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The Interrelation between Activated Macrophages and 1#C-Labeled BCG

in Primary BCG Lesions and those of Reinfection

Masayuki ANDO*, Kiyoshi SHIMA and Haruhiko TOKUOMI

(Received for publication January 30, 1975)

To evaluate immunopathologically the defense mechanism against tuberculosis infection in the
immune host, the interrelation between activated macrophages (MN) and C-labeled BCG was
observed in BCG lesions. In normal and tuberculin-positive rabbits, multiple dermal BCG lesions
were produced and biopsied at 3, 7, 10, 14 and 21 days after inoculation. A different lesion was
used for each biopsy. The biopsies were quickly frozen and cut in a cryostat. The resulting
tissue sections were stained for the lysosomal enzyme jB-galactosidase, which reflects the state of
MN activation. Tubercle bacilli in the lesions were recognized both by staining with carbolfuchsin
and by radioautography. The 14C-label was of great help in detecting the bacilli and showing
progressive digestion of them.

MN in the lesions of primary infection were activated gradually, apparently due to the phago-
cytosis and digestion of the bacilli. In the 3 and 7 day lesions of the primary infection, more
than 50% of the activated MN contained 4C-labeled BCG. In the 10 and 14 day lesions of the
primary infection, most of the bacilli were found in the necrotic center and within the activated
MN that surrounded the center. Some of the bacilli, however, were found within nonactivated
young MN that were located far from the center. In the 21 day lesions of the primary infection,
new lesions were produced in the peripheral areas of the main lesion. In other words, some of
bacilli had apparently escaped from the defense wall composed of activated MN, and produced
new lesions.

In contrast with primary lesions, only 3% of the activated MN contained bacilli in the 3 and
7 day lesions of reinfection. This observation does not mean that the activated MN digested the
bacilli so completely that the 14C-label disappeared. It merely means that many MN were
activated by delayed hypersensitivity (lymphokines) rather than by the phagocytosis and digestion
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of bacilli. In the lesions of reinfection, even in those 3 days after infection, many MN had

accumulated around the area where the bacilli were present. These MN were rapidly activated,

i.e. a defense wall composed of highly activated MN was soon found around the necrotic center

that contained bacilli. The tubercle bacilli were therefore confined to this center and those that

escaped into the defense wall were soon destroyed.

In summary, in the early stages of the primary lesions the delay in speed of MN activation

probably allowed the spread of tubercle bacilli to adjacent tissues and even to distant organs. In

contrast, in the early stages of lesions of reinfection the rapid MN accumulation and rapid MN

activation built up a defense wall around the site of tubercle bacilli. The MN in this defense

wall probably inhibited the multiplication of the bacilli thereby stopping the spread of bacilli to

adjacent tissues and distant organs.
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Fig.1. Size of Dermal BCG Lesions in Rabbits
That Received Primary #¥C-BCG Infection
or ¥C-BCG Reinfection
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Fig.2. Percentage of Activated Macrophages in
the Primary YC-BCG Lesions and Those
of Reinfection
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Fig.3. Percentage of Phagocytized MN among
the Highly Activated Macrophages (4 to
it Positive for B-Galactosidase) in the
Primary YC-BCG Lesions and Those of
Reinfection
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Fig.4. Comparison of Average Numbers of 14C-
BCG in Phagocytized MN That Stained
+, #, and 1+ for B-Galactosidase (3 day

lesions of primary infection and those of

reinfection)

I. Identification by AFB staining

Primary infection
o e
100 &—__ _
TT=—a
\\
I~
[T~
EUn Reinfection o
L | |
0 + 1+ e
Intensities of 3-gal. in phagocytized MN
II. Identification by radioautography
% Primary infection
100+ -
\\\\m\§
To———
\\ =0
50 Reinfection
1 1 1
0 + + -

Intensities of @-gal. in phagocytized MN

T, Bgal H~Hit it MN oRE®R, 260
RELMN1ahey ofi¥s, SEEOKRELTH
BOBRREOMIZEBEEIBDONALND/, 121
7THEOREII3HBDOEFRIZHL, REOHEMNAX
{, BREEBHLMIEDOTV 2,

ELRENHAFHAILI10 BR, 14 BEOKEICE T
Hbhl, THhbLINOLDOKRETIE, HRLHEIHE
DIFHELRFEIL L, BAOHAEREINED SR, F0ED
BN CEEICEE a7 MN ORFic X 38
HENFRE NI, ThOBFHEENIZIz B+ 5 Z &
GVEAL L Th i ) OFEERED bz (K 3),

BLEELFRIY, BE2I1IZFT 2L, “he MN
DFFHEED S H 7z bR B X 512, BB/l &

HHEFABEL TV 722 Th D7 (LLFZhk escape
RRLIER), ZhODOEHIIEMHILEA T2\ MN 0
PICTFEL, ZOBEKIZT AL MN 1 25705858
1~2aThork, ThbOEIXSENL MN Ty
IZHEFAL, 21H B OBBRTIRIVERATERL Tz (B
H3), L72DTZ D escape RITIIRILBIZ BT B
REOERYZX ABEELFTR L E L b,

5, BRYETIE, 3BEB, 7THBICTTICSHD
MN 2MERE L, B OFEET B PO+ Tz BRIz o



197546 A1

T, £l TERROEIZBEICEE sz MN
DEVETF—FYyRicEBbhiz Ly, 1008, 148
HEBHAE I >hZ O R b D L o
7o BEMAL T LT, RERREIEEL L TEEROPICHE
L, T OBOBEOHRMIEREICHE L 72iE L MN
DHEMCBEDONTZZ L THB(FEEL), FIREEDI0

BE, 4BBIcA bz escape JHPTHRGEETIIL
Ao (BES 6), BIXmECHEE (tahc MN
DEVE#HENIZE L2 bh Tz (BLFZ ik shut
out) MR LML), Z o shut out P2 XY, HEHHE
EREE T A RE AR~ OEREZFIONSLDLEELD
N3 L6, shutout BGUIREI i AEKICHEIT S
P FIER LB O ER Z AT LD L Ex b,

IV. j&HAL MN (2 X 2R & % 0 57 # - HLRBIC

2DV T

EEkEnT MN O35 1Y /' — LRIZRD b5
MokiEEER B-gal. OEMACEIXHEOSME - HLL ED
L RBHRICH B0, FEEREVRENICBCTH#E - 1E
ftEhiZLd 3D B A, FRICEET 5EFIX
2, TNODORIEIXEERZ L THAHN, BOEELE
ZB0T, o2 ~3 DERMME L HCHRETD Ok
5 BXUERSM) OT, I I TIPIRGLE & FRLE
LDERIZOVTORBRB,

MIBA I, FREIC T 57E ML MN ofERIT
K 31R L 7o UGB OMEF AENICTFET D5
BEIZ10HE X VA LI U, 210 B3R EZER<
&, BLALREDDHZ LAREEL 55, ), FIREE
ROREAZFTIZ3 BE X Y TTITOROE L FESE
¥, 0HE, VHBRIBEALEEZRDMN/2{AD
7o

IDXOIZERBESNIEOERI MN X558 -
B, PIRRETIXI0B B X VE8Y, MBRICIXE S
WCHE L o, i, BRERTIEZ7THABLD T TI
B bz, ZOETHREE TIEFAFPEHD
TEHIL MN 21EET 5 DI, EEEIZVERUMEEL
R ieh EEZ bR,

FTRbLIRERANICBT DERE OO - HEiticixED
BRICERL Tx/z MN oL 2 OEMLENERL
TwbLEZ bR,

% ES

FERK LR (VR & MR RIE DSIF 1 BB B L &,
wrm7 7=y (LT MN LEET) 3RMED v 5k &

CEEREEZ 2L TVEY, bbb MN IR
far LTEHOARL ZO0M < HLizd T Hh>T w3
2, MN Bz hbofEsr+aRcTzoicid, BE
CEMEL T BRI EABETH DD, Lizh>TH)
RRYBE L BRI 51 A REERILRFTA T MN /&

157

MACFEOER LMD Z L1, W ORSZRRGTEEN )
HMErEZE2 DL EHETHDS, TLTHAMIZIZ MN
DERLERILDAL— RIZE L VELEH BT L2 #ls
L7z~ SENTRENEEE & OREC 5V TR
L7z,

BCG TREMZREINRROKMT D MN (X%
BFERTORVCEROFKMF DO MN LRUIELEAY
EHLERTORCARD, Zh 650 MN BEFAFAD
THREAICEEL TE72d & T, ZOIEHEIzE
EU B, TibbEIRREE 0T 5 Ll EE L 72 MN
FEL LU TRBAICEET A REEZ /AL TILH T
FEHLEn 50T, E\EHELOIZE B2 ) 5Eh, 0%
DEHCOBELKCEEL SN D, FIRGRE O
BB 5ERMEA L MN 2 @ELiFEE s 525, %
DIEFTE LD TRF/LTE Y, EEMEICHEEETS
MN oz LpnEFoERR R TR X9 Th 3, &
& Dannenberg 5% BCG F NJEHIZB1T 5 MN ©
Cathepsin D OEMHEM G, FERWE XM#ETS MN
FELLTEELT EHREL T2,

ThizRL, BRREREOFERAIZEEL TE/2 MN
BREEETERTAZERLIC, BbiZ, hoREILE
HlLEhb, FRITBEICEREBICHEETS MN itk
567, EGEIZ KRS, Lz >TZo MN jEH(L
O EIBIER 7 LV —FUSIZ k0 A U7 3R
DREELVHIBRMBBENCATI2L, HYMELE X
BB, DT LIV 7 ) URIENIZ 30T MN
I RE AN RACEELE W 2FEL S LHfElsh
510)0

BRREHEIZBVYT MN #EMS(LEE29EE LT,
RBAEY VNN HUR LML TEET D~ e 77—
EMALRF (MAF) £ 2 510 TH DD, in vitro TD
ERPEELREN TS, 2R HDMRIZ LT MA
F 13 MN otk ez b Ui« ORBIRRICE (L
52 2030~10, g O E - EILCEE BRI
554 = aNOBMEAMBEROEELE LBk
COREERRE TN, D LATENRREN D 5101,
bbb in vitro DEBRMETL, “ho MAF %
{ER & &7z MN (3 REFA0 237G (L MN LRI OE
fLZRFA, 20 f-gal. FHEILLAKTT Lok
in vivo L WO E BT B, ZAUTHLIZ in vitro
DEBREMIZ LD LONED, SHOBRAVBLETHH
Do

R U RS R L RGBT A 50 5 MN JEH(L
BEFOE L CERIT, MEOBEEERL . LILERIE
EREROEBIND B, THADLLUIRGSATIIAFEC
IVIFL» T MNZEELER 20T, MN BEAL
FE R EILT AENE A X HRIE E TEMELS
HBHEIZ, MN IZERS h @R X v BRo



158

£, MN o5 #EZE I ) RIEEL, Liz2i> TH
LBRIEI@ERE~ LR T s LizhAH, —FH, B
RT3 %30 MN 235, Ebiz, »omEicEil
Shao, BEETSHE - HILT28 DS 27EHL
MN (#if) 2RBERCEECERSN S iz, #
HEHEOERZIECLELZOND,

FEFZ I RIERS IR 2 R BT OB O S L &
1 MN L 0OHEBE LB LE, LH—D2DKE
BERT, TR AONRD escape HRL, BHRAY
BizAon 5 shut out HBETH B, TOMBITHRES
NrceE T o MI#REZRRR S €5 L ERETIRAR
frizE#HF L, FERE~ Y AR S &5 L EI SR~
FAIET S & D Krausel® O LRI—BHEBTH 5,

escape HRDILZ ZHWF TROTLLE X b5,
PIRGETE, kT MN EHLosrs B
DS G, EEEIEBEURERIEKT S, FL TR
TEY VB HEETEL TL 3 LIREPLEOFE (5
HHE) OZVHITRBHVEBER T L X — KIS A R

L, R4 L, TOABEIBEREEOTMIALND
O nERI MN XD X VRV BEEAIZL
OB, LLih bEKEIT T TICHEBRIZZ R s
NTw572e, POE»SEERZEROEM SR T
nvghE MN ZZBShEKEE, BRE»S L,
EHEL S 7z MN (2 X 582 & LK TIEET 5,
L7222 TZhb escape L 7-fEREIIEICHEETS 2
LI BLEZLND, ZNXIRBRRIBE L5
BOBIEY v AEOEERNIZTE, BOBERT LAY
— Iz & Y T RTORZEEE( MN izafsh
BETHIVIELEZDZTHA D, FORIHEKE R MLT
e, VT, H5VIEEARIGERL TP THA
5L, RREBICILYKREHRERENATELZTHS S,
TDXH7 escape ¥EILEEEARABEL TV A4 E
MN OSHIETHY, 12 MN 1 ap-) 0EAES
N-EEI1I~22TH5Z & (ThbbEDHOHE
OHFTETH D, BLDHEV), BIXUZOBRSKT 10
AH, VEBDRRERIZBOTHALNEZ & (FThbbE
E) » SRS E R THR VIR, FLT21HE
DRBITIIRENRZONDZ L, KT bEdRoEL 2%
BT5RTHA 9,

5, FRGUEIZA SRS shut out RIIKRiLDOH)
HloHon sy, BREFICBAL TS #HEELH
DILEWTET S L, T CICARRNIC S RIFET 5 RIE
VUSRI X VIR E LTRSS h B - s A
HPUTIEASBRNCIUE, ThRbLEEEOFEET 5 56T
REEICEEL =R MN 2 X By F—F+ v Rkops
HEEDTERREN D, LD TH R TOREKE I, HEE
HIZL Lo b o escape BRI - 65, #i
FHOMRIIGIEEh LD LEBbh 3,

“ 0% H6F

PUEDZEL, MREBEIzH NS escape HR L,
BBz 515 shut out T L H>—DODKER
R RIERG LR E o L EZ Hh D,

WIZFIEE L 75 5 D4 shut out MRITE Y, EHA
MN OB5#HBENIZ L LI b -EOE 0% OE ML
EDXHIThanbl s EThD, ETHIE, EHEL
MN |z #EE 2 5E (8 - L) T3EA T
shut out EABE TLERDO VT L L7125, EHA(L
MN (2 X 2B OEE 1% in vivo 2BV THIKE v
SOVTRENT A T LI AEREA 7, FEHEE MN X
DREMEONRE - HILEERMTE 2 LizX Y, FEH
PR L2, T ODITITEIZHBEREENATIIR
AEETH B, L Lo UCEREREY AV Y
AA— NI T 7 s ERHFRATRE, ESTEEEZESE
Fiznfg - EeSh T, ¥C LR L IBEEERS
A MN RIZEETZHED, bhbhixsSv4a
YLLTENRERHRTE 5, ThbbiiBitEE Y, 1¥C
7vA CBtED MN 3R 55 - HIEL Ty 388
HHZ LEBERL TV 5, ZOFEIC LV IRENEEE
DIy < B2V TRIFLIZER, MN o S-gal. i
HEALDRE LEDO SRR - HILRE L ORIICITHERBIES S
5ZEHRbr2®, ZoZ 3L Ly MN 054
Y V= LRI DMK INEER B-gal. BEEESREKEL
SRR L2 ERERLAVS, DAL EbID
B-gal. FEHEIZX D MN OSBIXEOHME - IELEED
BEErLHOLDLLTVS V25, BETHIE, MNO
B-gal. [EMHEEXHABZ Lizk Y, £ MN o bacterio-
cidal activity @5 LA TE 3, ZNX 5 KRy
b T, MR & T ERRYE T 331F B S L MN
DHE I - HILDOREHZ 25 &, PR O 108 Bick
L, BRRETE7TABIZTTICAbR, Lo T
BRI ORYEE X ) L RATREDRE AR BHITK
THBZ LN, HOTMHE  HILOE»SHATLHLMT
» B,

UE, #1ygelt, BRYGEEIZ 5T 5 R RED Ik
I LOZERZIFRA MN OBfR L BEEE» SR < T
&0, ThLTRTOFRIBERT LLX—RED
BFEDELVOTLBETIRAV. LHLANRD, 53
FBOERF TIHRIER 7 LV X — RS OFE L BEORK
IEEEEL LT L L —E LAV I ENE b TH IO
W, EO7-% Mackaness (ZHEHY Y L SBROEEY
TREETRELZLRRTVEY, Li=No> TRERT L
WNE—FRIGETFELTH LD, REHY Y » SO F
B, b5V ZORBRY TELTIFNLVERLLVE
26n5n, Pt bbhbhOERRTIIEHEILIFE
TT52H0LEZLBNDY,

KRz, NOMFEOMER, H5\VN3% O 1%y
ExBLE, LROBENEDOZTEHVCT 3 L i3E



1975468

Lxfevens, Dhed L LRBERATTRZ > Ty 5 RmATR
FEOKEZFR—DLDOLEZ b D, BKMITEER 7
UL F = JUSD BT BRI O BERS L L TADR-T
LLEZONRTVSH, ANOMiFEIT 1 ~ 2 2 OFEKE
OIRACEVBEDZOTH, FURR LD, RO
N b EEV /2, HERET X b Thred, Lzn
STEERINCEZEREZRE L TR 62 0V ThAH
9o KR EOBEIRY AR T VIR D BIER T L oL
F—BUSiz #-3 < shut out R FHIWH L oL E
2 6ND, 2O LK ERPERIEDO VIV 1 OO0
ML EbNnd, & igoE (CLOiE) (-
MEFTEAFLLTE, 278 1 FREGED 5\ 2R
IRAPHE L oA O D K 91z, shut out BIRIZH Y+
HEIEIEY Y N EKIs LY MN OBy - B
KT iotEL LS,

¥ El

IRPAR T tr & U fHIRGL R Lo L O BCG
DX DEANREAED, R AERL, WNEEALE
L 7o FL THRBAICET Mt~ 7 a7 7 —
(MN) L & OMERR Y, BB L
FTIAA= T T T ikl ERC TR 72,

1. FRYSRE TR o 3 H B OBz T
Tiz% < MN AEBICERL TEHY, Thoo%L
EEECEE L S A T 2oz L, PR T MN
OHEFEL V1, hoFEn 60 MN OFEMLOFEIE 1
Kmorz,

2. ZOMHEIZHITS MN S OBFOER & 2
5L, PR L Txs MN i3 3: L TRE~
HHD 7 m £ 22 R TT Lo TRFICIEE(LE h 720
ICHU, BRI L2 MN 3 RE~ENto 7
Bt AL T EBRICSE A ORI EE LS h T

3. RENIZBT LI 6iEML MN LEEE L O
ERMREY 25 L, HREBE TS T3 HADORRIC
BT, fEEEOTEET 2 A0 80 i3 B AL
L72%%0 MN 20 A TV, b b
ML MN X )R AREEENIZERIZE LI LR T
72 (shut out %), fthy, FIKPEEEO 10HA, 14 H
NORETIT, FREEE3 HRBORELEL L, @i
EHLES 22D MN 575 BB OT KA B0
ORe LapLasss, HRRGUR LY IRAY, JH00d)
B OMN NIC UREREEHEIEL T 7ze Tib b3 <T
DFEKEAEIEL MN OB EBENICERIZE L 26
NTHLY, —HORLEL MN Op5#EE) SRR
T, ZOYMCEEL TV 72 (escape %), L T 21
HBORRTIHIBRE XL T/,

1. EMAL MN (2 X D REE O - HILXmIRG
MTi3 10 HEE YA HN-DICL, R TIRT

159

HBRIZFTizAa 6N,

VU EO R ONEGSRIZ 50 DR OMER, 15 6002
PRRRGEBLZ 550 IR0 1686 & 2 2 % 85 5 O s s B
THEMTEELZLOLEL LR,

FACOBR R 49 B AR 2 50 T
UZ7ze E/2—8BEA 50 InlHARERE &8 THY
THFETH D,

b bizdhizy, ¥ o—r Xk 7% o 2 KESEFE
Arthur M. Dannenberg, Jr. O35/ ZBhE S L £
N

X ik
1) Mackaness, G. B.: Amer. Rev. Resp. Dis., 97 :
337, 1968.
2) Ando, M., Dannenberg, A.M., Jr.
K.: J.Immunol., 109 : 8, 1972.
3) Dannenberg, A.M., Jr., Ando, M. and Shima,
K.: J.Immunol., 109 : 1109, 1972.

and Shima,

4) Ando, M. and Dannenberg, A.M., Jr.: Lab. In-
vest., 27 : 466, 1972,

5) Ando, M. and Dannenberg, A. M., Jr.: In Pre-
paration,

6) Tepper, B. S.: J. Bacteriol.,, 95: 1713, 1968.

7) Shima, K., Dannenberg, A. M., Jr. and Ando, M.
et al.: Amer. J.Path., (67 : 159, 1972.

8) Mackaness, G.B.: In Progress in Immunology.
Academic Press, New York, N.Y., p.413, 1971.

9) Dannenberg, A.M., Jr.: Bact. Rev., 32 : 85, 1968.

10) Ando, M.: J.Reticuloendoth. Soc., 14 : 132, 1973,

11) Rojas-Espinosa, O., Dannenberg, A.M., Jr. and
Sternberger, L.A. et al.: Amer. J.Path., 74:1,
1974.

12) David, J.R.: Federation Proc., 30 : 1730, 1971.

13) Mooney, J.J. and Waksman, B.H.: J. Immunol.,
105 : 1138, 1970.

14) Nathan, C.F., Remold, H.G. and David, J.R.:

J. Exp. Med., 137 : 275, 1973.

Schmidt, M. E., Douglas, S.D. and Rubin, A.D.:

Cell. Immunol., 9 : 45, 1973.

16) Remold, H.G. and Mednis, A.: Federation Proc.,
31 : 753, 1972.

17) Nath, [., Poulter, L.W. and Turk, J.L.: Clin.
exp. Immunol., 13 : 455, 1973.

18) 2 5 50 [0l H AEE IR FSRETH,

19) Krause, A. K.: Amer. Rev. Tuberc., 14:211,
1926.

20) Anacker, R.L., Ribi, E. and Tarmina, D.F. et
al.: J.Bacteriol., 100 : 51, 1969.

21) Collins, F.and Mackaness, G.B.:
I: 253, 1973.

22) Dannenberg, A. M., Jr., Ando, M.
Espinosa, O. et al.: In Activation of macrophages.
Excerpta Medica, Inc. p.223, 1974.

23) Yamamura, Y.: Advan. Tuberc. Res. 9 : 13, 1958,

21) Dannenberg, A. M., Jr.: Personal comments.

—
o
NS

Cell. Immunol.,

and Rojas-



160

Photo.1. A 3-day dermal 1#C-BCG lesion of primary
infection. Grains of #C which label BCG (black spots)
can be seen in the cytoplasm of both nonactivated
macrophages and activated macrophages. Many of
activated macrophages that stained 2+ and 3+ for 3-
galactosidase contain the grains. (4C, 5-bromo-4-
chloro-3-indolyl- 3-D-galactosidase, and hematoxylin;
X 640).

Photo.3. A 21-day dermal 4C-BCG lesion of primary
infection. Many grains of ¥C are seen in the non-
activated macrophages. It suggests that the escaped
BCG produce new lesions (14C, 5-bromo-4-chloro-3-
indolyl-3-D-galactosidase, and hematoxylin; x500).

Photo.5. A 14-day dermal ¥C-BCG lesion of reinfec-
tion. Highly activated macrophages (epithelioid cells)
contain no grains. (4C, 5-bromo-4-chloro-3-indolyl-3
-D--galactosidase; X 640).
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Photo.2. A 14-day dermal #C-BCG lesion of primary
infection. Highly activated macrophages contain no
grains of 4C. Some of nonactivated macro- phages
with weak or absent S-galactosidase activity, however,
contain the grains. These bacilli seem to be escaped
from the defense wall which composed of activated
macrophages. (14C, 5-bromo-4-chloro-3-indolyl-3-D-
galactosidase, and hematoxylin; Xx640).

Photo.4. A 3-day dermal ¥C-BCG lesion of reinfec-
tion. Many of macrophages accumulated in the dermal
BCG lesion of reinfection are activated even in the 3
day after reinfection, and none of them contain the
grains. Few of nonactivated macrophages contain the
grains. (4C, 5-bromo-4-chloro-3-indolyl-$-D-galacto-
sidase; X 640).

Photo.6. A 21-day dermal BCG lesion of reinfection.
No grains are found in the macrophages located in the
peripheral areas of defense wall. (14C, 5-bromo-4-
chloro-3-indolyl-B-D-galactosidase, and hematoxylin;
x 500).





