
THE MEDIATOR OF CELLULAR IMMUNITY 

VII. LOCALIZATION OF SENSITIZED LYMPHOCYTES IN INFLAMMATORY 

EXUDATES* 

BY D. D. McGREGOR$ AND PAMELA S. LOGIE 

(From the Immunobiological Research Laboratories, Trudeau Institute, Inc., 
Saranac Lake, New York 12983) 

(Received for publication 11 February 1974) 

Earlier reports in this series (1, 2) focused upon the cytokinetics and proper- 
ties of the specifically sensitized lymphocytes which collaborate with macro- 
phages in host resistance to Listeria monocytogenes. Evidence was obtained that 
the sensitized lymphocytes are generated in animals primarily immunized with 
the living organism. As a population, they have a rapid turnover, short effective 
life-span, and fail to recirculate efficiently from the blood to lymph. These and 
other findings imply that immunoblasts or "large lymphocytes" are the prin- 
cipal, although possibly not the exclusive, specific effector cells responsible for 
transferring resistance to L. monocytogenes, at least in the rat. 

Several lines of evidence indicate that specifically sensitized lymphocytes 
collaborate with macrophages in the expression of cellular resistance to infec- 
tion (3, 4). Although the mechanism underlying their collaboration has not 
yet been determined, it is plausible to think that meaningful interactions occur 
locally in foci of infection. I t  may be significant therefore that after intravenous 
injection into rats, immunoblasts from the thoracic duct lymph of Listeria- 
infected donors localize in substantial numbers in inflammatory exudates in- 
duced in the peritoneal cavity (5). The results of the current investigation 
reaffirm and extend this observation by showing that immunoblasts move from 
the blood into bacteria-induced exudates in a functionally active condition 
and for reasons other than their immunological commitment. In addition, they 
indicate that the immigrant cells and small lymphocytes derived from them 
have protective properties. 

Materials and Methods 

Animals.--The subjects of this study were male and female (Lewis X DA) Fx hybrid 
rats. Cell donors weighed 180--240 g. The recipients fell into two groups with respect to body 
weight: rats in whom antimicrobial resistance was measured weighed 70--100g, whereas those 
given radioactively labeled ceils were approximately the same weight as the donors. 

* Supported by the Mildred Supiro Memorial grant for Cancer Research from the Amer- 
ican Cancer Society and grant AI 08642 from the National Institute of Allergy and Infec- 
tious Diseases. 
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Microorganisms.--L. monocytogenes, strain EGD, was passaged repeatedly in mice. A sus- 
pension of the organisms prepared from a 16 h trypticase soy broth culture of infected spleen 
was stored in liquid nitrogen from which it was recovered as needed. Mycobacterium boris, 
strain BCG Montreal (Trudeau mycobacteria culture [TMC] no. 1066 B) was maintained 
by serial passage in Middlebrook 7H9 broth (Difco Laboratories, Detroit, Mich.). Cultures 
were used after 5-8 days of incubation at 37°C. Francisella tularensis, strain LVS 1 was pas- 
saged repeatedly in rats, recovered from infected spleen, and grown in "T" medium (6) to 
a density of approximately 5 X 108 organisms/ml. The cultures were maintained at 4°C for 
up to 2 wk without loss of viability or virulence. 

Immunization of Rats and Measurement of Protective Immunity.--Rats were immunized 
with approximately 5 )4 l0 s living organisms. The usual practice was to inject the organ- 
isms subcutaneously at  multiple sites in the hind quarters; but in one experiment they were 
injected into the forequarters and nape of the neck. The immunity engendered by this pro- 
cedure was measured indirectly, in terms of the specific resistance conferred on normal re- 
cipients by an injection of cells obtained from infected donors (1). 

Cells.--Thoracic duct lymphocytes (TDL) 2 were obtained from freshly incannulated 
donor rats. The lymph was collected for 16-24 h into heparinized Ringer's solution without 
added antibiotics. Peritoneal exudate cells (PEC) were obtained from rats which had been 
simulated intraperitoneally with either 50 #g or 100 #g of alcohol-killed L. monecytogenes, 
killed BCG, or killed Salmonella typhi? The technique for obtaining cells from the peritoneal 
cavity and the cellular composition of the inflammatory exudates have been described else- 
where (5). 

Radioactive Labeling of TDL.--Immunoblasts were selectively labeled by incubating TDL 
in vitro for 1 h at  37°C in medium containing 0.5/zCi/ml of either [~H]thymidine (3 Ci/mmol, 
New England Nuclear, Boston, Mass.) or [1*C]thymidine (40-60 mCi/mmol). This proce- 
dure labels 30-60% of immunoblasts in the thoracic duct lymph of infected rats; small lympho- 
cytes do not become labeled, because the latter rarely if ever divide during the brief period 
that  they are exposed to the radionucleoside (7, 8). 

A labeled cell population made up almost entirely of small lymphocytes was obtained from 
the thoracic duct lymph of rats which had been given 14 daily injections of [3H]thymidine 
(1/zCi/g). The last injection was given 15 days before incannulation. During the "rest" inter- 
val, two changes occur in the distribution of radioactivity among the cells in central lymph: 
radioactivity in immunoblasts is diluted as the cells divide, and the number of labeled small 
lymphocytes with a short-circulating life-span falls to a low value (9). The effect is to concen- 
trate radioactivity in a subset of small lymphocytes that  have a potentially long life-span. 

An effort was made to minimize reutilization of radioactive residues. Prospective donors of 
labeled small lymphocytes were offered 10 -4 M "cold" thymidine in their drinking water 
beginning immediately after the last injection of [SH]thymidine. In addition, the recipients of 
either labeled small lymphocytes or labeled immunoblasts were injected subcutaneously with 
1 ml of 0.85% sodium chloride containing 24 #g of cold thymidine. These animals also were 
offered 10 -4 M thymidine in their drinking water beginning 48 h before cell transfer. 

Measurement of Radioactivity.--lO s TDL or PEC from individual rats were extracted with 
15 ml of ice-cold 5% TCA. The insoluble pellet was then digested for 18 h at  50°C with 0.5 
ml of NCS solubilized (Amersham/Searle Corp., Arlington Heights, Ill.), neutralized with 
0.02 ml of glacial acetic acid and added to 10 ml of PCS scintillant (Amersham/Searle Corp.). 

1 A gift from Dr. Quentin Myrvik, Bowman Gray School of Medicine, Winston-Salem, 
N.C.  

2 Abbreviations used in this paper: TDL, thoracic duct lymphocytes; PEC, peritoneal exu- 
date cells; MGC, mean grain count. 

Kindly supplied by Dr. Philip Carter, Trudeau Institute, Saranac Lake, N. Y. 
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The mesenteric lymph node was homogenized in 5 ml of 50/0 TCA, washed twice in TCA, and 
digested in 1.0 ml of NCS solubilizer. In each case, radioactivity was measured in a Beckman 
LS-100 liquid scintillation system (Beckman Instruments, Inc., Fullerton, Calif.) and cor- 
rected for background radioactivity and quenching. 

Autoradiography.--Methanol-fixed smears of TDL were extracted for 20 min with two 
changes of cold 5% TCA and then washed for at  least 1 h in cold running water. They were 
subsequently coated with NTB-2 liquid photographic emulsion (Eastman Kodak Co., Roches- 
ter, N. Y.) and were exposed for 3 wk. The autoradiographs were stained after development 
with May-Griinwald-Giemsa stain. 

Statistical Analysis.--Statistical significance between groups was determined by analysis 
of variance. 

RESULTS 

Transfer of Immunity by PEC.--  

Peritoneal exudates induced in rats primarily immunized with L. monocytogenes contain 
many specifically sensitized lymphocytes. The protective cells emerge from the blood in re- 
sponse to inflammation; they do not arise from precursors normally present in the peritoneal 
cavity. This conclusion was drawn from experiments in which PEC and residential cells from 
the unstimulated peritoneal cavity of Listeria-infected rats were assayed for their protective 
capacity after transfer to normal recipients. In a typical experiment, a group of donor rats 
were each immunized with 5.2 )< 106 L. monocytogenes. The organisms were injected sub- 
cutaneously into the forequarters and nape of the neck, the object being to concentrate the 
cellular response to infection in lymph nodes remote from the peritoneal cavity. 6 days later, 
some of the animals were stimulated intraperitoneally with 50/zg of killed L. monocytogenes; 
the remainder served as unstimulated controls. PEC obtained 24 h after stimulation, and 
residential cells from the peritoneal cavity of the control group, were transferred into normal 
recipients. The cells were injected intravenouslyl h after the recipients had been challenged 
by the same route with 3.60 X 106 L. monocytogenes. With respect to the level of immunity 
conveyed by the donor cells, two comparisons were made: (a) PEC and the residential cells 
were compared on a cell-for-cell basis, i.e., equal numbers of cells were transferred, and (b) 
cells from 15 donors in each group were transferred into an equal number of recipients. 

The results in Fig. 1 indicate that the residential cells had only a trivial in- 
fluence upon the growth of the challenge organisms in the liver and spleen. By 
comparison, PEC conferred resistance in proportion to the number of cells 
transferred. Although the design of the experiment made no allowance for the 
different proportions of lymphocytes, macrophages, and other cell types in the 
two inocula, it is evident that protective cells were present in substantial num- 
bers only in the cell population retrieved from exudates. 

Delivery of Sensitized Lymphocytes to the Thoracic Duct and Induced Peri- 
toneal Exudates.-- 

If the specifically sensitized lymphocytes which assemble in the inflamed peritoneal cavity 
of Listeria-infected rats arise in regionally stimulated lymphoid tissue, one might expect 
that  their arrival in induced peritoneal exudates would coincide or closely overlap with their 
appearance in the blood. This proposition was tested in an experiment in which rats were in- 
fected in the hind quarters, a procedure that  favors the delivery of sensitized lymphocytes 
to the blood by way of the thoracic duct. The adoptive transfer technique was then used to 
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FIO. 1. Curves describing the growth of L. monocytogenes in the tissue of normal rats ( O - -  
O) and rats immunized adoptively with cells from Listeria-infected donors. O---O: re- 
cipients of 19.4 X 106 cells from the unstimulated peritoneal cavity. A - - A :  recipients of 
19.4 M l0 s PEC. ~,--Zk: recipients of 62.9 X l0 s PEC (see text). Means of five animals 
per time point. 

compare the level of immunity conveyed by a weight-adjusted dose of TDL or PEC obtained 
at predetermined intervals after infection. Since PEC out-perform TDL on a cell-for-cell 
basis (5), four times as many TDL were transferred into recipient rats so that  similar levels 
of protection would be realized at the peak of the response. The cells were transferred intra- 
venously 1 h after the recipients had been challenged by the same route with approximately 
2 X 10 6 L. monocytogenes. 

As there was a small but unavoidable difference in the number of organisms 
in the challenge inocula, the results are expressed in Fig. 2 as the mean difference 
in viable Listeria in the tissues of five adoptively immunized subjects and five 
nonimmunized rats 48 h after challenge. They indicate that sensitized lympho- 
cytes appeared in induced peritoneal exudates soon after they could be demon- 
strated in the thoracic duct, and that the protective capacity of PEC paralleled 
the performance of the lymph-borne cells. Since the latter have been identified 
as immunoblasts (2), it is plausible to think that cells of this type make an im- 
portant contribution to the protective cell population in peritoneal exudates 
induced in Listeria-infected rats. Evidence to support this notion was obtained 
in the following experiments using the antimitotic drug, vinblastine. 

Effect of Vinblastine on the Protective Capacity of PEC.--  

Studies using autoradiographic techniques have shown that  after intravenous injection, 
labeled immunoblasts from the thoracic duct lymph of donor rats accumulate in substantial 
numbers in peritoneal exudates induced by killed bacteria (2, 8). The exudate-seeking cells 
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FIG. 2. Curves illustrating the rate of delivery of specifically sensitized ]ymphocytes to the 
thoracic duct and the arrival of such lymphocytes in the inflamed peritoneal cavity of List~ia- 
infected rats. Peritoneal exudates were harvested 24 h after stimulation with 50 #g of killed 
L. monocytog~es. Each point represents the mean difference in viable List~ria in the tissues 
of five adoptively immunized subjects and five nonimmunized controls 48 h after an intrave- 
nous Listcria challenge. 0 - - 0  : immunity conveyed by 2 )< 106 TDL/g. ©--(D: Immunity 
conveyed by 5 X 105 PEC/g. 

give rise by cell division and cell differentiation to a population of more lightly labeled small 
lymphocytes. Since immunoblasts have a rapid turnover while small lymphocytes do not (7), 
these two cell types differ in their susceptibility to inhibition by drugs such as vinblastine (2) 
that are selectively toxic for dividing cells. Vinblastine was therefore used in experiments 
designed to measure the contributions made by immunoblasts and small lymphocytes to pro- 
tective cell populations obtained from the inflamed peritoneal cavity of Listeria-infected rats. 

The general plan was as follows. A large panel of rats were primarily immunized with 
approximately 5 X 106 L. monocytogenes. 6 days later, exudates were induced by stimulating 
the animals intraperitoneally with killed Listeria. On the day of exudate induction, or at 
predetermined intervals thereafter, groups of five stimulated rats were given a single pulse of 
vinblastine (5 #g/g of body weight). The drug was injected intravenously 24 h before the 
exudates were harvested. PEC obtained from these animals, and exudate cells from similarly 
stimulated controls, were transferred intravenously into an equal number of recipient rats 1 h 
after the latter had been challenged with 5.7 X 105-1.4 X l0 s L. monocytogenes. 

The results of three separate experiments have been combined in Fig. 3 where 
the level of immuni ty  conveyed by the individual inocula is expressed as the 
mean difference in log viable units  found 48 h after challenge in the livers and 

spleens of adoptively immunized subjects and groups of nonimmunized controls. 
I t  is evident that  maximum protection was transferred by PEC obtained from 
infected donors 24 h after stimulation, at a time when the cells were highly 
vulnerable to inhibition by vinblastine. Thereafter the level of immuni ty  de- 
creased while the protective cell population exhibited increasing resistance to 
the drug. The results accord with the view that  protective cells arrive in exu- 
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FIG. 3. Plots depicting the level of immunity conveyed by PEC obtained from donor rats 
which, on the 6th day of an immunizing Listeria infection, were stimulated intraperitoneally 
with 50 /zg of killed L. monocytogenes. At predetermined intervals after stimulation, cells 
from five donors were transferred intravenously into an equal number of recipient rats. Each 
plot represents the mean difference in viable units found 48 h after challenge in the tissues of 
such adoptively immunized subjects and a group of five nonimmunized controls. The closed 
circles denote the level of resistance transferred by PEC from infected but otherwise untreated 
donors; the open circles denote the level of resistance conveyed by PEC from similarly in- 
fected donors that were given a single injection of vinblastine (see text). When given at the 
time of exudate induction, vinblastine abrogated the protective capacity of the transferred 
cells, thereafter the cells showed increasing resistance to the drug. 

dates  in a blast  condi t ion  where they  give rise local ly to nondiv id ing  small  

l y m p h o c y t e s  t h a t  also h a v e  p ro tec t ive  propert ies .  I t  is to be  emphas ized ,  how- 

ever,  t h a t  exudates  ha rves t ed  up to 4 days  af ter  s t imula t ion  con ta ined  some 

v inblas t ine-sens i t ive  l ymphocy te s .  T h e  ques t ion  arises therefore  as to whe the r  

these v inblas t ine-sens i t ive  cells are recent  immig ran t s  f rom the  blood or the  

d iv id ing  p rogeny  of immunob la s t s  t ha t  localized in the  inf lamed per i tonea l  

cav i ty  dur ing  the  ear ly  pos t induc t ion  period.  Th is  p rob lem was examined  by  

measur ing  the  assembly  of labeled immunob la s t s  in per i tonea l  exudates  over  a 

5 -day  per iod  af ter  s t imula t ion .  

Assembly of Labeled Immunoblasts in Exudates . - -  

2 X 10 s TDL collected from donor rats on the 6th day of an immunizing Listeria infection 
were labeled in vitro with [14C]thymidine, washed, and transferred intravenously into each 
of 30 unlabeled but similarly immunized recipients. The latter were stimulated intraperi- 
toneally with 50/zg of killed L. monocytogenes either on the day of cell transfer or 1-4 days 
before transfer. A second panel of immunized recipients were given an equal number of labeled 
TI)L which had been heated at 56°C for 30 rain. The timing of the immunizing infection and 
stimulation of the recipients was such that all were transfused on the same day. 24 h after 
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cell transfer, the peritoneal exudates were harvested, the cells enumerated, and their radio- 
activity determined. 

The results are shown in Fig. 4 where it can be seen that  exudates induced in 
recipients of either living or heat-killed T D L  contained approximately the same 

number  of cells. However, only the former contained more than a trivial level 

of cell radioactivity. The second significant finding was that  exudates induced 

on the day that  living TD L were infused contained more labeled cells than 
exudates which had been induced up to 4 days before cell transfer. Since the 

radioactivity was concentrated in donor immunoblasts,  the only cells to incor- 
porate thymidine in vitro, it would seem that  immunoblasts  are recruited in 

substantial  numbers from the blood only during the first 24 h after exudate 
induction. 

Fate of Intravenously Injected Small L ymphocytes.-- 

It was concluded from an earlier study (8) that small lymphocytes rarely localize in acute 
inflammatory exudates. The investigations, however, were limited to an analysis of cell 
emigration during the early posfinduction period. It was of interest therefore to determine 
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Fro. 4. Cell-associated radioactivity in peritoneal exudates of various ages 24 h after 

2 X 10 s [14C]thymidine-labeled TDL were transfused into a panel of Listeria-infected rats. 
The labeled cells were obtained from similarly infected donors. They were transferred either 
on the day of exudate induction or 1-4 days after induction. Living cells alone localized in 
substantial number in the exudates, and then only when the cells were transferred on the day 
of exudate induction. The mean number of PEC obtained from the individual recipient 
groups is shown above each column. Means of 6 ± SD. 
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whether small lymphocytes extravasate later in the response. Their ability to do so could 
account, at  least in part, for the observed presence in subacute exudatea of sensitized lympho- 
cytes which are resistant to inhibition by vinblastine. This possibility was tested by measuring 
the exudate-seeking capacity of radiolabeled small lymphocytes after their transfusion into 
Lisleria-infected rats bearing peritoneal exudates of various ages. 

The donor cells were obtained from the thoracic duct lymph of normal rats which had 
received the last of a series of [SH]thymidine injections 15 days before incannulation. Auto- 
radiographs prepared from a sample of the inoculum revealed that  radioactivity was vested 
mainly, but not entirely, in small lymphocytes. 4 X l0 s TDL were transfused into each of 25 
recipients. The latter were sacrificed 24 h later a t  which time the exudates were harvested, 
the cells enumerated, and their radioactivity determined in the usual manner. In addition, 
the mesenteric lymph node from the same recipients was similarly processed for radiometric 
analysis. 

The results in Fig. 5 indicate that exudates induced on the day of cell trans- 
fer contained a very low level of cell-associated radioactivity. Although the 
labeled cells were not identified morphologically, it is logical to postulate that 
they were lightly labeled immunoblasts, some of which had been transfused 
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FIo. 5. Cell-associated radioactivity in peritoneal exudates of various ages and in the mesen- 

teric lymph nodes of Listeria-infected rats 24 h after the animals had been transfused with 
4 X 10 s [~H]thymidine-labeled TDL (see text). From an autoradiographic analysis, it was 
determined that  the donor inoculum contained 52.9 X 10S-labeled small lymphocytes (MGC, 
10.1) and 0.4 X 10S-labeled immunoblasts (MGC, 5.0). The donor cells were transferred 
either on the day of exudate induction or t -4  days after induction. A few labeled cells lo- 
calized in exudates induced on the day of cell transfer; thereafter the level of radioactivity in 
the exudates was not significantly elevated above the background. By comparison, a high 
and relatively uniform level of radioactivity was found in the mesenteric lymph nodes. Means 
of 5 4- SD. NS, not significant. 
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along with a much larger number  of labeled small lymphocytes .  Regardless of 
their  ident i ty ,  i t  is evident  tha t  even fewer labeled lymphocytes  localized in 
exudates which had  been induced 24 h or longer before cell transfer.  In  fact, 
the level of rad ioac t iv i ty  in such exudates was not  significantly elevated (P  > 
0.05) above the background radioac t iv i ty  in exudates induced in a panel  of 
untransfused controls. Fai lure of labeled small lymphocytes  to ex t ravasa te  in 
the inflamed peri toneal  cavi ty  cannot  be ascribed to their  poor condit ion or 
in tensi ty  of labeling, because labeled donor cells accumulated in substant ia l  
numbers  in the mesenteric lymph node (Fig. 5), a tissue through which small 
lymphocytes  normal ly  pass as they recirculate from the blood to lymph (10). 

Effect of specific Antigen on the Localization of Immunoblasts in Exudates.--  

The propensity of immunoblasts to localize in the inflamed peritoneal cavity during the 
immediate postinduetion period raises the question as to whether their assembly in ex~dates 
is influenced by an immunological mechanism. To test this possibility, immunoblasts ob- 
tained from the thoracic duct lymph of rats infected with L. monocytogenes or BCG were radio- 
actively labeled in vitro. Ceils from the Listeria-infected donors were labeled with [X4C]thymi- 
dine while those from BCG-infected donors were labeled with [3H]thymidine. Mter thorough 
washing, the two cell suspensions were mixed in equal numbers, and a total of 2 X 10 s were 
transferred intravenously into normal recipients. The ceils were transfused 4 h after the re- 
cipients had been stimulated intraperitoneally with 100 #g of killed L. monocytogenes, 100 
/zg of killed BCG, or 100 #g of killed S. typhi. Exudates induced in this manner were har- 
vested 24 h after induction. PEC from individual animals were enumerated and their radio- 
activity determined by a dual channel counting procedure. 

The  results in Table  I indicate tha t  while there was no significant difference 
in total  cell rad ioac t iv i ty  in the various exudates, there was a highly significant 
difference (P  < 0.01) in the proport ion of 14C-labeled cells and 3H-labeled cells 
in exudates induced by  L. monocytogenes or BCG. Paradoxical ly,  more 1*C- 
labeled immunoblas ts  from donors immunized with L. monocytogenes accumu- 
la ted in exudates induced by  BCG than in exudates induced by  the homologous 
organism. Similarly, exudates induced by  L. monocytogenes were rela t ively rich 

TABLE I 
Failure of Exudate-Seeking Immunoblasts from Infected Rats to Localize Preferentially in 

Peritoneal Exudates Induced by the Homologous Parasite* 

Exudate stimulus No. exudate cpm per exudate~ 
cells X 10 -6 Total 14C aH 

L. monocytogenes 36.3 3,390 1,742 1,648 
BCG 32.2 3,673 2,388 1,285 
S. typhi 49.9 3,305 1,945 1,360 

* Rats stimulated intraperitoneally with 100 #g of killed bacteria. 4 h later, the same 
animals were injected intravenously with a mixture of 108 [14C]thymidine-labeled TDL from 
Listeria-immune donors and 108 [3H]thymidine-labeled TDL from BCG immune donors. 

:~ Exudates harvested 24 h after cell transfer. Means of six. 
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in 8H-labeled immunob la s t s  which had  come f rom donors  i m m u n i z e d  wi th  B C G .  

I t  would  therefore  seem t h a t  if i rnmunologica l ly  specific forces are  a t  work  in 

d i rec t ing  the  t issue disposi t ion of immunoblas t s ,  the i r  effect is to deflect  speci- 

f ically sensi t ized cells f rom the  inf lamed per i toneal  cav i ty .  

Localization of Immunoblasts in Exudates Induced in Specifically Immu-  
nized Sub jec t s . -  

Although intravenously injected immunoblasts show no obvious preference for exudates 
induced by the homologous parasite, their entrapment in exudates is influenced by the im- 
mune status of the host, and presumably by the presence or absence of delayed-type hyper- 
sensitivity toward antigens of the eliciting stimulus. This conclusion was drawn from an ex- 
periment in which labeled immunoblasts were transfused into rats which had themselves been 
immunized with L. monocytogenes or BCG. The donor cells were obtained from rats infected 
with a third party organism, F. tularensis. The cells were labeled in vitro with [14C]thymidine, 
and 2 X 108 were transferred intravenously into individual recipients 4 h after the latter 
had been stimulated intraperitoneally with either killed Listeria or killed BCG. The number 
of cells and concentration of cell radioactivity in exudates induced in this manner were deter- 
mined 24 h after cell transfer. 

Fig.  6 indicates  t h a t  labeled donor  cells were  found  in all exudates .  Con-  

s iderable va r i a t ion  was observed  f rom rec ip ient  to rec ip ien t ;  however ,  an imals  
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FIG. 6. Cell-associated radioactivity in peritoneal exudates 24 h after stimulation with 50 
#g of killed L. monocytogenes or 50/zg of killed BCG. 4 h after exudate induction, the animals 
were transfused with 2 X 108 [14C]thymidine-labeled TDL from donors infected with F. 
tularensis. A higher level of radioactivity was found in exudates induced in rats stimulated by 
an organism to which they had been specifically sensitized. The mean number of PEC ob- 
tained from the individual recipient groups is shown at the base of each column. Means of 
6 ~ S D .  
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stimulated by organisms to which they had been specifically sensitized de- 
veloped exudates that were more cellular and contained higher levels of radio- 
activity. Since the labeled donor cells employed in this experiment came from 
rats immunized with F. tularensis, they would not be expected to show an ob- 
vious preference for exudates induced by L. monocytogenes or BCG. I t  would 
therefore seem that the assembly of immunoblasts in the inflamed peritoneal 
cavity was influenced by peculiarities of the inflammatory response. Appar- 
ently, the intense inflammation provoked in rats stimulated by an organism 
against which they had been previously immunized encouraged the local ex- 
travasation of immunoblasts regardless of their immunological leanings. 

DISCUSSION 

I t  has been previously shown that acquired resistance to L. monocytogenes is 
cell mediated in the rat as it is in the mouse (11, 12), and that the expression of 
resistance involves the collaboration of macrophages and specifically sensitized 
lymphocytes (13). The latter are generated in a response to an immunizing 
Listeria infection and can be demonstrated by their capacity to protect normal 
recipients against a challenge infection with this organism. Further, it has been 
demonstrated that peritoneal exudates induced in Listeria-infected rats are 
rich in specifically sensitized lymphocytes (5). The results of the current investi- 
gation not only substantiate this finding but go further in showing that the 
protective cells in exudates derive from the blood and are delivered to the peri- 
toneal cavity in a blast condition. 

Several lines of evidence indicate that the sensitized lymphocytes in induced 
exudates arise at sites remote from their final destination. In the current in- 
vestigation, for example, a comparison was made of the protective capacity of 
PEC and residential cells obtained from the "unstimulated" peritoneal cavity 
of Listeria-infected rats. Whereas normal recipients could be adoptively im- 
munized with PEC, the residential cells afforded little if any protection. This 
finding implies that sensitized lymphocytes have little tendency to leave the 
circulation except in the presence of inflammation. 

Further evidence that the protective cells in exudates derive from the blood 
and are lineally related to those present in central lymph was provided by the 
results of a comparative analysis of the immunity transferred adoptively by 
TDL and PEC obtained from donor rats at various intervals after an immunz- 
ing Listeria infection. Protective cells appeared in the exudates soon after they 
could be demonstrated in the lymph. Thereafter a parallel was observed in the 
sequential increase and decay of immunity conveyed by the two inocula. The 
simplest, but not necessarily the only, interpretation of this finding is that the 
protective cells belong to a single population of sensitized lymphocytes. 

Since the lymph-borne cells which transfer cellular resistance to L. mono- 
cytogenes are predominantly immunoblasts, it is plausible to think that cells of 
this type preferentially localize in inflammatory foci. That this in fact is the 
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case was demonstrated in experiments in which radiolabeled immunoblasts 
from the thoracic duct lymph of Listeria-infected rats were transfused into syn- 
geneic recipients with induced peritoneal exudates. In these circumstances, a 
substantial portion of the donor cell radioactivity (up to 4%) was found later 
in the exudates. But, the timing of cell transfer with respect to challenge was 
crucial. Thus, labeled donor immunoblasts arrived in large numbers in the 
inflamed peritoneal cavity only when the cells were transferred on the day of 
exudate induction. The results imply that the extravasation of immunoblasts, 
including those which transfer cellular resistance to infection, is encouraged by 
evanescent changes in the microcirculation that follow the intraperitoneal 
injection of killed bacteria. 

In contrast to immunoblasts, radiolabeled small lymphocytes rarely localize 
in induced peritoneal exudates. This is true regardless of whether the labeled 
cells are transferred on the day of exudate induction or up to 4 days after in- 
duction. Taken at face value, the results suggest that small lymphocytes lack 
surface features that enable them to engage complementary sites on inflamed 
vascular endothelium. It must be remembered, however, that the observations 
that support this contention were made in an experiment in which rats with 
induced peritoneal exudates were given TDL from donors that had received 
the last of a series of [3H]thymidine injections more than 2 wk before incannula- 
tion. This procedure was used with the express purpose of labeling small 
lymphocytes at the expense of immunoblasts. While this objective was realized, 
the effect was to concentrate radioactivity in small lymphocytes that have a 
potentially long life-span (9, 14). Since small lymphocytes generated in the 
"rest" interval after the last injection of [3H]thymidine would not be expected 
to be labeled, it could be argued that newly formed small lymphocytes or pos- 
sibly a subset of "short-lived" cells have an exudate-seeking capacity similar to 
that demonstrated for immunoblasts. This possibility cannot be discounted; 
for when rats with induced peritoneal exudates are transfused with TDL ob- 
tained from donors given a course of [3H]thymidine injections immediately 
before incannulation, labeled small lymphocytes, in addition to immunoblasts, 
are found later in the exudates (2). While some of these labeled small lympho- 
cytes may have derived from exudate-seeking immunoblasts that escaped the 
inhibiting influence of vinblastine, others may have emigrated from the blood 
in a fully differentiated condition. 

Although the exudate-seeking capacity of newly formed small lymphocytes 
has not yet been determined, it is clear that small lymphocytes with protective 
properties either fail to extravasate or do so only rarely during the early post- 
induction period. This conclusion was drawn from experiments in which vin- 
blastine was used to evaluate the contributions made by immunoblasts and 
by nondividing (small) lymphocytes to the protective cell population in peri- 
toneal exudates induced in Listeria-infected rats. A single injection of vinblas- 
tine given to such animals at the time of exudate induction virtually abolished 
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the protective capacity of cells obtained from the peritoneal cavity. Since small 
tymphocytes are unaffected by the drug (2) it would seem that the specifically 
sensitized cells which transfer resistance to L. monocytogenes are recruited from 
the circulation in a blast condition, at least during the first few hours after exu- 
date induction. 

An entirely different result was obtained when vinblastine was given to Lis- 
teria-infected rats 12 h or longer after the animals had been stimulated intra- 
peritoneally. In these circumstances the drug failed to negate the protective 
immunity transferred by PEC. The latter finding is interesting for two reasons: 
(a) I t  implies that small lymphocytes as well as immunoblasts have protective 
properties, and (b) it accords with the results of the transfusion experiments 
and an earlier autoradiographic study (8) which indicate that many exudate 
small lymphocytes arise locally from immunoblasts that extravasate during 
the early postinduction period. 

The impact of vinblastine on the sensitized lymphocytes which transfer 
cellular resistance to L. monocytogenes merits further comment. In the foregoing 
experiments, it was found that a measure of antimicrobial resistance was con- 
veyed by PEC obtained from vinblastine-treated donors up to 5 days after 
stimulation. This observation is remarkable inasmuch as immunoblasts are 
recruited in substantial numbers from the blood only during the first 24 h after 
exudate induction. I t  would therefore seem that once exudate-seeking immuno- 
blasts have emerged from the blood they generate more of their own kind be- 
fore differentiating to small lymphocytes. 

The results of our own earlier studies (8) and those of Moore and Hall (15) 
strongly suggest that immunoblasts are prone to leave the circulation at sites 
of bacterial implantation, and that their assembly in inflammatory exudates 
is determined by a general property of the cells rather than their immuno- 
logical commitment. Further evidence to support this notion was obtained in 
the current investigation in which two radiolabeled preparations of thymidine 
were used to separately label immunoblasts from the thoracic duct lymph of 
rats infected with L. monocytogenes or BCG. When TDL labeled in this manner 
were mixed in equal numbers and transfused into syngeneic recipients they 
"homed" with approximately equal facility into exudates induced by L. mono- 
cytogenes, BCG, or the unrelated parasite S. typhi. Failure to demonstrate spe- 
cific recruitment of immunoblasts into the inflamed peritoneal cavity does not 
exclude the possibility that the specificity of individual cells influences their 
localization and retention at sites of microbial invasion. Nevertheless, the 
results do indicate that the specificity of the cells is not a major factor in- 
fluencing their recruitment into lesions. 

I t  is to be emphasized that the foregoing conclusions were drawn solely from 
studies of the self-limiting inflammation induced by minute quantities of killed 
bacteria. Therefore quantitative or even qualitative differences in the influx 
of lymphocytes may occur during the protracted inflammation induced by liv- 
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ing mycobacteria and other organisms that are highly resistant to intracellular 
inactivation. Indeed, our own unpublished observations indicate that immuno- 
blasts are recruited for at least 8 days into peritoneal exudates induced by living 
BCG. This finding accords with an earlier report by North et al. (16), which 
emphasized that pyroninophylic lymphocytes with the structural features of 
immunoblasts are a conspicuous element of the cell population in developing 
tubercles in the livers of intravenously infected mice. 

Heterogeneity among the specifically sensitized lymphocytes involved in cell- 
mediated reactions has been described in a variety of experimental situations 
(17-20). The question arises therefore as to whether subpopulations of antigen- 
activated T cells, as defined by turnover, circulating life span, and tissue dis- 
position, belong to the same cell line or to different cell lines. While this ques- 
tion cannot be answered categorically, the demonstrated relationship between 
labeled immunoblasts and small lymphocytes within inflammatory exudates 
provides inferential evidence that the expression of cellular resistance to infec- 
tion involves the activity of a single line of specific effector cells. 

I t  is possible of course that antigen-activated T cells contribute in different 
ways to the hosts' defense depending upon their stage of differentiation. For 
instance, the ability of T immunoblasts to divide locally in inflammatory foci 
could be the basis of an amplification device whereby the animal focusses his 
cellular defenses at sites of microbial invasion. The idea that nondividing 
(small) lymphocytes also have an effector function accords with the docu- 
mented dissociation of the DNA synthetic response of lymphocytes to T mito- 
gens and their cytotoxic properties (21-23), capacity to produce mediators 
(24-26) and ability to support the growth of certain RNA viruses (21). 

Since circulating small lymphocytes either fail to localize in acute inflam- 
matory foci or do so only rarely, they would seem to be at a strategic disadvan- 
tage in regard to their ability to influence events occurring at sites of microbial 
implantation. Nevertheless, circulating small lymphocytes could have an im- 
portant role in protecting the host against reinfection. For instance, this would 
be true if the cells were to carry memory of microbial antigens. Small lympho- 
cytes specifically committed to the antigens of a particular organism would be 
expected to settle out in the regionally stimulated lymphoid tissue of animals 
reinfected with the parasite. In this location, they would differentiate rapidly 
into the immunoblasts, thereby arming the host with an expanded cohort of 
specific effector cells with properties that enable them to assemble automati- 
cally in infected tissue. 

SUMMARY 

Peritoneal exudates induced in rats infected with Listeria monocytogenes con- 
tain sensitized lymphocytes which can protect normal recipients against a Lis- 
teria challenge. The protective cells arise in lymphoid tissue remote from the 
peritoneal cavity. Those formed in the caudal lymph nodes of subcutaneously 
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infected rats are delivered to the thoracic duct and hence to the blood from 
where they are drawn into exudates. Immunoblasts are the most immature 
members of this protective cell population and they alone among the cells in 
central lymph localize in exudates induced by killed bacteria. They do so in 
substantial numbers, but only during the early postinduction period. 

The "homing" of immunoblasts to inflammatory foci seems to be determined 
by a general property of the cells rather than their immunological commitment; 
however, the intense inflammation induced by organisms to which an animal 
has been specifically sensitized is accompanied by an exuberant influx of im- 
munoblasts into lesions. Sensitized lymphocytes that extravasate in the in- 
flamed peritoneal may generate more of their own kind, but some give rise to 
small lymphocytes. The latter also have protective properties and, with time, 
comprise an increasing portion of the protective cell population. 

The results imply that the tissue disposition of sensitized lymphocytes in the 
body is determined by a complementary relationship between blood-borne 
immunoblasts and vascular endothelium in inflamed tissue. The results also 
provide a plausible explanation for the concentration of sensitized lymphocytes 
at sites of microbial implantation where they alone would be expected to col- 
laborate with monocyte-derived macrophages in the control of infection. 

The technical assistance of Ms. Patricia Scheefer, Ms. Janet Kubli, Ms. Jill Maddison, 
and Ms. Laura Amell is gratefully acknowledged. 
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