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BET  bromodomains and extra-terminal domain
Brd4  bromodomain-containing protein4

CDK9 cyclin dependent kinase9

DSIF  5,6-dicholoro-1-B-D-ribofuranosylbenzimidazole sensitivity-inducing factor
ERK  extracellular signal-regulated kinase

ILC innate lymphoid cell

MAPK mitogen-activated protein kinase

NELF negative elongation factor

NF«B nuclear factor-kappa B

P-TEFb positive transcription elongation factor b
TAK1 transforming growth factor B-activated kinasel

Polll  RNA polymerase II



Fri

SUB SO R, ROERZE & RGEEBIEOTLE, VET U U I K o TR T
BV BMESRIEMERBE Th 5, —MRAVIC RS SN EIE, IFBEERME D OB RIE 2 &
&9 2% type2 il & Z LIS D non-type2 U/ E N H[1], Type2 Hl D& JE+
JEIZIE, ILC2 RCAFERER, AEMGHIAES> Th2 Mifu e ENBE 592, Type2 BOKE
T EIE, BEBAAT O A REIZUD & LTEBEFOIRERE~DO SN BT
HV ., IL-4, IL-5, IL-13, IgE 72 E&xt5 & Uiz EWFroSiA| ok ¢ rTRE7R
7z, HEIERNZ W T S BEEDOIERERE S SN TS, —J7, Non-type2

S SN BT A P ERFEAR DO RIERIEZ Frig & L, ILC3 <° Thl #ifid, Thl7
MR 7e ERPET 5, E o RGE DL EKIRE & B O BEAEEIIHERT 5 2 &
WESNTND[2, 3], SHITWMART 1A RHAZRI) L 72 EE NGB A R M
RIEDB G- RE SN TV D[4, 5], EIEN EEF 320 AT DK 10%% 56
52 EMBAHONHEDIER - EBUCRIT DR BEEREDO—D &> TWDH N,
P ERMERIEDIREBIZZEEIIIA LN SN TV, 26D & A5 non-
type2 B SUVE Sl BT KT 2 AR IBRIEIIMSL SN TR O T, Hilc e WL
DRFEBHFF STV D

2001 )N EAR 7 v —=227 LI IL-17TF X IL-17 7 7 R U — (2@ 3594 b
WA THY, IL-6 X° IL-8, GROa 72 EDFEAZBNTFHFETLHZ LT, i
ERMESIE DB L TV A[6-8], IL-17F #~ U ADXEICIBREFEE ¥ 2
& RIBEDOUFHRERMERIENFHE I NDH[9], 7=, IL-17F i E<° COPD HE D
SUBETHEIINL, EIEE & LTS 2 LA BTV H[10-12], IL-17F DOElR
FEZMD—DTT I VBERAEED LR (7T188T/C) 134 Bl BT T
%<, hORE I HMERE OMEROKT & bEEL TWAD[13], 2 b DA
P25 IL-17F (3 B ORIELIRBICEH G- 2 HERKFDO—2THL LB BN
Do

RO TR IZEENICKGERES X 723720, [REWEICRIT 258
B OEENL, T E TEITHMAZ2IGERRICER S T& 7, Ll EFE0
WFFED & SGE IR i B & 25 IL-6 2 3o RIEMEY A DU A & pEAT D,

>%
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b7 =7 Z—flifa L L CRIERAE DR BICHEMRAIC G- 5 FR R S
N TE72[14,15], KJEFEFIIL IL-17F OZFIKTH 5 IL-17RA & IL-17RC
ZRBLTNDHZ NG, IL-17TF IZX DA M A I B N THA 520
BEEZ A L TWD Z BRI N DD, T OFEMIIAHTH 5[16], IL-17F DX
BRI 3 T 2% B2 62T 5 2 Lk, WiE. RIS EERE O e A
R LT 7= 2 BISKIRIE D X — 7y MR D[RR S H LB X DD,
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1-1 IL-17F 12 X A 50E B a5 D IL-6 D#F?

—_
AL
(0}
il

H 5L

AR D K 912 1L-6 (Fh B ORKIZE 5§ 2 HER KT+ ThH H[17], Wi EBHE O
MIERO5VE ST Tl IL-6 ORI TTHEL TRV | W B OB & HiH
B2 Z BN TWA[L8,19], F72 IL-6 15 E X B OB D —>TH D
RHEPEEEOTTHE L HEE L TV 5[20], > TROEHEFMIBICEK T 5 IL-6 FE
BOAN=AXLEZWRLITDHILITEETH D,

2. Hik
b S

EH e MOEEE MR (Walkersville) 20 L, WA SCEITHEW S O£ Hy
THIAE Lo, FEBRICITE 4 U E CoMfazFIH Lz,

IL-6 ™ mRNA J&HLAEAT
10-100 ng/ml @ IL-17F (R&D Systems) TH T a7z MIgolzt MR
VR AR 2 A UL 40 12, 24, 48 RefH] #4212 L 72, RNA fili 213 RNeasy
Mini Kit (Qiagen) % V72, 1 pg @ total RNA 72> ReverTra Ace qPCR RT Kit
(TOYOBO) % M »T cDNA ZAERLL | real-time PCR % JiifT L 7=,
TIA—ESNILL T DOE Y
IL-6 forward ; 5~ AAAGAGGCACTGGCAGAAAA-3’
IL-6 reverse ; 5’-CACCAGGCAAGTCTCCTCAT -3’
G3PDH forward ; 5>~ ACCACAGTCCATGCCATCAC -3’
G3PDH reverse ; 5’-TCCACCACCCTGTTGCTGTA -3’
BE BT G3PDH @fc &2 2> bur—/Ld LT AACHIETRI L2, fEFRIT
mean®SEM (n=6) TZit L7,



IL6 DX 2737 FEBUiFAT

10-100 ng/ml @ IL-17F TH 7 a7z MIg o=t MNROE iz
F L. 4, 12, 24, 48 FERIZICIEIL L7, [RIEEIZ 100 ng/ml @ IL-17A (R&D
Systems) Tt NGB EAMIEZ R L, 24 REMZICEIR Lz, 55% BB+ O
IL-6 #2113 1L-6 Elisakit (R&D Systems) THlE L 7z, 5 F1% mean*SEM (n=6)
THRiL L7,

VITAKF T yT 475D TAKL & NFkB O

b R ROE R AN 2 TAKL £ 7213 p65 @ siRNAs T 1 BFREIRTLEL L, Z D%
100 ng/ml @ IL-17F THIFE L7z, #MIafh i zZid L, 7.5-15% Tris-glycine
7)v (DRC) TESIKEN U721, polyvinylidene difluoride A > 7 L > (Bio-Rad)
~NERE LTz, A L7EHURIZLL T @@ Y, anti-TAK1 Ab, anti-phospho-TAK1 Ab,
anti-phospho-p65 Ab (Cell Signaling Technology) . anti-p65 (RelA) Ab (Santa Cruz

Biotechnology),

TAKI FHEIZ K 5 IL-6 HEOMKIzh AR

b NRGE TR Z TAKL BAEH] 5Z-7-Oxozeaenol (Sigma-Aldrich) & 7213
control vehicle (0.1% DMSO) T 3 IFRIFTLEL L, % D% 100 ng/ml @ IL-17F T
HE U7z, 24 pff% 10858 BiG 2RI L, IL-6 DX /37 FEBla 2 it L7z,
[FIREIC. B DXOE IR MIEIZ TAK] siRNAs (Santa Cruz Biotechnology) & L <
IZ control siRNAs (Ambion) B A L7, N7 A7 =7 3 2L HiPerFect
Transfection Reagent (Qiagen) % FV 72, 100ng/ml ® IL-17F THIL L, 24 KefE1%
IZEEFR BRI O IL-6 DX 237 3EBLE & fiFAT LT, #5513 mean=SEM (n=6) T
KL L7z,

NF«B 52 & 5 IL-6 & 0 Il h 5

b hAGE IR IR 2 NFeB FLEA] BAY 11-7082 (Calbiochem) F 713 control
vehicle (0.1%¢ DMSO) T 1 BEERTALE L, Z D% 100 ng/ml @ IL-17F THIPL L
oo 24 REfEIf2 1528 HIG AL L, IL-6 DX L /30 FEBLE 2 i LT-, RIEEIC,
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AR D FHETE MROEEIEAMIFEIZ p65 siRNAs (Santa Cruz Biotechnology) %%
A L7z, 100 ng/ml @ IL-17F CHIFK L. 24 FERIZICEE EET O IL-6 DX X
U BB AT LTz, A5 1E mean=SEM (n=6) TFKit L7,

SR HEAT
WERHIENTIZ 0 BT (ANOVA) THIE L, #E% %4 mean+SEM THit L7z, P
B2 0.05 Kz AR AEZDH D L ¥ L=,

3. AE
IL-17F 12 K % IL-6 DB T & # 3 7

b N&E AL A 10-100 ng/ml @ IL-17F TR 5 & IL-6 D& fn1 R H,
Wik E ST (Fig. 1A), IL-17F (301% 24 Bpfi] 2 ©— 27 12, REKFHIIZ IL-
6 DX Ny FEEZFHE LT (Fig. 1B), IL-17A & IL-17F & REEIZ, IL-6 DX
NI B Lz (Fig. 10),

IL-17F 12 X 5 TAK1 OIEMAL
IL-17F 12 X A% 10-20 432 £ — 2712 TAK1 OV Vb MR S, K
i 120 43 TYHR L7z (Fig. 2),

TAKI FREIC X 2 TL-6 R B DM 2h 3

TAK1 FHZEA| 5Z-7-Oxozeaenol 1% IL-17F (2 L 5 IL-6 DX /37 BB A RERK
TERICHNE L 7= (Fig. 3A). IC TAKI OKSEEZ L 0 2EMCHERT 5 7= DIC
siRNAs % W72 fEERBR 21T > 72, TAKIsiRNAs (250 & N&GE B
BT 5 TAK1 OFRBLUIINH <7z (Fig. 3B), F£72 IL-17F I2 X 5 IL-6 DFEHL L
Wb LT- (Fig. 30),



IL-17F |2 & % NF«xB (p65) OIEMEAL

IL-17F |2 L 2 Hili%# 10-60 43 C NFkB O 7= hTH D p65 ® U Rk
DIERS S AT, IS 120 43 TV L7z (Fig. 4A), RIZ TAK1 & NFkB ORI%
ERGET A7, b MRUE MDA TAKL siRNAs THIALE L 72142 NFkB
DV U bz R L7z, TAKI siRNAs (X IL-17F 12 X % p65 O U Rk 2 Hid] L
7= (Fig. 4B),

NF«B BHEIZ & 5 IL-6 FEBLOIMHIZhH

NF«B B BAY 11-7082 1L IL-17F 12 & 5 IL-6 O & /% 7 3830 & i FE (A 1Y)
(D L7z (Fig. 5A). IRIZ. NFxB DB 5-Z X0 FEMNZHERR 2 7212 siRNAs
HWIZRAEEBR A 1T 572, NFkB siRNAs (250 b NGB R ET S
NFkB O3HLTmH < (Fig. 5B). IL-17F (2 X 5 IL-6 OFH D L= (Fig.
5C),

%

4, B

AHFFEIZ LV IL-17F 23 TAKI-NF « B £ %2/ L C, KOE FIEiMiEm» s 1L-6
DRBEFET D ERH LN E o7, 72 TAKL BHEHRI2Y IL-17F (2 X % NF
kB DU UELEME L2 &S, TAKL X NF kB O BIRICALET 5 2 &0
st s e,

IL-17F OPEAFIITXOE AP AL Bk, IETHIflE, CD8'T Mliflars & 23
FNHILTWD N, EREAMAZIT Th17 MlaTH 5[6, 21-23], 5 EIFk %1%, IL-
17F 23 5GE R 2 5 IL-6 OFBLAZFHFEST 2 Z L2 60T L, IL-6 1%
B P ERMERIE A B L S E 5721 T2 <, RORyt #5525 Z & T Thl7 #
DI BN T H EHEARK S TH H[24], KIERIEIZBIT D IL-6 DREAMMIN
FHAONZESNTWRWA SEIOFERD G IL-17F (i U TRGE 18 i fia

HFEBEIND IL-6 NG LTWDZ EMNFE S, 2 OfEFR 5 Thl7
Al s KaE T EHMao 7 e A h—2 SF D | IL-17F I XV FHE Sz IL-6
23 Th17 MIIEA~D L ZRET D Z L CHRYT 4 77 4 — RNy 7 —T % T
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L. & 5725 Th17 IO SOGR % N S 5 Al REtERSHELE S iz, Z @ IL-17F/IL-
6 PRI D EBEME AR T 5722, invivo TOFTZ2BEENLEEND,

TAK1 (I MAP3K 7 7 X U —IZJ8 L. BRGESLESELHIET 2 2 & TR
TEOIREIZE G T 2 FENAHN TS, Kol EEMETIX, RS 7 A LA
FRIEE Y, 7 4 — PR T A7 EIC L0 TAK 1 OIEHAL S FHE S 5 [25,
6], BLRIEWZ L2 TAKL I EIME B D AT 1 A REOSMEICHEE L TV 5[27]. TR
JEPERE OIFE T CTAKIL 2 FLET 5 & MAPK R A 7 7 # —E Ol &/ L,
A7 aA RRISHENSEET 52 ENME SN TS, ZIVE TROE i ihH b
2B 5 TAKL OFEENIA LTS TZ0NARMIEIZ X W | IL-17F 2% TAK1 %
U U bT 5 Z ERRERR S NTe, ZhUE. TAKL 23 IL-17F #40 L7 XOERIED
HIENZ BT~ 2 I ERY R 1B IRAERY T 2 FIREME A2 "2 L T\ %, — 7, TAK] X° NF
kB OBEREZFAE L CTH, IL-17F IZ L D IL-6 OFRBNFERITITAE S Neho
Tzo TORGERIT REND Y 7T IARERBE O A Rett 2" L T\ %, IL-17F IZ &
% IL-6 DFEBLA I = X LAOFIICIZ S B R DN METH D,

f
5K
it

B

o
\

5. fd

AHFZEIC LV | IL-17F N5OE IR ARAIE D IL-6 ORI A2 FHE ST 5 Z &N
ST, F-FO3ELICIE,. TAKI-NFxB B 23BE 5 L Cv/=, IL-17F/IL-
6 RREENRE I BAT BN T, EE BB 2 72 LTV D RIREMED RIR S 37,



1-2 IL-17F 2 &k A2 5GE B fia) & O IL-8 DOifiE

EI=E=R
. 5=

PIZ IL-17F & IL-8 DBAFRIZ OV THRGEE L7z, B> K 512 IL-8 134FFEkD
FRVEEE, EME(LEEE AT, WEAFE S COPD FBFH CIIAGE W O 1L-8 I
FENERHLTWDZ LML TEY | XUEERGHMIEN S WS D IL-8 73,
OB DAFFERMERIEIZBI G- L T 5 ATREPE DS R X415 ([28-33], Lo L, KUE
TBFHAIIICIS 1T D IL-17F & IL-8 DEIRIZOW T L T2,

IL-17F O3 7 AR (X, ERK1/2 3 RO EE 72 7 RERE TH
HTEMHMBNTWD, —HTTRmMD Y7 T IRERIKITI G TR T, 34,
ITH, RNA R U A Z—8 11 (Polll) (2 X DIRED—FHE LD, &5 7R
BILAEERT v 7RA L N ThHDENPEIILTUVS[35], Polll i X 55
GEHAA . 20~60 Hi KL it C promoter-proximal pausing & FEEIL 5 #5750 — BE{E
LA Z %, ZHIUZIE. NELF =° DSIF & W\ o 7= A OFEIRFDI1E), EEDIE
OFEIRF 25 LTV 5[36], P-TEFb (%, NELF & DISF (2 Xk v &1k L 72855
MRZHEMAIEDL, BEELEEHZH- TWD,

P-TEFb (Z cyclinT1 & CDK9 IZ X VSN D ~T r X ~—Th ¥ Brd4 (T
L VHEIE SN TWA[37], £7=. P-TEFb OiFMALIZ CDK9 I L vl X T
%[38], L22L. IL-17F & P-TEFb O HRCAT v A ROFEEIZOWTIE, BIH
TR,
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2. ik
LR S

IER e MROEEEAI (Walkersville) 24 ] U IR SCEITHEVREFH O35
THAR LT, FEBRIZITH 4 UK ToMlazFIH Lz,

IL-8 ™ mRNA J&HLf#AT
10 ng/ml F£721% 100 ng/ml @ IL-17F TH 7 a7z MIizolzt MaUE
VB AR ARE & F U, Bk o> 515 T real-time PCR ZJiifT L7, 77 A ~—Hl%
IZLL o@Dy,
IL-8 forward ; 5°>-TCTGCAGCTCTGTGTGAAGG -3’
IL-8 reverse ; 5’-AAATTTGGGGTGGAAAGGTT -3’
G3PDH forward ; 5>~ ACCACAGTCCATGCCATCAC -3’
G3PDH reverse ; 5>-TCCACCACCCTGTTGCTGTA -3’
#551X mean = SEM (n=6) TFHKit L7,

IL-8 D& 237 SEEFRMT

10-100 ng/ml @ IL-17F Tk MXGE VR Z A L. 4, 12, 24, 48 I¢fil#%
(2B U7z, B5#E g o> TL-8 B 1% IL-8 Elisa kit (R&D Systems) CTHIE L 7=,
it J13X mean=SEM (n=6) TZHilt L7,

7TV = RIZ X % IL-8 FELO M h 3

bt NREEEGMAE AT e, RO 1>5THD 7T Y =K (Calbiochem) F
721 control vehicle (0.1%¢ DMSO) T 1 R FTLEE L. Z D% 100 ng/ml @ IL-
17F TR L7z, 24 BpI#2IC3E2E BIEZ2 BRI L, IL-8 O X /N7 JEHL& 2 fiffr
L7z, HE51E mean=SEM (n=6) THEit L7-,

VT AR LT yT 4 72X D CDK9 & NFkB Ofa
b FROEEEG A 100 ng/ml @ IL-17F THIE L7-#%. Bk FiETr
2B T T 4T R T, R LEHURIZLL TO®E Y,

11



anti-CDK9 Ab, anti-phospho-CDK9 Ab, anti-phospho-p65 Ab (Cell Signaling
Technology), Anti-p65 Ab, anti-B-actin Ab (Santa Cruz Biotechnology),

CDK9, cyclinT1 FHEEIZ X 5 TL-8 FELO i 2h R

b MRGE R AMEZ CDK9 BHEEA] CDKY inhibitor I (Calbiochem) 7213
control vehicle (0.1% DMSO) T 1 IFR]FTLEL L, £ D% 100 ng/ml @ IL-17F T
FIPE U7, 24 WA ICHE R EWE AR L, IL-8 DX v /X7 FEBLE 2 fiffT L7z,
[FERIC, RIR O FHETE MROEFEIEHAIALIZ CDK9 siRNAs, cyclinT1 siRNAs
(Santa Cruz Biotechnology) % L < i control siRNAs Z## A L. 100 ng/ml ® IL-17F
THIFR LTz, 24 W32 12855 BIE 2B L IL-6 O X /37 3B 2 fifhr LT,
6 31X mean=SEM (n=6) TZHil L7,

Brd4 |Z X % CDK9 D&M k., IL-8 FEELOIHIZh R

Al @ )55 T Brd4 @ siRNAs (Santa Cruz Biotechnology) % L < I& control
siRNAs Z# A L7=%. 100 ng/ml ® IL-17F T 24 KRS #1%4 L 7=, Brd4 7% CDK9 @
FELE IL-8 DX /NI BT H 2 2B % BGE LTz,

NF«kB BHEIZ X 5 IL-8 FEELOIHIZh F

b NROE TG 2 NFB FHEA] BAY 11-7082 (Calbiochem) = 7213 control
vehicle (0.1%0> DMSO) T 1 BEFTALEL L, % D% 100 ng/ml D IL-17F THIEL L
77, 24 R #2215 38 I AR L, IL-8 DX L /30 FEBL& & ffir LT-, RIEEIC,
AR O FFIETE MRGEEE A AAZIZ p65 siRNAs (Santa Cruz Biotechnology) % #%
A L. 100 ng/ml @ IL-17F THIPL% 24 Rtz I3 RiG&2 B L, IL-6 DX >
N BB AT LT, A5 1X mean®=SEM (n=6) TFid L7z,

B AR

SERHRNT X0 BT (ANOVA) THIE L., % mean=SEM CTHit L7z, P
23 0.05 K= AEAZH D L L7,

12



3. AER
IL-17F (2 £ % IL-8 Di&fn1- & & > /37 F8 8

b N &OE R A A 100 ng/ml @ IL-17F TR T 2 & IL-8 DS FIHN
SN 7o (Fig 6a), IL-17F (X4 24 B[ %2 ©— 27 12, BEKRFIC IL-8 O
B R FEBLEHE LT (Fig. 6b), 77 Y= KTt MNRUE VB & fiEl 4 %
& IL-17F IZ & % IL-8 OFBULIH =7z (Fig. 7).

IL-17F |2 X % CDK9 OiE AL
IL-17F 12 X A #i% %% 10-30 43 C CDK9 @V Vb3 R S iz, BOtiE 60 45
TYHL L7= (Fig. 8a),

CDK9 & cyclinT1 BLEIZ X 2 IL-8 FEEL DO HNHILh

CDKO9 BHEHAI CDKO inhibitor I1 | X IL-17F (2 X % IL-8 D& > /37 F& B & i L
7= (Fig. 8b), K IZ P-TEFb OFEREA L 0 FEMICHERE 95 72 91T siRNAs Z H W 2[R
LR Z1T - 7=, CDK9siRNAs 5 L W cyelinT1 siRNAs (2 L ¥ IL-17F (2 X 5 IL-
8 OIEBLIT NI S #v7=(Fig. 8c).

Brd4 (2 £ % CDK9 OiEMEAk, IL-8 FEELD Il h 5

RIZ Brd4 73 IL-17F (2 X% CDK9 DIEMEARIZ G- % 5 8B DWW TRRGE L 72,
Brd4 siRNAs |d IL-17F (Z X % CDK9 @V gk % #hifi L 7= (Fig. 8d), F7-. Brd4
siRNAs (X IL-17F {2 X % IL-8 DFEBLZ ] L 7= (Fig. 8c),

NF«B BHEIZ & 5 IL-8 R ELO M zh H

RIZ NFxB 23 IL-17F (2 L % IL-8 FEUZ 5 2 D52 BT DWW THRGE L 72, NFkB
FLEEH] BAY 11-7082 1X IL-17F 12X D IL-8 DX L X7 BB B E 5 2 72 ino
72 (Fig. 9a), [AIARIZ p65 siRNAs & IL-17F (2 X B IL-8 DX /X7 F8HL 2 i) L
7o 7= (Fig. 9b),

13



77 = RiZ X% CDK9 & NFkB D HllZh 3

b MNROBFEDMAE 77 Y = R TRIAET S & IL-17F 12X 5 CDK9 Y
Rt 23 il & 7= (Fig. 10a), — 5 T7 7 Y = RIXIL-17F IZ X % NFkB p65 D VU
R bz i L 72 2> - 72 (Fig. 10b),

4. BE
ARFFEIZ LV | IL-17F 7% Brd4-P-TEFb #& ZJr L T, XOE FIEfhlias o I0-

8 DIEHLZFHE S 5 HN R E N7, Brdd @ siRNAs 75 CDK9 DV U figfb Z 4 L
7= Z L2265, Brdd | P-TEFb @ _EJRICALIET 5 Z E BRI NTZ, S B2, 2L
FaxTrA RiX CDK9 OEMAZH4 2 Z & T, IL-17F (2 K % IL-8 Z i
L7z, UL EOFERD S Brd4-P-TEFb #RH8 1L GE IR AL 351F 5 IL-17F 12 &
5 IL-8 RBUCEE L EZ DD, BE T OIEEIIEMOEGMER T2 LV #
BEICHIE ST D [35], P-TEFb 1 IL-8 72 E DO RIEIC B 59 2 B in T DI B
HilZIB T, BELEZZX LTV 5[39], CDK FAEFEAITH 5 5,6-dichloro-1- B -D-
ribofuranosylbenzimidazole <° cyclinT1 @ siRNAs (7 > 7 7 A )L AT L 5 IL-8 ¥
BLaIH+ 5 Z LR LTV 5H[40], KaE _EZAa Tk, P-TEFb {X TNF-« (2
X5 IL-8 FEAIZHEES LT 5[39,41], — 7 CCDK9 ZPfHEL TH VA /L ARK
IZFB1F 2 IFN- B 3 BUTIHI S /2 [42], D Z & 936 P-TEFb (342 TO YA

NI A Tl RIEVEY A MU A L OEAICHEHEGTHRFTh D I &3 HEEE

bl

b,
AT, Brdd ZHET 5 L CDK9 DU b D Ir7g 59 IL-8 OFBHIMF
R X7z, Brd4 | RIEICEEGT D2 EmmbnTnbg, KoE bR

IX. RS A NVART 4 —B IR A2 LY Brd4 OIEMALNTHE S, KIE
AT 5[26,43], Brd4 X IL-1 B2 K 25 IL-8 FEAEICH B G LT 5[44], 7=,
Brd4 |35GE IR MR OHECH A N A VEEA L BN H H[45,46], =D
\ZBrd4 I BET 7 7 X U —IZJ& L T\W4 25, BET I& Thl17 fifd D53k 2 fil4# L T
W5[47, 48], LA D Z LD Brd4 13 Thl7 MIfRIGE ISR D EE/R X —7 v k
Thdre&E2DBND,
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BLRZRNEIZ IL-17F (ENFe B 2 U UL S B2 NF e B Z2fHE L TH IL-
17F |2 & % IL-8 DFBLIIH S e o7z, —MAIIZ, NF k B (X IL-8 D#E{E T
FIUCRHGT2LEZONTWVD N, ZOEENTHIIa-LCRIB ORI L0 £
% WREMEDS B 5 [49, 50],

ZHETILITF OV 7 FIVRERBKIZBIT 2 2T a X7 a A ROREIIH
HNTRMSTEN, AR TT 7 Y = KA CDK9 2|3 2 F T IL-17F IZ XL %
IL-8 DFEBAEMEIT 2 Z EEHLMI Lz, K0E EEMR T, arFaxTo
A RZZFED P-TEFb O IL-8 7' 1 — X —fHIRA~DFEG EHAT H 2 & B
SNTND[39], 2o mbarFarraAf Nkd IL-8 7 EORIEMEY
A N A > OIHNZIL P-TEFb N EE Th 5 AIREMED RIE I 47z,

5. fEwm

AMFFENZ L0 [ IL-17F BRGE RN S IL-8 OFRBEZFHFLET L Z L0885
T o Tz, E2FORBUTIL, Brd4-P-TEFb A 5- L CW\W e, £/marT
A A7 1A RiE P-TEFb DIEME(LAZIHI 2 Z & T, IL-17F (2L 2 IL-8 DI
Z M) U7z, TL-17F/IL-8 & 2N KV 30 B 72 & O RIEMER BRI WN T, HER
BB Folz LTV D AJREMEDS RIZ STz,
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o5 2 B MEASEMERUIREE IC B 1T D Nrf2 D#&HE]

S

.
[S]

Tl

A SN RV TILL T OMsRE 2 LT,

ARE
BAL
CFU
COPD
HO-1
IFN-y
IL
Keapl
LPS
MAC
Maf
MHC
MOI
NRAMP1
Nrf2
NTM
Thl
Th17

TNF-a

antioxidant responsive element
bronchoalveolar lavage

colony forming unit

chronic obstructive pulmonary disease
heme oxygenase-1

interferon-gamma

interleukin

kelch-like ECH-associated protein 1
lipopolysaccharide

Mycobacterium avium complex
musculoaponeurotic fibrosarcoma

major histocompatibility complex
multiplicity of infection

natural resistance-associated macrophage protein 1
nuclear factor erythroid 2-related factor 2
nontuberculous mycobacteria

type 1 helper T

type 17 helper T

tumor necrosis factor-a
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EI=E=R
. 5=

WhFEAERZMEDIIREAE (I NTM JE) &%, fSEEUAOPEEEIC LV 5| &Lz
SN HIBVENEI SREYLE TH 5, il NTMIEDFIKE T8 0 —9 0% %& 595
D 7% Mycobacterium avium complex (MAC)TH 5, Z Dfifi MAC JiE D M BT
MBI ® D28, FIE « A B = XA+ DICIA S TR LT, $1-F
BHIRIRIRIE b MESL S LTV RV, [51, 52], L L. EZHFZED S Bl oo Y
LMD MAC LT Lo W2 EAVEIBI LT 0 AT B2 OfE EX 723885 L T
W5 ZEMMHELE SN TUVD[53, 54], EERIT, FEIMERRHELE U MR B RE A
BIETR E DN OO B R BRI NTM JEDOFRIEIZEGT 2 Z &35 5
NTWB[55, 56], £/ 7 YV — LN OFEFI G i NTM E 35052 0k B %
RE. FE O DR 72 CEEORFPEE5 T2 2R FEETH D Z LA HER S
TWB[57],

~ U A& HWEMIETY | T-bet BinF (Thl fifdO~v A Z —L X a2 L —HF—)
KIE~ T A MAC Z B S E 25 & IFN-y OFEH & MAC OFRE B
PERTLHE S D, FIAUMERIC Th17 38 A Nl A OFEANTLHE L, #FFEk
PERAEDMIEHE 4L A (58], [AARIZ ROR-y t (Thl17 fifadD~AZ —L F 2 L —H
—) ZIBFIFEH S HE L, MORIEDMELE S D A HENC X% 5 L
WZERREENTWVWALS9], £-ER b MEoE ERGHIINIC MAC 288 S8 C
BT O MRARNTT 5 & | BRI B D 2 Bix FORBUR T & IL-32 72
EDIIEITE 0 2 BAR T DOFELTHEDFRD 5 5[60], LLEDFI RS | MAC
DREGEHI NI TAREERESS Thl 2 B L L7cfg ERENHETH D 2 & HRE
SND, = TMACHERE DL ITHRETFHNCH O R R 2 6727, T O
DJRK DEPFHELE S LT H[53, 54],

N2 (FHILDOEFEZHEFF T o~ A F — L X a2 L—F—Th b, IHEBLA |k
L ZEREE T CIL N2 [ L Keapl AR ZE L2 X T L 1bExi) 5 2 & T,
a7 7Y =M EVERPII R END, BPERH A N LR kA
ML RIZEDPIND & Nif2 1% Keapl 2> BEENEN~EBITT H[61], € D% Nif2
(37 Maf [KF & ~7m Z&KZER L, ARE Bd¥ &fE9 52 L THO-1 2 &
DFALA M VAR FZ 3 L, MRz k&S 2[62], F7o Nrf2 [EGLHIHEIC
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FEH72 Thl 0% OIS & BIE LT 5[63], EFEIC Nrf2 K~ 7 X2 LPS %
Beh9 5 L. RIECMBREENE(LT H[64], £z, HET RUERE, HEHE.
I ERE 70 & OMIE & Nrf2 KB~ D A ET D L, BAR~ T 2 LR LT
JEYL NS5 = L SR ST 5 [65-68], fEo T Nrf2 (R Ge il | B
B E R LTS RSN D,

MAC LRI CHIEE CTH D, fEEE & Nif2 & OBMRIZ OV TIE, Nrf2 12X Y
FHEINLHRENRIIREA NV ARFTHDH HO-1 ZRIB L7o~ 7 AL, fik
WS M2 T 2 e HESNTWND[69], — T, STDOH R TIE, Mk~ 2
17 7 — VBT D Nif2 OFFE PRGN BT 2 W OG22 1517 T\ 5
AREME b S SN TR Y | TR 2 Nrf2 OEENT 3 I ST
72UN70], F72. MAC BRI RIT D Nrf2 OKE G RIZIH SIS THARN,

Nrf2 (IS X 0 BEME T T2 FE /M5 TR Y, COPD CRIE iz,
ZIEMERFAVIE 72 & AL B9 5 B OBER R BRI L L CER ST
H[71], i MAC JERRE D%  IdEimE CTh b Z &b il MAC JEDHEREIZ Nrf2
ML TWHAEEEDL B X 5 25, LLENDG | i MAC SEDFIE - ERIZIH T
% Nrf2 OFEIZBH ST 57289, Nif2 K~ 7 X% 7z MAC &G D58
ZiTHoZ L& LT,

2. KHik

MAC

fili MAC JiE B3 H 3 D MAC HifE (M.avium.subsp.hominissuis) % THO WRAKES Hi
T 14 AR Lc, WELZHFHE L%, 135 £ T0CTHRFE L, EdH
DARBNTIRTTERIEIC L VIE Lz, SlEsRz T 7 ARE DT A Y —CTEM
L. 0.02%tween20 AV OIREARE KT 10 (574K L7z, IREIEZ 10 53 DB
AR U722, THI0 ETZE S Bl Uidias 24 72 W o4 $ (CFU) &2 JIE LTz,
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~ 7 A LGk

Nif2 KB~ v 213 FEFEE L 0 G S 7z[22, 23], [Al¥ 7 X% BALB/c ¥
7 AT 9 HARIThZ Y K LAHE L, BALB/c Nif2 KiE~ 7 A& /ERLLU7=, $4:
7 BALB/c ~ 7 AL Charles River 2Bl L7z, 8~12 DI~ o7 2|2 50
uL @ PBS (Z¥Ef#E L72 1X107 CFU @ MAC %R ERY: S&7-, SR ITFE &
? PBS 5 Uiz, WFZRIZHIE KF OB EBRGEIRE 2 885F L Tfr- 7=,

T3 PR

< I ANBII AR L, 4% /ST RV AT ILT e RTEER/NT 7 4 A
L7z, UIR1ERIE, ~~ ¥ Uy s AU Y CREME & FHN L7, PiFRE
Z 9% 72 Ziehl-Neelsen Yeta %177, F£7o, LA b L A OREREE 2 FEfh
T 572D 8-OHdg Yeta 4T - 72 GEMIX%ZIET %),

S iRl (BAL)

VT ACRE N = a— L EFEA L, Iml OAEFAEKE 6 [BIEA, BT 5 Z
& CRE MG 21T - 7=, Mtz MERFHER CHE L, 4 RAE TR
TARHTAEESET%, T4 774 v 7 G TR 2 380 L7z, F7-,
F =3 VYA TV MAC IDE G LTc i~ 7 v 7 7 — P OFRIG 23 L 72, [
BRICRUE MR VeI 2 i Dy Bt . VX VEET VT & RCREE LI~ 2
0Ty — Yk EnE MR TRIE LT,

RT-PCR

RNeasy mini kit (Qiagen) % AV T total RNA %, ~ 7 Afififfik. HDWIT~ D
Affif~/rnvm 7 7y —Y XD L7z, D%, High Capacity cDNA reverse
Transcription kit (Applied Biosystems) % VT ¢cDNA Z{/E#{ L 7=, qRT-PCR (2}
L Clx, Tablel D77 A ~—%F|H L. Quant800 (Thermo Fisher Scientific) % H
W CT 2 HE LIz, Fltfs1O%3UE, GAPDH ZWNEiE#E L L CTHW T,
AACT HEIC XV FHR LT,
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Thl YA kA > OFBURYT

YL 2 or H D~ 7 A5 ik &2 fH L. 75 U/ml @ =27 47— (type 1;Sigma)
Z T 37°C T 90 L U7z, 7B S fifd g 20pm D F A v Ay o
SrBfEf% . 25ng/mlPMA (Sigma) , 1 pg/mlionomycin (Sigma) , FHAHL 2 <7
A IL-2  (Peprotech) . X 0" 10 pg/mlbrefeldin A (Epicentre) I&#Z T 37°C. 4 I
WALERL U 7=, #HaZ 5T CD4 UK, $T TCRP Hifk TR mYL L, [EE %I Intraprep
permeabilization reagent (Beckman Coulter) % H W T AT 572, Z D%, it
IFN-y Htf& (Biolegend) TH:fta L. CD4 Bl T MifRIZ 51T 5 IFNy O R EL % fEtT
L7,

b A b L A~—J—DORIE

MIkRDF » b (OxiSelect TBARS Assay Kit, Cell Biolabs. Inc) % VT, ARE
b DO —iREIRBIEH CTH D~ T T B B (MDA) ORIEEIT-T-, H
BTy ho7'm hafEotz, BIb, KRG - B~ T ZD[Mi% 0.05 %
TF ke Fad s b=y (BHT) G4 PBS THREYFA A L72#%, 4C.
10000xg T 10 srfilizE 0 Lz, i ZENY L7 IZ A& O SDS Eik & TBA &
HBEMZTISCTI KA v FaX—h L, ~E/R LD FHERS
7=, TH ) — AR E1T 532 nm OWEEFHCHIE LT,

F 7z, MAEEA A2 VT DNA Befb#tfi~— 7 —TdH % 8-OHdg DHIE 21T
ST, NI T 4 E LMY R Z 4pm (2L, S LU THANT 7 4 v &
1To7c, ZD% 100 mM 7 = itk (pH 6.0) ZHWTEFL T T15%
LB 21TV PFURZIRTE(L L=, Y1/ 24t 8H-Ohdg Hiuik % FHW\ T 4CT—
WefOi: S, DAB ik Z2 WO THURHUR UG 2 FI# L LTz, &g 8-OHAG
MOt A FE T U o LT,
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i~ 27 v 77— O Hig

AR D I7HE TG, 2 7 AR O~ 7 A TRE IMaded 2170, 96well 7' L—
MZ 1X10° cell TODOMMAL 2 FERE L7, #EHE 1 REfH]#£1C PBS CTUEy L IEHEE M
JaZRELT, FEolcfilaz~r a7 7y — &l L7z, Ak 575 T RNA %
fhH L, RT-PCR %47~ 7=,

RNA-seq fi#tT

ARG - B 2 7 AR O~ 7 20O ikl &2 it L. TRIZOL Z H\ T Total
RNA Z 4 L7-, = D% RNA-seq (2 X U /a7 FE ORI 21T > 7= (n=3),
RNA-seq (3> < IX i-Laboratory LLP (Tsukuba, Japan) (ZZ&FE L. NextSeq500
(Illumina) Z MW\ TITo72, 3725, RNA-seq FENTHEFL 2> 5 FASTQ 7 7 A /b
TR, B2 O~ v AfREIC BT 2B FORRBELZHE L, 2O LT,
Yt OB AR < v Z AR & YL O Nif2 K~ 7 Z itk CEIic 738 &
D LLHEFRAT 21TV, False Discovery Rate (FDR) 0.01 LA 7> fold change 2.0 UL _E
AABICRBELH L TV LB LR LT, BonRALEHEEETY X b
Z M L T, Enrichment Analysis (=2 U v F X > MENT) %50 L7z (GO T
ERXA T = A M), GO AT L. Top gene suite % A\ T3 fE L

(http://toppgene.cchme.org) . 7N A 7 = A f##fT 1, IPA software (Intenuity Systems)

Ze T3 L7z,

t— b~ v 71X morpheus (https://software.broadinstitute.org/morpheus/) % F\>
TIERIL 7=,

e e AT
T — Z A LR ERR ZE (SEM) TRl L 7o, #Eat T I3 8o (ANOVA)
DT, Tukey DL EHILIET X N %177, 47313 Kaplan-Meier £ THEHT L |
log-rank test THIE 21T > 72, #altfEHT >~ 7 ~iE GraphPad Prism (GraphPad
Software, La Jolla, CA)Zf#i [l L7z, p<0.05 #HEZEH Y &Hkr L7,
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3. Fhk
Nrf2 |3 MAC &3 D P BIERZ TG 5,

Nif2 & MAC BEYEOFELZP LT 5780, YL O~ U ZADEFE A
7oo Nrf2 K~ U R MAC ZIERSHE L LY 4 » AR D~ U ADFELIN
RO SN FFAER D~ A CILEYS » A BT RIS LT (Fig.
11)e MAC %% 2 - 4 - 8 » A% O ik % Ziehl-Neelsen Y4 CHERT H &, W
NDOZA I ZIZBNTH Nrf2 K~ 7 AXBAR L0 b HIEZDHE I L T
V7= (Fig. 12A), [RIBEICIRYS 2 A 5 0 g (i « FTE - Plg) > CFU 1% Nrf2
K~ T ATHEIZHML Tz (Fig. 12B),

Nrf2 K4~ 7 A TITREGE 4 22 H LR, o RIEMIIZE ML, WEEEOTE
AR AT & 2T,

RIZ, MAC &G OffiR B 2 HE Yoo Takfiti L 72, BRI O~ o 2 fifiki ik
TiE. BY 2 7 A B0 o/ O RSB £ 5 KRIEMIZ M A58 072 (Fig.
13A), E7o. JH 2 » AL D N2 K~ 7 Ak Cix, BAR O~ 7 2 ikl
e L RS O REMEE AR S -, — 5T, R 4 » Atk 8 »A%D
Nrf2 K~ U AflifiCIx, BAEM O~ v AWk L i LT, o e
RN . RZFEOEMRAENRD BT,

MAC &Y 2 » H % OKE e i, B L0 iintk, 2 arhER
DENERBD TN, ~ T ADRHIZ L D EILRD 2> 7= (Fig. 13B),

Nrf2 [3hifi MAC ERIZEB W T, Thl A S A ORBUZEG L2y,

Nrf2 K~ 7 A CRYUEZMENTTHE L CO B RN E TR D720, B2 » A
B O~ U Ak 5 Total RNA ZHifitl L. real-time PCR T Thl ¥+ ~J A
DFHM 24T > 7o e 2 U A% OMFEARIZ IV T, KRGy = e —/L O fififd
% & Fe# L C, IFN-y mRNA, TNF-a mRNA, IL-12p40 mRNA DI O JUik % 78
W=, ~ T ADREIC L DEITRD o 7= (Fig. 14A), F7=. Y2 1 At
ORIz T, Zu—H% A 8 A~ U —"TCIFN-y %8325 CD4 [5Gt Y >3
Bk Z 5 L7, Real-time PCR OfE R A Sk LT, &Y 2 I H£ D Nirf2 X~ ¥
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A FHHARRIC BT D, IFN-y 2R3 2 CD4 51U o RERoEIA L, e 2 H A
BOBAEMD~ U AT 2 EE L TFIRAEEERD RN o1
(Fig. 14B),

Nrf2 (3 MAC JEZZ BN T, Bk A b L ADOREIUIZE G L

IITIEGUT K D b A b U ARUS 27l L7z, MAC &Y% 2 7 A 1% O il
A% HWT DNA b A b L A~—H—"Th 5 8-OHdg Z#Hlll L7z, &Iz XY
8-OHdg FRPEHILIZHEIN L7223, ~ 7 A D RMIC L 21T D e h» 1= (Fig.
15A), fEAH O 8-OHdg HMEMIR OFIG ZFHAIT 2 &L WTNDOREDO~ T R b
MAC J&GIZ L 0 80%LA E DR A 8-OHdg BHtE & 72 > TH Y £ 72 B D 5
WO A b L ARSI LTV 5 AR E 2 S 7= (Fig. 15B), F 7= kY
2 r RO~ U A0 kA fH L IFE MR b ORIFEYM Tho~vr Y7 v
T RERIE L722S, A< 2ilié Nef2 XK~ U AMiOI CIdFEEY
7o T (Fig. 15C),

N2 R~ 7 A TlE, AR~ 7 2 L g LT MAC BEEZIC LA F LA gk
REBHZ B D BIZ T (Nrf2, HO-1, NRAMPI) OFBLH T LT\ 5

IHETORRET, Nrf2 K~ 7 2 Tix MAC DOFERSZMEN L LR ZEIED
FEARZRD Tz, L L MAC OFEX Nrf2 18 X 2 BEYHIICEHE L S
Thl %A " AV EBEA LA L~ULIZOWTIR, v 7 ZADRMM A E A%
RO T2, MAC EYRITE T D Nif2 O&E 2 X0 FEMICRETT 2720, KK
B LN Y2 » A% O~ 7 ARk L Y RNA Z#iH L. RNA-seq (2 & 0 %
BB T O 217 - 1=,

YL 2 T A% OB AR~ o 2 O fiifk & Y 2 0 A %0 Nif2 K48~ 7 2 D fifi
FHAK D mRNA OIS B & % FLEgfENT L7-, FDR 0.01 UL, fold change 2.0 LA =%
RPN E &l 2 & A7 T 79 B OESEE A Sh e (RgEr4
W~ 7 2l & e THBLD T L T B a1 36 i, FELOREES L TV 2B s
T 43 ), ZO/FLNT 19 HOFBREEEST OB, AT =A12, 1%
WD E B 5T 572912, Enrichment Analysis (=2 U v F X > MENT) % hi
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1T L7,

£, GO T A AT L7=. MAC J&Y% 2 o AR AR~ 7 A [fi & i L C
Nrf2 K~ 7 AW CHBICERENTTE L T\, Bis 1 36 [H2HOWTHEI
Yy FEINT Yy 715D GOterm ZHiH L7c, £D%, 7 2TV —RHlITS
JAL72b D% Table2 (IR L7z, [FERIC, MAC JE&Y: 2 » A #RIZEFERI~ & i
EHHE LT N2 R~ U A THRICHBLME T L Tne, Bis T 43 {H %1
WTHRICZ VY v F SN by 7150 GOterm 2 L, 7 2 U —RIc%y
JAL7- (Table2), MAC &4 2 »» H£D Nif2 X~ 7 Z DTk, BAEM~ T
2O &l LT, b X b L ZAREREHICE D 2B Is FORBAMET LT
2o —H N2 R~ U 2O, AIRICEEET 2861041 20 OfiklZ B
T OB F ORI TTE L TV,

WIZ, 2O 719 HOBLETEZHANTANRAY = A T HHEIT L2, 2O 79 @D
B FHEIA RIS, LA R L AR, v~/ 07 7 —POFKEIZED L /3 A
VAl vy F I (Table 3),

Hx DEME T TO~ D AT 5, Bl FREOE (L /T 5720, Z
D719 EOEIETFEHNTEe— b~y 7P 2ER L= (Fig. 16), ol L7- 8k
b2 P L RICEADL AT Y — Y A MEHER L TWeEr T+ Th D SLCllal
(NRAMPI), HmoxI (HO-1), Nfe2l2 (Nrf2) 73 MAC JE&URIZ KV 558 415 53, Nrf2
K~ A CTIEEAR T Al L RTINS OBEFREAMIMETH D =
& DR ST,

i~ 27 a7 7 — 1L Nrf2 29EME b L. NRAMP1 2 %8355 35 2 & T MAC
DRGEHIENC FF 535

RNA-seq DFfERDOZYMERIET H72DIC, MAC &Y 2 » Atk D~ T A5
fififd~ 27 17 77— % L real-time PCR ¢ mRNA ORI A f#HT L7=, RNA-
seq DFEF & FIERIZ, MAC &I L W NRAMP1 OB FAEBLGHE S L7273,
Nrf2 R~ U A TIIHEBANEME TH - 72 (Fig. 17A), — . HO-1 OBIs 1551
L N2 R~ A L Ebifg UCEARITILE LT ey, BG83
2o T, Nrf2 OEIGFREITE AR~ o 2 TIREYC L v JTE L, Nif2 K8
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<~ U AT SN2 Tz, £72 MAC 1T L~ 27 v 7 7 — Y OEIA
EIHARD L Nif2 KB~ A CIEEAR L I L Cififd~7 v 7 7 —YNICE
B MAC HZiRD7- (Fig. 17B), filild~7 v 7 v — V% E M CHET 5
L. BARy AOf~v /a7y — U TET 7y 3 Y Y —AREE L. MAC
a2 RE SN A RENBIE SR N2 K~ 7 2 TIEERD b 7= (Fig.
17C) s LA EDFER I | MAC OFREEZMEDOHIEIZ T~ 7 v 7 7 — Ik
I7 % NRAMP1 OFRBINEETH Y | Nrf2 25 NRAMP1 OFFEICE 5 L TW 5 A|
REPERHERZ STz,

B
2
R

ARFFEIZ L VD . Nrf2-NRAMP1 #&#25 MAC B OHIBENCFHF S LT\ D Z &0
O E o7z, Nif2 KB~ 7 A FBFAER L g LT, MAC Bk F I T
L7z, F N2 K~ U AT EEBSNOEEN ML, WEFEOTER A2
RO, —J7, YO Thl YA N A VREASEEA NV ADOREIZE L
TIE, BAR~ D 2 fifil N2 R~ U A CTHERZZRBORN T, YL
KRR Z 31T D FBIEE B OMEREMAT ORE RS, Nif2 R~ 7 AT,
AR~ 7 A & g LT, NRAMPL ORBIBME T LTWD Z ERgoiz,
IHIT, Nif2 RE~ U ZDfilifld~ 7 v 77—V 3B AR~ 20~ 7 v~
77—V L il LT, MAC Ytk O NRAMP1 OFEHAME T LCU /=, Nrf2 K48
~ U ADNifa~ 7 17 7= Tk, MAC RGO 7 7 2V VY — LAOREVE R
Do oTz, LEOZ ES, MAC OBGHIEC I~ 27 7 —U N
2B T 25 Nif2 OFEMEALIS KON, NRAMP1 OFFENEE CTHDH EE 2 LT,

Nrf2 D3 EYUE ORI EE CTH 5 Z SIZLFI b A STV 5[72], L»
L. TOWMERBEFFITA G TRS, ThE TOWMEDZE < 25 Nrf2 OEEREIKT
PEEALA B L ZARRIED AL & | MHRRIEECEIEAFHET 2 2 & TG %
HWBEIELEBREINTND, fIzIE, N2 KIEv DU XZLPS 2535 &
TNF- o & R & LT Fl 72 RNE L IEMERER N FE S, AR~ R gL
T, FHNTIELT T 5[64], Nrf2 RIE~ 7 AR EKE 2 Y S & 2 & AP ek R
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JENEAL U7zfb R, AR~ X LT, BT T 5[68], £7-. FEiZlC
B Lle~v7m 77—V N2 IEHERITH D NAC 2535 &, kA b
A LHIRSEZ BT 5 2 & T, MEEOMINAMmA 5D 2 ERRE ST

5[73], BAEND | Nrf2 DRIECERIL A b L 2 ZHET 5 2 & T, EYYE O il 1]

BT TNDZENEMTE D, UL, 40O MAC BEEOFFEIZEB

 RUE S RRE R 0D S SE AR RS0 i YR B D RIEME Y A R A v DiE
IR, LA R VALV ERRGE LT, ~ 7 ADO R CHE R ZE2R
DI T, & T CREYRTHERE O BAR 1R B2 AN L. Nrf2 12 Xk 287
7= 72 R YR BEREAE & LT Nrf2-NRAMPI1 #RBSICIEE 95 2 E R AEEIC /R o 72,

Nrf2 1%, FB{E A F LA FIZE2 D & HO-1 72 8D kkx Bk A K L&
KFZ25F8ET 5, —FH T, N2 BNEHELEND &, v U A7/ r7 7 —IYRIC
BWT, “MMERE AR O LK TH 5 ferroportin-1 35 L TN NRAMP1 23 i5E

END T ENFRENTWS[74],

NRAMP1 [ ZHIfEN Fe* OlE 2B 5 Z & v NRAMPI (2 K 25 8:(CHT & A
FIIC BT 28 E RN B D, Fil 21X, NRAMPL [£7 7 =Y — AICEREHLY
AHRT 2 NUBIRTHEZZT E VWO RERH H[75-77]. —FH. KxHZ
NRAMP1 3 8kzE 7 7 3V — LM L CHIEIZREE 5 2720 K DL, Jikigs
FlEZIT>TWD ENWIHELH Y . T OFEMITI L TR [78-82], — fffi i
BeRomiktkes L ToRE LI E NRAMPL OERIZZE TH Y &
JEME A N 1A R MHC class 2 DFEAIZE D 5720 . NRAMPL B & 3 EE{LA
FLZADFHEHIZHHFE LTS ET5HESHD[83-85], & HIZ, MAC YT
BT, NRAMPl BN~ 077 —IHNO7 7 3 VY —AORE « VL2
LR MAC B AT 2 2 & b lE SN TV 5H[86], B MW TIL,
NRAMPI F&IGFDRBUB D 2 BZF LN VTR T | R D FIE &
RBIHEN S D 2 E DN HEER STV D [87, 88], F7=. NRAMPI i&is+ 13/l MAC JiE
DFEBBEZ BB T L LTHHE STV 589, 90],

ARG T Nef2 REE~ 7 AT AR~ 7 2 & g LT, MAC &4 1% O NRAMPI1
DOFENKMETH -T2, S HIZ, Nrf2 12X 5 NRAMP1 ORELFHE IR~ 7
177 —URE5 LT\, v 7 r 77— MAC % & T PN %A B8 o il i)
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DETH D, o N2 OFERBHMIIL, ~/rn 77— THDH[71,91], Lk
DX 912, MAC &G OHIHIZ NRAMP1 23B5 I < = &1 ZBE#RD 5B & 20
Thb, Nrf2 ODRE, ZOREAE L H NRAMPL OFITUL A Nrf2 KB~ 7 A

2B D MAC EGUEZED TTED R ROBH L E 2 b b,

Nrf2 OFEHL & BEREITMEIC L > THIERT T2 Z L mE S TW5H(T71, 92,
Jifi MAC JiESBF X @l E 23 2% < | MERIZ £ 5 Nrf2 OFEHUK T NRAMP1 OF 51
ZIRTSHEDZ LT MAC OFEBEZMEICTE LTV D AR b HERE I D,
MAC EY=IZ551F 5 Nrf2-NRAMP1 #&# 0 & ZME & stk 5 2z R4 5 7=
WIZ, SHBITCBBEENEEN S,

5. fn

ARWFZEIT LD . Nrf2 28 MAC OGRS EICETE 5T 5 ENRHBENE o T2,
F 72 Nrf2 12 K& 5 MAC OJEGEHIEICIE, M~ 2 a7 7 —281F %5 NRAMPI
DFENEFTLLEEZZ LD,
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3 E K

%1 BCTIIREOREBESGEREEERTH 2KE IR LT, IL-17F &

SOETIEICERZ HTT, in vitro DS B EIT - 72, BEAEM B
ERMERIEDNBE G- T 5 Z EMFIHILTWD N, ZOFEMIZA LN Thnotz, £,
IL-17F IXESEMEICR 535 Z LR BLN TV DN, ZOKEIZAHTH 72,
ABFFRIZ L0 OB EE AR 3T D IL-17F O 7= 7216 & L T, TAK1-NF«xB
PR A LT IL-6 O3BLAFHET H 2 & Brdd-P-TEFb #%# % L T IL-8 D3
BREFHETHZ 2B 6T L (Fig 18),

IL-17A B X OVL-17F 2% — 5 > b & U7 PR AN I O B R BR A3 HEL T
Th b, REW2EDOIFHERMEZR B TH HRMECE LT, $LIL-17 iR ofF
SPENFERA SNERNTHIAS SN TV D, —F TREIMmEICE L Tk, £
DNRILRERI T o7z, T OFERIT, AV BT I 1T 22, TaR O #EHR S
AR LIZS D LB Z BIND, AT I PERME O KOE RAEHDMENL 72 B R 4 3
BT 578 LT, IL-17 [REO RN @ WER 2385 LREtT 2 L8R3 H 5, IL-
17F O E % X0 3EICRFTT 5729, invivo TOT 7 —F /s L T & /-
VY,

952 FECIIRENRIBIERYED —>TH 5 i MAC JEIZEI L C, Hilgfb 2 k
L AKF Nrf2 (TR A2 & T T Z T o 7o, T ORER. Nrf2 13X MAC DG4
G LD Z e, £72 N2 1255 MAC OFE ICIEMild~7 v 77—
BT 5 NRAMPl ORBFENEETH D Z 25T Lz (Fig 19), B85
HWAERE Cdh D MAC IZXF LT, 228 MAC JEZFIET DA & E 9 TRVAD
D0y, EOFERIEI 22T, ARIFIEN D MAC DD A J =X Lk
L T, NRAMP1 DR EL - B§REAK FIZ B 585 72U 2 T, INEsiZ £ 5 Nrf2
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Table 1

Primers used for RT-PCR

Primer Target

GAPDH
IFN-y
1L-12p40
TNF-a
HO-1
Nrf2

NRAMP-1

Sequence

51_
5!-
51_
5!-
51_

CCGCATCTTCTTGTGCAGTG-3" (forward)
CGTTGATGGCAACAATCTCC-3" (reverse)
CACGGCACAGTCATTGAAAG-3" (forward)
TCTGGCTCTGCAGGATTTTC-3" (reverse)
TGGTTTGCCATCGTTTTGCTG-3" (forward)

5"-ACAGGTGAGGTTCACTGTTTCT-3" (reverse)

5!-
5!-

CCCTCACACTCAGATCATCTTCT-3" (forward)
GCTACGACGTGGGCTACAG-3' (reverse)

5"-AAGCCGAGAATGCTGAGTTCA-3" (forward)

5!-
51_
5!-
5!-
5!-

GCCGTGTAGATATGGTACAAGGA-3' (reverse)
CTTCCATTTACGGAGACCC-3' (forward)
GAGCACTGTGCCCTTGAGC-3' (reverse)
GCAGGCCCAGTTATGGCTC-3" (forward)
CAGGCTGAATGTACCCTGGTC-3' (reverse)
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Table 2

The top 15 significantly enriched GO terms for upregulated or downregulated genes in the lungs of Nrf2 deficient mice as compared with those of WT mice,

at 2 months after MAC infection.

downregulated GO terms in Nrf2-/- mice compared with WT mice

category 1D Go term gene name
GO0:0016491 oxidoreductase activity BLVRB,SRXN1,HMOX1,IDO1,CREG1,NDUFS5ACOXL,PRDX1,A0X1
GO:0055114 oxidation-reduction process BLVRB,SRXN1,HMOX1,IDO1,CREG1,NDUFS5,ACOXL,PRDX1,A0X1

Response to G0O:0006952
oxidative stress  GO:0006979

defense response
response to oxidative stress

OAS1,HMOX1,CLEC6A,SLC11A1,IDO1,CLEC4D,NFE2L2,VNN1,CD163L1,PRDX1,A0X1
SRXN1,HMOX1,SLC7A11,NFE2L2,VNN1,PRDX1

G0:0043619 regulation of transcription from RNA polymerase II HMOX1,NFE2L2
promoter in response to oxidative stress
G0:0033015 tetrapyrrole catabolic process BLVRB,HMOX1
G0O:0006787 porphyrin-containing compound catabolic process BLVRB,HMOX1
Heme metabolism G0:0042167 heme catabolic process BLVRB,HMOX1
GO0:0020037 heme binding HMOX1,IDO1,PRDX1
GO:0046906 tetrapyrrole binding HMOX1,IDO1,PRDX1
GO:0051139 metal ion:proton antiporter activity SLC11A1
Membrane G0:0046149 pigment catabolic process BLVRB,HMOX1
transport G0:0009055 electron transfer activity IDO1,ACOXL,AOX1
. G0:0046983 protein dimerization activity HIST1H2AG,HIST1H2BM,HMOX1,SLC11A1,NRN1,HIST1H4J,NFE2L2,PRDX1
protein G0:0032993 protein-DNA complex HIST1H2AG,HIST1H2BM,HIST1H4J NFE2L2
upregulated GO terms in Nrf2-/- mice compared with WT mice
category ID Go term gene name
G0:0006936 muscle contraction ACTC1,ACTG2,KCNE2,ADRA1A,ACTN2,CAV1
G0:0070252 actin-mediated cell contraction ACTC1,KCNE2,ACTN2,CAV1
GO:0060048 cardiac muscle contraction ACTC1,KCNE2,ADRA1A,CAV1
Muscle GO0:0003012 muscle system process ACTC1,ACTG2,KCNE2,ADRA1A,ACTN2,CAV1
G0:0030048 actin filament-based movement ACTC1,KCNE2,ACTN2,CAV1
GO:0098900 regulation of action potential ADRA1A,CAV1,HCN1
G0:0001508 action potential KCNE2,ADRA1A,CAV1,HCN1
G0:1901380 negative regulation of potassium ion transmembrane transf KCNE2,ACTN2,CAV1
G0:1901979 regulation of inward rectifier potassium channel activity KCNE2,CAV1
Ion transport G0:2001257 regulation of cation channel activity KCNE2,ACTN2,CAV1,HCN1
G0:0043267 negative regulation of potassium ion transport KCNE2,ACTN2,CAV1
G0:2001259 positive regulation of cation channel activity KCNE2,ACTN2,HCN1
GO0:1901016 regulation of potassium ion transmembrane transporter act KCNE2,ACTN2,CAV1
Cellular GO:0005811 lipid droplet PLIN4,CAV1,PLIN1,CIDEC

component G0:0090131

) 15 significantly enriched GO terms for upregulated or downregulated genes in the infected lungs of Nrf2 deficient mice as compared with those of WT mice were classified into related functional cate

mesenchyme migration

ACTC1,ACTG2
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Table 3

Ingenuity Canonical Pathways

-log(p-value) p-value

gene name

NRF2-mediated Oxidative Stress Response
Heme Degradation

Remodeling of Epithelial Adherens Junctions
Caveolar-mediated Endocytosis Signaling
Fcy Receptor-mediated Phagocytosis in Macrophages and Monocytes
VEGF Signaling

Integrin Signaling

Choline Degradation I

Virus Entry via Endocytic Pathways

Paxillin Signaling

Mechanisms of Viral Exit from Host Cells
Iron homeostasis signaling pathway
Phagosome Maturation

Epithelial Adherens Junction Signaling
Nicotine Degradation III

5.35
4.22
2.84
2.81
2.46
2.23

2.2
2.19
2.16
2.13
2.11
2.01
1.92
1.88
1.85

4.5E-06 GSTA3,ACTC1,A0X1,PRDX1,HMOX1,ACTG2,NFE2L2
6.0E-05 BLVRB,HMOX1

1.4E-03 ACTC1,ACTN2,ACTG2
1.5E-03 CAV1,ACTC1,ACTG2
3.5E-03 ACTC1,HMOX1,ACTG2
5.9E-03 ACTC1,ACTN2,ACTG2
6.3E-03 CAV1,ACTC1,ACTN2,ACTG2
6.5E-03 CHDH,

6.9E-03 CAV1,ACTC1,ACTG2
7.4E-03 ACTC1,ACTN2,ACTG2
7.8E-03 ACTC1,ACTG2

9.8E-03 CYBRD1,SLC11A1,HMOX1
1.2E-02 DYNLT1,CTSK,PRDX1
1.3E-02 ACTC1,ACTN2,ACTG2
1.4E-02 AOX1,A0x3

The top 15 significanlty enriched canonical pathways in the lungs of Nrf2 deficient mice as compared with those of WT mice, at 2 months after MAC infection.

49



10.

11.

12.

13.

Brusselle, G. and K. Bracke, Targeting immune pathways for therapy in asthma
and chronic obstructive pulmonary disease. Ann Am Thorac Soc, 2014. 11 Suppl
5: p. S322-8.

Wenzel, S.E., et al., Bronchoscopic evaluation of severe asthma. Persistent
inflammation associated with high dose glucocorticoids. Am J Respir Crit Care
Med, 1997. 156(3 Pt 1):p. 737-43.

Woodruff, P.G., et al., Relationship between airway inflammation,
hyperresponsiveness, and obstruction in asthma. J Allergy Clin Immunol, 2001.
108(5): p. 753-8.

Gold, D.R. and A.L. Fuhlbrigge, Inhaled corticosteroids for young children with
wheezing. N Engl J Med, 2006. 354(19): p. 2058-60.

Hastie, A.T., et al., Biomarker surrogates do not accurately predict sputum
eosinophil and neutrophil percentages in asthmatic subjects. J Allergy Clin
Immunol, 2013. 132(1): p. 72-80.

Kawaguchi, M., et al., Identification of a novel cytokine, ML-1, and its expression
in subjects with asthma. J Immunol, 2001. 167(8): p. 4430-5.

Kawaguchi, M., L.F. Onuchic, and S.K. Huang, Activation of extracellular signal-
regulated kinase (ERK)1/2, but not p38 and c-Jun N-terminal kinase, is involved
in signaling of a novel cytokine, ML-1. J Biol Chem, 2002. 277(18): p. 15229-32.
Kawaguchi, M., et al., Induction of C-X-C chemokines, growth-related oncogene
alpha expression, and epithelial cell-derived neutrophil-activating protein-78 by
ML-1 (interleukin-17F) involves activation of Rafl-mitogen-activated protein
kinase kinase-extracellular signal-regulated kinase 1/2 pathway. J Pharmacol Exp
Ther, 2003. 307(3): p. 1213-20.

Oda, N., et al., Interleukin-17F induces pulmonary neutrophilia and amplifies
antigen-induced allergic response. Am J Respir Crit Care Med, 2005. 171(1): p.
12-8.

Kawaguchi, M., et al., IL-17F sequence variant (His161Arg) is associated with
protection against asthma anda antagonizes wild-type IL-17F activity. J Allergy
Clin Immunol, 2006. 117(4): p.795-801.

Al-Ramli, W., et al., T(H)17-associated cytokines (IL-17A and IL-17F) in severe
asthma. J Allergy Clin Immunol, 2009. 123(5): p. 1185-7.

Chang, Y., et al., CD8 positive T cells express IL-17 in patients with chronic
obstructive pulmonary disease. Respir Res, 2011. 12: p. 43.

Kawaguchi, M., et al., IL-17F sequence variant (His161Arg) is associated with

50



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

protection against asthma and antagonizes wild-type IL-17F activity. J Allergy
Clin Immunol, 2006. 117(4): p. 795-801.

Elias, J.A., et al., Cytokine- and virus-stimulated airway smooth muscle cells
produce IL-11 and other IL-6-type cytokines. Am J Physiol, 1997. 273(3 Pt 1): p.
L648-55.

Perry, M.M., et al., Airway smooth muscle hyperproliferation is regulated by
microRNA-221 in severe asthma. Am J Respir Cell Mol Biol, 2014. 50(1): p. 7-
17.

Chang, Y., et al., THI7 cytokines induce human airway smooth muscle cell
migration. J Allergy Clin Immunol, 2011. 127(4): p. 1046-53.e1-2.

Rincon, M. and C.G. Irvin, Role of IL-6 in asthma and other inflammatory
pulmonary diseases. Int ] Biol Sci, 2012. 8(9): p. 1281-90.

Dixon, A.E., et al., Lower airway disease in asthmatics with and without rhinitis.
Lung, 2008. 186(6): p. 361-8.

Dixon, A.E., et al., Effect of obesity on clinical presentation and response to
treatment in asthma. J Asthma, 2006. 43(7): p. 553-8.

Neveu, W.A., et al., IL-6 is required for airway mucus production induced by
inhaled fungal allergens. J Immunol, 2009. 183(3): p. 1732-8.

O'Brien, R.L., C.L. Roark, and W.K. Born, IL-17-producing gammadelta T cells.
Eur J Immunol, 2009. 39(3): p. 662-6.

Ciric, B., et al., IL-23 drives pathogenic IL-17-producing CDS8+ T cells. J
Immunol, 2009. 182(9): p. 5296-305.

Bettelli, E., et al., Reciprocal developmental pathways for the generation of
pathogenic effector TH17 and regulatory T cells. Nature, 2006. 441(7090): p. 235-
8.

Ghoreschi, K., et al., Generation of pathogenic T(H)17 cells in the absence of
TGF-beta signalling. Nature, 2010. 467(7318): p. 967-71.

Dey, N., et al., TAKI regulates NF-KappaB and AP-1 activation in airway
epithelial cells following RSV infection. Virology, 2011. 418(2): p. 93-101.

Yun, Y.P, et al., Induction of nuclear factor-kappaB activation through TAK1 and
NIK by diesel exhaust particles in L2 cell lines. Toxicol Lett, 2005. 155(2): p. 337-
42.

Goleva, E., et al., The effects of airway microbiome on corticosteroid
responsiveness in asthma. Am J Respir Crit Care Med, 2013. 188(10): p. 1193-
201.

Ordonez, CL., et al., Increased Neutrophil Numbers and IL-8 Levels in Airway

51



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Secretions in Acute Severe Asthma. Am J Respir Crit Care Med, 2000.
161(4):1185-90.

Stanescu, D., et al., Airways obstruction, chronic expectoration, and rapid
delicline of FEVI in smokers are associated with increased levels of sputum
neutrophils. Thorax, 1996. 51(3):267-71.

Saetta, M., et al., Inflammatory Cells in the Bronchial Glands of Smokers with
Chronic Bronchitis. Am J Respir Crit Care Med, 1997. 156(5):1633-9.

Henness, S., et al., IL-17A4 acts via p38 MAPK to increase stability of TNF-alpha-
induced IL-8 mRNA in human ASM. Am J Physiol Lung Cell Mol Physiol, 2006.
290(6): p. L1283-90.

Pera, T., et al.,, Role for TAKI in cigarette smoke-induced proinflammatory
signaling and IL-8 release by human airway smooth muscle cells. Am J Physiol
Lung Cell Mol Physiol, 2012. 303(3): p. L272-8.

Watson, M.L., et al., Interleukin 8 and monocyte chemoattractant protein 1
production by cultured human airway smooth muscle cells. Cytokine, 1998. 10(5):
p. 346-52.

Ota, K., et al., Potential involvement of IL-17F in asthma. J Immunol Res, 2014.
2014: p. 602846.

Shao, W. and J. Zeitlinger, Paused RNA polymerase Il inhibits new transcriptional
initiation. Nat Genet, 2017. 49(7): p. 1045-1051.

Yamaguchi, Y., et al., NELF, a multisubunit complex containing RD, cooperates
with DISF to repress RNA polymerase 2 elongation. Cell, 1999. 97(1):41-51.
Jang, M.K., et al., The bromodomain protein Brd4 is a positive regulatory
component of P-TEFb and stimulates RNA polymerase Il-dependent transcription.
Mol Cell, 2005. 19(4): p. 523-34.

Zhou, M., et al., Tat modifies the activity of CDK9 to phosphorylate serine 5 of
the RNA polymerase Il carboxyl-terminal domain during human
immunodeficiency virus type 1 transcription. Mol Cell Biol, 2000. 20(14): p.
5077-86.

Luecke, H.F. and K.R. Yamamoto, The glucocorticoid receptor blocks P-TEFb
recruitment by NFkappaB to effect promoter-specific transcriptional repression.
Genes Dev, 2005. 19(9): p. 1116-27.

Li, L.L., et al., Positive transcription elongation factor b (P-TEFb) contributes to
dengue virus-stimulated induction of interleukin-8 (IL-8). Cell Microbiol, 2010.
12(11): p. 1589-603.

Barboric, M., et al., NF-kB binds P-TEFb to stimulate transcriptional elongation

52



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

by RNA polymerase 2. Mol Cell, 2001. 8(2):327-37.

Tian, B., et al., CDK9-dependent transcriptional elongation in the innate
interferon-stimulated gene response to respiratory syncytial virus infection in
airway epithelial cells. J Virol, 2013. 87(12): p. 7075-92.

Tian, B., et al., BRD4 Couples NF-kappaB/RelA with Airway Inflammation and
the IRF-RIG-I Amplification Loop in Respiratory Syncytial Virus Infection. J Virol,
2017. 91(6).

Khan, Y.M., et al., Brd4 is essential for IL-1beta-induced inflammation in human
airway epithelial cells. PLoS One, 2014. 9(4): p. €95051.

Perry, M.M.,, et al., BET bromodomains regulate transforming growth factor-beta-
induced proliferation and cytokine release in asthmatic airway smooth muscle. J
Biol Chem, 2015. 290(14): p. 9111-21.

Clifford, R.L., et al., CXCLS8 histone H3 acetylation is dysfunctional in airway
smooth muscle in asthma: regulation by BET. Am J Physiol Lung Cell Mol Physiol,
2015. 308(9): p. L962-72.

Cheung, K., et al., BET N-terminal bromodomain inhibition selectively blocks
Thl7 cell differentiation and ameliorates colitis in mice. Proc Natl Acad Sci U S
A, 2017. 114(11): p. 2952-2957.

Mele, D.A., et al., BET bromodomain inhibition suppresses THI7-mediated
pathology. J Exp Med, 2013. 210(11): p. 2181-90.

Kim, J., et al., Role of NF-kappa B in cytokine production induced from human
airway epithelial cells by rhinovirus infection. ] Immunol, 2000. 165(6): p. 3384-
92.

Cormet-Boyaka, E., et al., An NF-kappaB-independent and Erkl/2-dependent
mechanism controls CXCLS8/IL-8 responses of airway epithelial cells to cadmium.
Toxicol Sci, 2012. 125(2): p. 418-29.

Mirsaeidi, M., et al., Hospital costs in the US for pulmonary mycobacterial
diseases. Int ] Mycobacteriol, 2015. 4(3): p. 217-221.

Marras, T.K., et al., Isolation prevalence of pulmonary non-tuberculous
mycobacteria in Ontario, 1997 2003. Thorax, 2007. 62(8): p. 661-6.

Reich, J.M. and R.E. Johnson, Mycobacterium avium complex pulmonary disease.
Incidence, presentation, and response to therapy in a community setting. Am Rev
Respir Dis, 1991. 143(6): p. 1381-5.

Prince, D.S., et al., Infection with Mycobacterium avium complex in patients
without predisposing conditions. N Engl J Med, 1989. 321(13): p. 863-8.
Knowles, M.R., M. Zariwala, and M. Leigh, Primary Ciliary Dyskinesia. Clin

53



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Chest Med, 2016. 37(3): p. 449-61.

Martiniano, S.L., J.A. Nick, and C.L. Daley, Nontuberculous Mycobacterial
Infections in Cystic Fibrosis. Clin Chest Med, 2016. 37(1): p. 83-96.

Szymanski, E.P., et al., Pulmonary Nontuberculous Mycobacterial Infection. A
Multisystem, Multigenic Disease. Am J Respir Crit Care Med, 2015. 192(5): p.
618-28.

Matsuyama, M., et al., Role of Th1/Thl7 balance regulated by T-bet in a mouse
model of Mycobacterium avium complex disease. J Immunol, 2014. 192(4): p.
1707-17.

Matsuyama, M., et al., Overexpression of RORgammat Enhances Pulmonary
Inflammation after Infection with Mycobacterium Avium. PLoS One, 2016. 11(1):
p. €0147064.

Matsuyama, M., et al., Transcriptional Response of Respiratory Epithelium to
Nontuberculous Mycobacteria. Am J Respir Cell Mol Biol, 2018. 58(2): p. 241-
252.

Zhao, H., et al., The role of nuclear factor-erythroid 2 related factor 2 (Nrf-2) in
the protection against lung injury. Am J Physiol Lung Cell Mol Physiol, 2017.
312(2): p. L155-L162.

Zhou, Y., et al., The Bach Family of Transcription Factors: A Comprehensive
Review. Clin Rev Allergy Immunol, 2016. 50(3): p. 345-56.

Williams, M.A., et al., Disruption of the transcription factor Nrf2 promotes pro-
oxidative dendritic cells that stimulate Th2-like immunoresponsiveness upon
activation by ambient particulate matter. J Immunol, 2008. 181(7): p. 4545-59.
Thimmulappa, R.K., et al., Nrf2-dependent protection from LPS induced
inflammatory response and mortality by CDDO-Imidazolide. Biochem Biophys
Res Commun, 2006. 351(4): p. 883-9.

Chang, A.L., et al., Redox regulation of mitophagy in the lung during murine
Staphylococcus aureus sepsis. Free Radic Biol Med, 2015. 78: p. 179-89.
Athale, J., et al., Nrf2 promotes alveolar mitochondrial biogenesis and resolution
of lung injury in Staphylococcus aureus pneumonia in mice. Free Radic Biol Med,
2012. 53(8): p. 1584-94.

Reddy, N.M., et al., Innate immunity against bacterial infection following
hyperoxia exposure is impaired in NRF2-deficient mice. J Immunol, 2009. 183(7):
p. 4601-8.

Gomez, J.C., et al.,, Nrf2 Modulates Host Defense during Streptococcus
pneumoniae Pneumonia in Mice. J Immunol, 2016. 197(7): p. 2864-79.

54



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Chinta, K.C., et al., Microanatomic Distribution of Myeloid Heme Oxygenase-1
Protects against Free Radical-Mediated Immunopathology in Human
Tuberculosis. Cell Rep, 2018. 25(7): p. 1938-1952 e5.

Rothchild, A.C., et al., Alveolar macrophages generate a noncanonical NRF2-
driven transcriptional response to Mycobacterium tuberculosis in vivo. Sci
Immunol, 2019. 4(37).

Sykiotis, G.P. and D. Bohmann, Stress-activated cap'n'collar transcription factors
in aging and human disease. Sci Signal, 2010. 3(112): p. re3.

Deramaudt, T.B., C. Dill, and M. Bonay, Regulation of oxidative stress by Nrf2 in
the pathophysiology of infectious diseases. Med Mal Infect, 2013. 43(3): p. 100-
7.

Amaral, E.P., et al., N-acetyl-cysteine exhibits potent anti-mycobacterial activity
in addition to its known anti-oxidative functions. BMC Microbiol, 2016. 16(1): p.
251.

Harada, N., et al., Nrf2 regulates ferroportin 1-mediated iron efflux and
counteracts lipopolysaccharide-induced ferroportin 1 mRNA suppression in
macrophages. Arch Biochem Biophys, 2011. 508(1): p. 101-9.

Zwilling, B.S., et al., Role of iron in Nramp [-mediated inhibition of mycobacterial
growth. Infect Immun, 1999. 67(3): p. 1386-92.

Kuhn, D.E., et al., Differential iron transport into phagosomes isolated from the
RAW264.7 macrophage cell lines transfected with NramplGlyl169 or
NramplAspl69. ] Leukoc Biol, 1999. 66(1): p. 113-9.

Goswami, T., et al., Natural-resistance-associated macrophage protein 1 is an
H+/bivalent cation antiporter. Biochem J, 2001. 354(Pt 3): p. 511-9.

Gomes, M.S. and R. Appelberg, Evidence for a link between iron metabolism and
Nrampl gene function in innate resistance against Mycobacterium avium.
Immunology, 1998. 95(2): p. 165-8.

Barton, C.H., et al., Nrampl: a link between intracellular iron transport and
innate resistance to intracellular pathogens. J Leukoc Biol, 1999. 66(5): p. 757-
62.

Atkinson, P.G. and C.H. Barton, High level expression of NramplG169 in
RAW264.7 cell transfectants: analysis of intracellular iron transport.
Immunology, 1999. 96(4): p. 656-62.

Jabado, N., et al., Natural resistance to intracellular infections: natural
resistance-associated macrophage protein 1 (Nrampl) functions as a pH-

dependent manganese transporter at the phagosomal membrane. J Exp Med,

55



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

2000. 192(9): p. 1237-48.

Soe-Lin, S., et al., Nrampl promotes efficient macrophage recycling of iron
following erythrophagocytosis in vivo. Proc Natl Acad Sci U S A, 2009. 106(14):
p. 5960-5.

Blackwell, J.M., etal., SLC11A1 (formerly NRAMPI) and disease resistance. Cell
Microbiol, 2001. 3(12): p. 773-84.

Valdez, Y., et al., Nramp1 drives an accelerated inflammatory response during
Salmonella-induced colitis in mice. Cell Microbiol, 2009. 11(2): p. 351-62.
Denis, M., et al., Pleiotropic effects of the Bcg gene: I1l. Respiratory burst in Bcg-
congenic macrophages. Clin Exp Immunol, 1988. 73(3): p. 370-5.

Frehel, C., et al., Effect of Nrampl on bacterial replication and on maturation of
Mycobacterium avium-containing phagosomes in bone marrow-derived mouse
macrophages. Cell Microbiol, 2002. 4(8): p. 541-56.

Blackwell, .M., et al., Divalent cation transport and susceptibility to infectious
and autoimmune disease: continuation of the Ity/Lsh/Bcg/Nrampl/Sicllal gene
story. Immunol Lett, 2003. 85(2): p. 197-203.

Vidal, S., et al., The Ity/Lsh/Bcg locus: natural resistance to infection with
intracellular parasites is abrogated by disruption of the Nramp 1 gene. J Exp Med,
1995. 182(3): p. 655-66.

Koh, W.., et al., NRAMPI gene polymorphism and susceptibility to
nontuberculous mycobacterial lung diseases. Chest, 2005. 128(1): p. 94-101.
Tanaka, G., et al., Pulmonary Mpycobacterium avium complex infection:
association with NRAMP1 polymorphisms. Eur Respir J, 2007. 30(1): p. 90-6.
Itoh, K., et al., An Nrf2/small Maf heterodimer mediates the induction of phase II
detoxifying enzyme genes through antioxidant response elements. Biochem
Biophys Res Commun, 1997. 236(2): p. 313-22.

Surolia, R., et al., Attenuated heme oxygenase-1 responses predispose the elderly
to pulmonary nontuberculous mycobacterial infections. Am J Physiol Lung Cell
Mol Physiol, 2016. 311(5): p. L928-L940.

56



A
ARWFFENT &7 V) AAGTEIZRY) 72 5 158 L EZ 5 D £ L 72 R RS

WP AR R 22 7 B R TR B ISR VTR 2 R L £ T,

SR RA 2 B eI | PR o T el = = S B - 5 AN oW T 2 & e S D e SV RS

Az AR B SRR T 2 L E T

WFFEE D2 5 IS o7 O TR 72 & £ U 72 SR K7 b8 9 e 7R Hitdak
BRIRATE AT — ¥ a AR KPP HIREIRAE & o & — Vi e A%

CHRS AT LE T

H % ORFZEIC IV TR 2 2208 ), HZORZ W22 & & Ui, IRARGHEHIR,
AR UEROR, IREPTEREERAT, BRATRAERD, /NI R F-5RAn, B0 HEEAT,
TR R AT, HESERIEGEAT, BREM—E e, KESTFIEY L, AHERET
&, B SCEE L, EME L, SHEASEY L, LRERERL, Kk
EF IR LET.

Z LT, Hx W, 2R ahid TV BT, BloboXz &y, BrihE

LT T NI FIRITES Lz v & FBuvE 4,

57



AL LTI

Immun Inflamm Dis. 2017;5:124-131. (doi; 10.1002/iid3.149)
Int Arch Allergy Immunol. 2018;176:83-90. (doi; 10.1159/000488154)

IZFEdE S TR SC DN & Karger Publishers 35 X U Wiley & Sons, Inc D FF ] % 15
THAH LTV,

58



