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INTERNALIZATION AND REPLICATION OF MYCOBACTERIUM TUBERCULOSIS
AND M. AVIUM COMPLEX WITHIN TYPE I ALVEOLAR EPITHELIAL CELL LINE

Katsumasa SATO, Keiko OGASAWARA, Tatsuya AKAKI, and *Haruaki TOMIOKA

* Department of Microbiology and Immunology, Shimane Medical University

Profiles of internalization and replication of Mycobacterium tuberculosis (MTB) or M.
avium complex (MAC) within A-549 human type II alveolar epithelial cell line (A-549
cells) were studied and the results were compared with the mode of internalizing and
proliferative behaviors of the organisms within murine peritoneal macrophages (Mgs)
and various M¢-like cell lines (murine J774A. 1, human THP-1, and human MONO-MAC
~6). First, MTB and MAC internalized not only in peritoneal Mgs and Me¢-like cell lines
but also in A-549 cells. Secondly, MTB and MAC replicated within A-549 cells and these
organisms displayed much more vigorous intracellular multiplication in A-549 cells than
in murine peritoneal M¢s and J774A. 1 M¢-like cell line. Human Mg-like cell lines (THP
-1, MONO-MAC-6) allowed the growth of MTB and MAC equally or occasionally more
rapidly, as compared to the case of A-549 cells.
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BAALNDL L ERELTWD, HKE O HeLa M
Ja~OWELE 2 — F45 DNA WA iE§Ticra—
SV TENY, mee BIZT L LTEHFEN TV LD
(GenBank/EMBL, accession no. X70901), Z®i#&
{Z2F 13 HeLa Mla~OHONFEALEF 5T 2DH % 5
§, wru7r—Y (Mg) ICX2HOMY AAGEL Z
DBOBEDOEFHOVTNE b ED D 2 LHFKBRE O
BHEUA R IV EBRTHL IS T B Y, F 72,
MAC ® HEp-2 fifa~ WIS T 5 71— 1t
DNA BFIZoWThHEEN TS Y

B, fERE R MAC A5k b I B R Mlifask (A-
54947 ~ b PEL L, BET 5 2 L AR EhS ~ 10
NS OBEAERIC in vivo T I A L MTE~M
HEALL, ZOHRTHHHLTWA W) HEEEEL AT
HWAS, in vitro EEBRR T ORI, PIEERWE D RE
LRI B A LRI AT S 0l b ) 2 A
LTWAAHEME R L TWwWd, HEEL MACOI
FIR R AN ONAEALIZ DWW T, BEIC X o THE
FEnTWwaAO -8 T SPiERE o I B L5
3 & B> Mo BN T OBEFEYE (2D T OREM 2 L
BE TR TW AV, 22 THENE, E& L THER
BIUMAC OIS HIAAN TOMFAKEIZ DOV TOR
HERAT,

MBI EHE

(1) M : &M E Kurono #, H3TRv #, H37Ra
Bk M. avium N-444%B L 0" M. intracellulare N—
2604k % iV 7z, WL THI Bedbr, 37C TT7~10
HRsEE L, @O - RERIC1%FMET VT IV
(BSA) &4 Y YR EREERIGFESE, X
T, B L o TR R Y BRI E LRI
—80CITAE LTz HEICC MO Hl Z L, BE
OB WALFRRIFEBRIH L 72,

(2) Hifa - UToMizx L7,

< AJNE Mg (Bl Mg ) : BALB/c A XAV T A
(8 ~12:8H% : HAZ L' 7) ORI Zymosan A D1
mg % BHENHS L THEL,

JTT4A. 1= A Me Bifask (J774-Mg¢ ) : Ameri-
can Type Culture Collection (ATCC) CKEl) &b
AFL7,

THP-1 b + M¢ ##ifatk (THP-M¢) : ATCC &
D AFL7,

MONO-MAC-6 & + Mg #fifiatk (MM6-Mg )
German Collection Microorganisms and Cell
Cultures (FAY) LW AFL7,

A-549%¢ + T ZUfifa b Rz ik (A-549#If8) : ATCC

O OETAB B9F

IO AFL,

fHREPEMIRL T B 5 I Mg, JTTA-M¢ B & UF A-549
MRIE10% 48 R ML (FBS ; Bio Whittaker, KE)
2EIMLZ 2mM L-Z V% I V&4F Ham’s F-12K
(kAARSE, AR) ST, FEEMRB TS S THP
~M¢ 1310% FBS 2L 722mM L-7 V% 3 vER
RPMI 1640 (HABE, Hp0) Hth <, TAFLF
AL O MM6-M¢ 12 D10% FBS-RPMI 16405
12 % 512 1% non-essential amino acids (Bio
Whittaker), 1mM ¥V E Y EF b1 v A (Bio
Whittaker) B X9 pg/mifA v a2 v (FH
#®,OKR) 2RiNL:8mec, ZhENn3TC, 5%
COu A ¥ % aR—% —HTHIEEE L7,

(8) BSEHOMIBABIAEDRIE | MM A RO
BT O LD 14707285, REBRTES -
WEEEFE L2 DTHH I EVHEIOLNT NS 10),

Wil Mo O34 BEMAE% 5% FBS-Ham's F-
19K 2412 1 X106 §if/ml & 5 &) (RS E, £
D1lml %24y V7L — b (PE) Mz, 2 BHE
L7z, Mo MBRES 2% FBS iy 7 AR
(HBSS) T 3 Mk (Z 05 MM % BE Mo
L, Foa¥gm L CHBRBEFRNLZEZA 1 ~2X
1054/ = VTho7), BHAE % FES T8
(500p0) HT2EERIREELZ, KWT, 2% FBS-
HBSS THII/ LRI H % Pl - BRER, I1mliD 1%
FBS-Ham’s F-12K sz L (0-day), 7 HH
Wbz o TR LTz, FERICE Y = Vi20.23% F 7
S OVEGERF b A (SDS) D400 %N % CHEML & &
L7, Sha20% BSA (6004 ERLBZ LI
X0 SDS #FHI &, KT, HEEOHE1X0.0
% Tween 80K T, MAC O#&13, Tween 80% fiH
5 L EED diffuse Bl X 2 Y, BAMEET To CFU &
PR 72 2 D THEEAKT, 10EREFREITY, €
D10pl ZTHIIFER W EICAKY L, 6 ~10 H 55 58
M B B R FHE L 720

JTT4-Me & A4 D354 - Mila% 5% FBS-—
Ham's F-12K ¥#512 2 X105 #ifa/ml &% 5 £ 91
BEsE, Z0O1mlEA4Y Vv 7L—F CEK) (2
Z, 18EpisEaE L7z, MIBOHEREREE% 2% FBS-
HBSS T 3 Mg, HraUE % ik & 7554 (500 #1)
T 2 BERIRERE L2 RWNT, 2% FBS-HBSS T
UiMRas e A B3 L 22 #:12, 1% FBS-Ham’s
F-19K #24 (1m/l) RTTHEIChZZ > THREELZ,
AP H SRR O JEIE Mg D34 & Rk J7ET, MigM
BHEAEE L 72,

THP-M¢ & MM6-M¢ D354 : fMifa% 5% FBS—
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RPMI 164055312738 (8 X10° Mifl/ml) &7,
ZOLDOD5ml A TOUARFEROEE L &
b 1275ecm? DHBEKEREM 75 X 3 (Corning, KE)
2R 7o IS % 3 RERIRFEAICEINL, MBS O®
ZBRET 272012 2% FBS-HBSS T 5 [\l (150X
g, 547) - B Lok, REMICEShMEE 1%
FBS-RPMI 164055 #h 12 173 S & CHlfa g% 2 X105
MM/ ml \CFREE L 72, RNT, SR5D200p%96™ =
V7L—1b (UJK) Nz, 7THEIZb:>THEEL,
HR DA UMIBOBE & MO HET (SDS, 8041 ;
20% BSA, 12047), #MKAEEZFHNL 722,

i, ML) OBFEE (MOD) (AL & kg
HOMERHICRLZ>TWVD,

5 ES

1) #EH L MAC @ A-5498Ifa~ DM 1E(L

FRE & MAC O A-549% I8~ DHFEALIZ DOV TiZ
McDonough 5 9, Bermudez 57, Mehta 58 o
BN L VHEPD SN TVBEA, SEIZI DI
DWTHERBIEIC & ) RE L7,

ZORFHR, W HTRv #% (MTB Rv) & [
H37Ra # (MTB Ra) B & O" M. avium N-444#%
(MA) & M. intracellulare N-260%k (MI) % MOI=

o«
Vs
/°

04{o® o

Log growth index
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10T A-549%fE & BERE Mo~ 3 S & 72358 O Ma N
AW (CFU/10041f8 : n=3, FHE+SEM) &, A
—540MfIZ BT B X D BIENE Mo 12812139 2% <,
ZhEFN, A-549418 ;22.2+2.20 (MTB Ryv), 12.9
+0.72 (MTB Ra), 0.93+0.05 (MA), 0.95+0.05
(MI) : B Mo ;322+21.9 (MTB Rv), 86.2+11.2
(MTB Ra), 11.8+0.25 (MA), 37.2+1.59 (MI) @
TELTHot, BB, WOEERT, HEHE Kurono
BE A-540IfL L JTT4- Mo ~NEH S 7254120, A
-S540 B MOI (0.25) 1 J774- Mg ~ D MOI
(0.045) X Z b b & FTHIBHNEIUIE A 7% 20 >
7o (A-549%f ; 2.35+0.14 : J774-M¢ ; 36.5+2.02),
KIZ, M. avium N-444%k (MA) & M. intracellu-
lare N-260%% (MI) % MOI=25T A-5494lifa & J774
“Mep N S E oA ENER, A-540418  5.27+
0.97 (MA), 5.17£0.43 (MI) : J774-M¢ ; 188+8.34
(MA), 55.3+0.83 (MI) T &L Thotz,
PLEoR##EE, HEE & MAC 13 A-540880 12 N1
163562 &&RLTWADY, professional phagocyte
T DD Mo RPN D Z & i LT F DRI
WL DThorz, B, TOBRITMER L Mo 2M
JaAT T AF v 77 2 M~OEME b - 7MLD&
DRI TBHEDTHY, Mp D FEMETHSH THP-

v
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Fig.1 Growth of M. tuberculosis in A-549 human type I alveolar epithelial cells (A)

’

Zymosan A-induced murine peritoneal M¢s (B), J774A. 1 murine M¢-like cells
(C), THP-1 human M¢-like cells (D), and MONO-MAC-6 human Mg —like cells
(E). Results are shown in log units increase in the growth index of intracellu-
lar organisms. Each plot shows the mean (n=3). The SEM fell within a range
of 0.01 to 0.10 (average SEM, 0.03). The values of Log CFU/well at 0—time of
the organisms residing in tested cells were as follows, respectively (the value
in the parentesis shows MOI) : H37TRa (°) ; A :4.21+0.01 (10), B:4.1340.01 (2),
C:4.73£0.07 (1), D:2.80+0.07 (37.5), E:3.5040.01 (50). Kurono (s); A :3.62+
0.05 (0.25), B:3.68+0.03 (0.032), C:4.73+0.07 (0.045), D:2.84+0.04 (0.5), E:

3.25+0.01 (0.5).
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Fig.2 Growth of M. avium complex in A-549 human type II alveolar epithelial cells
(A), Zymosan A-induced murine peritoneal M¢s (B), JT74A. 1 murine M¢ -like
cells (C), THP-1 human Mg -like cells (D), and MONO-MAC-6 human M¢-like
cells (E). Results are shown in log units increase in the growth index of intra-
cellular organisms. Each plot shows the mean (n=3). The SEM fell within a
range of 0.01 to 0.12 (average SEM, 0.04). The values of Log CFU/well at 0-
time of the organisms residing in tested cells were as follows, respectively (the
value in the parentesis shows MOI) : M. avium N-444 (o) ; A : 4.97%0.01 (100), B:
4.86£0.04 (7), C:5.24+0.01 (3.5), D:2.40+0.10 (50), E:2.69+0.06 (25). M.
intracellulare N-260 (o) ; A :4.61+0.02 (100), B:4.84+0.03 (20), C:5.00+0.04
(10), D:2.40+0.06 (50), E :2.58+0.03 (50).

Mg & MM6-Mg¢ D& TIX, FBER O Z N S~DOHLE
fbidts LA A-S49MIIC BT 2 FASENEIIC B - 720
Thbb, ¥EE Kurono 4% MOI=0.5TEKG &
EEENFN, A-549fE ;5.58 £0.43: THP -
M¢ ;1.77+0.16 : MM6-M¢ ;4.41 01200 & T
HY, M. intracellulare N-260#k % MOI=50 T J& %
SE-%AE, A-5494fE ;9.83+£0.96 : THP-M¢ ;
0.724+0.16 : MM6-M¢ ; 1.05+£0.08 D& TH o7z,

2) BtEE oMM T OB RE

KIZ, FH & MAC @ A-549Mila N T O MGl RE %
fho> Mg FHIRL T O E & WBHIGET L7z, Z0WaE, 5
EFHEE COMBANRBETRZPENZESLR D720
12, BEEHE O MOLIZ&ABRE & MlaoH G T L IZH
LTS, 28, UTOEBRTIIHEE H3TRy H &
DH<y A LTLD #H#H TH S Kurono #kz i
L2,

Fig. 1345 O M K A RS FE B B L2 D W T O B
R L72, #EMHE Kurono #8 & O H3TRa 4DV ¢
NOBED, A-S49HIIEA T O O HEFE 1L Mo =

JTT4-Mep W THOF IR T X WIEETH 555, MM6
-Mp A THOZNEIZIFIZRBRE TH o7z, M,
THP-M¢ W TOREBE OB R O IEETH 072, K
W, EEEOMmEM. (Kurono) & §9#kk (H3TRa)
DR TORFEEIZOWTHE L TAZZE IS, »
FTHhoOBEHE/KE b A-SMBATIEZDOELVL VY A
DR FIZFREORIERE Y R L7z, i, Mo Rl
JAR T, MENE Me TidifFEH O Kurono ¥k D1 5H Bk
12§50 H3TRa kD Z oy 2 5 CH Y, [IBkZR
fix THP-M¢ & MM6-M¢ DA b B0 Shlz,
SHICR LT, JTT4-Mgp OE TILFICTGHEKRD B A
SRR & D b MRS 2 o 72,

Fig. 2 1213 MAC QMR N HEIEMEIC O W T DO %
KL, WEho MAC Hikk: & A-549#ifa T D5
FEIRREE Mo % JTTA-Mp N THOZNL ) BHEETH 5
A%, THP-M¢ % MM6-Me¢ MIFZPIIC 31T 5 G &
RTEIVBIETH o720 RIZ, v T RZHEBEHLEVL »
ADFGN M. avium N-444%k L E v L v A D M.
intracellulare N—-260%k 12 & FEXFLNBETEME &
WZOWTHATASL L, BRIMBOWMIZhHb 5T, %
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FEEICHE L) SRR 2 R L7,
% =

SROKRE Tk, HEEB LU MAC X non-pro-
fessional phagocyte TdH 5 A-549¢ b I Efifife_F Fr
MRk~ BD 2 RRENFEILT 5 2 ESHEID L NTA, #
DRBERETIAF v 77 2 VAOFEREHT 5 M %
MIBRNOWEILIC R T I VBN 255 hot, =
DAL, FEE O TR R R~ RfE L ORE I
BHIBL TS —id, Mo ZOMB~DZNIZHEDH S
VE7 53R LG5, W) INEFTOHRICEST
HLREOFHHANTERE B b L DB~ | |l
Bo, A-b4MlifaE 75 A F v 7 = VI E MO R
e Mg AMLIC OV THRET 2 &, BIE~OHEE O
WIEALDREIIBRE~DENL Y b Hh 2 oTEL, bk
L7z A-549if L 79 AF v 7 = MATEHD Mo %
ML & DETRD S D L LEOBERIHT LT
oo THhUE, A-549Mfds & UERE Mo & JT74-Me A%
FEMILTH 2 2 &2 5 MEEROBEREAK X Vo okt
LT, THP-M¢ & MM6-Mg i34 ERER A & 70 W i%it
MK TH2 2 L HOHBEROERLS D2 YIS, B
MY 72 ) DM OBMBIIRIE OB DHE L VS 7
BILICERATIONEEDNS, Wright 519 0
MM6-Mg & JT74-Me 12D T DFZET b [FKE 2 157
PROLNTWS,

Bermudez & ¥ 13, HEp-2 MBI~ E O PM AL
BEIE MACOZNI Y BEL, THIIHMRAL-EHE
ke (H37Rv & H3TRa) "EZEHTH Y, FAEKE b
LWITE S ICHELEEIRE 2 THA D EHELTn
575, SEObIbID A-549 M % v 72 B3t < it
WIZRALE H3TR Bk & H3TRa #1281 2 F 48 MAC
DB ENGh o, 2 LD BV IR
MACHEKROENVL Y ZADZIERT 204 Lk,
HHVIRE VL Y RIED R VA, HEp-2 4k i3
S ERZ MBI Bk 3 2 D23 LT, A- 5491 i -
BHIRLICHRT 22 &, FHRBEOIEE A L ORY
NV CTH2 L dE2 5L, MROEHE
T2EZMORIER L2 TMES 52 L5 1Ic8bhs,

R MAC O A- 54088~ D I FE{L 5% o i P
HREEIEIC DOV Tid, THP-M¢ % B { Mo 21312 B
TE25EEHBLT, BLTHEEIS2VWIZFA%ETH2
Db h oz, L72AoT, in vivo TH I it b
BEAHLICAFEAL L7 2 S OB ENE, FERE 2 Sy 1
ERTODLEZOND, L 25T, St b Me¢
& LTTHP-M¢ & MM6-M¢ 2 2R LT, 2h b0
FUIZRTET 5 BRI E ORIEBIAEIC DV T b il L
BRIZH, FHEHEE MAC DWW Td THP-M¢ HT
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DHEOBIEMIE MM6-Mp ATHZFN L Y BN &
BRhrorz, O LI, MM6-M¢ DF A5 THP - Me
LY OREEMITRNZ &, Thbb, LYERL
MpTH2BZLERELTVS,

DRDIUILAET L ) MM6-Mg & A - 549813 % F v
T, KRM-1648% &0 ) 7 7% 4 ¥ v FHBikTIL,
MAC B~ 7 A5 L7246, 20 in vitro Bl
N LHEIND I EDOBRBHRIIES WAV E VD H
K-V QERBHAO—BRE LT, ZRLHBATO
R & MAC IS 2 BRI OB EEORBE O
HIZOVTORBRE 27T W3, ZO—EORIZ
L0, VI 74T URERD A-bAMBNIC BT
% MAC B § 2 HBEESEOREEIZ, MM6-Mdp K I2
RETZ2MACHIINTA2bDE D bELCRELT
LE)ZEDRBEERTWE O ZoBKIZ) 77 <
A Y Y RERD in vitro MEEM L in vivo B R
EDORMEHBE AR 12DD—DODF—F L ¥ F L 20
REMSEZ SN D, BIE, Tho 2008% 7L E
LTY 7734 Y RERN DR & TR % L2t L
TOFHM LB 2 EDOOH 3,
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