MR E RO L CoBENT/325y
3o TR, FERERYL N T b, IL-17 2NEYLE Th Ml 2058 S5 2 & O
PRRYBHENC BB Z R LD LW ERH D07 %, e~ ¥ A
FROFEIUR 208595 & Thi7 SOSaMEtE S, 720 PERIEE OFFE O K5 G
GBENOERBIENDLETHHRELH D P, IL-17 & Thi7 HIRROEEZ SV TE—ED
RIRZEAFTUR, ARFZETIE, IL-17 O FPRILRYE T-het™~ 7 A DB BN 8% 5.2 T
BHT, AEIOET TN TIE, IL-17 13X MAC O FICE U Qa2 L
TV EHERIS U7,

MAC &4 T-bet ™~ 7 A Clk, Wit HERMESIEN I CTh o7z, IL-17 1%, RIEFIS
TFHERZFRES DR 2 72 A DA R I A A SIERINER_ BRI b PEAE &
EHEERYA MIA o THDH D, ZHUTABL T, IL-17 ORI MAC & T-bet”
~ U AR BAFHRERMERIE A B O 2N S, 6o T, Thet ™~ v AICKI) 53
HI72 4 HPERMESIE T IL-17 OBEHN & B L 7-28{k & B % b7z, i MAC JEEE O BAL
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RIS A P ER & U L SERS R TTH D ¥, £ 72 i MACHERE @ BAL FT . T,
CDA4 [ ) 27 SERAMEAE T, AP P ERIENBEE ZER I IHTE Lo W 2 L b ST
W5 2 BFRERIERYSH O I T B 8, T-bet™~ 7 2 Tidie LA MAC S
HINL TWeZ & L0 4FPERIE MAC OFEICKLEER IR TRV D L& 2 b,
PE-> T, Th7 FIEIZFEE S A2 BRI, Thl a2 ] S A7 RPUZIsV T, B
H7pfix L0 de LA, JHAEHEICEIG L TV D rTREMEAVR STz,

MAC J&H T-bet”~ 7 2 T Thi7 @254 Uz 2 &35, T-bet 23 Thi7 flf~053 k%
Pl LT WTREMEDS R STz, ED XK 5 1T T-bet 25 Th17 M /b 240 L T %
NIRATH D0, T ARG - MlD~LS—T Hifa~D 5 b2k L 2 5
ZLIEE< BN TND, T-het = 7 ZIZBW TR ThA7 SO L 5 = &1L, FfER
FEHERSUS, B SR Z%, FERBYYEDOET L THRENL TS ®*, Runxl
X RORyt D" 11 &— ZFEHIRIZ#EA L RORYt DR & itk §~ 2 #55IK 1T d 5, Lazarevic
5%, T-bet 73 Runxl [ZEEHEST 5 2 & T, RORt OFBLZMHIT 5 Z L 2HE L T
W5 %, AEORIZET T-het”~ 7 Z I T RORyt DFHNEEE Th-7- 2 &1, AR
LSRR 2 b L Bbng, —5 T IEME T MR iINOS Hiskod NO 23
RORyt DF 1 v 3kdkia = b rfbd 2 2 & ¢ Tha7 Ml b 2 #ifld 2 = & D3t
Shi=®, 2SR D L 51, T-het BMEZN TN D~ 7 AL MAC 2R SE5 &
INOS DFELNTTHE L RORyt DFBAIME T LT, Fio, Fx L NO eGR4 %
Z & T MAC BRI L » T Sz Thi7 filao s bsfifil Sivs 2 & Z7r L1z, NO
DEA, 37205 INOS OFBUL, AN FAEE ORGURFZ IFN-y IZ X >TSS
ZEMB ™ NO X MAC B0 ThUTh17 43{baES1 % T-bet O Fifilcd % EE
BT EBEZ LI,

RRRHI SRR 2P USI M TH D | A7 EOGURBRRIZ L > TT A —U' T
e 7 v X h—27 %475 T & CEBAREAIE LT D, Th filao M eid 1 h oA 2
AU CHEINDA, 2SO TIL-12 13 ThL M/ ki, IL-6 & IL-23 1% Thi7
RN ZENENAR T KA R HA > Tdd M, TGR-Bi. Thi7 #fa L Treg MlEDm 7
DOMUITIHE L SNTOD 2, T-het 13, ~ 7 17 7 — USRI & ORUF S R
ICHHEBLLTODA 2, ABFFEOREED BIZZ IS ORI DA b I A L BEAH
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HNZ T-bet 1LEHEICREE- LW 2 LRSI,

VIEDRERE Y . MAC BGUfE, HURE Ml % T-bet FEEAFAUIC Thl 581
A & ThT G A N OA O ZpEAE L, Tl L~V TO T-bet DZEED
Thl,Thi7 #R /M b~DEM A RESIT 5 b D L& 2 bz, £72, THIZISIT 5 T-bet
DRIBRLAENL IFN-yR INOS DFEEAK T, S HIZIZ RORyt DNi#If A &, Thi7 {mk
2T 5 b0 & bz, ARIOMZEL ) FREIID MAC BYRITT 5 T-bet 247
LTZB TGO A =R L% Fig9 1R L=,
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ABFFETI, T-bet 75 MAC IZX3 2 E&GUEAZNE & MAC G AE S IfiZIE A lE L C
WH Z BB LT, T-bet XK~ 7 A TIL Thl SUSORENIMN A, Thl7 fE&EnsE
U T e, Thl SUROMESIEAE MAC BYL DR A TUE L, Th7 (R L2 tisr
HERMESIEZ B L7, ZAUDIE, Thl Ui & Thi7 SISO e 37 273, MAC i
QDIFREZRE ST HDIZEE THDH T L ATR L TEY (AT o A0 4 F] 2% T-bet
I3 MAC JEGL T3 5 BB g HHIK - Th 5 Z & 3 FE STz,

AW ORGSR A FHIEER CRAET 5 2 & ANROFRE T H 5, i MAC JEIZE1T 5 Tbet
DER), HEREREE AT L. VR OBSEMER T Ch M E I ERGEE LIz, il
MAC JEf5C Th1/Th17 A k5 A < Th1/Th17 fifaz#E L, Th1/Th17 /37 >R
D= MAC JERREIRUC BRI S L QOB DIE DN T HRRREL T E 720,

MAC YRI5 NO OfFfeAFI~OBHIE, KA FER Th 72, NO 23
Jifi MAC JERRE DRTEOREMREZ TTESE L Z LTk | MEREs VT 7 2%
B D 2 EMRTRE S . NO #FEAILY, i MAC JEICEW T Th /N T v A %l
BT 2720 Tl | MERES VT 7 oA blET 2 bIE, Bl eipe s UOIER
[THE T D, FADAHOIIZET —< D 15k LTZEDREMAER L TITX -0,
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Table 1. Primers used for RT-PCR

Primer target

Sequence

GAPDH

IFN-y

IL-17

IL-4

IL-6

IL-10

INOS

IL-12

5’-CCGCATCTTCTTGTGCAGTG-3’ (forward),
5’-CGTTGATGGCAACAATCTCC-3’ (reverse)

5’-CACGGCACAGTCATTGAAAG-3’ (forward),
5’-TCTGGCTCTGCAGGATTTTC-3’ (reverse)

5’-AAAGCTCAGCGTGTCCAAAC-3’ (forward),
5’-TGGAACGGTTGAGGTAGTCTG-3’ (reverse)

5’- ACGGAGATGGATGTGCCAAAC-3’ (forward),
5’- AGCACCTTGGAAGCCCTACAGA-3’ (reverse)

5’-TAGTCCTTCCTACCCCAATTTCC-3’ (forward),
5’>-TTGGTCCTTAGCCACTCCTTC-3’ (reverse)

5’- GCTCTTACTGACTGGCATGAG-3’ (forward),
5’- CGCAGCTCTAGGAGCATGTG-3’ (reverse)

5’- CCGAAGCAAACATCACATTCA -3’ (forward),
5’- GGTCTAAAGGCTCCGGGCT -3’ (reverse)

5’-CTGTGCCTTGGTAGCATCTATG -3’ (forward),
5’- GCAGAGTCTCGCCATTATGATTC -3’ (reverse)
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IL-23

TNF-a

TGF-B

T-bet

RORyt

GATA-3

Foxp3

5’- ATGCTGGATTGCAGAGCAGTA -3’ (forward),
5’- ACGGGGCACATTATTTTTAGTCT -3’ (reverse)

5’-CCCTCACACTCAGATCATCTTCT-3’ (forward),
5’-GCTACGACGTGGGCTACAG-3’ (reverse)

5’- GTGTGGAGCAACATGTGGAACTCTA-3’ (forward),
5’- CGCTGAATCGAAAGCCCTGTA-3’ (reverse)

5’-AGCAAGGACGGCGAATGTT-3’ (forward),
5’-GGGTGGACATATAAGCGGTTC-3’ (reverse)

5’-TGAGGCCATTCAGTATGTGG-3’ (forward),
5’-CTTCCATTGCTCCTGCTTTC-3’ (reverse)

5’-GGAAACTCCGTCAGGGCTA-3’ (forward),
5’-AGAGATCCGTGCAGCAGAG-3’ (reverse)

5’-CCTGCCTTGGTACATTCGTG-3’ (forward),
5-TGTTGTGGGTGAGTGCTTTG-3’ (reverse)
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Figure 1
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Susceptibility to MAC is regulated by T-bet. (A) Survival of wild-type, T-bet”, and T-bet"® mice after
intratracheal inoculation of 1x10" CFU of MAC or saline (n=20 in each group). (B) Representative
photographs of Ziehl-Neelsen staining of lungs (x200), and (C) mycobacteria outgrowth in the lung, spleen,
and liver of wild-type, T-bet”, and T-bet®™ mice 2 months after intratracheal inoculation of 1 x 10’ CFU of
MAC. The results are expressed as CFU per organ. The experiments were performed in duplicate with eight
mice in each group. *Significant difference between T-bet” mice and other groups after MAC infection

(p<0.05). Data are expressed as the mean £ SEM.
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Figure 2
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MAC-induced pulmonary inflammation is enhanced in T-bet” mice. (A) Representative microphotographs
of the lungs from wild-type, T-bet™, and T-bet¥® mice 2 months after intratracheal inoculation of 1x10” CFU
of MAC or saline (Cont) (x200). (B) The number of total cells, neutrophils, macrophages, and lymphocytes
in bronchoalveolar lavage fluids of wild-type, T-bet”, and T-bet®® mice 2 months after intratracheal
inoculation of 1x10” CFU of MAC or saline (Cont). All experiments were performed in duplicate with four
mice in each group. *Significant difference between T-bet” mice and other groups following MAC infection
(p<0.05). #Significant difference between T-bet®® mice and other groups after MAC infection (p<0.05).

Data are expressed as the mean £ SEM.
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Figure 3
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Pulmonary cytokine expression is regulated by T-bet following MAC infection. (A) The expression of
IFN-y, iNOS, TNF-q,, IL-4, IL-17, IL-6, and IL-10 in the lung of wild-type, T-bet”, and T-bet'™® mice 2
months after intratracheal inoculation of 1x10’ CFU of MAC (solid bars). Control mice were administered
saline (open bars). (B) The proportion of IFN-y-producing cells (left panel) or IL-17-producing cells (right
panel) in CD4-positive cells obtained from a lung of wild-type, T-bet”, and T-bet¥® mice 2 mo after
intratracheal inoculation of 1x10” CFU of MAC or saline (Cont). Experiments were performed in duplicate
with four mice in each group. *Significant difference between T-bet” mice and other groups after MAC
infection (p<0.05). #Significant difference between T-bet¥® mice and other groups after MAC infection

(p<0.05). Data are expressed as the mean + SEM.
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Figure 4
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Th1/Th17 cell differentiation is regulated by T-bet following MAC infection. (A) The expression of T-bet,
RORyt, GATA-3, and Foxp3 in CD4-positive splenocytes. (B) Production of IFN-y, IL-4, and IL-17 in
CD4-positive splenocytes. All data obtained from wild-type, T-bet”, and T-bet®® mice after intratracheal
inoculation of MAC or saline following stimulation with bead-bound anti-CD3 and anti-CD28 antibodies
for 24 h. Experiments were performed in duplicate with four mice in each group. *Significant difference
between T-bet” mice and other groups after MAC infection (p < 0.05). #Significant difference between

T-bet'™ mice and other groups after MAC infection (p < 0.05). Data are expressed as mean + SEM.
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Figure 5
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IFN-y supplementation decreases mycobacterium growth. (A) Mycobacterial outgrowth in the lung, spleen,
and liver of T-bet” mice 2 months following MAC infection and treatment with 10pg IFN-y or PBS
(vehicle) 3 times a week. *Significant difference between IFN-y and vehicle treatments (p<0.05). (B) The
number of total cells, macrophages, neutrophils, and lymphocytes in bronchoalveolar lavage fluid of T-bet”
mice 2 months following MAC infection and treatment with 10ug IFN-y or PBS (vehicle) 3 times a week.
Al experiments were performed in duplicate with four mice in each group. Data are expressed as the mean

+SEM.
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Figure 6
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Treatment with anti-IL-17 antibody decreases MAC-induced pulmonary inflammation. (A) Mycobacteria
outgrowth in the lung, spleen, and liver of T-bet” mice. (B) The number of total cells, macrophages,
neutrophils, and lymphocytes in BAL fluid of T-bet” mice. Data obtained after 1 month of MAC infection
and treatment with an anti-1L-17 antibody or isotype control antibody (vehicle) 3 times a week. Experiments
were performed in duplicate with four mice in each group. *Significant difference between anti-IL-17

antibody and vehicle treatments (p < 0.05). Data are expressed as mean = SEM.
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T-bet does not affect intrinsic ability of macrophages and dendritic cells. (A) Mycobacterial growth in
cultured peritoneal macrophages from wild-type mice, T-bet”, and T-bet'”® mice incubated with MAC in the
absence (vehicle) or presence of IFN-y. Data are expressed as the means +
expression of IL-6, IL-12, IL-23, and TGF- in cultured dendritic cells (B) and cultured macrophages (C)
obtained from wild-type, T-bet”, and T-bet® mice, following exposure to MAC or saline. All experiments
were performed in duplicate with four mice in each group. Data are expressed as the means £ SEM.
*Significant difference between MAC- and vehicle-treated groups (p<0.05).
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NO suppresses Th17 cell differentiation by MAC exposure. (A) Concentration of IFN-y and IL-17 in the
co-culture media of dendritic cells from uninfected wild-type mice and CD4-positive T cells from uninfected
wild-type mice, T-bet”, and T-bet®® mice with or without exposure to MAC. All experiments were
performed in duplicate with four mice in each group. *Significant difference between MAC- and
vehicle-treated groups (p<0.05). *Significant difference from other genotypes (p<0.05). Data are expressed
as the means = SEM. (B) The expression of iNOS in the co-culture cells with or without exposure to MAC.
All experiments were performed in duplicate with four mice in each group. *Significant difference between
MAC- and vehicle-treated groups (p<0.05). *Significant difference from other genotypes (p<0.05). Data are
expressed as the means + SEM. (C) Concentration of IL-17 in the co-culture media of wild-type dendritic
cells and CD4-positive cells from indicated genotypes with or without exposure to MAC in the presence or
absence of 200 uM SNAP for 72 hours. All experiments were performed in duplicate with four mice in each
group. *Significant difference between MAC- and vehicle-treated groups (p<0.05). *Significant difference
from other genotypes (p<0.05). 'Significant difference between SNAP-treated and SNAP-untreated groups

(p<0.05). Data are expressed as the means + SEM.

33



Figure 9
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Schematic presentation of the role of Thl/Thl7 balance regulated by T-bet following MAC infection.
Antigen-presenting cells (APC), such as macrophages and dendritic cells, can produce both Thl- and
Th17-directing cytokines T-bet-independently by stimulation with MAC. (A) When T-bet is expressed in helper T
cells, T-bet enhances host mycobactericidal activities by promoting Th1 cell differentiation and IFN-y production,
followed by NO production. T-bet also supresses aberrant inflammatory cell recruitment by controlling Th17 cell
differentiation directly or indirectly by NO production. (B) If T-bet is not expressed in helper T cells, naive T cells
can not differentiate to Thl cells but easily differentiate to Th17 cells. Reduced Thl responses increase
susceptibility to systemic MAC infection, and Th17 development causes excessive neutrophilic pulmonary
inflammation. Thus, fine balance between Th1 and Th17 responses, maintained by T-bet, is critical to determine

susceptibility and inflammatory responses to MAC.
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