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A homogeneous population of immunologically active lymphocytes was obtained
from peritoneal exudates of guinea pigs with delayed hypersensitivity to bovine
gamma globulin (BGG). The lymphocytes were cultured with and without BGG
for 24 hr, and cell-free supernatant fluids were then assayed simultaneously for their
ability to influence two in vitro parameters of macrophage function: migration from
capillary tubes and bactericidal capacity. In four consecutive experiments, superna-

tants from antigenically stimulated lymphocytes exhibited substantial migration-
inhibitory-factor activity without enhancing the ability of macrophages to kill Lis-
teria monocytogenes. Lymphocyte lysates were inactive in both assays. Possible
mechanisms of lymphocyte-macrophage interactions are discussed.

Successful host defense against infection with
certain intracellular microorganisms appears to
require the enhancement of macrophage (MP)
microbiocidal activity. In vivo studies by
Mackaness and his colleagues (6, 7) have eluci-
dated the immunological events responsible for
such macrophage activation. Recently we de-
scribed (13, 14) an in vitro model of cellular
immunity which confirms these findings. In both
systems, when committed lymphocytes are stimu-
lated by specific antigen, they are able to greatly
enhance the ability of normal MP to kill anti-
genically unrelated bacteria. However, the mech-
anism of the lymphocyte-MP interaction remains
uncertain. Speculation has centered on the pos-
sibility that the antigenically stimulated sensitized
lymphocyte produces a soluble mediator, such as
migration inhibitory factor (MIF), which in turn
activates MP bactericidal mechanisms. In our
system (14), simultaneous experiments showed
that sensitized lymphocytes were able to inhibit
MP migration under the same conditions which
allowed them to enhance MP bactericidal ca-
pacity; moreover, in both MIF and bactericidal
assays, peritoneal exudate lymphocytes were
functionally superior to lymph node lymphocytes,
and in both assays the magnitude of the MP
response was directly related to the number of
lymphocytes present. The present studies were
carried out to test the hypothesis that MIF is
directly responsible for the activation of MP
bactericidal mechanisms.

I Present address: Department of Medicine, Howard University
College of Medicine, Washington, D.C 20001.

MATERIALS AND METHODS

Techniques previously described in detail (13, 14)
will only be summarized. Strain 2 guinea pigs were
immunized with 0.125 mg of bovine globulin (BGG)
in complete Freund's adjuvant. Four to six weeks
later, peritoneal exudates were induced with mineral
oil, and the peritoneal exudate cells (PEC) from six to
eight animals were pooled. In experiments 1 and 2
(Table 1), a sample of PEC was assayed in the bac-
tericidal system: 4 X 106 PEC were incubated for 24
hr in 35-mm petri dishes in 2 ml of enriched minimal
essential media (EMEM) containing 20% heated
normal guinea pig serum in the presence or absence
of 10, g of BGG per ml. After being washed, the MP
monolayers were infected with 5 X 107 Listeria
monocytogenes cells. After 30 min of incubation, the
monolayers were washed and reincubated in EMEM
containing 1.2 4g of penicillin per ml; 3.5 hr later,
three or four monolayers from each group were
washed and lysed with distilled water. Serial dilutions
were made to quantitate viable intracellular bacteria.
As in our previous studies (13, 14), cell numbers and
phagocytic activity were indistinguishable in the PEC
incubated with and without antigen; thus differences
in viable bacteria reflect differences in MP killing.

In all experiments, lymphocytes were separated by
incubating PEC on viscose rayon columns for 1 hr.
The cells eluted from these columns with warm
EMEM were >95% viable lymphocytes, which were
washed, adjusted to a concentration of 5 X 106/ml,
and incubated in serum-free EMEM containing 100
units of penicillin/ml with or without 10Mg of BGG
per ml. After 24 hr, supematant fluids were separated
by centrifugation, and BGG (10,g/ml) was added
back to the supernatants which had none. Supernatant
fluids were then added to freshly harvested normal
PEC and incubated with 20% normal serum for 24 hr
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TABLE 1. Effect of stuperniatantt fluids anid lysates of BGG immunte lympnhocytes cuiltuired Wit/i aiid withoult
anitigein oii bactericidal capacity anid migrationi of uiormal macroplhages

Expt.

1. Bactericida

MIF

2. Bacter-icida

MIF

3 Bactericida

MIF

4. Bacter-icida

MIF

II

it

II

D)onor exudates Lymphocyte supernatants

Immune + Ag Immune - Ag Immune + Ag Immune -Ag'

165 I,636' 1 ,072 902
(146-186)' (1,440f-2,000) (1,000-1,140) (680-1,080)

-- ~146I 1'1 40(1 8 + 21 -'

(I
1 77

34- 230) (79:

+vU. a :1 i

9001' 1 055
8-1 ,020') (982-1,102)
-- 65.3 i 4.1

- 2,120
(1,848-2, 382)

216.3 4 45.7

- 454
(406-500)

-- 109.8 i 11 .3

1 ,126
(1,024-1,266)
198.3 6.8'

1,731
(1 ,476-2,054)

484.3 23.1'

387
(330-442)
298 i 6.7±

l yrnphocyte lysates

Immune + Ag Immune -A-

1 857
(1,706--2,014)
360.3 18.5

621
(596-746)'

313.5 15"

1 ,622
(1,414-1 ,806)
355 19.5

711
(542-1,006)'

266 i 32.66'

" Antigen added to material prior to assaly.
b P < 0.01 t test; all other comparisons not significantly different.
I Geometric mean (range of viable intracellular listeria X 10-3/plate at 4 hr. Thiee or four duiplicate monolayers in each

group.
d Mean + standard eiror in platnimeter uinits. Fotir capillary ttibes, in two chambers, in each groLp.

for the bactericidal assay as outlined above. Super-
natants were simultaneously assayed for MIF ac-
tivity with the same normal PEC by standard tech-
niques (1).

In experiments 3 and 4 (Table 1), the lymphocytes
which had been incubated for 24 hr to make super-
natant fluids were resuspended in fresh EMEM at a

concentration of 5 X 106 cells/ml and lysed by 10
cycles of freeze-thawing. The lymphocyte lysates were
tested in both MIF and bactericidal assays simul-
taneously with the supernatant flLids.

RESULTS AND DISCUSSiON
Table 1 summarizes four consecutive experi-

ments. In experiments 1 and 2, the PEC from
BGG-immune animals ("Donor exudates")
clearly responded to incubation with BGG by
marked enhancement of MP listericidal capacity
(P < 0.001, t test). This is the basic reaction
which we previously explored in detail (13, 14).
In all four experiments, lymphocytes purified
from immune PEC were incubated with and
without BGG. Supernatants fluids from anti-
genically stimulated lymphocytes markedly in-
hibited the migration of normal MP: areas of
migration were decreased by 55 to 67%o of MP
incubated with supernatants from unstimulated
lymphocytes (P < 0.01). This was not a non-

specific effect of BGG, for, as noted above, this
antigen was added to the control supernatants
prior to assay. These same supernatants were

simultaneously assayed for their effect on MP
bactericidal capacity. It is clear from the table
that MIF-rich supernatants had no effect on MP
listericidal activity. In experiments 3 and 4,

lysates of antigenically stimulated and unstimu-
lated lymphocytes were tested in both assays but
had no demonstrable effect.
There is no doubt that supernatants from

antigenically stimulated lymphocytes can affect
MP functions in addition to migration; the
question is whether such materials cause enhance-
ment of bacteridical activity per se. Mooney and
Waksman (9) demonstrated in a rabbit system
that such supernatants produced increased MP
ameboid activity after 24 hr and increased
adherance at 48 hr. Nathan et al. (10) showed that
purified guinea pig MIF produced increased MP
adherance, phagocytosis, motility, and hexose
monophosphate shunt activity after 72 hr. Neither
of these studies report MP bactericidal activity,
and both require more than the 24 hr which is
needed for enhancement of MP bacteridical
activity in our system (13). Patterson and
Youmans (11) reported that if lymphocytes from
tuberculin-sensitive mice were incubated with
tubercle bacilli, they produced a soluble factor
which suppressed the multiplication of tubercle
bacilli in normal MP after 3 to 6 days. Godal et al.
(2) found that supernatants from rabbit mixed
leukocyte cultures suppressed the multiplication
of mycobacteria in normal peripheral blood
monocytes after 10 to 17 days. Neither of these
studies evaluated the supernatants for MIF
activity and both required prolonged periods of
incubation. Recently, however, Krahenbuhl and
Remington (5) described a guinea pig system in
which they conferred resistance to listeria infec-
tion on normal MP with spleen cells from
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toxoplasma-infected animals in the presence of
toxoplasma antigen. This study also reports an
experiment in which supernatants from cultures
of normal MP, immune spleen cells, and toxo-
plasma antigen enabled normal MP to resist
listeria infection after 72 hr. They also state that,
in two different experiments, similar super-
natants inhibited the migration of normal MP by
33 and 34%/0. In the four experiments reported in
the present study, however, supernatants which
inhibited MP migration by 55 to 67%o did not
enhance MP bactericidal activity when assayed
simultaneously.
The disparity between the studies (2, 5, 11)

which suggest that lymphokines may enhance
MP bactericidal activity and the present experi-
ments may reflect differences in experimental
conditions. Indeed, we have not attempted to
duplicate the conditions reported by these other
investigators. Rather, we have evaluated the role
of lymphocyte supernatants under conditions
identical to our previous studies of whole peri-
toneal exudates (13) and purified lymphocytes
(14). In these earlier studies, we presented indirect
evidence that MIF activity and bactericidal
enhancing activity were inseparable. When anti-
genically stimulated immune lymphocytes were
added to normal macrophages, MP migration
was inhibited and bactericidal activity was en-
hanced in parallel. The present experiments
present direct evidence of a dissociation between
these phenomena for the first time. Despite
possessing a high degree of MIF activity, super-
natants from antigenically stimulated immune
lymphocytes had no effect on MP bactericidal
capacity.

Clearly, the absence of proof does not consti-
tute proof of absence, and the present study of a
single in vitro model does not disprove the popular
hypothesis that MIF is a mediator of enhanced
resistance to infection with intracellular parasites.
Further investigation will be required to evaluate
the biological validity of the various in vitro
models which have been reported. Nevertheless,
the dissociation of migration inhibition and
bactericidal enhancement in a well-defined system
may serve to stimulate critical evaluations of this
question.
What are the other possible mechanisms of

lymphocyte-macrophage interaction? Cytophilic
antibody remains a possibility, though in vivo (8)
and in vitro (14) studies with immune serum
argue against its role. Another possibility is that
the antigenically stimulated sensitized lymphocyte
retains a substance within its cytoplasm or tightly
bound to its surface which activates MP bacteri-
cidal machinery. In the present experiments, we
could not demonstrate such a material in crude
lymphocyte lysates. However, others have noted

that ribonucleic acid extracts from sensitized
lymphocytes could induce MIF production by
normal lymphocytes in the presence of antigen
(4). An alternate way in which the stimulated
lymphocyte could influence the MP is through
elaboration of a soluble mediator which is more
labile than MIF and hence not demonstrable in
this system. Finally, direct lymphocyte-MP mem-
brane contact may be required, as is the case in one
form of the cytotoxicity reaction (3). Such inti-
mate lymphocyte-MP interaction is perhaps
suggested by our inability to separate these cell
types by repeatedly washing monolayers (14),
and by the morphological observations of Salvin
et al. (12).

ACKNOWLEDGMENT

We thank Joseph Edelin for expert technical assistance.

LITERATURE CITED

1. David, J. R., S. Al-Askari, H. S. Lawrence, and L. Thomas.
1964. Delayed hypersensitivity in vitro. I. The specificity of
inhibition of cell migration by antigens. J. Immunol. 93:
264-273.

2. Godal, T., R. J. W Rees, and J. 0. Lamvik. 1971. Lympho-
cyte-medicated modification of blood-derived macrophage
function in vitro; inhibition of growth of intra-cellular my-
cobacteria with lymphokines. Clin. Exp. Immunol. 8:625-
637.

3. Granger, G. A. 1970. Mechanisms of lymphocyte-induced cell
and tissue destruction in vitro. Amer. J. Pathol. 60:469-481.

4. Jureziz, R. E., D. E. Thor, and S. Dray. 1968. Transfer with
RNA extracts of the cell migration inhibition correlate of
delayed hypersensitivity in the guinea pig. J. Immunol. 101:
823-829.

5. Krahenbuhl, J. L., and J. S. Remington. 1971. In vitro indutc-
tion of nonspecific resistance in macrophages by specifically
sensitized lymphocytes. Infect. Immunity 4:337-343.

6. Mackaness, G. B. 1969. The influence of immunologically
committed lymphoid cells on macrophage activation in vivo.
J. Exp. Med. 129:973-992.

7. Mackaness, G. B. 1971. Delayed hypersensitivity and the
mechaniism of cellular resistance to infection, p. 413-424.
In B. Amos (ed.), Progress in immunology. Academic
Press, Inc., New York.

8. Miki, K., and G. B. Mackaness. 1965. The passive transfer of
acquired resistance to listeria monocytogenes. J. Exp. Med.
120:93-103.

9. Mooney, J. J., and B. H. Waksman. 1970. Activation of nor-

mal rabbit macrophage monolayers by supernatants of
antigen-stimulated lymphocytes. J. Immunol. 105:1138-
1145.

10. Nathan, C. F., M. L. Karnovsky, and J. R. David. 1971.
Alterations of macrophage functions by mediators from
lymphocytes. J. Exp. Med. 133:1356-1376.

11. Patterson, R. J., and G. P. Youmans. 1970. Demonstration
in tissue culture of lymphocyte-mediated immunity to tu-

berculosis. Infect. Immunity 1:600-603.
12. Salvin, S. B., S. Sell, and J. Nishio. 1971. Activity in vitro of

lymphocytes and macrophages in delayed hypersensitivity.
J. Immunol. 167:655-662.

13. Simon, H. B., and J. N. Sheagren. 1971. Cellular immunity
in vitro. 1. Immunologically mediated enhancement of mac-
rophage bactericidal capacity. J. Exp. Med. 133:1377-1389.

14. Simon, H. B., and J. N. Sheagren. 1972. Enhancement of
macrophage bactericidal capacity by antigenically stimu-
lated imnmune lymphocytes Cell. Immuinol 4:163-174.

VOL. 6, 1972 103


