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Affinity columns prepared with rabbit antibody to the F(ab')2 fragment of rat
immunoglobulin were used to separate rat thoracic duct lymphocytes into sub-
populations that differ with respect to the density of their surface membrane
immunoglobulin. Using this technique, it was shown that lymphocytes in the
DNA synthetic (S) phase of the mitotic cycle are added in increased number to
the lymph of rats infected with Listeria monocytogenes. The great majority of
these S-phase cells lacked a high density of surface immunoglobulin as indicated
by their failure to bind to the immunoabsorbent. Cells which can protect recipient
rats against a challenge infection with L. monocytogenes also segregated with
nonadherent thoracic duct lymphocytes obtained from Listeria-immune donors.
These protective cells realized their full immunological potential only in recipients
that shared histocompatibility-gene-coded structures with the immune lympho-
cyte donors. The above findings accord with the view that immunity to L.
monocytogenes is mediated in rats by activated T cells which are formed as part
of the animal's cell-mediated response to infection. Although Listeria-protective
lymphocytes concentrate in the nonadherent, T-cell-enriched fraction, it was
consistently observed that the adherent, B-cell-enriched fractions of immune
*donor thoracic duct lymphocytes also could transfer a low level of antimicrobial
resistance. This immunity was restricted in allogeneic recipients, a finding which
implies that the protection afforded by the adherent population is related to its
content of T cells. Nonadherent S-phase lymphoblasts moved in substantial
numbers from the blood into peritoneal inflammatory exudates induced by L.
monocytogenes. The above finding encourages the belief that recently activated
T cells realize their protective function locally in centers of infection where they
have secondary effects on macrophages.

Affinity techniques using anti-immunoglobu-
lin gels have been widely used to "purifyy" the
two major classes of lymphocytes, namely, T
and B cells (2, 6, 7, 11, 28). The technique
described by Schlossman and Hudson (28)
makes use of antibody to the F(ab')2 fragment
of immunoglobulin. By linking such antibodies
to Sephadex G-200, immunoabsorbents are pre-
pared which can selectively bind B cells. The
procedure was used by Crum and McGregor (7)
to fractionate rat thoracic duct lymphocytes
(TDL) into populations that were enriched in
either T or B cells.

In the current investigation, affinity columns
prepared with rabbit antibody to rat F(ab')2
were used to identify cells in the thoracic duct
of specifically immunized rats which can transfer
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resistance to Listeria monocytogenes. The re-
sults indicate that the great majority of Listeria-
protective cells have a low density of surface
membrane immunoglobulin, as evidenced by
their failure to adhere to the immunoabsorbent
gel. The above finding, in conjunction with the
fact that the cells concerned realize their full
protective power only in recipients that share
certain histocompatibility-gene-coded struc-
tures (13), implies that resistance to L. mono-
cytogenes is mediated in rats by lymphocytes
which belong to a T-lymphocyte line.

Listeria-protective cells are delivered to the
thoracic duct and hence to the blood while still
in active cycle (21). It will be shown that these
newly formed T cells (T lymphoblasts) have a
penchant to localize in peritoneal inflammatory
exudates induced by L. monocytogenes. The
above finding gives credence to the view that
Listeria-immune T cells realize their protective
function in centers of infection where they pro-
mote the focal accumulation and activation of
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blood monocytes and monocyte-derived macro-
phages (20, 23).

MATERIALS AND METHODS
Animals. Specific-pathogen-free Lewis rats, Wis-

tar-Furth rats, and F1 hybrids between the Lewis and
Brown Norway strains were purchased from Microbi-
ological Associates, Walkersville, Md. Specific-patho-
gen-free (Lewis x DA) F1 hybrid rats were obtained
from the Trudeau Institute, Saranac Lake, N.Y. Do-
nors of TDL weighed 160 to 280 g, whereas the recip-
ients weighed 70 to 100 g.

L. monocytogenes. L. monocytogenes strain EDG
was used for both immunization and challenge. A
suspension of organisms, prepared from a Trypticase
soy broth (Baltimore Biological Laboratory, Cockeys-
ville, Md.) culture of infected spleen, was stored up to
3 months in liquid nitrogen.

Antimicrobial immunity. Rats were immunized
with approximately 5 x 106 living L. monocytogenes.
The organisms, in a volume of 0.6 ml, were injected at
multiple sites in the hind quarters: both footpads, the
base of the tail, and subcutaneously over the lower
abdomen. Protective immunity engendered by this
procedure was measured indirectly, in terms of the
resistance conferred on normal rats by an intravenous
(i.v.) injection of immune TDL (19).

Cells. TDL were collected for 16 to 24 h into
heparinized Ringer solution without added antibiotics.
Peritoneal exudate cells (PEC) were obtained from
rats at predetermined intervals after the animals had
been stimulated intraperitoneally with 50 jig of alco-
hol-killed L. monocytogenes. The procedures for in-
ducing exudates and harvesting the cells and the cel-
lular composition of the exudates have been described
elsewhere (15).

Radioactive labeling of TDL. TDL were labeled
in the DNA synthetic (S) phase of the mitotic cycle
by incubating the cells in vitro for 1 h in medium 199
containing 5% fetal calf serum, 1 U of heparin per ml,
and [14C]thymidine (40 to 60 mCi/mmol; New England
Nuclear, Boston, Mass.) at a final concentration of 0.5
,uCi/ml. This procedure labels 30 to 60% of the lym-
phoblasts; small lymphocytes are not labeled.

In cell transfer experiments, the localization of la-
beled S-phase lymphoblasts in peritoneal inflamma-
tory exudates was measured radiometrically (22). Re-
sults are expressed as percent counts per minute orig-
inally present in the TDL inoculum.

Fractionation of cells on affinity columns. TDL
and PEC were fractionated on immunoabsorbent col-
umns which selectively bound cells that had a high
density of membrane immunoglobulin. The columns
were prepared by coupling rabbit anti-rat F(ab')2 an-
tibody to cyanogen bromide-activated Sephadex G-
200 (Pharmacia, Upsala, Sweden) (7).

In one experiment, an immunoabsorbent was pre-
pared with F(ab')2 antibody fragments. To this end
120 mg of immunoabsorbent purified anti-rat F(ab')2
in 60 ml of 0.7 M acetate-0.05 M NaCl, pH 4.0, was
incubated with 4 mg of pepsin (Worthington Biochem-
icals Corp., Freehold, N.J.) for 18 h at 370C. Thereaf-
ter, the pH of the reaction mixture was increased to
8.0 with 1 M NaOH and dialyzed for 48 h against

borate-buffered saline, pH 8.3. Destruction of the Fc
portion of the molecule was confirmed by gel diffusion,
using an anti-rabbit immunoglobulin serum: a line of
partial identity was demonstrated between the pepsin-
treated antibody and untreated rabbit immunoglobu-
lin. F(ab')2 antibody fragments prepared in this way
were incubated with 9 g of cyanogen bromide-acti-
vated Sephadex. Each gram of gel bound approxi-
mately 8 mg of protein.
One hundred milliliters of immunoabsorbent was

packed into 50-mm columns. One hundred milliliters
of TDL at a concentration of 1 x 107 to 2 x 107/ml in
Hanks balanced salt solution containing 5% fetal calf
serum was added to each column. The columns were
washed with 450 ml of Hanks balanced salt solution
containing 5% fetal calf serum, and the nonadherent
cells (lymphocytes lacking detectable surface immu-
noglobulin) were recovered from the effluent. There-
after, the adherent (immunoglobulin-bearing) cells
were eluted from the gel with 400 ml of Hanks bal-
anced salt solution containing 20% rat serum. Cells
recovered in the eluate were washed twice with Hanks
balanced salt solution containing 5% fetal calf serum
before their use in experiments. In one experiment,
column-adherent cells were recovered by digesting the
immunoabsorbent with dextranase (28).
PEC were fractionated in the same way; however,

the cell population was first depleted of macrophages
by adding carbonyl iron to the cells and extracting
iron-laden macrophages with a magnet (10). The de-
pletion procedure removed 35 to 40% of the cells from
the exudate. This intermediate step did not obviously
affect the protective function of immune PEC and
greatly expedited passage of the cells through the gel.

Immunofluorescence. Immunoglobulin-bearing
cells were identified by indirect immunofluorescence,
using a rabbit anti-rat F(ab')2 antiserum diluted 1:8
and a fluorescent goat anti-rabbit immunoglobulin G
(Cappel Laboratories, Downington, Pa.) diluted 1:20
(7).

Statistical analysis. Differences between means
were tested by analysis of variance and the Q test (29).

RESULTS
Protective capacity of column-fraction-

ated TDL. TDL obtained from donor rats on
day 6 of an immunizing Listeria infection were
fractionated on anti-rat F(ab')2 columns. Non-
adherent lymphocytes and adherent lympho-
cytes eluted from the columns were enumerated,
and the cells were examined by indirect immu-
nofluorescence for the presence of membrane
immunoglobulin. Samples of the two cell frac-
tions were then infused in equal numbers into
recipient rats 1 h after the recipients had been
challenged i.v. with approximately 3 x 106 L.
monocytogenes.
The results of three consecutive experiments

are summarized in Table 1. In each, the nonad-
herent cell fraction was severely depleted of
immunoglobulin-bearing lymphocytes. Substan-
tial variation was observed from experiment to
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TABLE 1. Distribution ofListeria-immune TDL on immunoabsorbent columns prepared with rabbit
antibody to rat F(ab')2
Lymphocytes transferred x 10-4/g Logio protections

Expt Cell fraction
Total Iminunoglobu- Imiuniioglobu- Liver Spleenlin positive lin negative

1 Unfractionated 200 60 140 2.78 3.74
Nonadherent 200 6 194 3.35 3.55
Nonadherent 25 <1 24 0.79 1.36
Adherent 200 186 14 0.52 0.73

2 Unfractionated 200 56 144 2.00 2.77
Nonadherent 200 4 196 2.27 3.15
Nonadherentc 200 1 199 2.07 3.00
Nonadherent 10 <1 10 0.44 0.54
Adherent 200 184 16 1.03 1.61

3 Unfractionated 200 60 140 2.13 3.27
Nonadherent 200 3 197 2.74 3.46
Adherent 200 182 18 1.39 1.43

a Obtained from donor rats on day 6 of an immunizing Listeria infection. The cells were infused into normal
recipients 1 h after the recipients had been challenged i.v. with approximately 3 X 106 L. monocytogenes.

b Mean difference 48 h after challenge in viable Listeria in the tissues of five adoptively immunized subjects
and five nonimmunized controls.

'Passaged serially through two immunoabsorbent columns.
experiment in the protective power of both non-

adherent and adherent lymphocytes. But on a

cell-for-cell basis, nonadherent lymphocytes out-
performed adherent cells in their capacity to
immunize the recipients against the challenge
infection. Segregation of protective lymphocytes
in the nonadherent cell fraction accords with the
results of experiments in mice which indicate
that T cells are specific mediators of resistance
to L. monocytogenes (3, 17, 26).
Although the above findings imply that T cells

have a similar mediator function in rats, it is
evident from Table 1 that lymphocytes in the
column-adherent, B-cell-enriched fraction also
transferred a low but still highly significant (P
< 0.01) level of resistance. Therefore, the ques-
tion arises whether B cells have a limited capac-
ity to mediate immunity to Listeria challenge or

whether the protective power of the adherent
cell population is vested in "contaminating" T
cells. In this connection, it should be noted that
up to 9% of lymphocytes in the adherent cell
fractions lacked detectable surface immuno-

globulin. At least a portion of these might be T
cells that were trapped at random in the gel.
Alternatively, Listeria-immune T cells, the great
majority of which are S-phase lymphoblasts (16,
21), might have a greater tendency to adhere to
anti-rat F(ab')2 columns than do T cells at large.
Evidence to support this proposition was se-
cured in the following experiments in which S-
phase TDL were radioactively labeled before
the cells were applied to the immunoabsorbent
gel.
Fractionation of S-phase lymphoblasts.

TDL from either normal or 6-day Listeria-im-
mune donors were incubated with ["4C]thymi-
dine to label a cohort of lymphoblasts. The TDL
were then applied to Sephadex anti-rat F(ab')2
columns.

Table 2 indicates that approximately two-
thirds of the lymphocytes segregated in the non-
adherent fraction; the remainder were found in
the adherent fraction. It is evident that the
lymph ofimmune donors was enriched in labeled
lymphoblasts. Since the latter were concen-
trated in the nonadherent fraction, it can be
concluded that they had a low density of surface
immunoglobulin.
Having shown that the lymph of Listeria-im-

mune rats is enriched in nonadherent S-phase
lymphoblasts, the possibility was tested that
these newly formed cells have a greater tendency
to bind to the immunoabsorbent than do T cells
at large. TDL from 6-day Listeria-immune do-
nors were labeled in vitro with ['4C]thymidine
and applied to Sephadex anti-rat F(ab')2 col-
umns. Lymphocytes in the nonadherent, T-cell-
enriched fraction were then fractionated on a
second set of immunoabsorbent columns.
As regards nonadherent lymphocytes, Table

3 shows that 96% of the applied sample segre-
gated again in the nonadherent fraction. Al-
though only 4% of the cells were retained on the
columns, this subpopulation had a higher spe-
cific activity than the nonadherent cell popula-
tion that was applied to the gel. The results
could be interpreted in several ways; however,
they accord with the notion that S-phase lym-
phoblasts have a tendency to become trapped
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TABLE 2. Distribution of labeled S-phase TDL on immunoabsorbent columns"
Applied sample Nonadherent lymphocytes Adherent lymphocytes

Expt TDL do- % Immu- Sp act % TDL % Im- % TDL % Im-nors noglobu- W re-
muno- % cpm re- muno- % cpm re-

lin posi cpm covered globulin ccovered re globulin covered
tive positive positive

1 Immune 28 100 68 1 71 32 95 29
2 Immune 26 122 69 3 73 31 90 27
3 Immune 26 97 74 1 77 26 95 23
4 Immune 23 102 69 1 63 31 96 37
5 Immune 27 127 65 3 63 35 95 37

6 Normal 30 42 68 2 48 32' 94 52
7 Normal 26 56 66 3 28 34 95 72
8 Normal 20 44 67 1 28 33 NDb ND

a TDL from either normal or 6-day Listeria-imnrune donors were labeled in vitro with ['4C]thymidine and
then fractionated on Sephadex anti-rat F(ab')2 columns.

b ND, Not done.

TABLE 3. Preferential trapping of labeled S-phase TDL on immunoabsorbent columns
Lympho- Immunoglobu- Radioactivity Sp act

Applieda cytes re- lin-positive r (cpm xApplied sample Cell fraction' covered lymphocytes recovered 1O3/iO8
(%) () TDL)

Unfractionated TDL Nonadherent 69 2 71 26
Adherentb 31 93 29 24

Nonadherent TDL Nonadherent 96 <1 89 25
Adherent' 4 NDd 11 86

a TDL from 6-day Listeria-immune donors were labeled in vitro with ['4C]thymidine and then fractionated
on Sephadex anti-rat F(ab')2 columns. Thereafter, samples of the unfractionated cell population and nonadher-
ent subpopulation were applied to similar immunoabsorbent columns.

b Recovered by elution of the columns with 20% rat serum.
C Recovered by digestion of the gel with dextranase
d ND, Not done.

on immunoabsorbent columns for reasons other
than the density of their membrane immuno-
globulin.
Failure of Listeria-immune lymphocytes

to bind to affinity column via Fc receptors.
Several investigators (1, 5, 30-32, 34) have re-
ported that receptors for the Fc region of im-
munoglobulin are expressed on at least some
antigen-activated T cells. In light of this finding,
it was important to determine whether Listeria-
protective lymphocytes can bind to Sephadex
anti-rat F(ab')2 columns via Fc receptors. This
proposition was tested by determining the dis-
tribution of Listeria-immune TDL on conven-
tional immunoabsorbent columns and columns
containing an immunoabsorbent prepared with
pepsin-treated F(ab')2 antibody fragments (see
Materials and Methods). The two absorbents
contained approximately the same amount
(weight/weight) of antibody protein. Samples of
the applied TDL samples, and the nonadherent
and adherent cell fractions, were examined for
their content of immunoglobulin-bearing lym-
phocytes; the remainder were assayed for their

protective function in recipient rats.
Table 4 indicates that the two immunoab-

sorbents selected immunoglobulin-bearing lym-
phocytes with approximately the same effi-
ciency. With each, lymphocytes segregating in
the nonadherent cell fractions were at least as
effective as unfractionated TDL in their capacity
to protect recipient rats against an i.v. Listeria
challenge. But an additional finding of interest
was the presence of protective cells in the ad-
herent cell fractions. The cells were not identi-
fied with respect to class, but their retention on
columns prepared with F(ab')2 antibody frag-
ments indicates that they did not bind to the gel
via Fc receptors.
Allogeneic restriction of Listeria-im-

mune lymphocytes. Recent studies in mice
(39, 40) and rats (13) have shown that the effi-
cient transfer immunity to L. monocytogenes
depends upon the sharing between donor and
recipient of specificities which are coded by ma-
jor histocompatibility complex-associated genes.
This restriction applies to activated T cells but
not to B cells, at least in respect to their response
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TABLE 4. Failure ofListeria-immune TDL to bind to inmmunoabsorbent columns via Fc receptors
Lymphocytes transferred x 10-4/g" Logio protection'

Immunoabsorbent col- Cell fraction Immuno- Immuno-
umn Total globulin globulin Liver Spleen

positive negative

Unfractionated 200 60 140 2.13 3.27

Rabbit anti-rat Nonadherent 200 3 197 2.74 3.56
F(ab')2c Adherent 200 182 18 1.39 1.43

Rabbit F(ab')2 Nonadherent 200 5 195 2.55 3.20
Anti-rat F(ab')2d Adherent 200 182 18 1.03 1.27

a Obtained from 6-day Listeria-infected donors. The cells were infused into normal recipients 1 h after the
recipients had been challenged i.v. with 3.32 x 10r L. monocytogenes.

b Mean difference 48 h after challenge in viable Listeria in the tissues of five adoptively immunized subjects
and five nonimmunized controls.

e Immunoabsorbent prepared in the usual manner by coupling rabbit immunoglobulin to Sephadex G-200.
d Immunoabsorbent prepared by coupling pepsin-treated rabbit immunoglobulin to Sephadex G-200.

to certain thymus-independent antigens (34, 35).
Restriction was therefore used to identify Lis-
teria-protective lymphocytes in the lymph of
specifically immunized rats.

In the first experiment, 24 (Lewis X Brown
Norway)Fj hybrid rats (AgBl, AgB3) were incan-
nulated on day 5 of an immunizing Listeria
infection. TDL obtained during the first 24 h of
lymph drainage were fractionated in the usual
manner on anti-F(ab')2 columns. Cells from the
nonadherent and adherent cell fractions, and a
sample of the unfractionated cell population,
were then assayed for their protective power in
recipients belonging to the Lewis (AgB,) and
Wistar-Furth (AgB2) strains. In each case, the
immunity transferred by an inoculum of 2 x 106
lymphocytes/g of body weight was determined
by measuring the growth of L. monocytogenes
in the liver and spleen of i.v. challenged cell
recipients and a group of similarly infected but
otherwise untreated controls belonging to the
same inbred strain.
The results in Fig. 1 indicate that the unfrac-

tionated TDL transferred resistance that was
more efficiently expressed in Lewis recipients
that shared a haplotype with the immune lym-
phocyte donors. The immunity conveyed by
nonadherent ("T") cells was similarly restricted.
On the other hand, the level of resistance in
recipients of adherent ("B") cells was too low
and the variation from animal to animal was too
great to determine whether it too was restricted.

In view of the indeterminant results obtained
with the cells from the adherent fraction, a sec-
ond experiment was undertaken in which non-
adherent and adherent lymphocyte populations
were prepared from the lymph of Listeria-im-
mune (Lewis x DA)F, hybrid rats (AgBI, AgB4).
The cells were assayed in syngeneic and alloge-

neic (Wistar-Furth) recipients. Figure 2 shows
the log linear relationship between the level of
immunity expressed in the spleen and the num-
ber of nonadherent lymphocytes transferred. A
similar dose-response relationship was observed
in syngeneic and allogeneic recipients, although
on a cell-for-cell basis the immunity in syngeneic
subjects was approximately 3 logo units greater
than that observed in allogeneic rats. There were
insufficient cells to perform a similar dose re-
sponse analysis for lymphocytes in the adherent
fraction. Nevertheless, it is evident that the im-
munity conveyed by cells from the column-ad-
herent fraction was restricted in the manner
demonstrated for nonadherent lymphocytes.
The above finding implies that the immunity
conveyed by the adherent fraction is related to
its content of contaminating T cells.
Localization of lymphoblasts in Listeria-

induced exudates. Lymphoblasts from the
thoracic duct have a penchant to localize in
inflammatory foci (12, 14, 22). But an important
and still unanswered question is whether these
exudate-seeking cells belong to a particular class
or whether lymphoblasts at large have an affin-
ity for inflamed vascular endothelium. The prob-
lem was studied by labeling Listeria-immune
TDL with ['4C]thymidine before fractionating
the cells on immunoabsorbent columns. Both
the nonadherent and adherent cell fractions con-
tained labeled S-phase lymphoblasts. Inocula
containing these labeled cells were infused in
equal numbers (5 x 107) into similarly immu-
nized recipients 1 h after the recipients had been
stimulated intraperitoneally with 50 ,ug of killed
L. monocytogenes. All were sacrificed 24 h after
stimulation, at which time the exudates were
harvested and analyzed radiometrically.
The nonadherent TDL fraction contained
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FIG. 1. Immunity to L. monocytogenes conferred on semisyngeneic (U) and allogeneic (0) rats by an i.v.
inoculum of TDL obtained from 6-day Listeria-immune donors. Unfractionated TDL and cell populations
enriched in either T or B cells were compared on a cell-for-cell basis, 2 x 108 lymphocytes per g of body
weight. The immunity conveyed by the unfractionated cell population (T + B) and by T cells was restricted in
allogeneic recipients. The level ofimmunity was too low and the variation too great to determine whether the
B-cell population was similarly restricted. Means offive ± standard deviation.

more labeled S-phase lymphoblasts than did the
adherent fraction. Therefore, the localization in
the exudates of labeled donor cells has been
expressed in Table 5 as percent counts per min-
ute originally present in the i.v. inoculum. All
exudates contained labeled donor cells. How-
ever, the exudate-seeking capacity of lympho-
blasts from the nonadherent fraction exceeded
that of the adherent cells.

In the foregoing experiments, the localization
in exudates of labeled lymphoblasts was com-

pared at one time point only, namely, 23 h after
transfer. In reality, however, nonadherent S-
phase cells move in substantial numbers into
exudates soon after their infusion into recipient
rats. This was shown in another experiment in
which rats injected with labeled lymphoblasts
were sacrificed at predetermined intervals dur-
ing the first 30 h after cell transfer. Figure 3
shows that at all time points, the exudate-seek-
ing capacity of labeled nonadherent lympho-
blasts exceeded that of similarly labeled adher-
ent cells.
Protective capacity of column-fraction-

ated PEC. Peritoneal exudates induced in Lis-
teria-infected rats are an especially potent
source of protective lymphocytes (15, 22). Since
the cells concerned originate elsewhere and are,
in fact, lineally related to S-phase TDL (16, 22),
it is logical to postulate that they would segre-
gate in a similar manner on affinity columns. To
test this proposition, a large panel of specifically
immunized rats was stimulated intraperitoneally
with killed L. monocytogenes. Exudates induced
in this manner were harvested 24 h after stimu-
lation and depleted of macrophages (10). The
macrophage-depleted population was then ap-
plied to Sephadex anti-rat F(ab')2 columns.
Table 6 shows the results of two experiments

with column-purified PEC. It is evident that
protective cells were found in both the nonad-
herent and adherent fractions. On a cell-for-cell
basis, however, nonadherent PEC were more

effective than adherent cells in their capacity to
transfer immunity against L. monocytogenes.
The above finding accords with earlier reports
that T cells accumulate in substantial numbers
in allografts undergoing rejection (2) and implies
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FIG. 2. Dose response relationships between the
level of antimicrobial immunity expressed in the
spleen and the number of Listeria-immune TDL
transferred into recipient rats. Nonadherent lympho-
cytes conveyed immunity in proportion to the number
of cells transferred. However, the resistance ex-

pressed in syngeneic rats (0) was higher than that in
allogeneic recipients (A). The level of immunity con-

veyed by adherent lymphocytes (open symbols) was

far less than that transferred by nonadherent cells,
but it too was restricted. Means offive ratsper group.

that cellular resistance depends for its full
expression upon the local deployment of T cells
in centers of infection.

DISCUSSION
The results reported here indicate that im-

munity to L. monocytogenes is mediated in rats
by lymphocytes that lack a high density ofmem-
brane immunoglobulin. Antisera of the appro-
priate specificity and potency were unavailable
to identify the cells concerned; nevertheless,
there are reasons for thinking that they belong
to a T-lymphocyte line as they do in mice (3, 17,
26). Aside from lacking a high density of surface
immunoglobulin, the protective rat cells realize
their full immunological potential only in recip-
ients that share certain histocompatibility-gene-
coded structures (13; Fig. 1 and 2). Allogeneic
restriction has been observed in respect to a

variety of activated T-cell functions (13, 25, 33,
39). This restriction has been taken as evidence
that two specificity requirements must be satis-
fied for secondary stimulation ofT cells. One set
of specificities is dictated by antigen; the other
is determined by surface membrane structures
that are coded by genes associated with the
major histocompatibility complex (25).
An interesting and unexpected observation
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was the ability of column-adherent lymphocytes
to transfer a low but still highly significant level
of resistance against L. monocytogenes. In ret-
rospect, this might have been anticipated, be-
cause the fractionation procedure was less effi-
cient in preparing purified subpopulations of
immunoglobulin-bearing lymphocytes than it
was in removing these cells from the lymph.
Thus, up to 9% of column-adherent TDL lacked
detectable surface immunoglobulin. Since the
great majority (perhaps all) of lymphocytes in
rat thoracic duct lymph display either T- or B-
cell markers (9), and the majority of B-TDL
express membrane i munoglobulin (27), it is
logical to postulate that some T cells become
trapped in the gel for reasons other than the
density of immunoglobulin they display at the
cell surface.
The above finding implies that the column-

adherent fraction of immune TDL contained
protective lymphocytes of the kind found in
higher concentration in the nonadherent frac-
tion. Several lines of evidence support this no-
tion. First, inocula prepared from the lymph of
Listeria-immune donors convey immunity in
proportion to their content of lymphocytes that
TABLE 5. Localization of labeled S-phase TDL in

peritoneal inflammatory exudates.
Immuno-

Eglobuin- Radioactivity
Expt Donor TDL poiie in exudate

lympho- (%h)
cytes
(%)

1 Unfractionated 26 3.75 ± 0.90
Nonadherent 1 3.88 ± 0.27
Adherent 95 2.40 ± 0.37

2 Unfractionated 27 3.25 ± 0.21
Nonadherent 3 4.56 ± 0.49
Adherent 95 0.85 ± 0.23

3 Unfractionated 26 4.28 ± 0.65
Nonadherent 2 5.53 ± 1.08
Adherent 90 3.34 ± 0.49

4 Unfractionated 28 6.41 ± 0.42
Nonadherent 1 5.75 ± 0.84
Adherent 95 3.81 ± 0.52

aTDL from 6-day Listeria-immune donors were
labeled in vitro with ['4C]thymidine before fractiona-
tion of the cells on Sephadex anti-rat F(ab')2 columns.
A total of 5 x 107 lymphocytes from the individual
fractions were injected i.v. into similarly infected re-
cipients 1 h after the recipients had been stimulated
intraperitoneally with 50 /lg of killed L. monocyto-
genes.

b Exudates harvested 24 h after stimulation. Radio-
activity expressed as percent counts per minute origi-
nally present in donor TDL inoculum. Means of five
± standard deviation.
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FIG. 3. Histogram describing the localization of
radioactively labeled lymphoblasts in peritoneal in-
flammatory exudates. Cells from the thoracic duct
lymph of Listeria-immune donors were labeled in
vitro with [4C~thymidine and then fractionated on

anti-F(ab)2 columns. Lymphocytes from the nonad-
herent and adherent cell fractions were infused in
equal numbers into syngeneic recipients 1 h after the
recipients had been stimulated intraperitoneally with
killed L. monocytogenes. Labeled lymphoblasts from
the nonadherent fraction (closed bars) localized in
larger numbers in the exudates than did lympho-
blasts from the adherent fraction (open bars). Means
offive rats per group.

TABLE 6. Distribution ofListeria-immune PEC on
immunoabsorbent columns prepared with rabbit

antibody to rat F(ab')2
No. of PEC Logio protection

Expt Cell fraction transferred
(x10-4/g) Liver Spleen

1 Unfractionated 50 1.82 2.24
Nonadherent 50 2.25 3.18
Adherent 50 1.25 1.45

2 Unfractionated 20 1.51 1.44
Nonadherent 20 1.52 1.67
Adherent 20 0.80 0.83

Obtained from 7-day Listeria-immune rats 24 h
after the animals had been stimulated intraperitone-
ally with 50 jg of killed L. monocytogenes. PEC from
15 donors were pooled and depleted of macrophages
(13) before application of the cells to the column.

Mean difference 48 h after challenge in viable
Listeria in the tissues of five adoptively immunized
subjects and five nonimmunized controls.

lack detectable surface immunoglobulin; the
level of immunity is unrelated to the number of
immunoglobulin-bearing lymphocytes trans-
ferred. Second, lymphocytes from the adherent
cell fraction are restricted in the manner ob-
served for T cells; i.e., the immunity they convey
is dependent upon the sharing of histocompati-
bility-gene-derived products between the im-

mune lymphocyte donor and the animals into
which they are infused (Fig. 2). Finally, it was
shown that nonadherent TDL that have been
labeled in the S phase of the mitotic cycle have
a greater tendency to become "trapped" on im-
munoabsorbent columns than do nonadherent
lymphocytes at large (Table 3). The latter ob-
servation becomes significant when it is remem-
bered that S-phase lymphoblasts are the prin-
cipal mediators of resistance to L. monocyto-
genes, at least in rats (16, 21).
Whereas recently activated T cells have a

tendency to adhere to anti-F(ab')2 columns, it is
not known whether they do so because they
have a relatively high density of membrane im-
munoglobulin. However that may be, the pres-
ence of many Listeria-immune lymphocytes in
the nonadherent cell fraction implies that these
lymphocytes either lack receptors that are rec-
ognized by anti-rat F(ab')2 or possess such recep-
tors in insufficient number to cause attachment
of the cells to the immunoabsorbent gel.

It is unlikely that Listeria-immune lympho-
cytes adhere to the gel via naked Fc receptors.
Parish and Hayward (27)and Mason (24) used
resetting techniques to quantify membrane re-
ceptors on rat TDL. Although receptors for Fc
and C3 were demonstrated on a portion of small
lymphocytes, these were either absent or ex-
pressed in very low density on the surfaces of
lymphocytes that were labeled in the S phase of
the mitotic cycle. Moreover, in the present in-
vestigation Listeria-protective lymphocytes
were retained in approximately equal numbers
by immunoabsorbents that were prepared with
either whole antibody or pepsin-treated anti-
body to rat F(ab')2. Since pepsin treatment de-
stroys the Fc portion of the molecules, it can be
concluded that Listeria-protective cells are re-
tained on the immunoabsorbent columns for
reasons other than their capacity to bind via Fc
receptors.
The present findings merit further comment

insofar as they revealed several limitations of
affinity chromatography as a procedure for pre-
paring cell populations enriched in T or B cells.
Aside from the inability of the immunoab-
sorbent to bind a few immunoglobulin-bearing
lymphocytes and the possibility that some T
cells are entrapped because of size or other rea-
sons, it was observed that PEC could not be
fractionated as efficiently as TDL. Indeed, PEC
could be fractionated in large numbers only after
the cell population had been deleted of macro-
phages by treatment with carbonyl iron.
The results reported here, in conjunction with

earlier studies in mice and rats (20, 23), point to
T cells as the specific mediators of immunity to
L. monocytogenes. However, a role for B cells
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cannot be discounted categorically, despite com-
pelling evidence that serum antibodies do not
protect (18) and that the immunity conveyed by
B-cell-enriched TDL fractions is related, at least
in part, to their content of contaminating T cells.
B cells might operate as mediators of resistance
if they, like T cells, were to release factors that
influence the local deployment and/or func-
tional activation of macrophages in centers of
infection. Wall et al. (37, 38) have shown that
chemotactic activity is generated in vitro by
polyclonal stimulation of B cells, provided a
small number of "helper" T cells are present in
the incubation mixture. Likewise, Bloom and
Shevach (4) reported that the production of
macrophage migration inhibitory factor by B
cells is dependent upon the presence ofactivated
T cells in the reaction mixture. It is not known
whether B cells can be stimulated in this way to
release mediators that have a purposeful role in
the expression of resistance to L. monocyto-
genes. In our experience (unpublished observa-
tions) we observed an additive effect, but not
synergism, between adherent and nonadherent
cells prepared by affinity chromatography from
the thoracic duct lymph of Listeria-immune
rats. The addition of a small number of nonad-
herent cells to a much larger number ofadherent
lymphocytes increased the protective power of
the mixture in proportion to the number of
nonadherent T cells in the mixture.
Whereas a role for B cells cannot be excluded,

their capacity to operate as mediators of resist-
ance to L. monocytogenes is clearly subordinate
to that ofT cells. The reasons are not far to seek
when it is remembered that L. monocytogenes
provokes a vigorous T-cell response and a con-
spicuous increase in the delivery of nonadherent
S-phase lymphoblasts to the thoracic duct. This
consideration, together with the fact that on a
cell-for-cell basis nonadherent S-phase lympho-
blasts exceed adherent cells in both their exu-
date-seeking capacity and protective function,
indicates that recently activated T cells are ide-
ally suited to operate as mediators of cellular
resistance to infection.
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