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E) TRIEL S N B DS, BE SRR IR
ERT,

HBEEP S OHERE N RETEAEMENTO
B, FE WA TH S, i, NTM iZHH
A (free-living) I B 42 /- ®, BB EEHW
FIEEL, KERKPAKEK), L8, FHPE
EEDEMCAEBLTWS, 7, NTMizk k
LEMIC BT B IEEHEFEOBRMEY TRy,
EREREEONE, [l, HUESCEHESRR
e USEINL b H b,

S S8t - FE
B x5 - wiEEEs LUEZEDOHR

BEFEGIREN 30~37°C #HROMBE I <,
BB 30°C & 37°C 27T 2L ELH 5, B
FEAEMEE IS BRI & 0 Bk 2 0%, 2~20 e
PEThy, FEREmEEH L—"Y v
& A A x4 Lowenstein-Jensen 5
AIEERY, B X XSS - Middlebrook #%#h)
PRV, EEERC S HU LZE T 2:BREH
B H (slow growers) £ THUNTH 3 RHERE
BB (rapid growers) o KBl & h 5, £ERDE
R1ZF1 (smooth B) - IE, # (rough #) 7z &,
ZHETH B, kB, ANTHEMTEETRER S WH
M. leprae IEBETRFIBEICHEINS, 35
W2, EEOMRE LT, BERELE ARG &

RIV-54 FEUBETEMBRBORRY

D, It ¥ 5 8 B photochromogens (I #), B &
& BB scotochromogens(I1 #8), EXREER
nonchromogens (111 #), 7, REABHE 13
BRELEPARIGEE»2LOY, —HL T,
IV EE NS, #EH - HBEEEB L UER
IR & hnek U 7= $REE B @ Runyon 3 3H(3R1V-52)
BH 5,

B HeenyiR

PIBEORH - BREECED < £ZEatR
(FIV-34) ELT,

O F47 v VEEAZEREICHERORRENTH
D, HOTBETIRIILALRYETH S,

Q@ Uv7 - YELIFEKEHCERCENTYH
MTHY, M avium ° M. intracellulare TR
HThs,

@ 5% RIEEAKFELET ClttE (G55 - M) 2R T8
HEBEII M trivale D#H, 35K, IFEAY
DRHEAEERIIMETH 5,

oo FENMERE LT, SHEERDT
VL7 7 ¥ — BiEE B - M. fortuitum B,
M. marinum, M. asiaticum, M. szulgai, M.
xenopi, M. trivalle 8 & U8 M. flavescens /&
EREEE, MAC S M. kansasit), ¥ 7 —¥E
HE&EM o M. kansasii, M. trivale, M. scro-
Julaceum, M. fortuitum group ° M. chelonae
group/{E¥EM: | FHERE, MAC ® M. ulcerans),

EBRER
AR M. tuberculosis 37 H(R) IehHE Bt HE, Bl kL HY
M. bovis 37 H(R) Bl i - BEE, B 2L b
KRBEBWD M. kansasii 35 TEO)/HER) | KFEE  |(BHE WE, B 2L b
M. marinum 30 EES)/HER) | eHe BE, BB ZL ZL
M. gordonae 37 TEHS) HFHE £33 —ELRWV | %L b
EREHEEAD M. scrofulaceum | 37 T (S) A e BBt ZL ZL
M. szulgai 37 EE(S)/HR) | BERE (=45 Bt ZL L
FekRBEBID | M. avium 35~37 | ERS)/HR) | IkHa |BH et L »HD
M. intracellulare | 35~37 | F(S)/H(R) | IBLRE |[BH etk ZL HD
M. ulcerans 30 H(R) JEFE |tk —ELRW» | &L L
BRFEFHA V) M. fortuitum 28~30 | FREOS)/HR) | IkRe | B Btk 5D %L
M. chelonae 28~30 | FEOQ /MR | IBeRe | HEE, B B —ELRW| &L
M. abscessus 28~30 | @ (S)/HR) | IeXFE B Btk HE, By HL
M. smegmatis 28~35 | FH(S)/HR) | BRE (=35 K Y zL
M. vaccae 30 SEE(S) B St etk KR —ELZWw| &L

S smooth#®, R !rough#

- 39



IV F I ROBBRERGE €Y F T
R MERSE, MAC, M. fortuitum group % M.
chelonae group/fatt - ¥ 7 ¥ 3 FIHEHHE,
M. bovis ®° M. kansasit) R EB3DH 5,

2 o — VR ¥ OHIEEERE I EE o A (S i
pav 7974 —2E)T, I VERERFRHE
ERE B CKE L, Conynebacterium B 22~
a8, Rhodococcus I8 : 34~52, Nocardia |& 44~
60, Gordona J@ : 48~66, Mycobacterium & :
60~90 TH b, Mycobacterium BED I 3 — VI
RERBEREETDH 5,

ek, FIBEBRRE - MEEE L L UEED
R e iR L D IR TE . R
rLC, QEMMcEIShTes 2L, OF
#lhahTwsll, QUHENZMTHSL I &
pEF e EL, e LT, O EEFBRER
L, REEERLZE, QABOHELE
THRIERERDD, INHOEAICHL, BE
RBEL NIRRT H 5,

B BETBn

EE, M bovis RH5WVWRDEY / LAIEER
FIASHREA X, TREMOEMRE, FR2WAE T
HEPLY 7 F v OF%, 351, SFEFEESR
Y, SHOFBEECHIBERPEOHRIENRI
HE5T 2L BEZ6ND, MBEEEEGFERE
LT, BEANCEBERTF(Fu—7), KR
BB & UBBBIREGSHFE S TV S, Rk
BRFERTIBEPRET 2 BN TEEREN Y
R Y — 2 RNAGRNA) i %% DNA R T %
Mw2, TRNA BEE S L CEESMMICEEL
lyigE» ot T 2, ATEREIZK 2 R TH
%, g, AFAeE% DNABEER T, FEEERH,
M. avium complex, M. avium,
lare, M. gordonae, M. kansasii 2 ¥HH 5, ¥
RARAIE I TERE, BHETH B, REELT,
SiliE L UBESET 2720, RonllEHTo
BRAVSR TV S, FLERE O 165 rRNA »3#8 A
BThHY, BECLVERL Lo, HER
REGBET R RSV 5, MEEIEE
B DNA ® RNA %KY 2 5 — ¥ H##EK G poly-
Merase chain reaction(PCR) CHIE L, BIE &
N7: DNA ® RNA » BESENERFCRET
. &5z, HIFREEE% M7 DNA #8534 DNA

M. intracellu-

C. %A AN F Yy LB HEEHE) 289

fingerprinting, restriction fragment length poly-
morphism(RFLP) #flaGbeE s &2k D,
BPRORE 2 EOFREFEE, 3512, AN
HHBEORERBCDCHAINTVE, R
LT, EBEIEREOERIKFEL VLI E, &
51, BREPFRETLIEVEE, ThbbEER
EEHERBMLLL &, BETE(MEKRBO
BA, BEECHBERE) SREL L REND D,

O TR - BE

NBEEEERNERCNERIFEESTH
20, GUALEIW M. wlcerans(F87 7 Y HEET
TRE2E > T3 Buruli BEOERE) »84-E%
(=4 2527 b > mycolactone, #%& :~v7ua 3
4 F#ER, BEHERCEEEER T ) 2ELET
3, RERESLHBEZINBE YT 2 B4R
EIRE @B THEENSEEINAY A VA V%
BU®ET 2 EEEEECERFL T 5, TR
W, B, BEEORREER, OBKELZER
Licv 7z a7y — Y OTE LRGP HEERE 0 & bt
U CHIMNAERS L 0T 5 - & MRNEFE
FRIER D IV-53) %, @ BEMBEFIG ZFHH
THIEREDREINS, ZOREEOFHKBEIC
AHIERE RS (2 0 — VEBEEREE, VRT I
2, HRBERSC X BHEIADEE LR
avy 2y R B)BEELTWS, MlaEERE
WIFET % 3 a— VEBBEIRRE (& - o — FHEF)
BAFEE2FET S, VRV 7/ v rid~
su7y—YEEEEEET 2 —H, v7uvy
— Vi b EEBEEATF (TNF) - EEZ2REL,
H¥#, REROPHEBEEYERT 5, 3561,
4 v % —uA Finterleukin(IL)-10 EE 4 % 5
B2 ks, TV vosekEM b & 4
%o MINIEERLSC & B REOWEMESA 7Y =
{L2FET LER, BRESHERSAERENLT
v 7u7 7 —YREBATELIEREET S, kX
EHEHa vy sy 7BRE VERREY Ay
78R BEERENLTWwAD, EE
A E RERERE, bbb, BORERIGE
FEHT B,

vru7 7 —YRARSNIFEKER, RIgE
(7 73V —25) LAREBAMEQ) VY — L) DREE
BHET2ZLickDh, BT, gRENT
SELE 2 RN FEREE) ., BRIE(LOIE

v H
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voarp—Y
Fobrs kol

REISE  WEMBREHY

N Com )= SR : KR
Y

IL-12
IL-18 | R CRMEThAER) R
e |7 \ 1

IL-2
IFN-vy

iL-4
IL-5
IL-6
IL-10
IL-13

B 1V-54 WEMBRICSHHMALS JURERENE

WIEEEOY VT —¥evru 7y — Y OfEE
Py ) —AREEENUIRD ABNBEE LT
Wa,

BB RN FERRETH D, FEHEI
voru7y—Y-%4 bAhA-CDAGHET R~
no¥— T(Thl) MIBIGER, Tabb, Mgt
EDEBL TV 5 (R 1V-54), MM REOLE
P4 FHA4ELT, IL-12, 1L-18 % interfer-
on(IFN)-y #% Thl #ifgsrboEMELL Y, EE
REEEECUTCWS, LrLl, BEEREC
3 5 EBAERGAEUR G & IR RE O R
PRSI ERE & HEEECER, T bbb
OZELEGEHIOR) 2 EHT 2, £, HEHHE
FELT, e VE2REHRICFEET 2ERLRTF
(NRAMPI : natural resistance associated ma-
crophage protein 1, $l&=SLCIIAD) R
iS5 L, IO Yo7 7 —VIERES
nTw3, YEOEKEREOS S, EEORE
BB RIERENTH D, LENLHEREIIH T
LAREISEWAML Tw 3, B 4~6 8%
WESEESL RS RFERESEL, £, HEE
VRN Y v F 7 BHFCBERLEBUR T,
VAN 7Y VERRGBEILT 5 (EIV-55),
DR E LT, BERCBWL CREREEY A b
# 4 »(IL-1% TNF-a), Thl fifafdEy 1 +
B4 > (IL-12, IL-18, IFN-y) R HEKEMLE
E # 4 > (monocyte chemoattractant protein
1 : MCP~-1 ® macrophage inflammatory pro-
teinla : MIP-la e E)YBEE SN, 7077
— Y ORPIER (BZEE), A<, Hatas
CRERBBEIC 2 S0 VFE a5, BEER

P it AR TR —REH & RS AR
ahs,
1) —REER

FEBBEEPRYIICEEREERALLBEICE
U258, MRS I & D BB 3L
L, 90% OBRPBEERFHFLEHTE 5, ER
Bl - EgERRE~ 707 y - ICERS N,
v ru7y—Yk B o ENCBATT 5.
FKiEE L~ 07y — Y RNBEEEPRIETE T,
WEER< a7 7 —YHNTHE - B, <70
7y —VRBEE, LT, AEOKBRE 07
y —VWRPT 5, ZOBBT, fivsmiTEa
UTEBBEERRCESLZ LD 5,

B A~6 %, TRbbEY VY VEN
RIGH LT 2 R, #Ew L OBt hr
T#HE~rsu7 7 —YOHBERI XY HER
HRESFEET 2, ZOBEICIBBRNELET
3o 1 OREKIE, ThlHIE [FN-y 200 L,
IFN-y =277y —Y2EREEL, Bl
7077 —YRABEICN LB 2ET AR
EEZEREY(NO, NO, ® HNO,) R E4£ L,
Vs EH2HE T 2, ZORRKIEEFRF
BEOBRICOEEL TV, 2 0K, CD8
B T fIRE, ¥ xb bAIRREEYE T MiassBg
Licvrury—VRBETLI LD, B
EERET 5, B3 OFEMIICDL B LU CDBE
M THRESY 07 7 —VRBEL, ZO/E
BEEShiz= 707y —VR3ERET > WHF
B2 RT3, SRELRRICTEET 2PIBEE
BUBESEBREDRL Y, HE - BEsIHsH
3, BN, —RBGIREIIIMER LMY ¥
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HNBE/EEE
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BRRR MR
PR

Mg-# 4 F 1 >-Thi SIRRIGR
MFMERE 1 IL-12, 1L-18, IFN-y

}

Mg- & LU Tht MEaE S bh 1 >

v

Mg - & & U Tht SBRIOBFRAA - 518
Mg iEHE(E

v

AFERIE

—_
IL-1, TNF-a, MCP-1, MIP-1a, IFN-y 4

AL Mg
(IL-12, IL~18, TNF-«)

v

HARAETTE
MBS

}

EERENHE

Mg=won077—%

IV-55 NEHE/ERERRICSTDETMEESE JUBED FINEHE

NEFDRIKACTRIR 2 TR T % (FIHAZLEE - Ghon
complex),

2) TREEM IR
BEENEERICERSE L, REENRIENRAL
LTw28E, TobbilktmRy, NRER
B, —RBGYRED S EE, SYEEEERICE
BLIEBERENHZ, ZhoOBERICIIELE
DEREUPBEEDOZBLEUESEEL T3, =
REEHET BT 2 WEFIER RO IR & b %
CHSNDD, MEAIOM, B, BB
CCHLBET L, Zhs DRFERE BRI B
DB EOERTH D, *OBFICIEER
BRERIEHNEFE LTV 5B, “REKICBHENFTR
i?%i§%c\: Iﬂﬁ/ﬁif@ D , Ln"o@ﬁ%{i})
RAZESIMIT 2 A U T8I, £, SE%
MUTHRER L, SR GRS £k B,

a f%jfz’z tuberculosis

I HBRREDORFETH D, 1993 412
FUR B (WHO), 1999 4517 B 444 (FRE 45
By s EmRaERT S 2 %X, BRMES

HEHL, BEHESROBICERD A T
ZERBELTWS, 72, 2000 HE i TR
SNTZG8Y Iy M, TAXEwI YT
& D EBFERERD3EA, FETEH 500 HA
UEThal s, Thoe JBRYEER AEOR
R E I B 2 EARE (RS KEBHYE) & 58:5%

L, BELTAALTWL I ERHBREBLTWS,
R, O BRENEEREEOBBED
RHRA - 20, RECHEERLHE), O BLER
B R (ARINE, MrE#H, ~22705H), ®
BB ENE (7 7 F U EREPHENE L %
LEFI B LY, @ —RERPEERKBEZ~OD
B - BELOERIND,

RO BAEE LT WHO I, 20054 %
T 70% LA L DBtk (W s e BRRG 1) fE i i
DFFE 85% LLEDIERE, @ 2010 4£ ¥ Tlzis#
FERERER 2001 FOHEHTLE~T 50% BT
W3 B2k, @2050 £ F TR E R L
REEME» SR T L 2EEREL TV,
1) REHH

SR TR 20BA(EADD 1/3) B EKE

ERugd: E
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FIV-55 BRHEOHH

EIIRE A | 458(0.2~0.6X1~10 xm), TEEMEL, HHC, <207 7 — VN THEEES? 5 kh TR
smiage IERADSBE LD, BAKTHY, EFWECLEE, 77 AR R ENE, TRt
3 BESEOR VIS (% ¥) TRIL, WERBR

BREN ERELE | 37°C, [N | 40 12~15 BERN, BRI 48

BABR vt/ 2 SR

HE Wt kAE, WSS, BRI, 2R, ST

BET 247 7 (#7441 Mb) Dtk

Mycobacterium tuberculosis WEERELEL THBY,
A 920 7 AL & F4W, 170 HFA(HIV/x A
XEHEED)VECL, BEER 2,200 AT
brrubhTnd, §%10FMH, balLd,
8,000 5 ADFIR, 2,000 FADIET T 5 Z &8
HESNR T3, bHETIE, M 25,300 AGE
BERADL AN 19.8) 8 EFH®WL, 2,200
AGEER I 1L.)HFETLTB Y, BFE 21,000
ACERE 1 16.2) EHE SN T 2 (2007 ),

B EREARC I ZRPEE LT, HRE
KTHD, BEMUEESI2EHELT, OR&
e NO OB D BEE R OB (70 5
UEDEDBEIE §147%), @ BRMEKED
oA, @ ZHIMMEHEZEO LR FEEE 1%,
BN © 20%), @ & FRUERE Y A VA RE
FE(LA XEE0) DEERR LR END %,

2) fREMF

FERE O EYERBEEIV-55) & LT, O
o FAEHE, @ BERSICE DMaEE, @FK
%, @BHEN, © REKER)BYE, @ 8%
#KIE, DBETOERLEND D, BEE LT
K[ 7 LA BHRE, MEANTFERFERTDH 55,
e SRR BSENR (R -V WCEA, 7
T LARETEHEREMER T, 0D, HiERME
(F—N « — )4 > Ziehl-Neelsen, =3 >
Kinyoun) AL H e H W 6N 5, FiEM
P ERBE T 7 v v ThiRRGE, B Vva
—VTRiE, AF VT N—THRREET 5, B
B “ROBRE"E L TBEI NS, HIBEFEMUAD
HEMEC A - R ERRAOXF LT
M= XD FLINHP B E NG, ViBEEY A —
T IyRu—F I v EORMBERE AL TRA
L, BE7 V2 -V Cliak, SCEMETHE
THHEAPEELL AV TW S, BOLEMK
HTHRET L L, BOBEET BRI BE-1&-

HOOHNEFKT 5, FREMRRIZH 12~15
BHEOBREETHD, BLGHRIIREK(ER)
Bk 5, EEFEBETE, v Zaryr—v-
YA A4 -THIBEGER, Thbb, Mg
RENREEEL, HEAREMELLT, F2
KWE IGHEBERCEWECRICHEERLEN
BYBFESEL WS, ZOER, EEEREED
H10% B—EBEC B TEEE2HRKRT 2, HE
BRI, NI, ZREESE, BRI CRE
b EVFHEITH B,

M. tuberculosis H3TRv ©& % /7 AEFREFH
BRI NIz, S5, EETFRITESERE LIRFE
B HEE S h, 7 - BEFENEEHEGEL
e FRE W, PUREEORT, ERINHEESE
BOHECHRY 7 F VHESERI N2 THS
Do
3) ERARIER

R M S E LB 28, 80%
PLERM#EHTH B, MifEomike LT, BH
MEEE Refeik, 2 BRLE), Mk, KofE, BE
F#, KEROBDH DL, B, R e %
RIXEETH D, MIMEERMIE LT, U > 3E,
Hafes, WPRAETESE, ‘B - BOHS, BEE - PARMERR,
HERE « BB RSB E08H B (RIV-56),

4) ¥

ZWNCIX, HEEB L OB R S 5 (RIV-
57), MERGZHIEENTH 22, BHRES
(B IV-56, 294 B) DF/E, BREO LKL ST,
A ENBE LS ER T 2 LEND 5 (thh), #
1, &L EEEOBE VR IIEEER @ IV-57, 29
HThsd, REMAPETLILBRETHD
(EsEH © 4~8 B, WiRsEH @ 10~14 BH).
PCR(® IV-58, 294 H) 72 & O K7 BL #4018 = 13 R A
M, BREBEMCENDY, EFXEOBICH
TRIRE B, B - B 15 5,
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1) 2 /NEf HEE-RAGH | EE, A ey [ ERCHE AR S e
ot > B
ok HEE-BA a7k, Betme Mok B R ikt sk
MaAk-BHEEHRRE B
izoE 4
e S & USE
hFRETERR HEFETRER |BE RE B SR KSR ER-NR, TE ERLYEE
ik > B MEEE, FHE, PRS-
& - BOES SERICHOND | BT | THEHECERE | 4Rs L UREE Al
P, EERE AR | EERE | LR TERERYIER
BFEROBIROLR BIERAA OB L
(BH)
BERR/hARAIER | FLHR SN FE, BUE, B B BRI & 2 EEaER | TR
B, K8, B & BIBERERAT vt Mk
BHRORR
BERR/EILE AR B EE BRI OIERE, Crohn | AHSIC X 2ERPEE | ERILEEE
P EEL BIEHEAT o1 FfEk
R CHECER
BiEs WEEYEEE | REACES BEBSOBETEE BHOIFMALT L
YR Z Y VENRIE K| BIBKEAT v 4 PRk
FHpskets O ATEE

Mo X SRE AR | Y1
wxRE, BhTHER

RIV-57 BEOZ

| EHkigE

BB B (Ziehl-Neelsen, Kinyoun #68), H0GH&

BERE

FEITE RS (PR -
4~8

W B (MGIT, MB check)
EHIRZHRER

110~14 B

/WM, Lowenstein-Jensen, FEXKIZH : Middlebrook 7H10, 7H11) :

| TR

HEISIEY: | polymerase chain reaction (PCR)
DNA-DNA NA 7D ¥ A4 ¥ - 3>
EAIMEEE T

| BIER X 2

15 & O EATEFRZ (R, REEO )
Y > SEIEA P EIRAL
Mo/ kB

HRESE & 1 5 TR

Y7 ) ERE R (Mantoux)
48 BFFIRHE | BEMFARRGIVE)
Bt BEERY, BCGBE, FEMEIBERY
fatt | RERYE, BCG kM, METreHIV/ oA X, BEBESH, B

IGRA : QFT

iz

KB MME IFN-y B4 - BB (IGRA, Quantiferon)
IFN-y
HE vz Y »EHE, RDI(ESAT-6, CFP-10)

L in vitro

T (B, A, B, A, B -

MR, RETRS

TST tuberculin skin test, IGRA ! interferon gamma release assay, QFT : Quantiferon

EPriJepmEs H
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IV-56 $EEOERZHRE (Zichl-Neelsen )
FBRERIFRERSATORERETHY, b MERBERS L
Twa,

IV-57 GREDEERR
W R RO EE L, 6 EMBIC S HOEEE
HE~FRE) BReRD,

Mo X g R, BEE, &, ZEE, &#
Hedl, BHFSY > @K LA, SRS, KR
EE - &5, Mkl 2R Th s (®IV-59),
FFHERA R P2 S0 ey Tch b, 3
MO F AR RIS LB GERD R TA LN
3, ZhoOFRIZMO RN EEEMERI
LIEOONLMATHY, BEREN TR, &
ErET L08, BEOEBNZHEE L THY
55,

W L2 Y v B W R G tuberculin skin test
(TST)OBHE(b»E AL HEFE210mm, K
K EHBEEZS mm) BEERREO A 5T,
BCC #ECIERBEMNBREERR T AN, #
W, WEHEKEEORN X IIRETH S, B
I E OB (R BER RGP B B AR
B brrbo TR 20ET 5, BEEE
LT, REEE, GE, SRR YU RE

1 2 3 4 5 6 7 8 9

R IV-58 FEEIEXICLDBEHEEETORE
EEEDNA KEEHR7IIA4A 2, RUXT—¥
B RIS TSEOBEREEE T ERE LU,
SFHA X7 —H— I V—2r1
B v—22, 4,5 7, 8
e —23, 6 9

IV-59 Mi#&OMIER X SRR
IR, B, S, WPV ooSHER, MERE -
BV Y, SRRMAERDI,

MR, BIBRKEX 7o FERRK BEET
4, a4 F—v R, HIVERE (A X%E
D) REEHE RS 2 EBH B, Lt o T,
Vv 7 ) v ERRIG RS OEBINRETE TS
B, £z, Vo2V v ENKRIGE MR
DB VWI L HEET D,

W, FEERNSY 87 BHE(ESAT-6
 CFP-10) ® AW S F W E s s s N,
R ARG B & LT v 3 (interferon-y BB A ER
IGRA, Quantiferon: QFT), 2 5 OMER
BCG ®% < ODIFBHTBEICHFEL B Wiz,
EMERE P BRCRHETE 2, FEE, KH
MRS v BE R INZ, 555k, BELE -
Wk s % IFN-y 2 85 2 (81 0.35 1U/
ml Bl b)), BmERSE LT, OBEEBEER
1 Q WmEMEREH OB RZCISA I Tw S
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AV =7 F(NH)

MR T o — ViR
AREE
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Kigmges, s
v 3y B WTFRHA

Y7y ey (RIF)

DNA kM RNA R 27— ¥HE

MMEED, FRER, 7Vva¥— | K8, FEE

I%>7 b —IL(EMB) HIREEE s o — B HhEE, HgR
ARkbE ?

> o4 3 F(PZA) pyrazinoic acid B4 s, ERBRIME

AT ERLU(SM) | o EERIEE S IMREE, BEE

RIV-59 FHAEWMEBROLRRKR

Sei
Witho 1355 | SHmE

wWEho 1254

TS

% HiE L HImE

12.6% 2.2% 9.9~10.7%

1.0~1.4%

23.3~36.0%

9.3~13.0%

WA 1EH 4 Y =7 Y F(INH),
b7 bhwA v (SM)

5) BES L UFES

BROFAZSHHBIERLERETH S
(RIV-58), FEAZE DA M, SHHEKED
ENcES L BRETFOEEC L DERSR, %
A Ch S OEEFOEEVSER T I LI
&0, HBY 5, PEEEICLD, REELDEE
BRIERZRLHM, 1EHHD, 1/10°~10°TH 3
fos, FEHIEZHHATA LY, HHEEOHE
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Mycobacteria Exploit Host Hyaluronan for Efficient
Extracellular Replication

Yukio Hirayama', Mamiko Yoshimura', Yuriko Ozeki'?, Isamu Sugawara®, Tadashi Udagawa®, Satoru
Mizuno®, Naoki Itano?, Koji Kimata®, Aki Tamaru®, Hisashi Ogura’, Kazuo Kobayashi®, Sohkichi
Matsumoto™*

1 Department of Bacteriology, Osaka City University Graduate School of Medicine, Osaka, Osaka, Japan, 2Sonoda Women's University, Amagasaki, Hyogo, Japan,
3 Mycobacterial Reference Center, The Research Institute of Tuberculosis, Kiyose, Tokyo, Japan, 4 Department of Molecular Oncology, Division of Molecular and Cellular
Biology, Institute on Aging and Adaptation, Shinshu University Graduate School of Medicine, Nagano, Japan, 5 Research Complex for the Medicine Frontiers, Aichi Medical
University, Yazako, Nagakute, Aichi, Japan, 6 Department of Infectious Diseases, Bacteriology Division, Osaka Prefectural Institute of Public Health, Osaka, Japan,
7 Department of Virology, Osaka City University Graduate School of Medicine, Osaka, Osaka, Japan, 8 Department of Immunology, National Institute of Infectious Diseases,
Shinjuku-ku, Tokyo, Japan

Abstract

In spite of the importance of hyaluronan in host protection against infectious organisms in the alveolar spaces, its role in
mycobacterial infection is unknown. In a previous study, we found that mycobacteria interact with hyaluronan on lung
epithelial cells. Here, we have analyzed the role of hyaluronan after mycobacterial infection was established and found that
pathogenic mycobacteria can grow by utilizing hyaluronan as a carbon source. Both mouse and human possess 3 kinds of
hyaluronan synthases (HAS), designated HAS1, HAS2, and HAS3. Utilizing individual HAS-transfected cells, we show that
HAS1 and HAS3 but not HAS2 support growth of mycobacteria. We found that the major hyaluronan synthase expressed in
the fung is HAS1, and that its expression was increased after infection with Mycobacterium tuberculosis. Histochemical
analysis demonstrated that hyaluronan profoundly accumulated in the granulomatous legion of the lungs in M. tuberculosis-
infected mice and rhesus monkeys that died from tuberculosis. We detected hyaluronidase activity in the lysate of
mycobacteria and showed that it was critical for hyaluronan-dependent extracellular growth. Finally, we showed that L-
Ascorbic acid 6-hexadecanoate, a hyaluronidase inhibitor; suppressed growth of mycobacteria in vivo. Taken together, our
data show that pathogenic mycobacteria exploit an intrinsic host-protective molecule, hyaluronan, to grow in the
respiratory tract and demonstrate the potential usefulness of hyaluronidase inhibitors against mycobacterial diseases.
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Introduction frequently occurs after a long latent phase. Mycobacteria are an
intracellular bacterium, multiplying within host cells, but also grow
extracellularly [7,8].

Macrophages phagocytose mycobacteria through interaction
with several cell surface receptors, including complement recep-
tors, mannose receptors, surfactant protein A, scavenger receptors,
and Fc receptors [9]. By contrast, mycobacteria attaches to or
invades lung epithelial cells through interactions with glycosami-
noglycans (GAG) [10]. M. tuberculosis, M. bovis bacillus Calmette-
Guerin (BCG), and M. legprae produce two types of GAG
interacting adhesins, heparin-binding hemagglutinin (HBHA)

Infectious diseases caused by mycobacteria are serious threats to
human health. Tuberculosis is caused by infection with mycobac-
teria, most {requently with Mycobacterium tuberculosis but also with
Mycobacterium  bovis, Mycobacterium africanum, Mycobacterium microti,
and Mycobacterium canetii and kills around 2 million people annually.
Leprosy is caused by Mycobacterium leprae and the globally registered
prevalence of leprosy was around 22,000 cases at the beginning of
2006.

The major portal of entry for mycobacterial pathogens is

through the respiratory tract. The primary phase of the infection
begins with inhalation of bacteria, which are then phagocytosed by
alveolar macrophages in the periphery of the lungs. In addition,
several lines of evidence indicate that mycobacteria interact with
epithelial cells in the respiratory tract [1-—4]. The recent reports
show the significant role of type II pneumocytes in the pathology
of tuberculosis [3,5,6]. The onset of mycobacterial diseases

@ PLoS Pathogens | www.plospathogens.org

[10,11] and mycobacterial DNA-binding protein | (MDPIL, also
called histone-like protein and laminin-binding protein in M. leprae)
[1,12]. HBHA is sccreted to the extraccllular milieu from
mycobacteria [13], whereas MDP1 is tightly attached on the
mycobacterial cell wall [14].

We previously demonstrated that hyaluronan is a major portal
for infection of mycobacteria into A549 human lung epithelial cells
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Author Summary

Mycobacterium tuberculosis and Mycobacterium bovis are
major bacterial pathogens that kill approximately 2 million
people annually by causing tuberculosis. The M. tubercu-
losis complex has several strategies to parasitize the host.
After infection is established, these pathogens are rarely
eliminated from the host, and nowadays approximately a
third of the world’s human population is infected with the
Mycobacterium tuberculosis complex. The elucidation of
the parasitic mechanisms of the M. tuberculosis complex is
important for the development of novel strategies against
the disease. The major portal entry of M. tuberculosis
complex is through the respiratory tract. On the surface of
the airway, hyaluronan retains bactericidal enzymes so that
they are "ready-to-use”, protecting tissues from invading
pathogens. Furthermore, fragmented hyaluronan pro-
duced as a result of infection is used by the immune
system as a sensor of infection, Thus, hyaluronan plays a
pivotal role in host defenses in the respiratory tract.
However, in this study, we observed that the M.
tuberculosis complex utilizes hyaluronan as a carbon
source for multiplication. We also found that the M.
tuberculosis complex has hyaluronidase activity and
showed that it is critical for hyaluronan-dependent growth
of the M. tuberculosis complex. This study demonstrates a
novel parasitic mechanism of the M. tuberculosis complex
and suggests that mycobacterial hyaluronidase is a
potential drug target.

by interacting with MDP1 [1]. Hyaluronan is a nonsulfated lincar
GAG composed of thousands of repeating units of GlcNAc- (beta-
1, 4)-GlcUA- (beta-1, 3) and is synthesized by 3 isoforms of
hyaluronan synthases (HAS), designated HAS1, HAS2, and HAS3
in both mice and humans [15-18]. In vertebrates, hyaluronan is a
ubiquitous structural component of the extracellular matrix, and 1s
abundant in the chondral and vitreous tissues. Recent findings
demonstrated that hyaluronan has a pivotal role in diverse
dynamic biological functions such as embryonic development {19],
cell migration [20,21], tumor transformation, [22,23], wound
healing [24], and inflammation [25-27].

On the mucosal surface of the airway, hyaluronan retains
bactericidal enzymes so that they are “ready-to-use”, protecting
mucosal tissues from invading pathogens [28]. Furthermore, in the
alveolar tracts, released {ragmented HA stimulates innate immune
responses by activating Toll-like receptor 2 and 4 dependent
pathways and initiating lung inflammation [23]. By contrast,
during resolution of respiratory inflammation, immuno-stimulato-
ry hyaluronan is taken up via the hyaluronan receptor CD44 on
alveolar macrophages [26]. Thus hyaluronan plays a pivotal role
in host defenses in the respiratory tract, but its role in
mycobacterial infection had not been elucidated so far. In this
study, we analyzed the role of hyaluronan after mycobacterial
infection was established.

Results

Hyaluronan enhances the extracellular growth of
mycobacteria after attachment to A549 cells

A549 cells, a type II human lung epithelial cell line, were
exposed to recombinant BCG expressing luciferase (rBCG-Luc)
under the control of the HSP60 promoter [14] at a multiplicity of
fection (MOI) of 10 for 16 hours. Cells were then washed and
various doses of hyaluronan added into the culture. Growth of
BGG was monitored by luciferase activity at each time point,
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which is indicative of viable bacteria [14,29]. We found that
exogenously added hyaluronan enhances bacterial growth in a
dose-dependent manner (Figure 1A). We also confirmed this effect
by counting viable bacteria using a colony forming units (CFU)
assay (Figure 1C).

In owr experimental setting, around 60% of the bacteria adhere
to the cell surface and the remaining 40% are internalized by the
cells {1}. Therefore, we next examined whether hyaluronan
enhances extraccllular or intracellular growth by treatment with
gentamicin, which kills extracellular but not intracellular bacteria.
After infection, we added gentamicin (50 pg/ml) into the culture
for 6 hours and then added hyaluronan after removing gentami-
cin. The results showed that gentamicin treatment abrogated the
growth of BCG (Figure 1B), indicating that bacterial growth
occurred extracellularly. The enhanced effect of hyaluronan on
bacterial growth was also abolished by gentamicin treatment
(Figure 1B). This suggests that hyaluronan enhances growth of
BCG attached to these cells.

We next examined if the same effects of hyaluronan can be seen
i M. tuberculosts growth after infection to A549 cells. We infected
M. tuberculosis H37Rv to A549 cells, then added hyaluronan, and
monitored growth by counting colony-forming units (CFU).
Similar to the case of BCG, we found that presence of hyaluronan
enhances the growth of M. tuberculosis in a dose dependent manner
(Figure 1D). Gentamicin treatment also abrogated the growth of
M. tuberculosis and growth-enhancing effect of hyaluronan.

BCG utilizes hyaluronan as a carbon source

To determine why hyaluronan enhances the growth of BCG,
we hypothesized that BCG can utilize it as a carbon source
because hyaluronan is a polymer of disaccharides. We cultured
BCG-Luc in 7HY based carbon-starved broth in the presence
(0.5 mg/ml) or absence of hyaluronan. As expected, in the carbon-
starved media BCG did not grow, while the addition of
hyaluronan supported the growth of BCG (Figure 2A), demon-
strating that BCG can utilize hyaluronan as a carbon source,

We next compared hyaluronan with other GAG in terms of
their growth supporting effect. BCG-Luc was cultured in 7H9-
based carbon starved media or media including 0.5 mg/ml of
each GAG as the sole carbon source. The results showed that
BCG did not grow in the media supplemented with heparin or
heparan sulfate. Both hyaluronan and chondroitin sulfate
encouraged the growth, but hyaluronan sustained higher growth
rates of BCG than chondroitin sulfate (Figure 2A). We also
demonstrated that the growth supporting effect of hyaluronan is
comparable to an equivalent amount of glucose (0.5 mg/ml)
(Figure 2B).

In order to evaluate uptake of hyaluronan during hyaluronan-
dependent growth of mycobacteria, we cultured BCG in the
presence of *H-labeled hyaluronan in the media containing
hyaluronan as a sole carbon source. As shown in Figure 2C, live
BCG incorporated hyaluronan, whereas heat-killed bacteria did
not, showing actual uptake of hyaluronan into bacteria.

M. tuberculosis can utilize hyaluronan as a carbon source,
whereas neither M. avium nor M. smegmatis can

We next assessed the action of hyaluronan in the growth of
virulent M. ituberculosis (strain H37Rv), and environmental
mycobacterial species such as M. smegmatis (strain mc?155) and
M. avium (ATCC25291). In carbon-starved media, none of the
three strains grew. However, M. tuberculosis H37Rv, along with
BCG, multplied in the media containing hyaluronan as a sole
carbon source while neither AL, smegmatis nor M. avium proliferated.
After 12 days culture, optimal density (OD) at 630 nm of M.
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Figure 1. Effect of exogenously added hyaluronan on the growth of BCG and M. tuberculosis after infection of A549 cells. (A), A549
cells were infected with BCG-Luc for 16 hours at a multiplicity of infection (MOI) of 10. After removal of non-infected bacteria, different amounts of
hyaluronan (HA) were added; 0 11g/200 ul (BCG alone), 1 pg/200 l (BCG+HA1ug), 10 ng/200 ul (BCG+HA10ug), and 100 pg/200 pl (BCG+HA100ug)
before culture at 37°C under 5% CO,. Cells were lysed by adding 5% Triton X (0.5% final) at each time point (1, 2, 4, and 6 days) and bacterial growth
was monitored by luciferase activity. The results are expressed as mean=the standard deviation (n=3). Relative luciferase unit (RLU). Cntl, control
without BCG-Luc infection. For statistical analysis, a two-way ANOVA with Bonferroni Post tests were used to obtain P-values for each time point,
comparing the various growth conditions to the control. *P<0.01. (B), Gentamicin (GM) treatment abrogated the growth of BCG-Luc after infection of
AS549 cells. A549 cells were infected with BCG-Luc for 16 hours at MOl of 10. After removal of non-infected bacteria, hyaluronan was added to be
500 pg/ml for some wells (BCG+HA, BCG+HA+GM) and cultured at 37°C under 5% CO, in the presence or absence of 10 ug/mi GM (BCG+HA+GM,
BCG+GM). Growth of BCG was monitored by luciferase activity. The results are expressed as mean=the standard deviation (n = 3). RLU. Cntl, control
without BCG-Luc infection. (C), The enhancing effect of hyaluronan on BCG growth was confirmed by colony forming unit (CFU). AS49 cells were
infected with BCG-Luc for 16 hours at MOl of 10. After removal of non-infected bacteria, BCG-Luc was grown in the presence or absence of 50 ug/ml
HA. Cells were lysed at each time point and serial 10-fold dilutions were plated in duplicate on Middlebrook 7H11 agar (Difco) supplemented with
oleic acid, albumin, dextrose and catalase (Difco). After incubation for 3~4 weeks at 37°C, colonies were counted and the number of CFU was
calculated per well (1 ml). The results are expressed as mean=the standard deviation (n=6). (D), A549 cells were infected with M. tuberculosis H37Rv
and then different amounts of hyaluronan (HA) were added; 0 pg/200 ul (Mtb alone), 10 pug/200 ul (Mtb+HA10ug), and 100 1g/200 pl
(Mtb+HA100ug). Gentamycin (50 pg/ml) was added to some wells with (Mtb+HA100 pg+GM) or without (Mtb+GM) 100 pg/200 i hyaluronan.
Cells were lysed by adding 5% Triton X (0.5% final) and the number of viable bacteria was determined by plating dilutions of the samples for CFU on
7H11-0OADC agar.

doi:10.1371/journal.ppat.1000643.g001

tuberculosts culture increased to 0.32%0.038 from 0.01 (day 0). We
then compared hyaluronan and other GAGs in terms of growth
supportive effects on M. tuberculosis. Similar to the case of BCG,
hyaluronan most effectively enhanced the growth of M. (uberculosis
among tested GAGs (Figure 3).

Detection of hyaluronidase activity in mycobacteria
Because hyaluronan is a long chain consisting of the repeat of
two monosaccharides at over 2x10° Da, we hypothesized that
extracellular cleavage of the polymer would be required before
taken up by cells. Therefore, we next assessed hyaluronidase
activity in mycobacteria. Hyaluronan was incubated in the
presence or absence of cell lysates derived from BCG before
precipitation by phenol/chloroform extraction. Precipitates were
then fractionated by polyacrylamide gel electrophoresis (PAGE)
and visualized by alcian blue staining as described previously {30].
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Hyaluronan was separated into discrete ladder-like bands by
electrophoresis after incubation with BCG lysate (Figure 4A),
demonstrating that BGG possesses hyaluronidase activity.

Hyaluronidase activity is critical for hyaluronan-
dependent growth

We then addressed whether hyaluronidase activity is crucial for
hyaluronan -dependent growth of mycobacteria. L-Ascorbic acid
6-hexadecanoate (Vepal) is shown to be a potent inhibitor of
hyaluronidase [31]. We investigated the effect of Vepal on
hyaluronidase activity of BGG and found that hyaluronidase
activity was abolished in the presence of 25 uM Vcpal (Figure 4A,
lane 4).

We next examined the effects of Vepal on the growth of BCG.
BCG-Luc was cultured in modified 7H9 media containing
hyaluronan (0.5 mg/L) as the sole carbon source or 7HS-ADC
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Figure 2. Effect of hyaluronan on BCG growth in carbon-starved 7H9 media. (A) (B), BCG-Luc was cultured in carbon-starved 7H9 media
(7H9), or carbon-starved 7H9 media supplemented with 500 pg/ml of HA (7H9+HA), heparin (7H9+Hep), chondroitin sulfate C (7H9+Cho), heparan
sulfate (7H9+HS), or glucose (7H9+Glu) at 37°C. Growth of BCG was monitored by luciferase activity. The results are expressed as mean*the standard
deviation (n=3). For statistical analysis, a two-way ANOVA with Bonferroni Post tests were used to obtain P-values for each time point, comparing the
various growth conditions to the control. *P<<0.01. (C), Uptake of *H-hyaluronan (HA) by BCG in carbon-starved 7H9 media. Live and heat-killed BCG
cells were cultured in carbon-starved 7H9 media in the presence or absence of *H-labeled hyaluronan for 4 or 7 days. The uptake of 3H-laveled

hyaluronan was measured by a gamma counter.
doi:10.1371/journal.ppat.1000643.g002

complete media, which contains Tween 80, glycerol, and dextrose
as carbon sources and BSA. We found that 25 pM Vepal did not
change the growth rate of BCG in 7H9-ADC complete media,
while it abolished the growth of BCG in the media containing
hyaluronan as the sole carbon source (Figure 4B).

We also examined the effect of Vcpal on the growth of M.
tuberculosis. M. tuberculosis H37Rv was cultured in the media with or
without Vepal (50 and 100 pM). Vcepal suppressed the growth of
M. tuberculosis in the media containing hyaluronan as a sole carbon
source but not the growth in conventional 7H9-ADC media
(Figure 4C). Other hyaluronidase inhibitors, such as apigenin and
quercetin [32], also inhibited hyaluronan dependent growth of AL
tuberculosis as shown in Figure S1. These results indicate that
hyaluronidase activity is essential for both BCG and A{. tuberculosis
when utilizing hyaluronan as a carbon source.

Vcpal blocks growth of BCG after attachment to A549
cells

We next examined whether Vcpal suppresses the enhancing
effect of hyaluronan on the growth of BCG after attachment to
A549 epithelial cells. After exposure to BCG-Luc, hyaluronan was
added with or without Vepal (25 puM) into the culture and growth
of BCG was monitored by measuring luciferase activity. After 6
days culture, RLU values of BCG-Luc increased to 36.6%7.5
RLU or 52.6%18.7 RLU in the absence or presence of
hyaluronan, respectably. Adding Vcpal abrogated the enhanced
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effects of hyaluronan (29.3*2 RLU), demonstrating that BCG
utilized exogenously added hyaluronan as a carbon source after
infection to A549 cells.

BCG and M. tuberculosis efficiently utilize hyaluronan
synthesized by HAS1 and HAS3

This work so far on the growth of mycobacteria has been
performed with hyaluronan purified from human umbilical cord
(Sigma). In order to elucidate whether mycobacteria can use
hyaluronan actually synthesized in situ by mammalian cells, we
employed the previously established stable human HASI-3
expressing rat 3Y1 fibroblasts [15]. 3Y! rat fibroblasts do not
produce detectable hyaluronan themselves but each transfectant
produces different sized hyaluronan. Both HAS1 and HAS3
transfectants secret hyaluronan with broad size distributions with
molecular masses between 2 x10° to ~2x10% Da, while the HAS?2
transfectant secretes extremely large hyaluronan at an average
molecular mass of >2x10° Da [15]. We analyzed the level of
hyaluronan production by utilizing a hyaluronan-binding protein
(HABP}-based ELISA assay and confirmed that the HAS2
transfectant produced high levels of hyaluronan (235.7 pg/mL
in the culture media), while the HAS3 transfectant synthesized the
smallest amount of hyaluronan (159 pg/mL). The HASI
transfectant produced moderate levels of hyaluronan (85.3 pg/
mL), and the empty vector transfectant did not produce detectable
amounts of hyaluronan.
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Figure 3. Effect of GAG on the growth of M. tuberculosis in
carbon starved media. M. tuberculosis H37Rv was cultured in carbon-
starved 7H9 media (7H9), or carbon-starved 7H9 media supplemented
with 500 pg/mi of HA {(7H9+HA), heparin (7H9+Hep), chondroitin sulfate
C (7H9+Cho), or heparan sulfate (7H9+HS) at 37°C. Bacterial numbers
were monitored by determining CFU at each time point. The results are
expressed as meanzthe standard deviation (n=3). For statistical
analysis, a two-way ANOVA with Bonferroni Post tests were used to
obtain P-values for each time point, comparing the various growth
conditions to the control. *P<0.01.

doi:10.1371/journal ppat.1000643.9003

Fach human HAS transfectant was exposed to BCG-Luc and
the growth kinetics of the bacteria were monitored by luciferase
activity. The results showed that BCG grew after attachment to
3Y1 cells transfected with HAS1 and HAS3 but not with HAS2 or
empty vector (Figure 5A). In addition, we found that hyaluron-
idase treatment of HASI transfected cells enhanced the growth of
BCG (Figure 5B). These results suggest that shorter sized chains of
hyaluronan are preferential for BCG growth,

We also monitored the growth of M. tuberculosis H37Rv after
infection to these HAS transfectant cells. Along with the case of
BCG, HASI and HAS3 but not HAS2-tranfectants supported the
growth of M. tuberculosis (Figure 5C).

Production of hyaluronan in M. tuberculosis-infected
lungs

To see if hyaluronan is present at the site of infection of M.
tuberculosis, we assessed the expression of hyaluronan synthases
(HAS1, HAS2, and HAS3) in the lungs of BALB/c mice infected
with the M. tuberculosis H37Rv strain, using the low-dose aerosol
infection model. Total RNA was extracted from the lungs after 1,
3, 5, 7, 14, and 21 days of infection, and analyzed for HASI,
HAS?2, and HAS3 mRNA transcription by reverse transcriptase-
polymerase chain reaction (RT-PCR) (Figure 6A). The data
showed that HAS1 mRINA expression increased after infection
and was maintained at all time points (Figure 6A).

We next determined if hyaluronan is present in alveoli using
biotin-conjugated hyaluronan-binding protein (HABP) and histo-
chemical analysis. Before infection, hyaluronan was located on the
surface of the airways and alveoli (Figure 6B). After M. tuberculosis
infection, hyaluronan levels were profoundly increased and
accumulated in the granulomatous legion (Figure 6B). Taken
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Figure 4. Hyaluronidase activity in mycobacteria and the effect
of hyaluronidase inhibitor on hyaluronan-dependent growth
of BCG and M. tuberculosis. (A), One mg/ml of hyaluronan and
700 pg/ml of BCG cell lysate was mixed and incubated for 3 days in the
presence (HA+Lysate+Vcpal) or absence (HA+Lysate) of ascorbic
palmitate (Vcpal), an inhibitor of hyaluronidase. As controls, hyaluronan
alone (lane 1, HA) or BCG cell lysate alone (lane 2, Lysate) was treated in
the same way. Hyaluronan was precipitated by ethanol after phenol
extraction and resolved in water. Then hyaluronan was fractionated by
PAGE gel electrophoresis and visualized by staining with alcian blue. (B),
BCG-Luc (0.01 OD at 630 nm) was cultured in carbon-starved 7H9 media
(7H9), media containing hyaluronan (500 ug/ml) as a sole carbon source
(7H9-HA), or complete 7H3-ADC media (7H9-ADC) in the presence or
absence of 25 uM Vcpal {(+Vcpal), an inhibitor of hyaluronidase. The
growth of bacteria was monitored by luciferase activity. RLU, relative
luciferase unit (RLU). The results are expressed as mean:=*the standard
deviation (n=3). (C), The effect of Vcpal on the growth of M.
tuberculosis. M. tuberculosis H37Rv was cultured in carbon starved 7H9
media (7H9), media containing 100 pg/ml hyaluronan as a sole carbon
source (7H9-HA), or conventional 7H9-ADC media (7H9-ADC) with or
without 50 (50) or 100 (100) uM of Vcpal for 8 days (closed bars).
Bacterial number was determined by plating dilutions for CFU on 7H9-
OADC agar and compared to that of Time 0 (DO, open bar).
doi:10.1371/journal ppat.1000643.g004

together, these data indicate that the major hyaluronan synthase in
the lungs is HASI both before and after M. luberculosis infection
and hyaluronan accumulates in the tuberculosis lesion.
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