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INVASION AND INTRACELLULAR GROWTH OF MYCOBACTERIUM
TUBERCULOSIS AND MYCOBACTERIUM AVIUM COMPLEX ADAPTED TO
INTRAMACROPHAGIC ENVIRONMENT WITHIN MACROPHAGES AND TYPE I
ALVEOLAR EPITHELIAL CELLS
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Profiles of the invasion and intracellular growth of M. tuberculosis (MTB) and M.
avium complex (MAC), which had been adapted to intramacrophagic environment, within
Mono Mac 6 human macrophages (MM6-M¢s) and A-549 human type II alveolar
epithelial cells (A—549 cells) were studied. In this study, we used the organisms grown in
MM6-Més (intracellularly—adapted :I1-type) and those passaged in 7H9 liquid medium
(extracellularly —adapted : E-type). First, I-type MTB was less efficient than E-type
MTB in invading into MM6-M¢s, while I-type MTB invasion into A-549 cells was
greater than of E-type MTB. On the other hand, I-type MAC was more efficient than
E-type MAC in entering both into MM6-Me¢s and A-549 cells. Second, the ability of
MTB and MAC to replicate within MM6-M¢s was increased by intracellular passage of
these organisms through MM6-Mées. In contrast, the ability of these organisms to grow
within A-549 cells was decreased to some extent by intramacrophagic passage. These
findings suggest that growth within Més changes the efficiency of MTB and MAC in
invading and replicating in M¢s and type II alveolar epithelial cells.
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WEHE R Mycobacterium avium complex (MAC)
IEEOMBHANOBRAKZT Citlifi~xrar 7 -2
(M¢) RtFEk7 & &AM R < il fa L B2 AH a1 e il
TEHHIDEEZLND, FIATO primary % EHEDO%
E LT Ofil Mo DIRENZDOWTIX, BETTIZEL
OHRFPH/ONTWEA, Ml EEMAZIZOW T in
vivo THEHE D Z OMBBANRAT 22BN EDO T,
REZCZZOHEIAS IR o TR W, MK, in
vitro DEEBR TIIHIEHE R MAC & Mo ZOMALIEH
) T7% <, non-professional phagocyte T& % A—549
b b A AR (A-549 M) D~ % bz il
BANLBAL, WHT LI E/HEDD EhTwb,

LT AT, HEREMIER MAC fEDEBEMRETTH
WHERTWVBEHEDIT L A L IXE P CORERE, T4
bHMREIIELLE (ERE) Thh, MpATHIEL T
M¢ HOBBICIELL7-B (18E) 2B o
BEAETTbR TRV, LA, T0X) %I
W D in vitro TO A-549 MifE~D &GS 1B MAC
HOM~DORBREMIZI ERFICBIIZ LD dbHwI L
PWE SN TVREAVY | TS OWOMKNTOHIE
BREOENCOVTRREZRF S TRV, 40T
HOFELE R MACH® E P Mono Mac 6 M¢ fifl
(MM6-Mg¢) B & U A-549 K PI~ > etk & i
HHFEMEIZ DWW T E B & OWBRE 217072,

M EHE

1. BtEHE - ¥ B Kurono kB £ U8 MAC (M.
avium) N-444%k% Fva7z,

2. MMM AL EEROMRE B, My4, M42,
LeuM3, Mo2% ED~—7% —% KT 5MM6-Mgp? 1
(German Collection Microorganisms and Cell
Cultures, F4 ) & A-549#f2 (American Type
Culture Collection, kE) % L7z,

3. EREORAR  BHE D 5\ iE MAC 2% 4 THY
g, STCCTIOHHAHVIE5 HEEE#EL, &0 - 3%
B2 1%4EMET V7 3~ (BSA)-PBS IZiFilE S,
ROTBERLELHEL-d0%2 EREE L TERIC
L7z,

4. TRHEOFR : 5% FBS-RPMI 164055 #1278
g7 MM6-M¢ 2 E BIEERKE (MOI=5) &%\t
MAC H (MOI=50) % &3&+t, 37CT24REMEERE
#%, 2% FBS-HBSS T 5 [l - P LIFREGLE % B
FELT. RWT, ZOMM%E 1% FBS-RPMI 1640 5%
WP T& 525 HER#EA%, PBST2RHEL - i
(150X g, 547) L, #ifazEiEkpco@E ks (b

/B ET6E F25

I—H1IL, Model UR-20P, B AKHIIZT208) &
X VBME LTz, RAT, 1556 NSRRI I ERO
FEEAKEMAZ CTEAL - T (2000xg, 154) L, &5
2, FUSERELEETY, BREALEE 1%
BSA-PBSICFilE s &, MERLEABLZDO% I
BIR & LCERICH L,

B, FRTIE, oL CLTESNA TRIFERF
R 2 RO 2 o 72,
5. BRYHEOMBNBIEOREIE
(1) MM 6-M¢ PHEFHENEE

MM6-M¢ (4X10° cells/ml) WZHBHE D 5 Wik
MAC % %4 MOI=3 & % \»iZ MOI= 10 T 4 K [ &
Xk, JERSEHE 5 EoEL - P (150Xg, 5
) ThEL, BonBREMRENEANAESE 1%
FBS-RPMI 1640523 S &, 20200471 (4X104
cells) % 96 well culture plate (AE) HFTT HH
E LT, RWT, 0.23%SDS ®80ul %Nz TH#E
Wz BHEE, E51220%BSA (120¢1) TSDS #
Rl L2212, B noMilaEfi o CFU = THI1L
FERFEH ETEHIILAZPY
(2) A-549 KRN HETEBRE

96 well culture plate (FIE) % H T 5%FBS-
Ham’s F-12K ¥#r C 18K R RIS 2 L 72 A-549 M
fa M BRE#E (4104 cells/wells) 12, BBEHEH 5\ i
MACH%#%&4 MOI=3 ¥ 7213 MOI=10TCMz 72, 3
RERIRE 2RI, FERRRW 2 BRI - BrE B ) LTHES
N Byl % UEAAEAE 1% FBS-Ham’s F-12K
(200py) T HMEEEL, MM6-M¢ O34 & Rk
% HECHIBNBER O CFU 2&Hl L7z,

& S

Table1, 213, #EEB LT MAC DK 4 % THI ¥
Wb CRE LTS N MIRAELE (EBE), 25
iz h b i MM6-Mo MIlaN TR S THRL M
MRPIE L (1EIE) %2, £4MM6-M¢ 5\ ik A-
549 MR I B & 723 A OB O RSE B L Ui
W TOMGEEE A DTH B, TTRHEEIIOVTA
5E, MM6-Mp~DOEHMIZ THE<EHMETH 2
B TdH o 7=DIZx LT, A-549 MM~ D et i3 1z
IME>ERMETH o7 (Tablel), M5, MAC iZ2
WTiE, MM6-M¢, A-549 M3 h MR~ D &
Bt d [HBE>E BB TH B LA H o7 (Table2)o

Kz, MBARREMEICOWTIE, BEEDSB L U MAC
WFhOBE L L, MM6-Me HIfaN TOMFEMIL T &
B>ERMETHLDIIH LT, A-549MIaN T HHEFH
I T HE<ERBETHABEEIICH ST L2500
72 (Tablel, 2),
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Table1 Invasion of MM6-M¢s and A—-549 cells by M. tuberculosts
organisms adapted to extracellular (E-type) or intracellular (I-type)
environment, and intracellular growth of the organisms in these cells

Invasiveness Intracellular growth
Expt
*PY No. of CFU/well at 0-time X 1072 CFUrs /CFUg
No. I/E - I/E
E-type [-type E-type I-type
I 6.95 £ 0.94 4.27 +0.81 0.61 18 41 2.3
I 7.50 £ 1.07 5.92 +0.40 0.79 334 563 1.7
I 8.50 = 0.26 4.04 = 0.21 0.48 71 216 3.0
I 5.85 + 0.62 94.0 £6.98 16 82 64 0.78
I 7.38 £1.34 18.8 +0.29 2.5 113 78 0.69
I 16.7 £0.87 42,9 £4.72 2.7 37 36 0.97

@) Mean = SE (n=3~4)
b) Mean (n=3~4)

Table2 Invasion of MM6-Mé¢s and A-549 cells by M. avium organ-
isms adapted to extracellular (E-type) or intracellular (I-type) envi-
ronment, and intracellular growth of the organisms in these cells

Invasiveness Intracellular growth
E
*P' No. of CFU/well at 0—time X 1072 ® CFUry /CFUg, Y
No. I/E - I/E
E-type [-type E-type I-type
I 2.05 = 0.40 6.80 £+ 0.55 3.3 61 321 5.3
I 3.21+0.34 13.6 +0.26 4.2 143 279 2.0
il 3.75+0.72 20.5 +1.86 5.5 206 347 1.7
1 26.5 £ 1.42 162 +£8.18 6.1 34 31 0.91
I 7.07£0.71 43.5 +4.72 6.2 71 47 0.66
I 19.3 +2.15 75.9 £ 17.73 3.9 82 81 0.99

a) Mean = SE (n=3~4)
b) Mean (n=3~4)
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ZDEHZ, BEBHBIUOMACOIRE & ERE
LT, ZoMfaEEB X ORI T O
ERARONBLZEPHALNE o7,

%8B, EEEE MM6-M¢ & 5\ ix A-549fHifa~&
FIEHBIC, TREEMIIEFL TV LHRED cell
debris MMz TA7z2S, HEEB L P MACHOWT
Ne b ZORRGMB X OB AR RETECI3IF IR E 2
BIROSNED o), TOZEEY, Lo THEE
ERIE & D MM6-M¢ 3 & U A—549 fifa~ D et =
M OZRDS, TREERICBREL TV 5 cell

debris DFEIT L 5 &\ ) MEMRIITE S iz,
% =

t PHEIRHEM I E BdH 5T T HE MAC B % &
PR HE, MPNDZNLDOBEMIZ IRE DI
HEBBLY) LB LPFREINTWEAY, <
A JTT4. 1M HIFLIC E Bl B3 T BIREBIHE % B &
BREHEIE, FOLIRERIZDOLA TRV,
fif, & b A-549MIfEDBHATIE, TRBEZHEIEIER
REE LD OBV ERT Z LAHE LT Y,
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SEDObLNONOKRETIE, & MM6-M¢ ~D K
BOBREMIZ IHENIZ )N EHMEFIZEXRTEVDIZ
LT, MACHODOBATIIHEICIBEDIZ)IHNERIE
EDHBNEV)FEFESNTEY, MACKHIZOW
TOFEIFEHROLDE LB E—IZLTWE, £Z5
T, Bermudez 5¥ I3 MACHERIF L [EIF Tk
P HEREE Mo ~NDREFEHE I bb LTy —H R
BABRILERWELTWS, $4bb, ERED Mo~
DRAREmMDOZT L FIZCR1, CR3, mannose
T —ERNTHIOTHEHBDY, [HEOBRAICIE
transferin L' 7% —% 81 integrin MO H#7- 3%E A
REwvew), o T, SRR TRV SN
HOERE IREOL b MM6-M¢ N0 G 0 E
b, TRHDOHD MpHADRAIZL DD M il
Lt 7y —0BENIESDDEEZLND,
A-549ifls iz, MACH (E &KE) oMaR~®
BAIZDW T vitronectin Lt 7% —% VLA-4 2L
Lo A1 integrin BNZDOL LTI — & LTHNTHED,
transferin Lt 7% —OE 532w e E S
Tw3 2, bhbhdHOERT, HEH (EHE) o
A-S49fifE~DFE A, EIZCR3, A1 integrin 5
Wid mannose Lt 7Y — %24 T 5L, HUNC
MACH (EEH) R AiX, CR3 X mannose % 4
FTHIELERWIELTWS (REK), SHORETIZ,
BEHE L MACOBIZRL, TEEO A-549Mifa~ Dk
BMIE ERFHICHRTELLEDL 07205, TOERD I
B & ERE DO A-59MBANORAZP»DL S Lt
Ty —DENTER L7 b O TH D UHEMITE .
&C, FBBHEERE L) OREEEZGE, Y
HIZFICZAOEEMENTHB L - ERETHA S
75, Table 1 IZRTHERYHEZ T, fila M¢ 2 I !
fifif, b Bz MR D B IR I W D D TIE R VA, B
MM CHFET 22 L2 8 ) Mo NIRBEIZMEAL L 721
IR 3 0 BB - B~ O BRI S N B D T,
fifife Mo 2> & T B BB MR~ D EGeH R - — F A%
MRLEETLILICRDDEEZLND, 1,
29 L7z T HIE I Mo ~DERMEDTET T 5 728, Hiifld
Mo 2 5 B DR M@ ~DEZeH R — R, Fiife Mo
P HEEEPUR I T 5 RIBIDEDBILIZEL b b
ME Mo NOBEOZFE L Loz Tt RiEHE D
HELICIETEVDDOLEEZOND, B, MACH
DBFIZDOVT D, FDIFEACIIEHRREESSE (7
A—=NFTHIHL TV L IREEZ A 2ITNTE 2R
ERZLED) OBRETHAIPS, ZD LD % MAC
B — Ml Mo lICH AT h, Z0 M¢ HTHEL
Mo¢ WEREIZIEfL T2 2 Lo & ) TRt LM~ D
B BEERSh, ZOKRELT, MM 251

OB BT E F2E

Etifa L B D BGe H A — FASIR L  [ET 5
LW V- REZILND,

Pk, SEoME L) Mo NEREICIEL L 726
2 MAC WD Mo % 1 Efifi ffa b 5z i i~ o0 & et &
A TOMEEIEL, MBEAREICELLZdDEIZE
HRANMHERTLIESHLL L o2, TOHED
AHZABIZOVTIRERDOLE T Y — L OBEEED
BEBRE 2 EDODOHBDT, FIOBEEITHE L2V,
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