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The lymphocytes which mediate immunity to infection with Listeria
monocytogenes in the mouse accumulated in casein-induced peritoneal exudates.
They were T cells, as evidenced by their susceptibility to anti-O serum, but some
were also destroyed by anti-immunoglobulin serum. For a given number of cells,
exudate cells were at least six times more efficient than spleen cells in protecting
normal recipients against lethal challenge. The extent to which mediator cells
accumulated in exudates was found to be governed by the level of their
production in responding lymphoid tissue and by the time available for them to
migrate into an exudate. An intraperitoneal injection of casein at any stage of
infection resulted in a progressive accumulation of mediator cells that continued
for 3 days. The accumulation was not caused by continuous entry of cells during
the whole of this period, but resulted from division of a limited number of cells
that entered during the first 24 h. Accumulation of mediator cells in an exudate
was associated with the conversion of a population of dividing cells into a

population of nondividing T cells with a relatively short life-span.

Acquired immunity in mice to infection with
the bacterial parasite Listeria monocytogenes is
expressed by activated macrophages (12). The
adaptive changes which enable macrophages to
perform this function, however, are mediated by
a population of specifically sensitized, short-
lived, replicating, thymus-derived lymphocytes
(15). Production of these T-cell mediators of
antibacterial immunity begins in the spleen
within 2 days of an intravenous infection; peak
production is reached by day 6 and then rapidly
declines. The kinetics of their production thus
resembles the kinetics of production of the cells
that mediate immunity to allografts which are
also dividing T cells (21), and which decline
rapidly in number after a quick rise to peak
production in responding lymphoid tissues (2,
3).
Another property of the cellular mediators of

anti-Listeria immunity, as revealed by experi-
ments in the rat (10), is their propensity to enter
sites of inflammation. Since the cellular media-
tors of allograft (9, 19) and other examples of
cell-mediated immunity (1, 23, 25) also show
this capacity to enter sites of tissue injury in the
absence of a specific antigenic stimulus, it is

I Present address: Department of Preventive Medicine,
School of Medicine, New York University, New York, N.Y.
10016.

apparent that all mediator lymphocytes share
this property.
The purpose of this paper is to show that the

cellular mediators of antibacterial immunity
which enter sterile peritoneal exudates in the
mouse are replicating T cells. It will further
show that the extent to which they accumulate
in peritoneal exudates is limited, among other
things, by the level of their production in
responding lymphoid tissue and by their capac-
ity to replicate after they leave the circulation.

MATERIALS AND METHODS
Animals. Adult (8 to 14 weeks old) AB6F, (A x

C57BV/6) mice of both sexes were used. Mice of the
same age and sex were confined to single experiments.
AKR and C3H mice were used for producing anti-O
serum. All strains were purchased from Jackson
Laboratories, Bar Harbor, Me.

Bacteria. L. monocytogenes (strain EGD) is pas-
saged continuously in mice in this laboratory to
maintain its virulence. The intravenous mean lethal
dose (LD,0) of the organism was 5 x 103 at the time of
the experiments. A log-phase culture (2 x 108 per ml)
in Trypticase soy broth (Difco) was dispensed in small
volume and frozen at -70 C. At the time of each
experiment a tube was thawed in a 37 C water bath
and diluted in a standard fashion in 0.85% sodium
chloride solution for intravenous injection. The viabil-
ity and virulence of the organism did not change in
cold storage for at least 6 months. The standard
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immunizing dose was either 103 or 2 x 103, and the
challenge dose 5 x 104.

Bacteria were enumerated in the spleen by plating
10-fold dilution of whole spleen homogenates on
Trypticase soy agar (Difco).

Estimating mediator cells in spleens and perito-
neal exudates. Changes in the relative number of
mediator cells in the spleen and peritoneal cavity
during infection were determined by measuring
changes in the capacity of these cell populations to
protect normal recipient mice against a standard
lethal challenge infection. Protection was expressed as
the log,o difference between the growth of the chal-
lenge infection in the spleens of recipients of "immune
cells" and growth of the challenge infection in the
spleens of recipients of normal cells at 48 h of the
challenge infection.

Spleen cell suspensions were prepared as described
previously (15).

Peritoneal exudates were induced by the intraperi-
toneal injection of 2 ml of sterile 5% casein solution.
This was prepared by incubating 5 g of casein in 100
ml of 0.85% sodium chloride solution for 3 h at 55 C.
The solution was neutralized with 10 N sodium
hydroxide solution, filtered through surgical gauze,
and stored at 4 C.

Exudate cells were harvested by folding back the
abdominal skin and injecting 3 ml of Dulbecco
phosphate-buffered saline (PBS) containing 10 U of
heparin per ml intraperitoneally with a needle and
syringe. After briefly massaging the abdomen, 2.75 ml
of fluid was withdrawn. The procedure was repeated,
and the cells were pooled. After one wash in PBS
containing 5% fetal calf seruni (PBS-FCS) the cells
were diluted appropriately for counting in a hemocy-
tometer and for intravenous infusion.

Antisera. ARK anti-C3HO serum was obtained by
injecting AKR mice intravenously and intraperitone-
ally with 107 C3H thymocytes every 7 days for 4
weeks. Blood was collected by cardiac puncture 7 days
after the last injection. The serum was diluted 1:5 in
PBS, absorbed with 5 x 107 AKR thymocytes per ml
for 30 min, and stored in small volumes at - 20 C. The
specificity of the antiserum for the 0 antigen was
tested by absorption with AKR and C3H brain tissue
as described previously (16).

Rabbit anti-mouse (Ig) immunoglobulin serum
(anti-Ig) was purchased from Miles Laboratories,
Inc., Kankakee, Ill. It was supplied with immunoelec-
trophoretic data which showed that it was specific for
mouse Ig.
The susceptibility of the cellular mediators of

anti-Listeria immunity obtained from spleens and
peritoneal exudates to anti-O serum or anti-Ig serum
was tested by incubating the cells at a concentration
of 5 x 107 per ml in a 1:5 dilution of either antiserum
at 37 C for 20 min. The 1:5 anti-Ig serum contained
260 gg of antibody protein per ml. The cells were then
washed once in PBS-FCS and resuspended at the
same concentration in 1:5 agarose-absorbed guinea
pig serum (5) for 30 min at 37 C. They were then
washed in PBS-FCS and resuspended for intravenous
infusion. Control cells were treated in the same way
except that they were incubated in normal AKR

serum instead of anti-0 serum, and normal rabbit
serum instead of anti-Ig serum. The anti-Ig serum was
judged to be specific for Ig-bearing cells because when
used as just described, it destroyed less than 0.2%
thymocytes and about 40% spleen cells as determined
by dye exclusion. Furthermore, it did not alter the
phagocytic activity of macrophage monolayers (un-
published data).

Vinblastine sulfate. Vinblastine sulfate was ob-
tained from Eli Lilly and Co., Indianapolis, Ind. It
was dissolved in PBS and injected intravenously in a
dose of 100l g. This dose should have destroyed cells
mitosing in vivo for a period of about 15 h (24).

RESULTS

Demonstration that mediator cells accu-
mulate in 48-h casein-induced exudates. Evi-
dence that the cellular mediators of anti-
Listeria immunity accumulate in casein-
induced peritoneal exudates is displayed in Fig.
1, which compares immunity transferred to
normal recipients with peritoneal exudate cells
from infected donors with immunity transferred
with exudate cells from noninfected donors.
Also shown is the protection transferred with
cells obtained from the unstimulated peritoneal
cavities of infected donors. All cells were har-
vested on day 7 of infection, and exudates were
induced with casein on day 5. It can be seen that
a high level of adoptive immunity was trans-
ferred with two equivalents of 48-h exudate cells
(3.8 x 107) from infected donors, but not with
two equivalents of 48-h exudate cells (3.6 x 107)
from noninfected donors. It can be seen, in
addition, that 2 equivalents of peritoneal cells
(9 x 106) from unstimulated peritoneal cavities
also possessed a substantial capacity to protect
recipients against a challenge infection. It
should be mentioned in this connection that
these experiments were designed to determine
the protective capacity of the total mediator cell
population of the peritoneal cavity. Obviously,
if a large enough number of cells were infused,
the protection transferred with cells from the
unstimulated peritoneal cavity would equal the
protection transferred with exudate cells. As-
suming equal efficiency per cell, the results
simply mean that many more mediator cells
were present in a 48-h peritoneal exudate than
in an unstimulated peritoneal cavity.
Evidence that mediator cells in exudates

are T cells. The effect of incubating peritoneal
exudate cells, obtained as described above, with
anti-O serum and complement on their capacity
to protect normal recipients against lethal chal-
lenge is shown in Fig. 2. Anti-O serum com-
pletely abrogated their protective capacity.
Since the activity of the anti-O serum was
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FIG. 1. Growth curves of a Listeria challenge

infection in the spleens of recipients of two equiva-
lents of 48-h exudate cells from 7-day-infected donors
(immune exud.) or noninfected donors (normal exud.),
or two equivalents of cells from unstimulated peri-
toneal cavities of 7-day infected donors (immune
resid.). A high level of adoptive immunity was trans-
ferred with immune exudate cells, but not with normal
exudate cells. Resident peritoneal cells also trans-
ferred appreciable levels of immunity. Means of five
recipients per time point.

completely removed by absorption with C3H
brain but not with AKR brain, the mediator
cells that accumulate in exudates are 0-bearing
T cells. In addition, however, anti-Ig serum and
complement also reduced the protective capac-
ity of exudate cells, although to a much lesser
degree than anti-O serum. It is apparent, there-
fore, that either a proportion of the mediator T
cells contained Ig determinants on their sur-
faces, or that Ig-bearing cells other than T cells
cooperated with T cells in mediating anti-
Listeria immunity.
Exudates are a richer source of mediator

cells than the spleens of intravenously in-
fected donors. In comparing the levels of pro-
tection transferred with cells obtained from
different tissue compartments, it is important

to distinguish between the activity represented
by all the cells in the compartment and the
activity of a given number of them. The former
allows a comparison to be made between the
total number of mediator cells in the spleen and
a peritoneal exudate, whereas the latter mea-
sures the relative efficiencies of the two popula-
tions. A comparison between the protection
transferred with cells from 48-h peritoneal exu-
dates and spleen cells harvested on day 7 of an
immunizing infection is expressed in both ways
in Fig. 3. One equivalent of peritoneal exudate
cells transferred about the same level of protec-
tion as one equivalent of spleen cells. Assuming
equal protective efficiency per cell, this means
that each compartment contained about the
same number of mediator cells. Also, when
twofold dilutions of one exudate equivalent and
one spleen equivalent of cells were infused, the
levels of protection in recipients were corre-
spondingly reduced by twofold steps. This
means that the level of immunity conferred was
directly proportional to the number of mediator
lymphocytes infused.
When protection was plotted against the

number of cells infused, however, peritoneal
cells were much more efficient than spleen cells
(Fig. 3, below). It was calculated that in this
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FIG. 2. Incubation with anti-O serum and comple-
ment completely eliminated the capacity of exudate
cells to protect recipients. The cytoxic activity of the
anti-@ serum was completely removed by absorption
with C3H brain, but not with AKR brain. Anti-Ig
serum also partly abolished the protective capacity of
exudate cells. Means of five recipients per time point.
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of the numbers circulating in blood. This num-

ber would depend in turn on the numbers being
4 released from responding lymphoid tissues.

Since it had already been shown (15) that peak
production of the cellular mediators of anti-
Listeria immunity occurs in the spleen on day 6

3 SPLEEN EXUDATE of infection and declines thereafter, it was
EQUIV. EQUIV. expected that mediator cells would accumulate

in 48-h exudates in keeping with this pattern of
production. The protective capacity of 48-h

2 exudates induced at progressive stages of infec-
tion increased and decreased in parallel with
the rise and fall in protective activity in the
spleen, but with a delay of 48 h (Fig. 4). Thus,

1 whereas the protective capacity of spleen cells
increased from day 2 of infection to peak on day
6, that of 48-h exudate cells increased from day
4 to peak on day 8. The 48-h lag in reaching

= O _ _ _ _ _ _ v _ v #peak activity in exudates is explained below.
1 1 2 1 The protective activity of cells harvested from

.ACD unstimulated peritoneal cavities at progressive
stages of infection also increased and then

4 / decreased, but kept pace with the increase and
decrease in the production of mediator cells in
the spleen (Fig. 4).

0 The total numbers of nucleated cells har-
EXUDATE vested from spleen or peritoneal cavity at each

LEEN
time point are shown in Fig. 5. The rise and fall

2 . / Z SPlEEN in the protective activity found in these cell
0 populations were obviously related to the num-

bers of nucleated cells harvested. Presumably,
1l° therefore, the total number of cells present in

O~~~~~~~~__l0
NO. CELLS x16610EXUDATE

FIG. 3. Comparison between protection transferred WASHOUT
with 48-h exudate cells and spleen cells harvested on 2
day 7 of infection. Histographs show protection trans- Z2I
ferred in terms of spleen and exudate equivalents and
fractions of equivalents. The bottom graph compares cm

protection on a cell for cell basis. The results show .1-
that although both compartments contained about
the same number of mediator cells, exudate cells were
about six times more efficient than spleen cells at
protecting recipients against Listeria challenge. 0 2 4 12 1*.
Means of five recipients. DAYS

FIG. 4. Evidence that the accumulation of mediator
particular experiment, mediator cells were cells in exudates is dependent on the level of mediator
about six times more concentrated in 48-h cell production in the spleen. Shown are levels of
peritoneal exudates than in spleens at the same protection transferred with two equivalents of 48-h
stage of infection. exudate cells, one equivalent of spleen cells, and two

Number of mediator cells which can accu- equivalents of resident peritoneal cells (washouts)
mulate in exudates is determined by their harvested at progressive stages of infection. The
level of production in the spleen. It would be protective capacity of spleen cells and resident perito-
expectedtateueneal cells peaked on day 6 and then declined. The

expected that the number of mediator cells that protective capacity of 48-h exudate cells, as expected,
can accumulate in a peritoneal exudate at any peaked 48 h later and then declined. Means of five
given time during infection would be a function mice per time point.
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FIG. 5. Number of nucleated cells harvested at
progressive times of infection from two 48-h exudates,
two unstimulated peritoneal cavities (perit.), and one
spleen to give the levels of protection in recipients
(Fig. 4).

each compartment reflected their content of
mediator cells at any given stage of infection.
Number of mediator cells in exudates is

determined by the time allowed for
accumulation. The preceding results showed
that the number of mediator cells that accumu-
late in a 48-h exudate is determined by the
prevailing level of production of these cells in
the spleen. The following experiments show
that the number of mediator cells which can be
harvested from a peritoneal exudate is also
influenced by the time allowed for them to
accumulate.

In these experiments, a large number of mice
were infected with Listeria and divided into
groups according to whether they were given
casein intraperitoneally on day 1, 4, 8, or 12 of
infection. Exudates were harvested from each
group at 24-h intervals after giving casein and
the protective capacity of the recovered cells
was measured by infusing two donor equiva-
lents into groups of challenged recipients. Re-
gardless of the stage of infection, mediator cells
accumulated progressively for a period of 3 days
(Fig. 6). In agreement with the preceding exper-
iments, however, the largest 3-day accumula-
tion of mediator cells occurred when exudates
were induced during the time of peak produc-
tion of mediator cells in the spleen (days 4 to 7).
Maximum 3-day accumulation, in every case,
was followed by a rapid fall in the number of
mediator cells in the peritoneal cavity (Fig. 6).
This decline is further illustrated in Fig. 7,
which also shows changes in the number of nu-
cleated cells harvested from exudates over a
5-day period. Stained smears of peritoneal cells
showed that the large increase in the number of

cells in 24-h exudates was caused mainly by the
entry of polymorphonuclear leukocytes which
progressively decreased in number after this
time. If this peak is ignored, it can be concluded
that the increase and decrease in protective
capacity was associated with a rise and fall in
the number of mononuclear cells. Additional
information on this point will appear in a
forthcoming publication.
Evidence that mediator cells enter the

peritoneal cavity only during the first 24 h of
inflammation. The preceding results showed
that the mediators of anti-Listeria immunity
accumulated progressively in peritoneal exu-
dates of infected mice for a period of 3 days. The
following experiment was designed to determine
whether this accumulation was caused by con-
tinuous entry of mediator cells during this
period.
A large group of noninfected, intermediate

recipients was injected intraperitoneally with
casein and divided into panels according to the
time relative to the injection of casein that they
were given a single intravenous infusion of 2 x
108 spleen cells from 6-day infected donors.
Exudate cells were harvested at 24-h intervals
from each panel of spleen cell recipients and
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FIG. 6. Evidence that mediator cells accumulate
progressively in peritoneal exudates for 3 days and
then decline in number. A large group of infected
donors were divided into panels according to whether
they were injected intraperitoneally with casein at
day 1, 4, 8, or 12 of infection (arrows). Exudate cells
were harvested every 24 h from each panel, and the
protective capacity of two exudate equivalents of their
cells was measured in challenged recipients. The
histogram shows the time course of production of
mediator cells in the spleen. An injection of casein at
any time of infection resulted in a 3-day accumulation
of mediator cells in the peritoneal cavity. The largest
3-day accumulation of mediator cells occurred during
the period of maximum production in the spleen.
Means of five recipients per time point.
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T OAYS INFECTION
FIG. 7. Additional evidence that a 3-day accumula-

tion of mediator cells in exudates is followed by a
progressive decline in their number (histogram). Ca-
sein was injected on day 4 of infection (arrow), and the
protective capacity of two equivalents of exudate cells
was harvested at 24-h intervals was tested in chal-
lenged recipients. There was a rapid decline in the
protective capacity of exudate cells harvested after
day 3. The total number of nucleated cells harvested
from two peritoneal cavities at the times indicated are
also shown. The large increase in the number of cells
over the first 24 h was caused by the entry of
polymorphonuclear leukocytes. Means of five mice
per time point.

assayed for protective activity in secondary
recipients. In this way it was possible to detect
the extent of entry of mediator cells into exu-
dates of varying age. The experiment called for
a fresh supply of spleen cells from 6-day-
infected donors every 24 h.

Passively transferred mediator cells entered
peritoneal exudates of normal recipients only
during the first 24 h of inflammation, because
protective activity was found only in the perito-
neal cavity of recipients which were infused
with immune spleen cells and injected with
casein on the same day (Fig. 8). The cells from
these exudates were capable of transferring
about two logs of protection to challenged
recipients. This represented about 60% of the
known protective capacity of the infused donor
spleen cells themselves. It will be noted, how-
ever, that the protective capacity of the cells
quickly declines after 24 h, thus indicating that
they either died or left the peritoneal cavity.

7 This result indicated that the progressive accu-
mulation of mediator cells over a 3-day period
in the exudates of actively infected mice could

6 not have resulted from continuous immigration.
The only other way that the population of
mediator cells could increase progressively for 3

< days would be by replication of mediator cells
' that enter an exudate during the first 24 h of
4, inflammation.

- Evidence that mediator cells which enter
_ exudates are actively dividing. The above
3' results revealed an apparent contradiction. Al-
,, though intravenously infused mediator cells
C were found to enter the peritoneal cavity of

2 normal recipient mice only during the first 24 h
of inflammation, mediator cell activity never-
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FIG. 8. Evidence that mediator cells only enter
exudates during the first 24 h of inflammation. Casein
was injected intraperitoneally into a large group of
noninfected intermediate recipients. these were di-
vided into panels (A, B, C) according to the time after
giving casein that they were infused intravenously
with one equivalent of spleen cells from 6-day-infected
donors. Exudate cells were harvested from each panel
of recipients at 24-h intervals, and the protective
capacity of two exudate equivalents of their cells was
tested in challenged secondary recipients. Intrave-
nously infused mediator spleen cells only entered the
peritoneal cavity of intermediate recipients during the
first 24 h of inflammation. Means of five recipients per
time point.

494 INFECT. IMMUNITY

1



INFLAMMATORY LYMPHOCYTE

theless increased in the inflamed peritoneal
cavities of actively infected mice for a full 3
days. This suggested that the 3-day accumula-
tion of mediator cells was caused by replication
of cells that entered during the first 24 h. To
investigate this possibility, the antimitotic drug
vinblastine was used to destroy dividing media-
tor cells in exudates.
A large group of mice was infected with

Listeria and injected intraperitoneally with ca-
sein on day 4 of infection. They were given a
single intravenous injection of vinblastine either
at the time of, or at 24-h intervals after,
injecting casein. Exudate cells were harvested
at 24-h intervals after vinblastine, and their
protective capacity was measured in challenged
recipients.
When vinblastine was given at the time of

injecting casein, the protective capacity of the
24-h exudate cells was almost completely elimi-
nated. This means that most of the mediator
cells that entered or would have entered the
exudate the first 24 h were vinblastine sensitive.
It can also be seen that the effect of a 15-h pulse
of vinblastine on protective capacity decreased
with time after inducing the exudates. Thus,
whereas vinblastine destroyed the vast majority
of protective cells during the first 24 h of
inflammation, it destroyed only about 60% in
48-h exudates and 40% in 72-h exudates, and
had no effect at all on the protective cells in
96-h exudates. It is almost certain, therefore,
that although the mediator cells which entered
exudates were rapidly dividing, their potential
for division was progressively exhausted.
Evidence that mediator cells do not leave

the peritoneal cavity. The decline in the pro-
tective capacity of exudate cells after day 3 of
inflammation, as revealed in preceding experi-
ments, means that mediator cells either lose
their function or leave the peritoneal cavity.
The possibility that mediator cells leave the
peritoneal cavity was tested by measuring the
capacity of 72-h exudate cells injected intraperi-
toneally to protect normal recipients against an
intravenous challenge infection. It was reasoned
that any appreciable migration of these cells
from the peritoneal cavity into blood would be
reflected in the expression of adoptive immu-
nity in the recipients' spleens.
Normal recipient mice were injected intra-

peritoneally with either two donor equivalents
of 72-h exudate cells (6 x 107) or one donor
equivalent of spleen cells (2.5 x 108), both
harvested from 7-day-infected donors. A group
of recipients were also injected intraperitoneally
with casein 3 days before receiving mediator
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FIG. 9. Evidence that the mediator cells that enter a
peritoneal exudate during the first 24 h are dividing
cells, but that there is a conversion from a dividing to
a nondividing population over the next 72 h. A 15-h
pulse of the antimitotic drug vinblastine eliminated
the protective capacity of 24-h exudate cells, but the
effect of the drug progressively diminished thereafter.
It had no effect on the protective cells in 96-h
exudates. The top histograms compare protection
transferred with two equivalents of exudate cells
harvested from control and vinblastine-treated do-
nors. The figures on the histograph repre,sent the
number of nucleated cells harvested from two exu-
dates x 10-7. The bottom histograph expresses the
same results as percent abolition of protection by
vinblastine. Means of five recipients per time point.

VOL. 10, 1974 495

ml

rl



NORTH AND SPITALNY

cells intraperitoneally to simulate the condi-
tions of inflammation associated with the nor-
mal loss of protective cells from this compart-
ment. Other groups of recipients were given
spleen and exudate cells intravenously. All mice
were challenged intravenously with Listeria 1 h
after cell transfer, and the growth of the chal-
lenge infection was followed in their spleens.

Neither exudate cells nor spleen cells injected
intraperitoneally could protect normal recipi-
ents against an intravenous challenge infection
(Fig. 10). In contrast, the same number of cells
given intravenously caused the expression of
high levels of adoptive immunity. It is almost
certain, therefore, that functional mediator
cells do not migrate from the peritoneal cavity
into blood in significant numbers.

DISCUSSION
The results presented here confirm published

findings in the rat (10) which show that the
cellular mediators of anti-Listeria immunity
accumulate in relatively large numbers in in-
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FIG. 10. Evidence that mediator cells do not leave
the peritoneal cavity. Neither two equivalents of
exudate cells nor one equivalent of spleen cells from
7-day-infected donors could protect recipients against
an intravenous challenge infection if the cells were
infused intraperitoneally. In contrast, the same cells
injected intravenously resulted in the transfer of high
levels of immunity. Spleen and exudate mediator cells
also failed to transfer protection if they were injected
into the peritoneal cavities of recipients which had
received casein intraperitoneally 72 h before (IP
exudate) to simulate conditions associated with the
normal loss of mediator cells from exudates. Means of
five recipients per time point.

flammatory exudates. This paper shows, in
addition, that the mediator cells that accumu-
late in peritoneal exudates are T cells, and that
the rate at which they accumulate at any time
during infection is determined by the level of
their production in responding lymphoid tissue.
It also shows that mediator cells accumulate in
a peritoneal exudate for 3 days after injection of
casein, regardless of the stage of infection.
Consequently, the largest accumulation of me-
diator cells occurs in 3-day exudates induced
during the time of peak production of mediator
cells in the spleen. Titration studies showed,
moreover, that mediator cells were about six
times more concentrated in an exudate than
they were in the spleen, although the total
number of these cells was about the same in
each compartment.
The build-up of mediator cells in an exudate

was not due to continuous entry from blood. On
the contrary, cell transfer studies showed that
passively administered mediator cells entered
peritoneal exudates of normal recipients only
during the first 24 h of inflammation. It can be
postulated, therefore, that the protracted rise in
the population of mediator cells found in exu-
dates of actively infected mice is caused by the
replication of mediator cells which enter during
the first 24 h. This explanation is fully consist-
ent with the finding that the mediator cells were
destroyed by a 15-h pulse of vinblastine given
while the exudate was forming, whereas those
mediator cells found in the peritoneal cavity at
a later stage were vinblastine resistant. This
means that all mediator cells in 24-h exudates
were dividing cells, whereas those present in
96-h exudates were not. Since it was shown, in
addition, that the level of adoptive anti-Listeria
immunity expressed by normal recipients was
directly proportional to the number of donor
mediator cells infused, it is easy to conceive how
a threefold increase in protective capacity of
exudates could occur over 48 h by division of
mediator cells that entered during the first 24 h.
It would take fewer than two complete divisions
of the initial population of mediator cells to give
the observed increase in protective capacity.
The stimulus for this division is not known. It

was either the result of stimulation by systemi-
cally distributed soluble Listeria antigens (liv-
ing Listeria were never found in exudates), or
mediator cells may be obliged to complete
mitotic cycles initiated while still in circulation
or before release from a central lymphoid organ
such as the spleen. Specific antigen almost
certainly is required to sustain replication, be-
cause cell transfer studies showed that mediator
cells which entered peritoneal exudates of non-
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infected recipients did not increase in number.
It should be remembered, however, that divi-
sion decreased progressively to a very low rate
by 4 days even in infected mice. It is interesting,
furthermore, that the conversion from a divid-
ing to a nondividing population coincided with
the decline in protective activity in exudates. It
is suggested, in view of this evidence, that
mediator cells enter an exudate as rapidly
dividing cells during the first 24 h of inflamma-
tion; that they enter in numbers determined by
the level of their production in the spleen and
their representation in blood; and that they
continue to divide under the stimulus of soluble
Listeria antigens, exhaust their mitotic capac-
ity after one or two divisions, and then die or
lose their protective function.
The finding that the mediators of anti-

Listeria immunity are dividing when they enter
an exudate agrees with findings in rats (13). It
has been shown, moreover, that the lympho-
cytes which enter sites of allograft rejection (8,
9, 18) and autoimmune inflammation (25) are
also predominantly newly formed cells. The
conclusion that the mediators of anti-Listeria
immunity which enter exudates are end cells is
in keeping with the known properties of the
majority of mediator cells produced in the
spleen; namely, that they are rapidly dividing
cells which disappear from the spleen and blood
once they have ceased to divide (15). Again,
mediator spleen cells only remain functional for
1 to 2 days after infusion into normal recipients
(17). It is well to point out in this connection
that the cellular mediators of allograft immunity
also have a short half-life when infused into
recipients (14) and a limited potential for divi-
sion (4).

It is interesting that appreciable numbers of
mediator cells could be harvested from the
unstimulated peritoneal cavities of infected
mice. The rise and fall in their number reflected
a proportionate rise and fall of mediator cell
production in the spleen. They could be pro-
duced locally, in concert with mediator cell
production in the spleen, or reach the peritoneal
cavity by constant "leakcge" from blood. In
either case, these cells contribute to the total
protective capacity of exudate cells.
The cellular mediators of immunity in exu-

dates were destroyed by incubation with anti-@
serum and complement. This is good evidence
that they are 0-bearing T cells. A proportion of
them, however, perhaps as many as 30%, were
destroyed by anti-Ig serum and complement. It
is apparent, therefore, that either a proportion
of mediator T cells display Ig determinants on
their plasma membranes, or that a class of

Ig-bearing cells cooperates with T cells in the
mediation of immunity. The first alternative
seems possible in view of recent evidence that
activated T cells can be stained with fluores-
cein-labeled anti-Ig (7) and may contain sur-
face-bound specific antibody (6, 20). It is real-
ized, nevertheless, that the possession of surface
Ig by T cells remains a controversial issue. It is
almost certain, on the other hand, that macro-
phages do not contribute to the adoptive immu-
nity observed, because experiments still in
progress have shown that when exudate cells
which adhere firmly to plastic surfaces are
removed, the remaining cells are six times more
efficient on a cell for cell basis at adoptively
immunizing normal recipients.

It is obviously important for the host to have
a mechanism which enables it to focus sensi-
tized lymphocytes at sites of tissue injury.
Presumably, the mechanisms responsible for
the entry of these cells into a sterile peritoneal
exudate are the same as those responsible for
focusing them at infective foci in the liver and
spleen. It is not surprising, furthermore, that
specific antigen need not be present to attract
the mediators of anti-Listeria immunity and
other examples of cellular immunity into in-
flammation. Since the entry of sensitized cells
into inflammation must take place across the
endothelium of small blood vessels, it is highly
likely that sensitized lymphocytes are innately
equipped to recognize, stick to, and migrate
between capillary endothelial cells which have
undergone physiological changes common to all
types of inflammation. The presence of specific
antigen in inflammation might be expected to
be seen after entry of sensitized cells occurs. It is
possible, for instance, that antigen could serve
to cause division of sensitized cells and result in
a local augmentation in their number. Unfortu-
nately, those published studies which show that
the mediators of allograft immunity either do
(11, 22) or do not (9, 19) migrate preferentially
to sites containing specific antigen were not
designed to test this possibility. The events that
occur when the T-cell mediators of anti-Listeria
immunity enter a peritoneal exudate containing
Listeria antigen will be the subject of a future
publication.

It should be pointed out that it has been
assumed, for the sake of discussion, that
changes in the protective capacity of donor
exudate cells as measured by log protection in
the recipients' spleens were proportional to
changes in the number of mediator cells pres-
ent. While titration experiments showed that
this was true for mediator cells harvested at any
one time, it is nevertheless possible that the
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protective efficiency, rather than the number of
mediator cells, changes during the time course
of infection and also during the development of
an exudate. The same criticism can be leveled
against all published studies that have quanti-
fied changes in the production of mediator cells
during the time course of the immune response
to allografts.
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