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The cellular basis of depression of contact sensitivity to oxazolone in mice
injected with Pseudomonas aeruginosa was studied. Cells from draining lymph
nodes of mice sensitized with oxazolone 18 h previously were able to induce
contact sensitivity to normal mice when administered in their footpads. In
contrast, cells from draining lymph nodes of P. aeruginosa-injected and oxazo-
lone-sensitized donors failed to induce contact sensitivity when injected in the
footpad of normal mice and were capable of actively blocking the immunizing
process brought about by lymph node cells from sensitized mice when injected
together in the footpad of normal recipients. The P. aeruginosa-induced sup-
pressor cells required antigenic stimulation, had precursors sensitive to cyclo-
phosphamide, and did not affect the effector mechanisms of contact sensitivity.
Thus, the results suggest that P. aeurginosa depresses contact sensitivity to
oxazolone by enhancing the activity of suppressor cells which normally arise
during the sensitization process and which affect the afferent limb of the immune
response, probably by inhibiting the normal recruitment of T lymphocytes in the
draining lymph nodes.

Several reports have focused attention on the
immunodepressive capacity of Pseudomonas
aeruginosa in humans and laboratory animals
(7, 11, 19, 22). The mechanism(s) underlying this
suppression, and its significance in the establish-
ment and evolution of the infection, are largely
undefined. We are currently using an experimen-
tal model of cell-mediated immunity, contact
sensitivity to oxazolone in mice injected with P.
aeruginosa, to investigate the cellular basis of
this phenomenon. In previous studies we have
shown that P. aeruginosa inhibits contact sen-
sitivity to oxazolone by enhancing the activity
of the suppressor cells which normally arise
during the sensitization process (8, 10). On the
other hand, it is known that several classes of
suppressor cells, which occur after routine im-
munization, may regulate the response to con-
tact-sensitizing agents in mice acting at different
levels of the immune response, i.e., on the induc-
tion phase (1), during cell proliferation in the
regional lymph nodes (4, 12, 21), and on the
effector stage of contact sensitivity (23, 24).
The aim of this investigation was to determine

what stage of the immune response was affected
by P. aeruginosa-activated suppressor cells. The
results suggest that, in mice sensitized with ox-
azolone, these cells interfere with the afferent
limb of immune reaction by inhibiting the nor-

mal recruitment of T lymphocytes in the lymph
nodes that drain the site of sensitization.

MATERIALS AND METHODS
Mice. Inbred C57BL/6 mice of both sexes raised in

our institute and aged 8 to 12 weeks were used
throughout. In each experiment the animals were ran-
domly allocated to the different groups. Each group
consisted of six or seven mice, unless otherwise stated.

Microorganism. A strain of P. aeruginosa isolated
from clinical specimens was used. A stock culture on
Trypticase soy agar (BBL Microbiology Systems,
Cockeysville, Md.) was transferred to a synthetic me-
dium (17) and incubated with shaking and aeration at
370C. After 24 h, the cells were collected, washed three
times and then resuspended in distilled water, killed
by heating at 650C for 60 min, and then lyophilized.

Injection in mice. Mice were inoculated intrave-
nously with 700 1g of heat-killed P. aeruginosa lyoph-
ilized cells suspended in 0.5 ml of sterile saline imme-
diately before injection. This suspension contained
approximately 1.2 x 10"' bacterial cells per ml. In a
control trial for toxicity, no death was observed in
injected mice over a period of 30 days.

Sensitization. Mice were anesthetized by intraper-
itoneal administration of tribromoethanol in amylene
hydrate (Avertin; Winthrop Laboratories, New York,
N. Y.) and sensitized for contact sensitivity 24 h after
P. aeruginosa injection by painting the skin of the
abdomen and lower thorax with 0.2 ml of 1.5% solution
of 4-ethoxymethylene-2-phenyl-oxazolone (oxazolone;
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British Drug Houses, Poole, England) in absolute
ethanol.
Measurement of DNA synthesis in draining

lymph node cells. (i) In vitro. Brachial and inguinal
lymph nodes from both control and P. aeruginosa-
injected groups were removed on days 1, 3, 5, and 7
after sensitization, and a single-cell suspension was
prepared. Triplicate cultures of 1 x 106 cells from each
mouse in 0.2 ml of tissue culture medium RPMI-1640
(Gibco, Glasgow, Scotland) were set in a microtest
culture plate and pulsed for 5 h with 1 uiCi of [methyl-
3H]thymidine ([3H]TdR) (The Radiochemical Centre,
Amersham, England). The cells were then harvested
and processed. Radioactivity was measured with a
beta-spectrometer, and the counts were expressed as
mean ± standard error of counts per minute.

(ii) In vivo. Incorporation of radiolabeled [InI]5-
iodo-2-deoxyuridine ([InI]IUdR) (The Radiochemical
Centre, Amersham, England) was used to measure
regional lymph node cell proliferation according to the
method of Pritchard and Micklem (14). On days 1, 3,
5, and 7 after oxazolone sensitization, four mice from
both the control and the P. aeruginosa-injected
groups were injected intraperitoneally with 5 x 10-8
mol of fluorodeoxyuridine in 0.2 ml of sterile distilled
water. After 10 min, each animal received 1 uCi of
['25I]IUdR by the same route in the same volume.
After 5 h, the mice were sacrificed and the brachial
and inguinal lymph nodes were removed and placed
in 1 ml of neutral buffered Formalin. Incorporation of
['2I1]IUdR was determined by counting the tissues in
a gamma-spectrometer and expressed as the mean ±
standard error of the uptake percentage of [l"I]IUdR
injected.

Induction of contact sensitivity by footpad
transfer system. Donor mice were sensitized with
oxazolone as described above. The regional brachial
and inguinal lymph nodes were removed 18 to 24 h
later and dissociated in Eagle minimal essential me-
dium. The cells were washed twice, and their viability
was tested by trypan blue dye exclusion. The stated
number (see Results) of viable cells in 0.1 ml was
injected into each mouse, and each hind footpad re-
ceived 0.05 ml. After 6 days, the recipients were chal-
lenged by painting both sides of their ears with a drop
of 1% oxazolone in olive oil. The quantification was
made by measuring, with a micrometer, the increase
in ear thickness 24 h later.

Passive transfer of contact sensitivity. Donor
mice were sensitized with oxazolone on the abdomen
and lower thorax as described above, and a total of
0.05 ml of 1.5% oxazolone solution was also applied to
the four paws. Regional brachial and inguinal lymph
nodes were removed after 3 days and dissociated in
Eagle minimal essential medium. The cells were
washed twice, and viability was tested by trypan blue
dye exclusion. A total of 50 x 106 viable cells in 0.5 ml
of medium was injected intravenously into normal
recipients. The recipients were challenged within 2 h
with 1% oxazolone in olive oil as described above.
Cyclophosphamide treatment. Cyclophospha-

mide (Endoxan Asta, Astawerke, AG, Chemische Fa-
brik, Brackwede, W. Germany), dissolved in sterile
saline immediately before use, was injected intraperi-
toneally as a single dose of 200 mg/kg 2 days before
sensitization.

Statistical analysis. Data are expressed as the
mean + standard error. Student's t test was used to
compare the difference between the means.

RESULTS
Effect of P. aeruginosa on the DNA syn-

thesis of draining lymph nodes in oxazo-
lone-sensitized mice. Our previous results
have shown that mice that were sensitized with
oxazolone exhibited an impaired ear swelling
after an epicutaneous challenge with the same
antigen when injected intravenously with 700
,g of heat-killed P. aeruginosa 24 h before sen-
sitization (10).
Moorhead (12) and Asherson and Barnes (2)

have reported that, in mice painted on the skin
with a contact-sensitizing agent, an increase in
DNA synthesis and cell proliferation in the
draining lymph nodes is induced and that this
increase can already be detected 1 day after skin
painting. Our first experiment was set up to
investigate whether P. aeruginosa depressed
contact sensitivity to oxazolone by interfering
with the DNA synthesis and cell proliferation in
the lymph nodes that drain the site of sensiti-
zation. A total of 64 C57BL/6 mice were divided
into four groups. One group of animals was left
untreated and used as a negative control,
whereas two groups were injected intravenously
with 700 ,ug of heat-killed P. aeruginosa. One of
these two groups, together with the remaining
group of mice, was sensitized with oxazolone 24
h later. On days 1, 3, 5, and 7 after sensitization,
four mice of each of the four groups were sacri-
ficed and the DNA synthesis of the draining
lymph node cells was measured by pulsing the
cells for 5 h in vitro with [3H]TdR. The results
reported in Fig. 1 show that DNA synthesis of
the draining lymph node cells of mice that had
been injected with P. aeruginosa, but not sen-
sitized, was the same as that of untreated ani-
mals at all tested times. The DNA synthesis of
the draining lymph node cells of mice sensitized,
but not injected, with P. aeruginosa began to
increase on day 1, reached a peak on day 3, and
had declined to resting levels by day 5 after
sensitization. In contrast, the [3H]TdR uptake
of draining lymph node cells of sensitized ani-
mals which had also been injected with P.
aeruginosa was markedly reduced (P < 0.005)
on day 3 after sensitization.
To ensure that the cell proliferation which

was measured in vitro accurately reflected in
vivo conditions, similar experiments were per-
formed with ['5I]IUdR incorporation in vivo to
measure cell proliferation in the lymph nodes
that drain the site of sensitization, since it has
been shown that [125I]IUdR is rapidly incorpo-
rated into the DNA of proliferating cells (14).

VOL. 26, 1979



6 GARZELLI ET AL.

Wn
-J

cj
C.)LU
0

0

z

(D
I-co

x

cJ

1 3 5 7

DAYS AFTER SENSITIZATION
FIG. 1. In vitro DNA synthesis, evaluated as

[3HJTdR uptake and expressed as counts per minute
(CPM), of 106 brachial and inguinal lymph node cells
at 1, 3, 5, and 7 days after oxazolone sensitization.
0, Oxazolone-sensitized mice; E, P. aeruginosa-in-
jected and oxazolone-sensitized mice; A, P. aerugi-
nosa-injected but unsensitized mice. Horizontal lines
refer to uninfected unsensitized mice. Data expressed
as mean ± standard error.

Thus, 80 C57BL/6 mice were divided into four
groups. One group of animals was left untreated
and used as a negative control, one group was

injected with 700 ,Ag of P. aeruginosa, one group
was sensitized with oxazolone, and one group
was both injected with 700 ,ug of P. aeruginosa
and sensitized with oxazolone 24 h later. Cell
proliferation in the draining lymph nodes was
assessed on days 1, 3, 5, and 7 after sensitization
by injecting five mice from each of the four
groups with ['251]IUdR. Figure 2 shows that the
in vivo results parallel the in vitro ones. In fact,
proliferation in the draining lymph nodes ofmice
which had been injected with P. aeruginosa but
not sensitized was the same as that of untreated
animals at all tested times. The [125I]IUdR up-

take, which in the untreated animals ranged
from 0.026 to 0.040% of the injected radioactiv-
ity, rose in the uninjected sensitized mice to
0.190 + 0.018% on day 3 and had declined to
resting levels by day 5 after immunization. In

contrast, cell proliferation in the draining lymph
nodes of sensitized animals which had also been
injected with P. aeruginosa was lower at all
tested times and reached its greatest depression
on day 3 at 42% of cell proliferation in uninjected
immunized mice (P < 0.005).
These findings raised the question of how P.

aeruginosa could affect cell proliferation. The
possibility of an altered reactivity of lympho-
cytes in mice injected with 700 ,ug of heat-killed
P. aeruginosa was tested. A preparation of 6 x
105 spleen or brachial and inguinal lymph node
cells from normal mice or mice intravenously
injected 4, 3, 2, or 1 day or 4 h previously with
700 ,Ag of P. aeruginosa was incubated in 0.2 ml
of culture medium RPMI-1640 for 36 h in either
the presence or the absence of concanavalin A
(0.6 ,tg/well) or E. coli 0.127:B8 lipopolysaccha-
ride (10 pg/well). The cultures were then pulsed
with 0.5 ,tCi of radiolabeled TdR, and after a
further 12 h incubation, the cells were harvested
and processed. The results showed that the re-
sponse of both spleen and lymph node cells of
P. aeruginosa-injected mice did not differ from
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FIG. 2. DNA synthesis, evaluated as percent up-
take of [125IIUdR, of brachial and inguinal lymph
nodes from mice sensitized 1, 3, 5, and 7 days previ-
ously with oxazolone. *, Oxazolone-sensitized mice;
D, P. aeruginosa-injected and oxazolone-sensitized
mice; A, P. aeruginosa-injected but unsensitized
mice. Data expressed as mean ± standard error.
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that of uninfected controls at all tested times.
These findings clearly indicate that this dose of
bacteria does not exert a direct toxic effect on
lymphocytes.
Footpad transfer of regional lymph node

cells from P. aeruginosa-injected and oxa-
zolone-sensitized mice in normal mice. Cell
proliferation in the regional lymph nodes is the
latest stage of the induction process of cell-me-
diated immune response. An early stage involves
the collaboration between a particular subset of
T cells (initiator T cells), which possess the
antigen in an immunizing form, and a second
class of T cells (recruited T cells) which prolif-
erate and become the effector cells of the im-
mune response (9, 18). This mechanism is also
operative in the contact sensitivity model. Re-
cently, it has been shown that a small number
of cells taken from the draining lymph nodes of
mice one day after sensitization with a contact-
sensitizing agent and injected into the footpad
of normal recipients are able to recruit recipient
T lymphocytes and so induce contact sensitivity
in the host. This is an immunizing process,
rather than a passive transfer of sensitized cells
(6, 20).
By using the footpad transfer system de-

scribed by Asherson et al. (6), we first investi-
gated whether lymph node cells from P. aerugi-
nosa-injected and oxazolone-sensitized mice
were able to induce contact sensitivity in normal
animals. Thus, normal mice were injected with
2 x 106, 4 x 106' or 8 x 106 cells from draining
lymph nodes of either syngeneic donors which
had been sensitized with oxazolone 24 h previ-
ously or donors which had also been injected
with P. aeruginosa 24 h before sensitization.
The recipients were challenged 6 days after cell
transfer by painting both sides of their ears with
a drop of oxazolone in olive oil. The results (Fig.
3) show that ear swelling was lower in mice
receiving 4 X 106 or 8 x 106 cells from donors
that had been both P. aeruginosa-injected and
oxazolone-sensitized than in mice receiving the
same number of cells from only sensitized donors
(P < 0.05, at least). In the case of transfer of 2
x 106 cells, the difference did not reach statistical
significance, probably owing to the small degree
of contact sensitivity induced. These results in-
dicate that the draining lymph node cells of P.
aeruginosa-injected and oxazolone-sensitized
mice fail to induce contact sensitivity in the
normal host.
Suppressor cells in the draining lymph

nodes of P. aeruginosa-injected and oxazo-
lone-sensitized mice. The above findings that
draining lymph node cells from mice which had
been both P. aeruginosa injected and oxazolone
sensitized failed to induce contact sensitivity in
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FIG. 3. Induction of contact sensitivity by footpad
injection ofvarious numbers ofbrachial and inguinal
lymph node cells from either oxazolone-sensitized
donors (0) or P. aeruginosa-injected and oxazolone-
sensitized donors (-). The challenge was performed
6 days after cell transfer, and contact sensitivity was
expressed as increase in ear thickness 24 h later in
units of 10'3 cm. Data expressed as mean ± standard
error.

normal animals when transferred into their foot-
pads, together with our previous results showing
that suppressor cells occur in P. aeruginosa-
injected and oxazolone-sensitized mice (10),
seem to suggest that the P. aeurginosa-acti-
vated suppressor cells may occur early in the
sensitization process in the draining lymph
nodes, thus blocking the induction stage of con-
tact sensitivity. To directly test this hypothesis,
we again used the footpad transfer system. One
group of normal mice was injected with 4 x 106
cells from draining lymph nodes of syngeneic
animals sensitized with oxazolone 24 h previ-
ously; three groups of mice were injected in their
footpads with the same number of immunizing
cells plus 2 x 106, 4 X 106, and 8 x 106 cells,
respectively, from donors sensitized with oxazo-
lone 24 h previously and also injected with P.
aeruginosa 24 h before sensitization; one group
of untreated mice was the negative control. The
recipients were challenged 6 days after cell trans-
fer.
The results (Table 1) show that 2 x 106, 4 x

106, or 8 x 106 cells from donors which had been
both injected with P. aeruginosa and sensitized
with oxazolone were all able to depress the ear
swelling of animals immunized with 4 x 106 cells
from only sensitized donors. This finding indi-
cates that the lymph nodes of P. aeruginosa-
injected and oxazolone-sensitized mice contain
cells that are capable of suppressing the induc-
tion of contact sensitivity. Since in normal ani-
mals the immunizing effect of cells from oxazo-
lone-sensitized donors is inhibited by cells from
P. aeruginosa-injected and oxazolone-sensitized
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TABLE 1. Contact sensitivity of mice receiving in
their footpads 4 x 106 lymph node cells from

oxazolone-sensitized donors and varying numbers
of lymph node cells from P. aeruginosa-injected and

oxazolone-sensitized donors

Cells injected' (x 106) Contacte PC

4 LN (Ox) 4.56 ± 0.46
4 LN (Ox) + 2 LN (PA Ox) 1.80 ± 0.63 <0.01
4 LN (Ox) + 4 LN (PA Ox) 1.17 ± 0.37 <0.001
4 LN (Ox) + 8 LN (PA Ox) 1.62 ± 0.38 <0.001

0.78 ± 0.11

aLN, lymph node cells; (Ox), from oxazolone-sen-
sitized mice; (PA Ox), from P. aeruginosa-injected
and oxazolone-sensitized mice.

'Expressed as increase in ear thickness 24 h after
challenge in units of 10-3 cm. All data are expressed as
mean ± standard error.

' Level of significance when compared with the con-
trol group.

mice, these results also suggest that the target
of P. aeruginosa-activated suppressor cells
seems to be the collaboration between donor
"initiator" T cells (or macrophages) and recipi-
ent "recruited" T cells.
Antigen requirement and cyclophospha-

mide sensitivity of P. aeruginosa-induced
suppressor cells. In the next series of experi-
ments, we studied some characteristics of the P.
aeruginosa-activated suppressor cells, such as
their antigen requirement and their sensitivity
to cyclophosphamide, a drug known to enhance
delayed hypersensitivity reactions by eliminat-
ing the precursors of suppressor cells (13, 16, 23).
For this purpose, one group of normal mice was
immunized by footpad injection of 4 x 106 lymph
node cells from oxazolone-sensitized mice and
was the positive control. Three experimental
groups consisted of mice injected into the foot-
pad with the same number of immunizing cells
plus (i) 4 x 106 lymph node cells from P. aerugi-
nosa-injected and oxazolone-sensitized mice, (ii)
4 X 10' lymph node cells from P. aeruginosa-
injected but unsensitized mice, and (iii) 4 x 10O
lymph node cells from cyclophosphamide-pre-
treated, P. aeruginosa-injected, and oxazolone-
sensitized mice, respectively. A fourth experi-
mental group of normal recipients was injected
only with 4 x 106 lymph node cells from cyclo-
phosphamide-pretreated, P. aeruginosa-in-
jected, and oxazolone-sensitized donors. One
group of untreated mice was the negative con-
trol. The recipients were challenged 6 days later.
The results (Table 2) show that only lymph

node cells from either P. aeruginosa-injected
but unsensitized mice or cyclophosphamide-pre-
treated, P. aeruginosa-injected, and oxazolone-
sensitized mice were unable to suppress the in-

duction of contact sensitivity brought about by
lymph node cells from oxazolone-sensitized do-
nors. Furthermore, the ear swelling of animals
receiving cells from cyclophosphamide-pre-
treated, P. aeruginosa-injected, and oxazolone-
sensitized donors did not differ from that of the
positive control group. These findings, in agree-
ment with our previous results (10), indicate
that the P. aeruginosa-induced suppressor cells
require antigenic stimulation and have cyclo-
phosphamide-sensitive precursors.

Inability of lymph node cells from P.
aeruginosa-injected and oxazolone-sensi-
tized mice to suppress the effector stage of
contact sensitivity. To test whether P. aerugi-
nosa-induced suppressor cells were active on the
effector phase of contact sensitivity, as well as
on the inductive stage, we used cell transfer
experiments. Draining lymph node cells from P.
aeruginosa-injected and oxazolone-sensitized
mice, taken 3 days after sensitization, were used
as the suppressor cell source on the basis of our
previous results (10). Thus, three groups of nor-
mal mice were sensitized with oxazolone. The
first group, which received no cells, was the
control group. Within 2 h after sensitization, the
second group was intravenously injected with 50
x 10' cells from donors sensitized with oxazolone
3 days previously, and the third group received
the same number of cells from donors sensitized
3 days previously and also injected with P.
aeruginosa 24 h before sensitization. The same
number of cells from the same two groups of
donor mice was also intravenously transferred
into two groups of mice, sensitized 6 days pre-
viously, 2 h before their challenge. The challenge
of the control and the experimental groups was
performed 6 days after their respective sensiti-
zation.
As can be seen in Table 3, the ear swelling of

TABLE 2. Contact sensitivity ofmice receiving in
their footpads 4 x 10' lymph node cells from

oxazolone-sensitized donors and 4 x 106 lymph
node cells from donors treated in different ways

Cells injected' (x 106) Contact sen- PCsitivity'
4 LN (Ox) 4.95 ± 0.89
4 LN (Ox) + 4 LN (PA Ox) 2.17 ± 0.35 <0.001
4 LN (Ox) + 4 LN (PA) 5.05 + 0.28 NS
4 LN (Ox) + 4 LN (CY PA Ox) 4.21 + 0.32 NS

4 LN (CY PA Ox) 5.50 1.06 NS
0.81 ± 0.28

"LN, lymph node cells; (Ox), from oxazolone-sensitized
mice; (PA Ox), from P. aeruginosa-injected and oxazolone-
sensitized mice; (PA), from P. aeruginosa-injected but unsen-
sitized mice; (CY PA Ox), from cyclophosphamide-pretreated,
P. aeruginosa-injected, and oxazolone-sensitized mice.

6See Table 1, footnote b.
See Table 2, footnote c. NS, Not significant.

INFECT. IMMUN.



P. AERUGINOSA-INDUCED SUPPRESSOR CELLS 9

mice receiving lymph node cells from oxazolone-
sensitized mice either at the moment of sensiti-
zation or at the moment of challenge did not
differ from that of the control group. On the
contrary, the response to oxazolone of mice re-
ceiving cells from donors which had been both
P. aeruginosa injected and oxazolone sensitized
was significantly (P < 0.001) depressed in the
group of animals which received these cells at
the moment of sensitization, but it was not al-
tered in the animals in which cell transfer was
performed at the moment of challenge.

In mice sensitized with a contact-sensitizing
agent it has been found that, 3 to 4 days after
sensitization, the draining lymph nodes and
spleens contain cells able to passively transfer
contact sensitivity to normal mice. These cells,
sometimes called "passive transfer cells," are the
effector cells of contact sensitivity (3, 15). To
confirm that P. aeruginosa-activated suppressor
cells were unable to affect the effector stage of
contact sensitivity, we used a passive transfer
system of contact sensitivity. Two groups of
donor mice were used: one group was injected
intravenously with heat-killed P. aeruginosa,
and the other was left untreated; 24 h later, both
groups were sensitized with oxazolone. The two
groups, together with a group of normal mice,
were sacrificed 3 days after sensitization. Prep-
arations of 50 x 106 normal lymph node cells
plus 50 x 106 lymph node cells from oxazolone-
sensitized donors were transferred intravenously
into one group of normal recipients. Another
group of normal recipients received 50 x 106
normal lymph node cells plus 50 x 106 lymph
node cells from P. aeruginosa-injected and ox-
azolone-sensitized donors. A third group of nor-
mal mice were given both 50 x 106 cells from
oxazolone-sensitized mice (passive transfer cells)
and 50 x 106 cells from P. aeruginosa-injected
and oxazolone-sensitized mice (suppressor cells).

TABLE 3. Contact sensitivity of sensitized mice
receiving intravenously lymph node cells from P.
aeruginosa-injected and oxazolone-sensitized

donors either after sensitization or before challenge
Cells transferred Cells transferred 2
within 2 h after h before chal- Contact sensitiv-
sensitization' lenge' ityb

(50 x 106) (50 x 106)
9.15 ± 1.25

LN (Ox) 8.60 ± 0.77
LN (PA Ox) 3.88 ± 0.47c

LN (Ox) 11.00 ± 1.12
LN (PA Ox) 8.40 ± 0.20

a See Table 1, footnote a.
b See Table 1, footnote b.
c Level of significance when compared with the con-

trol group receiving no cells, P < 0.001.

The recipients were challenged within 2 h after
cell transfer.
The results show that lymph node cells from

P. aeruginosa-injected and oxazolone-sensitized
mice failed to transfer contact sensitivity to nor-
mal animals and were unable to block the re-
sponse to oxazolone brought about by passive
transfer cells (Table 4).

DISCUSSION
In a previous paper we showed that the de-

pression of contact sensitivity in P. aeruginosa-
injected and oxazolone-sensitized mice seems to
be due to the activation of the specific suppres-
sor cells which normally arise in the draining
lymph nodes and spleen during the sensitization
process (10). The present report provides evi-
dence that the P. aeruginosa-activated suppres-
sor cells in mice sensitized with oxazolone exert
their effect very early in the induction phase of
contact sensitivity.

In fact, P. aeruginosa-activated suppressor
cells (i.e., lymph node cells from mice which had
been injected with P. aeruginosa 4 days previ-
ously and sensitized with oxazolone 24 h later)
did not affect the expression of contact sensitiv-
ity brought about by the passive transfer cells
(i.e., lymph node cells from mice which had been
sensitized only 3 days previously) when they
were transferred together into normal syngeneic
recipients. In other words, the P. aeruginosa-
activated suppressor cells did not inhibit the
efferent limb of the immune reaction. It was also
found that these suppressor cells had no effect
on the ear swelling of sensitized recipients when
administered intravenously immediately before
the recipient challenge, although these cells were
able to depress the response to oxazolone of
normal recipients when transferred at the time
of recipient sensitization. This finding confirms
that, in our model, the suppressor cells do not
affect the effector mechanisms of contact sensi-
tivity and also indicates that they exert their
effect on the afferent side of immune response.

It has been well established that, after im-

TABLE 4. Inability of P. aeruginosa-induced
suppressor cells to affect in normal recipients the
expression of contact sensitivity brought about by

lymph node cells from sensitized donors
No. of transferred cells' Contact sensi- PC

(50 x 106) tivity

LN (Ox) + LN (-) 4.62 t 0.57
LN (PA Ox) + LN (-) 1.28 + 0.54 <0.005
LN (Ox) + LN (PA Ox) 4.48 + 0.64 NS

"See Table 1, footnote a. (-), From normal mice.
b See Table 1, footnote, b.
cSee Table 1, footnote c. NS, Not significant.
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munization with a contact sensitivity agent, the
antigen is taken up by macrophages and trans-
ferred either directly or via a special class of
radioresistant T cells, called "initiator" T cells,
to another class of T cells ("recruited" T cells)
(6, 20). The latter cells proliferate in the draining
lymph nodes and spleen, leave these organs after
3 to 4 days, and settle in the bone marrow, where
they continue to divide and provide the cells
which maintain contact sensitivity (5).

Since our results have shown that the immu-
nizing effect brought about in normal animals
by cells from oxazolone-sensitized donors is in-
hibited by cells from P. aeruginosa-injected and
oxazolone-sensitized mice, the primary target of
the P. aeruginosa-activated suppressor cells
seems to be the collaboration between the initi-
ator T cells or macrophages and recruited T
cells. Thus, a defective activation of recruited T
lymphocytes could account for the decrease in
cell proliferation observed in the draining lymph
nodes of sensitized mice which had also been
injected with P. aeruginosa.
The response to a contact sensitivity agent is

known to be regulated by a complex and specific
suppressor system. In fact, lymph nodes and
spleens of mice painted on the skin with a con-
tactant contain (i) B suppressor cells, which
appear from the day 6 day after sensitization
onwards, acting on the effector stage of contact
sensitivity (23, 24); (ii) B suppressor cells which
depress the induction of contact sensitivity (1);
and (iii) T suppressor cells which depress the in
vivo DNA synthesis response to the contactant
(4, 12, 21).
The sensitivity to cyclophosphamide of the

cells responsible for the depression of contact
sensitivity to oxazolone in P. aeruginosa-in-
jected mice, their early presence in the draining
lymph nodes, and their ability to affect a very

early stage of contact sensitivity suggest that
these cells could be the B suppressor cells, de-
scribed by Asherson, which depress the induc-
tion of contact sensitivity, probably by limiting
the persistence of the antigen in an immunizing
form on macrophages and/or initiator T cells
(1). However, experiments are now being under-
taken to answer a number of questions regarding
the P. aeruginosa-activated suppressor cells,
i.e., the inducing stimulus, their nature, and
exactly how their effect is exerted.
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