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Fig. 3. Group of living HeLa cells immediately before treatment with
toad serum. Phase contrast.

guinea-pig; its action against erythrocytes is selectively
destructivel.

Our results suggest that the destruction of mammalian
tumour transplants in toads may have been due primarily
to a naturally occurring, heat-labile, cytotoxic factor or
factors in body fluids. They do not exclude the possibility
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Fig. 5. Histogram showing percentage viability of dissociated normal
and malignant cells exposed to toad serum for 30 min at 37°C. In all
except mouse and SZGT, figures are based on means of at least 3
experiments with different batches of pooled serum.
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Fig. 4. Same group of HeLa cells as in Figure 3, photographed 20 min
after addition of 509, toad serum to the medium. Phase contrast.

of a concurrent, cell-mediated response in unconditioned
toads. Bufo marinus can produce antibodies over a wide
range of temperatures?® including 37°CS8.

Our results add to the available phylogenetic informa-
tion regarding the natural toxicity of serum of specific ani-
mals for specific cell types. The role of the cytotoxicity of
natural sera in the defence mechanisms of host animals
will become apparent only as a greater range of data, par-
ticularly from in vitro studies, becomes available”.

Résumé. Le sérum et le plasma, nouvellement préparés,
de ’Amphibien Bufo marinus, ont, in vitro, un effet ra-
pidement cytotoxique sur des cellules normales et malignes
des autres Vertébrés.
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Specific Stimulation of Mycobacteria Phagocytosis by Substances Liberated during the Cultivation of
Lymph Node Cells from Tuberculin Hypersensitive Rabbits with the Specific Antigen

Macrophages play the crucial role in immunity against
intracellular parasitesl. They act, however, rather as
pharmacologically active effector cells, whereas the proper
immunologically specific process is triggered by the
lymphocytes 3.

In a previous paper we have demonstrated the role of
immune lymphocytes in the phagocytosis of foreign
erythrocytes by peritoneal macrophages from normal non-
sensitized animals4. In the present paper the stimulation

of phagocytosis by mediators of delayed hypersensitivity >
liberated during the interaction of hypersensitive lym-
phocytes with the specific antigen was studied.

For this purpose, live Bacillus Calmette-Guérin (BCG)

. vaccine (in homogenized suspension) wasadded to cultures

of normal peritoneal macrophages cultured in Parker 199
(GIBCO) without or in the presence of supernatants
prepared by the cultivation of lymph node cells from
tuberculin hypersensitive rabbits with various doses or
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Table I. The effect of various biologically active supernatants on the 10
phagocytic activity % o——o Parker medium
o-~=-o gypernafant A
’ -~ [ B
Substance tested Phagocytic activity after 2 h incubation P C PPDagded
———— N T TN e ¢
Extracellular Macrophages F

Mycobacteria (%) with phagocytized
Mycobacteria (%)

Extraceliular Mycobacieria

Tuberculin sensitive i

Normal cultivation L

medium 38-42 9.5

Supernatant A 31-38 10.0 b

Supernatant B 0-1 20.0

Supernatant C 8-11 10.5 L

Supernatant C

+ 50 pg PPD 1- 2 18.5 T L e
Encephalitogen hypersensitive

Supernatant A 25-40 10.5 et : .

Supernatant B 35-40 11.0 min 1 L 3 b zn

Time of incubation

The values given represent an average calculated from 8 experiments.  Fig. 1. The effect of various supernatants on the percentage of
Supernatant: A, culture without antigen; B, culture with 100 ;g  extracellular {nonphagocytized) Mycobacteria (BGC) in different
PPD/ml; C, culture with 1 g PPD/ml; C, + 50 ug PPD/ml added.  incubation periods.

Fig. 2. The effect of various supernatants on
the phagocytosis of Mycobacteria (BCG) with
normal macrophages after 2 and 6 h incuba-
tion. Ziehl-Njelsen and Giemsa stain. Incuba-
tion time: a) supernatant A, 2 h; b) super-
natant B, 2 hi; ¢} Supernatant A, 6 h; d)
Supernatant B, 6 h,
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Table 11. Effect of various biologically active supernatants on the phagocytosis of latex particles (DIFCO) and Staphylococci by normal

macrophages

Substance hypersensitive to:

Phagocytic activity after 2 h incubation

Latex particles

Staphylococci

Extracellular (%)

No. of cells with
ingested particles (%)

No. of cells with
ingested bacteria (%

Tuberculin /

Culture medium 35-42
Supernatant (A) 35-40
Supernatant (B) 38-42
Encephalitogen

Supernatant (A) 35-40
Supernatant (B) 35-40
Sheep erythrocytes

Supernatant (A) 35-40
Supernatant (B) 35-40

12 14
14 12
11 12
11 11
13 12
12 12
12 13

without the specific antigen®. The amount of intracellular
and extracelluar Mycobacteria as well as the amount of
phargocytic cells were then followed. For each individual
value 200 cells and the corresponding number of fields in
the microscope were examined. Evaluation of nonspecific
aggregation of Mycobacteria to macrophages was excluded
by careful observation of each phagocyting cell. In
control experiments the suspension of Siaphylococcus
pyogenes and the latex particles (DIFCO 0.81) were used.
The results are expressed in percent in all the indicators
studied.

Principally two kinds of biologically active substances
were studied for their phagocytosis stimulating effect.
Supernatant designated ‘A’ was prepared by cultivation
of lymph node cells without antigen and served as a
negative control. Supernatant called ‘B’ containing the
migration inhibitory factor (MIF) was prepared by
cultivation with a high dose of the specific antigen® and
the antigen dependent factor (supernatant ‘C’) was
raised by the cultivation with a smallamount of antigen 7, 8.
Supernatant C was tested either alone or with addition
of 50 pg PPD tuberculin? 8 Besides supernatants from
tuberculin hypersensitive rabbits also preparations from
purified encephalitogen or sheep red cells sensitized
animals were used?®.

The macrophages phagocytized the Mycobacteria
partially also in a normal culture medium or in the pres-
ence of a control supernatant A. An experimental
arrangement was therefore elaborated enabling the eval-
uation of the phagocytose stimulating effect of the biolo-
gically active mediators, the phagocytosis was followed
in several time intervals (Figure 1). Positive results were
obtained using B and C + antigen supernatants. The
effect was time-dependent; optimal differences from
control experiments were found between 1-3 h of incu-
bation. In earlier and later -intervals they were less
marked and after 12 h already negligible. The interval of
2h was used in further experiments as the most suitable.
A further problem was the quantitation of the phagocytic
activity. As best criterion, the enumeration of the non-
phagocyted Mycobactervia and the amount of macrophages
with ingested microbes were used. After 2 h cultivation
the cultures influenced by active supernatants were
characterized by a pronounced phagocytic activity ; many
cells contained phagocytized Mycobacteria and outside

the cells very few if any free Mycobacteria could be found
(Figure 2). After 6 h of incubation there is a complete
phagocytosis in active supernatant B and only slight signs
of phagocytosis in control supernatant A.

Results, summarized in Table I, clearly show a marked
stimulation of the phagocytic process, which is apparent
especially in cultures influenced by the supernatants B
and C with the addition of 50 ug PPD.

In control experiments we were unable to find a non-
specific potentiation of the phagocytic activity of latex
particles of Staphylococci (Table II). The amount of
ingested particles or bacteria and the amount of phagocytic
cells were identical in all groups. Also unrelated, delayed
hypersentivity systems yielded negative results (Tables I
and II).

The results point to the view that the process of
Mpycobacteria phagocytosis was markedly influenced by
biologically active substances liberated during the inter-
action of hypersensitive lymph node cells with.the specific
antigen. The phagocytosis process was accelerated and
intensified in the presence of the above-mentioned sub-
stances. This process was immunologically specific,
similarly as found in our previous paper dealing with the
phagocytosis of sheep and rooster erythrocytes4.

Important is the finding with the antibody-like factor
contained in the supernatant C. This factor has the capa-
city to bind to normal nonsensitized macrophages and
to influence their behaviour so that they can react
specifically with the respective antigen by inhibition of
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migration!® or by specific stimulation of phagocytosis.
The exact nature of this respective substance is not yet
clear but apparently it is not a known immunoglobulin.
It is known, however, that this type of substance is
present also in supernatant B with ‘distinct migration
inhibitory activity!®. The significance of this substance
for the intracellular digestion process of Mycobacteria (the
proper Mackaness-type of immunity) will be dealt with in
another paper.

Zusammenfassung. Es wurde festgestellt, dass die
Mediatoren der Uberempfindlichkeit des verzégerten
Types die Fahigkeit besitzen, die Phagocytose der Myko-
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bakterien durch normale Makrophagen zu unterstiitzen.
Die Wirkung hat sich als immunologisch spezifisch
bewiesen.
J. SvEsCAR, J. PERKAREK and
J. JoHANOVSKY

Department Experimental Immunology,
Institute of Seva and Vaccines,
Praha 10 (Czechoslovakia), 23 July 1977.
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A Stimulant Effect of Anti-Macrophage Serum on Antibody Production

During the last decade, evidence has suggested the im-
portant role of macrophages in antibody synthesis!: 2. Re-
cently this essential role of phagocytic cells seems, how-
ever, to be somewhat weakened. It was reported that these
cells inhibited rather than enhanced the immune re-
sponse -6 Very recently clear evidence has been presented
that both induction of immunity and tolerance occured in
vitro in the absence of macrophage?. A new possibility to
study this problem is the administration of anti-macro-
phage serum (AMS). Some investigators have found no
immunosuppression in mice treated with AMS8-10. Others
reported impairment of antibody production only under
limited conditions1t:12, )

Table 1. Titre of agglutinating antibodies in AMS

Titre to

Macrophages Lymphocytes ' Erythrocytes
AMS 1/2187 1/135 : 1/5
AMS absorbed with
spleen cells 1/729 1/5 : 0

Table II. Number of haemolytic plaques/per 10¢ spleen cells in mice
immunized with 0.5 X 10? sheep RBC

Experiment Treatment

AMS Saline

Mean +SE Mean +SE
1 77.4 13.3 53.6 27.8
2 264.3 68.3 75.2 20.1
3 295.0 69.1 275.0 48.6
4 143.8 25.1 182.8 61.6
5 239.8 34.7 94.6 9.5

AMS was administered 1 day before and 2 days after the immuni-
zation. Experiments were made 1 day after the 2nd AMS treat-
ment. Control groups Were administered saline,

In this report we present preliminary data of the en-
hancing effects of AMS on antibody synthesis of mice im-
munized with a single large dose of sheep RBC.

AMS was produced in rabbits with peritoneal cells from
Swiss donor mice. The lymphocytes were not eliminated
from the peritoneal exudate. Rabbits were inoculated
twice at 3-week internvals, s.c. with 108 cells in complete
Freund adjuvant. The animals were bléd 1 week after the
last injection. The serum was absorbed with spleen cells.
Data of agglutinating antibodies in AMS before and after
the absorption with spleen cells are presented in Table I.
Cytotoxicity of AMS was tested in vitro and in vivo13 14,
In vitro cytotoxicity titre to macrophages was 1:3670.
The in vivo administration of 0.5 ml AMS caused marked
change in the cellular content of the peritoneal exudate:
the number of viable macrophages was reduced to 79, as
compared to control mice treated with normal rabbit se-
rum (NRS).

Effect of AMS on antibody synthesis. Swiss mice weigh-
ing 25-30 g were pretreated with 0.5 ml AMS i.p. and
24 h later were immunized with 0.5 x 10% sheep RBC, i.p.
AMS treatment was repeated on the 4th day; experiments
were made on the 5th day. Antibody formation was assess-
ed by a modification of the Jerne haemolytic plaque tech-
niquel using agarose and glass microscope slides!® and
the values were expressed as the number of haemolytic
plaques/10® recovered cells. Each group consisted of 10
mice and average values of 7 parallel determinations were
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