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A7) 2L wlolmutgg]e FHFZAA(M. tuberculosis), wholzubeE]le BH|Z(M. bovis), mho]zuleE| e
% HH]2(M. bovis) BCG, vlo]l=urEE]g olZ Il (M. africanum), vho]=Zutel2]s FHIEI(M. canetti), P}
olzuty| &8 FFZol (M. caprae), wmlo]ZEE|E]R wo]AZE](M. microti) @ K F(Mycobacterium
tuberculosis K strain)@ o]Fojz oA Meld 15 o|ate]l 452 7ol oa) f2x= Z<l, A3 out
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%_Mﬂ% ZH%

H 5~ 2~ElE (Febuxostat) S & Aoz X3sls A e Aaldo A 28 sty 24

A3 10
A9l oA,

A7 FAAE HFA(rifampin), oFelAYolA=(isoniazid), It o}rto]=(pyrazinamide), OIBH-E
(ethambutol), Z=E#Eu}lo]Al(streptomycin), &2 =2 (fluoroquinolone), 7Fwlo]lAl(kanamycin), A|E=
A" (Cycloserine), E2X<  o}lu]=(Prothionamide), #WHZZAFA(Levofloxacin), SAZZFALL
(Moxifloxacin), 2ZZAFA1(0floxacin), #35-¥(Rifabutin), 7}ZQmt7FZe] e vlo]Al(Capeomycin) 2
YZY=(Linezolid) & o]Folzl FollA MAEd 1% o]g xssle, A digt Ao A S318&

o) X1
SCEEZES

oo

Boabge Ade] A4S oAlste] AdS ayHor o, M i 5T £ JdE sty xAE] B
Zoltt.

A3 (TB; Tuberculosis)e A|ABAZ]F (WHO; World Health Organization)ol|A] A3 AF AR}S
g 749 Ay F shuelrk. AYS WyATIE T8 4do=2E uholmEtHEE FHERA
Mycobacterium tuberculosis)7} tiEHola, A AA <+ F 389 1HEE #AdE o]Ho] upa B
t} (Global TB reports, WHO, 2017). 2017d AAXA7]F-o|A ZA 3 Global TB reportol A+
2 A AANA AFA Ao A Sab= oF 1,040 o FAEla glow yEe] Az F 1400
Aoz 3t A, Tl FrFHo=E 40vhEe 1zt WAy wlolglx~ (HIV: Human Immunodeficiency
Virus)ote] SAIZH o2 Qg Aol AT st Qlvy, 18y < A9 749 = dd 4k F
Aol o]lZx]at thAl WA (MDR; Multi-drug resistant) % ¢ WA (XDR; Extensively—drug resistant)<
A Adare] F7hE st A X m7F oA qirk. o]|F F Ao A=m HE&E FUIElA, AR
Sl A gholx] GAA Ao dAsE BG5S HolFa .
5l

o welel A WMol FHow AAUE A
3 3
A

=, olHd &l A7AES

\:l

T .

A AN FE WA, e W oz Haw
o EEES LR

ﬁ&“’d FEES Y02 3o AAzEA ) e EF=2 75@1013}‘:“ 2]
al. 2005). 71¥&<] TBol thale] WHOoNA AMES A= Ao TFRE= AA
EA, o

1t
i
@
)
=
o
=
o
oy
£
O

A(rifampin), O]i\/]O}X]E(isoniazid), QE}X]L}U}O]E(pyrazmamlde) o o gt
ujd H&sH 2~47ge] @y A RE Yst= oS A Foh

Ml oo SRy 1:01'
o U\;L to 4 18 1%
'
9 o o
)
rlr

Agk o]y st FAAE BT dyE A Ha 509 o) ®H FEolx, wEbA Al AR oFe] o] thh A

XDR % MDR-TB7}A] “eEw A3 o 0131@ s AEE FolEX Yo, ATAE
% ~3Ed(High-throughput screening) 7|HS o]&3sle] ohefst )8t glo]H el 2](chemical
1brary) oA FuAEH g4d& Hole 3IFHES 39k, ¢F 6,800 F9 FFEol EAHAUTt (Collins L
& Franzblau SG et al. 1997; Mao J, Wang Y et al, 2007; Ananthan S, et al. 2009; Ananthan S, et al.
2009; Pieroni M, et al. 2011; Lilienkampf A, Pieroni M et al, 2012). w&}x] o]&ldl &S FEstA]A T
E AR 27 52 3gES o] 83 V)& vl 2] ekerdA (FDA; Food and Drug Administration)olA] <<l
S B2 HAZHEAE o835l TBY XEE o|F7] 93] &4 o]a At} (Onajole OK, et al. 2013; Lun S, et
al. 2013).
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B oo A A7) "H B A AEFE (Febuxostat)"E 1998y Y& Xﬂ ok 3|Abel Elo) W (Teijin)ell &3l 7dE kA
2, g BF 9 At 435S Assted AREET. 2, 4EWE "Uloric" ®¥E "Febuday'oluh, 'TMX-
67'clgtax EE7|x sttt HELAEIEE A4 Abs) ﬁ/\J H-FH-AeAd gz, T8 A3k e &
A Zgle sidsts Z28EdyE U™ AlE (molybdenum pterin center)S AAX oz EBe|7shHA zHg3ic).
A ALEA = slo] £ 34 (hypoxanthine) @ FAFElo] Q@A uric acid) && AH3}E =2 &&= Zld, AEA
AEIEELE A7) 34" aks g4 AT oz 8k AFS A= IS s,

Wrgel A A7) dARLsvEE Ao e dAlste] 2¥e avdoem o, A Ees AR 5 3

el A 7] Ade & fopell dezl A {F qto] ofste] WHEeE s I £ Jow, nkEA
SHAl= whol =yt g & -‘?Hﬂ%i Al2=(M. tuberculosis), mlolzmurHE]s RH]Z(M. bovis), wlo]Zuteg]& =
Hl (M. bovis) BCG, vlolzuteg] o}~ 2|7l (M. africanum), vlolzuleE]lg FFIE](M. canetti),

e 2] FFZetel (M. caprae), who]ZEMHE]lS mlo]AEH (M. microti) ® =3 WA Al K
(Mycobacterium tuberculosis K strain)@] 7ol ols] == AL 4 Ao, o474, 7] =3 1
A0 K #Fe Hold  #dge  &she dFE 2T 75 vtelmdbEHEE FHE
H37Rv(Mycobacterium tuberculosis H37Rv)ell H]dle] ®YAdo] w1 X7 T, APd&o] L& Zlo] 540,
ot A Zel¥= AT 77% = Hold JHEE]( eijing family)ol &dbi= oz degx Ju Tas
oA FHdoz WA= AAAES] Astas AH thE (RFLP; restriction fragment length polymorphism
Z2ads AR A3 oF 18.4%4 =53 o5 FJdo] W] olF K-¥FE WHIA fAe #FES

K-dde]= g3ttt (Kim SJ, et al. Int. J. Tuberc. Lung Dis.5:824-830, 2001).
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7 o]% FA7], A Ee AEA A gAY ALASE ognisith. B AdAlsHlE, ] "A e
Addst = FHZ2TH AFdA $4% Aoz Ay HEst A TS AYA Ze JIAAdA Y dH &
Aol HE2 Td(manifestation)< W[ttt A7) 7iAlE Aol A= da, Ado] v e I
B AU @ AnR SE3] X5Fe] AW Fde] o] s WEHEIAY HX] kS § k. A A
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AAd

[2A]of] 1] vlolzutea]ls S F 2 A 20 tuberculosis)®] A% Aol &3 gel(1)

_|1§r_
Ao the] B X BAZ el #HEA~EFE (Febuxostat)(Sigma Aldrich, USA)7F Aoz A% oA
BNE HolyE A ] Hsted mAES 4 AINE A F 4+ ¥ MIC (Minimal Inhibitory
AES $AFom AAsAT. FAF A g 79t ot

1-1. utego} vjEa

M. tuberculosis H37Rv ATCC 27294 5% American Type Culture Collection (ATCC®, USA)olA F-43Fe] A}
£3ktk. WA DifcoTM Middlebrook 7H9 B2 (BD bioscience, USA)ell 0.2 % Ze|AlE(glycerol)3} 10%
(vol/vol)9] S it-LdRR-dxEZ2-JeE A (oleic acid-albumin-dextrose-catalase) (BD bioscience,
USA)E 713k Aol A M. tuberculosis H37Rv ATCC 27294 55 #HEsta, o2 2tz Ze+~3(Erlenmeyer
Flask) (Corning, USA)el ¥ H st 8235 37C, 140 rpmo] X" & v 7] (shaking
incubator)oll 4] 28Y47F wigslla, ©d ME AM~#HMH(single cell suspension)S TS Th. WA vhe g
of7} ME3hEl 7THY B E2E FA38E 10,000 x g, 203 9 AT E AAIS the PBS (pH 7.2)% 3% AAHS
AY3Het. 2 F ) AR AP W= ~E#(overhead stirrer) (Wheaton Instrument, USA)ES F3&}o] 1
B2 dS-(ice)dl A A3 . o]F #&3tE vhe glol= 8 un-Fo] Ato]=9] HE (Millipore Corp. USA)&E

Concentration)

=

gl Ae F A A (acid-fast staining) & AA HF FA F ARG ZE Mg A2 AA S
o8t A% oy A ATAE U BSL-3 Al A ] ATt
1-2. A& JA 5% X Minimal Inhibitory Concentration assay, MIC)

M. tuberculosis H37Rv ATCC 27294 5= 10% (vol/vol) OADC7} &% DifcoTM Middlebrook 7H9 (BD
bioscience, USA) BEXE E3] 4 1.5 x 10° CFU/m17HA] 3] 38tar 96 4 AXE v ZHolE 7]+ 3t

g2 9 1.5 x 10CFU/wel 1S 2+337] 93 100 ul® 29T, FebuxostatS 200 ug/ml 52 A1 S5 3o

1/22 3|A18Fe] 0.39 ug/ml7bA], ko] Soj7tx] &S %7, 0.2% (v/v) DMSOZF SEolzF 2oz HAAstay %7

HE 4 o 100 uly FHEoR ¥y, RE 2L 3 4 A J8EAY. a8 yA 37C, 0, <15l

olgloll 14Y 7+ w3t ¥ Z+ dwrith g XxolF#(resazurin)S A g ste] 24A41%F F WIS el o,
5% AEAZ e dZFE=(Allopurinol) S AREEFATE

O Ay, = o194 B wel o] M. tuberculosis H37Rv ATCC 27294 tFol diste] wl&4a
(Febuxostat)Z 100 ug/ml o] FE2 st A7) 59 AFo] A= AS g & 9,)\311:}. 3%
W G2 E(Allopurinol )] A9 BE % 7oAl A7) M. tuberculosis H37Rv ATCC 27294 4
o] A=A & e AT F AU

3
1o
oX,
59

[2A]of] 2] vlolzutee]s S| F 2 A 20 tuberculosis)®] A% Aol &3 #21(2)

I 3] | EA~EFE (Febuxostat) 7t M. tuberculosis H37Rv ATCC 27294 9] 247 A
= AFRE R oA e 7] AR AsEE(Febuxostat)7t tHE FF M.
tuberculosis ¥FE H3 AFES Asfst=A &Asty] H& AFES APk, AP ARgE dFEE M
tuberculosis H37Ra ATCC 25177, M. tuberculosis K, M. tuberculosis HN878, M. tuberculosis Erdman, M.
tuberculosis CDC1551 ¥ % M. tuberculosis #1, #7, #10, #11, #20, #23 97 o5l sF3t}.

2-1. Hhelglo}l HjFH

M. tuberculosis H37Ra ATCC 25177 w3+ American Type Culture Collection (ATCC®, USA)ollA +3sle] Af
435k tk. M. tuberculosis K #7% A3 AFU(Korean Institute of Tuberculosis; KIT, Korea)oll A &4yt
o} ARE3}TE. M. tuberculosis HN878, M. tuberculosis Erdman, M. tuberculosis CDC1551, M. tuberculosis
A A5 #1, #7, #10, #11, #20, #23 #7% A A AF AME(International Tuberculosis Research
Center; ITRC, Korea)ollx #<F wrol A}g3kgitt. RE H#F% DifcolM Middlebrook 7H9 H =22 (BD

O
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[0054]

[0055]
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[0058]

[0059]

[0060]

[0061]
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bioscience, USA)el 0.2 % Z2eAZ3 10% (vol/vol)9 Z#i-Ldiwi-g~Ez~-7}2e}A4(BD bioscience,
USMHE H7Eek AelolA HEskala, ol& 47 Z81~=(Corning, USA)ol ¥ wlgsiit. Z8t~3E 37T,
140 rpmo] A€ H& wgrlolA 28Uzt viFAIH I, G AE AaAAE APt WA vHE ot &
e THY BRZE 4718ko] 10,000 x g, 202 ¢ fAEYE AAE v PBS (pH 7.2)% 39 A1H S e}
gk, agla A A" #APe eWEl= ~¥ 2 (Wheaton Instrument, USA)E E3te] 1837F d5olA 23}
AZAT. ol% #AstE e ElolE 8 un-2o] Ato]=¢] A (Millipore Corp. USA)E W AL ¥ g oA
S AA HF g T ARSIt BE g BAL AAdEtn oA g & o] AH AT AE U BSL-3

>
R
=2
>
N,
o
A
2 ¢
o

e

x 10" CFU/mI7}A 3)A5ta 96 € A% vk Zeo]E 712 shibe]l 4 @ 1.5 x 10 CFU/wel 1S 2+

=
7] €&l 100 ul® ¥Ark. Febuxostat 200 ug/ml FEE5 Hil =2 3to] 1/2% 3143t 25 ug/ml7HA],
o] Eoj7tx e A, 0.2% (v/v) DMSOZF Eolzr Ao ® AAsy =4 HE 4 o 100 ul¥® F712 o=
o}, BE 272 2 A¥ BA At g A 37°C, €0, AFHolEe 14 7F Wikt 5 ZF Qujr}
.JZ_

o} A Aeste] 24413t 1 WE Fshelnh.

TFE 22z 10% (vol/vol) OADC7}F &% DifcoTM Middlebrook 7H9 (BD bioscience, USA) BEXE &
5

ot 12 N

o

#£ 1
Mycobacterium tuberculosis T MIC 2% (mg/ml)
M. tuberculosis H37Rv ATCC 27294 100
M. tuberculosis H37Ra ATCC 25177 100
M. tuberculosis K 100
M. tuberculosis HN878 50
M. tuberculosis Erdman 50
M. tuberculosis CDC1551 100
M. tuberculosis #1 50
M. tuberculosis #7 100
M. tuberculosis #10 100
M. tuberculosis #11 100
M. tuberculosis #20 100
M. tuberculosis #23 100

2 A%, A7 51 9 % 204 ®BE uef o], M. tuberculosis H37Ra ATCC 25177, M. tuberculosis K, M.
tuberculosis HN878, M. tuberculosis Erdman, M. tuberculosis CDC1551 w5 % M. tuberculosis #1, #7,
#10, #11, #20, #23 94 #F HE22~ElE(Febuxostat) S HZskal A7 #F REFolA A3 Al ans

[AA]d] 3] mlo]mutH 2|8 FHFZA A0 tuberculosis)d A% Ao &3} 32(3)

1 £ 53 HEA~ELE (Febuxostat)2] 2] M. tuberculosis ¥FE°] 3t AF Adss L9
ATE EaA st 4 A, o] HEA2ELE (Febuxostat) S E38] © 2 #7|7F T<F M. tuberculosis
w5 4 AsTE o] FoAA=A &datr] fla FEjshA 4 (phenotypic assay)S X8I, Aol AHE
H #F5 M. tuberculosis H37Rv ATCC 27294, M. tuberculosis H37Ra ATCC 25177, M. tuberculosis K, M.
tuberculosis HN878, M. tuberculosis CDC1551 w<=°|t}.

3-1. "relgjo} wigy

M. tuberculosis H37Rv ATCC 27294, M. tuberculosis H37Ra ATCC 25177 w5+ American Type Culture
Collection (ATCC®, USA)oNlAM 43t ALg3tt. M. tuberculosis K 5% A3 AFHA(KIT, Korea)olA
ok kol A}R-5}9Th. M. tuberculosis HN878, M. tuberculosis CDC1551 wFE oA A3 A AE(ITRC,
Korea)oll A < wro} AL8-8}3it). BE 5% DifcoIM Middlebrook 7H9 B 22 (BD bioscience, USA)el 0.2
% SEAETL 10% (vol/vol)o] SHA-GH-Tl-d~E= ~-FLebab A (BD bioscience, USA)E F7bet Aejol A A
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[0063]

[0064]

[0065]

[0066]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]
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Fﬂ
- —1> )

3@ 9 b g N oof

=2}~ (Corning, USA)ell YarA] nj<gslict. %‘E]r/\fi_t 37C, 140 rpm®] %X]
AFa, @Y AEZ AaAds Jgsigivt. 1A wegolrt £3E THY HE2
g, 20 &<t 94 2YE AAg v PBS (pH 7.2)E 3 AlHS Hsqirt. 18 Ur*
3= ~E# (Wheaton Instrument, USA) & E3dFe] 183 oA #&SA AL, o] F ‘EL
8 um-¥°] Ale]=9o] ¥ (Millipore Corp. USA)E 3HH AE H dikyd IS A HF
RE g B AANE N s A% RSP AT AE U BSL-3 AJA A X138

s -
o
&
e
N
=
o2 i

f
%
jﬂ,_lﬂ i)

3-2. THIO o}7} wix]o] A=

DifcoIM Middlebrook 7H10 o}7} vl Z}91] 9.5¢7 3% FFF 450 mlS wd3HA Az ngE7 1494718 &
& 121°C, 1587 A& AAsEY. o] 3 0.2 % (vol/vol) DMSO ¥ FebuxostatS ZF 213 7d (400 ug/ml,
200 ug/ml, 100 ug/ml, 50 ug/ml) &% we} "W 7HIO oF7F viAe] @i 10 % (vol/vol) OADCE Yo
dstA 2 HolE F wiAE THEST).

3-3. dElglol H&E 2 F2Y FA 7Y (colony forming unit; CFU) &<l

Ztzte] FFES PBS (pH7.2)2 AFE3ke] 1 x 10° CFU, 1 x 10° CFUR 3|48 5 o]= nlg] #A1& e Febuxostat
2 DMSOZF EFE wiR|o] HFSATE. AF: ®H ZECEE 37T/ AAHE AFHlolEdA wiYsty HE 25
SRE 874 F2YE SH4sSl).

= 3 WA 794 HE wke} Zo], M. tuberculosis H37Rv ATCC 27294, M. tuberculosis H37Ra ATCC 25177, M.

tuberculosis K, M. tuberculosis HN878, M. tuberculosis CDC1551 #5=ol #H|&A~E}E (Febuxostat)S # 2|3}
A4 8F7F At O ol dF Aol o|FAAR A &' AS FAT F YT

[2A]of] 4] vlolzutee]s S| F 2 A 20 tuberculosis)®] A% Aol &3 #2l(4)

Ao 1 "F 29 MIC Ad3 Arjo 39 e
tuberculosisol] el AdHog AY ARS & F+ Y=
e g Ano] AgstHH AR AXE
A o] FFFdl 2] AE W) M. tuberculosis
at7] 918l 106G #41S Jaskolct. Aol Alg® #5% M. tuberculosis H37Rv ATCC 27294 F5=¢]t},

_I
M
J
-
hs)

mlm = -1
iib)
i)
=Y ofr
2
2
12 4
>
o,

_1

2 AFS Ed #HEA2~EE (Febuxostat)7F M.
HAE. A7) AFHASEEE Fd o]y

A sAe sl g} wet

x4 AFE np§-20] ZFEAFTE dojflo] 10% FBS (Biowest, France)$t 1% YA/ 2E
Emnlo]Al (Biowest, France)o] ¥3tw DMEM High Glucose (Biowest, France) WA} 10% L929 A% AZdS
2o ThE wgde] ¥ 90 x 15 mm HEZHA] (SPL life science, Korea)ol 10ml¥ ¥ ¥ 2%+& 37T,
ojibslErA = SR FAEE Wil A WS AIRSIITE. 39 & ¢hA AR wGdS FIHAoRE 10mlH
AEZHAG F7elar tha] wjFr]ol A wlgS SGltE. & 69 T WS AAEHiT.

4-2. M. tuberculosis 799 % Febuxostat *]&]

kel FEA AEE 10% FBS, 1% #lYA#/2EREnte]Al T8]3 10% L929 AlE FZHo] 7% DMEM L5

gl

T ZFF32 HjA 2x10° cell/mle FE2 23 Fu|slar, 48 4 AM¥E v Z¢o]E (SPL life science,

Korea)el € & 1x10 7H4 AEE YAt a8a 2447 5k AidHol"He go] kA3t ki, 1 MOIZ M.
tuberculosis H37Rv ATCC 27294 55 X2 AM|Eo| 447 79 A)7] 5 FebuxostatS 72A17F S<¢F 288+

t}.
4-3. TH10 o}7} wj=e] A=

DifcoTM Middlebrook 7H10 ©}7} ®i%] (BD bioscience, USA) -t 9.5g2 1L Az Zgxzchd Ya S/
450 mLet A ALS T utE EHS 121CoA 158 E¢k W3k, 225 0ADC (BD bioscience, USA)
50 mlE F7Fekaz 90 x 15 mm HEZFA] (SPL life science, Korea)el 23 ml¥ o} 3% #AX F
SR =
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4-4. vtegleol HF 2 FEY A FHI(CFU) g4

3do] Ava gy x4 A dE dE5S PRBSE AHS AANsT. 55 343 0.05% Triton X-
1005 49 200ul® AFste] 102 F AE2E 25 o] U &aEFS 7FAI PBS (pH 7.2)E AH&3te] 104,
1008] gAgE AES THEQT. Ela o] & JHA A HE e & THI0 ob/f wiXdl HES HAET. A
% % 253 T CFUZ A5 8.

32

O Ay, & 8oA ®HE upe} o] M. tuberculosis H37Rv ATCC 27294 w37} 7wl x4 A3Ee] HEAA
EB}E (Febuxostat) S x&atat 321 AlE W M. tuberculosis @59 Aol A3 Aays AL Il
AT

k1
[N

1
(g
~

200 100 50 i 0.3 N.C P.C

Allopurinol

Febuxostat

Unit : pg/ml
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k1
:
[\

M. tubrerrulasis M. tuberculosis W fubsrulosis
H37Ra ATCC 25177 strain K strain HME78 strain
200 1@ S8 25 PLC NMC 200 100 S0 25 PC HC 00: 50 25 PLC NC

66666 (066666
0606666 066666

1

200 100 50 25

M. tuberculosts
CDC1551 sirain

Laboratory strain

Clinical strain

M. tubertwiosis 81

M. tubercwiosis #7
Clinical strain

M. tubercuilosis 210
Clinical strain

Climical strain
200 100 S0 25 PLC NC

0,0,9,0,0,0,

200 100 50 25 PC MNC

PC. MWL

59
900

: 3
200 100 50 25 PC NC 200 100 50

5 PO BLC

) .%C 660
vee

000

M. tuberculosis #20
Clinical strain

M. tuberculosis #11
Clinical strain

M. tuberculosis 823
Clinical strain
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3

k1

SIHES

(A) M. ruberculosis H3TRv ATCC 27294 strain

20
.-E 16
ey L
N
=
| &
O s
1] T e — o TR S
DASO - + + + +
FBX - - L) 100 400 (Unit : pg/ml)
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Er4

(B) M. ruberenlosis H3TRa ATCC 25177 strain

=
Ll

CFU (x107 /ml)
3
o
‘"
*

&

100 2iM0 400 (Unit ¢ pgrml)
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EWS

(C) M. tuberculosis K strain

20

-
L

CFU (x107 /ml)
3

DMESOD - + -+ + + +

FBX - - i1 100 200 400 (Unit : pgfml)
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EH6

(D) M. tubercniosis HNE78 strain

20

_16_

201

et
+

ZIHSd 10-2020-0045738

400 (Unit : pg/mil})



EH7

(E) M. tubercalasis CDC155]1 strain

CFU (x10" fml)
-

@;m

DMSO =

FBX - = S0

_17_
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k1
N2
&)

CFU (x10"/ml)

HI}TRwv

DMSO

FBX

ZIHSd 10-2020-0045738

sk ok %

v

v
A -
v_sm

o S = =
L ]

+ + +

4 + +

&0 100 200 (Unit : pgfmill)
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