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EXPERIMENTAL STUDY ON THE EFFECT OF THE IMMUNE
LYMPHOCYTES ON THE GROWTH OF TUBERCLE
BACILLI IN MACROPHAGES

Mareichi TOYOHARA*

(Received for publication September 25, 1976)

The relationship between macrophages and lymphocytes is important in the cellular immunity.

In this study the growth of tubercle bacilli in macrophages ;was observed under the mutual
relation among macrophages, lymphocytes, culture supernatant of lymphocytes and acid-phosphatase
activity of macrophages.

1. Materials and Methods

Alveolar macrophages of guinea pigs were taken and prepared in suspension of 105/m/.

Lymphocytes were collected by teasing spleens or kneefold lymphnodes of normal of BCG-
immunized guinea pigs. Suspension of lymphocytes was prepared in 108/mZ.

Lymphocytes were cultured with or without PPD in 199 liquid media without serum for 48
hours at 37°C under 5% CO,, and then culture supernatant was taken by centrifugation of lym-
phocytes culture.

10 gl of macrophage suspension and 10 g/ of bacillary suspension containing about 103 tubercle
bacilli were put on a small slide glass. After 1 hour the slide glass was rinsed with Hank’s solution
to remove free tubercle bacilli. Then 10 gl of suspension of lymphocytes or 10 g/ of culture
supernatant was added on the adherent macrophages. The slide glass was kept in MEM with 107
calf serum at 37°C under 5% CO..

The slide glass was taken off day by day and was stained by Ziehl-Neelsen method. Growth
ratio was defined as percent of average number of tubercle bacilli in 100 infected macrophages at
the examined day to that at the beginning of culture.

Macrophages were cultured on a small plastic dish and acid phosphatase activity of them was
measured by using p-nitrophenylphosphate as substrate day by day.

2. Results
2-1. Effects of the immune lymphocytes and PPD on growth of tubercle bacilli in macrophages.
Growth ratio of tubercle bacilli in the immune macrophages (i.M¢), normal macrophages

(ni.Mg) or normal macrophages with normal spleen cells(ni. M@+ni.S)) is shown in Fig.1.

* From the Research Institute of Tuberculosis, J.A.T.A. 3-1-24, Matsuyama, Kiyose-shi, Tokyo 180-04
Japan.
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Growth of tubercle bacilli in i. M¢ was slightly smaller than that in ni. M¢. Addition of ni.
S. was not significant to growth of bacilli in ni.Mg.

Growth ratio of ni. Mg, ni.M¢ with the immune spleen cells(ni.M@+i.S.), ni.M¢+i.S. +
PPD 2mcg, ni.Mg¢+ the immune lymph node cells(ni. Mg+i.L.) or ni. M¢+i.L. +PPD 2 mcg is

shown in Fig.2.

When ni. M¢ were added i.S. or i. L., growth of tubercle bacilli in M¢ was inhibited. Addition
of PPD enhanced inhibition of growth of bacilli in.M¢. The inhibitory activity for bacilli of i.L.

was a little stronger than that of i.S.

2-2. Effects of culture supernatant of the immune lymphocytes on acid phosphatase activity

of macrophages.

Acid phosphatase activity (Ac.-P.) of normal macrophages (ni. M¢) which were added culture

supernatant of the normal or the immune spleen cells cultured with or without PPD is shown in

Table 1.

Ac.-P. of ni.M¢ increased day by day. Among Ac.-P. of ni.M¢ at each day under each

condition, Ac.-P. of ni.Mg¢ increased by adding culture supernatant of the immune spleen cells,

but not by culture supernatant of the normal spleen cells. Effect of addition of PPD into culture

was not significant.

As shown in Table 2, culture supernatant of the immune lymph node cells also increased

Ac.-P. of macrophages, but the effect of adding PPD into culture was not significant as well as

in the case of spleen cells.

3. Summary

Growth of tubercle bacilli in normal macrophages was inhibited by adding the immune lym-

phocytes or the culture supernatant #z witro. The inhibition was increased by adding PPD into

culture.

Culture supernatant of the immune lymphocytes increased acid-phosphatase activity of normal

macrophages, but the effect of adding PPD into culture was not significant to acid-phosphatase

activity of macrophages.
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Fig.1. Growth of Tubercle Bacilli in Macrophages
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Fig.2. Effect of Immune Lymphocytes on Growth
of Tubercle Bacilli in Normal Macrophages
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Fig.3. Effect of Culture Supernatant of Immune
Lymphocytes on Growth of Tubercle
Bacilli in Normal Macrophages
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Table 1. Effect of Culture Supernatant of Spleen
Cells on Acid-Phosphatase Activity of

Macrophages
Culture days 0d 1d 2d 4d
. 602 106 123 137
ni. M¢ 100) | (177) | (205) | (228)
ni. Mg+C.S. 120 | 157 177
of i.S. (PPD-) (200) (262) (295)
ni. Mg+C.S. 120 | 132 | 158
of i.S. (PPD+) (200) | (220) | (263)
ni. M¢g+C.S. 90 110 135
of ni.S. (150) | (183) | (225)
ni. Mg+C.S. 80 108 132
of (ni.S. +PPD) (133) (180) (220)

C.S. ! Culture supernatant i.s. : Immune spleen cells
ni.M¢ : Non-immune alveolar macrophages ni.S. : Non-
immune spleen cells a : Ac.-p. activity expressed as
rmole p-nitrophenol produced/minute/mg of protein.
Figures in parenthesis indicate ratio of Ac.-p.activity at
indicated time to that on day 0.

Table 2. Effect of Culture Supernatant of Lymph
Node Cells on Acid-Phosphatase Activ-
ity of Macrophages

Culture days ] 0d 1d 2 d 4d

: 70 | 17 | 123 | 150

ni. Mg (100) | (167) | (176) | (214)

ni. M¢+C.S. | 131 190 260

« of i.L. (PPD-) (8D | @) | (37
ni. Mg +C.S. | 124 | 162 | 240

of i.L. (PPD+) | a7 | (@81 | (343)

i.L. : Immune lymph node cells. See legend for Table 1.
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D#ER acid phosphatase 7¢ &> lysosomal enzyme 7%
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DEFFROT D L5 IR RS I h21e,

FERLEE O RSB BT Mo & fiE ) v < BREL B
HLTWB I LTV E I ATH HIOW-20 fuig
)V SERIE Mg AT bt s BEXEEL, TORTIT
M.ILF.rich DHFEZHFIET D LWV IRE"P LD 2,
F I ) v o3BT HyRa o & 5 705534E < PPD 72
COWBETHM IS & 2327 ) TREBIERFY
EPEL, ZORTFIE MLE. L3 &> Tk 2, Listeria
RET X oTL IFHRMTEEIRLIEVIREDL D
5% X 5T Mé D lysosomal enzyme %
BN BENE VD ST OW T IHEM T —% L
FEAENE LN TV S ST 2 7o, KEBRTLREY
VAREROEEE BT Mé @ Ac.-P. & FRH X ¥ 52
PPD oS Eixicl, 7o Mé O 4T HREHANC
Ac.-P. 12 ER L7, Z DfHF 12 Saito and Mitsuma
D BCG fufg~ v ADMY v ~FREEIE Fifa iz CHEHE
LiEE~y A~ 7 7 » — DOV TORERE X
{—=FH LT A3, MG tETE S L Bbh s Y
VoSEREEFR FWEA Nz T Mé @ B-galactosidase i
ME EA LRV EWSBED LB 5, In vive’®3P T,
W D SRR D Mo OEEME KRR AL U & T
% lysosomal enzymes DO¥ina R Tk b in vivo &
in vitro O BN BT LS —F Licw Dl lysosomal
enzymes OWEINAS in vivo TIX, X hEMELHEEOT
TR 5 DT EE L bhSHBOBFIC R fX
oY/

i Mg OfEME Ac.-P. L DBIRAY LD EAE
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BNIE D EEE ML B ERRIE Y v RBRDOAD D\
EED REER ML E XL DO TSR, Ac-P. o
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PESIED KRB I A B2 DE TEM: Mé O i fF7E
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Z DO%E, PPD %¥EinLic 58 B o 52 LIRS
R DT,

() In vitro TIXSEfE M¢ O M¢ PIRERLE O HTEIEL
IR ENTH O, = DA in vivo TOFTRERRD
7o

(4) SRy v osEREEE LILIER Mg @ acid phos-
phatase {HM:# EH X¥725% PPD ¥RindEEL 5
Tig27z,

ARG B RESERNPITES L ) OB X2 TT
b, FERRITCH I ER 7R, )R ARTE
L DHITA S FINEDDI, ML THELRT S,

¥io, TOERILH 49 ERERESRE TREL,
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