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ABSTRACT Infection-induced anergy is a frequent
complication of bacterial, viral, and parasitic infection.
A marked suppression of the thymus-derived (T)
lymphocyte response to concanavalin A has been
demonstrated in vitro during renal infection and the
mechanisms by which suppression occurs have been
investigated. In particular we have considered the pos-
sibility that suppression might result from the inhibi-
tory effect of prostaglandins, secreted by activated
macrophages with immunoregulatory potential. The
experiments have shown that the T-lymphocyte effec-
tor status in experimentally-induced renal infection is
determined by two suppressor cells, one infection-in-
duced and the other naturally occurring. The inability
to respond to mitogenic stimulation was reversible and
restoration of immune responsiveness to splenic
lymphocytes from infected animals could be achieved
in two stepwise manipulations; differential centrifuga-
tion removed the infection-induced suppressor cells,
and the suppressor activity of the naturally occurring
suppressor cells could then be inhibited by indometha-
cin. Thus the two suppressor cells were distinguish-
able on the basis of their physical characteristics and
their response to indomethacin. The dominant factor
determining the immune responsiveness of splenic
lymphocytes from the pyelonephritic animals was,
however, the infection-induced suppressor cell. This
cell has been characterized as a sedimentable cell
(30 g) with suppressor activity demonstrable in co-
culture experiments. Plastic-adherent cells from the
sedimentable fraction of pyelonephritic animals’
splenic cells were shown to have suppressor activity
that was not inhibited by indomethacin. The infec-
tion-induced and naturally occurring suppressor cells
can be viewed as prototypes for the equivalent cells
in man and may be useful models for studying the
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role of these cells as determinants in the pathogenesis
of infectious disease.

INTRODUCTION

The ability of an infectious disease to initiate an im-
mune response in the infected host has been known
for decades, but it has been recognized only recently
that as well as being stimulated by infection, immune
effector functions may also be depressed. As a result,
the ability of the host to mount an effective immune
response against an invading pathogen may be severely
compromised and there are an increasing number of
infectious diseases in man and experimental animals
where a depressed cell-mediated immune response has
been associated with an adverse clinical course (1, 2).

The elucidation of cellular interaction controlling
the immune response to infection is one of the principal
objectives in the study of the immunobiology of infec-
tious disease. Most experiments have been directed
toward characterizing subpopulations of T cells, but
there is increasing evidence that activated macro-
phages are also important cellular components con-
trolling the host’s immune response to infection (3, 4).
The direct inhibitory effect of prostaglandins secreted
by activated macrophages is one likely regulatory
mechanism. Goodwin et al. (5) have described a prosta-
glandin-producing suppressor cell in human periph-
eral blood that inhibits in vitro, lymphocyte activa-
tion by T cell mitogen. Suppressor cell activity that
acts through the production of prostaglandin has been
described in both experimental animals and man (6,
7). This indicates that the naturally occurring periph-
eral blood suppressor cells in man and splenic sup-
pressor cells in experimental animals may be related
in both function and mode of action.

Knowledge of the relationship between the naturally
occurring suppressor cell in man and the suppressor
cell induced during infectious disease may make a sig-
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nificant contribution to our understanding of the im-
munobiology of infectious disease. In the present ex-
periments we have shown that the T-lymphocyte
effector status of splenic lymphocytes in experi-
mentally-induced renal infection is determined by two
suppressor cells, one naturally occurring and the other
infection induced. The two suppressor cells are dis-
tinguishable on the basis of their physical characteris-
tics and the capacity of the prostaglandin synthetase
inhibitor, indomethacin, to block the immunosuppres-
sive activity. These cells, we believe, can be realis-
tically viewed as prototypes of the naturally occurring
suppressor cell and the infection-induced suppressor
cell in man.

METHODS

Animal strain. DA x AS2 F, hybrid female rats weigh-
ing 200-260 g were used in these experiments.

Bacterial strain.  The strain of Escherichia coli 075 used in
these experiments was the same as that used in previous
studies of experimental pyelonephritis (8).

Production of renal infection.  Pyelonephritis was induced
by direct inoculation of E. coli into the surgically exposed
kidney. Details of this method have been given previ-
ously (9).

Characterization of splenic cells.  Phagocytic cells were
identified by their ability to ingest latex particles (0.84 um,
Dow Corning Corp., Midland, Mich.) (10). Mononuclear and
polymorphonuclear phagocytic cells were differentiated by
direct examination of cytocentrifuged preparations. Lymphoid
cells demonstrating peripheral fluorescence using fluores-
cein-conjugated rabbit anti-rat immunoglobulin (Wellcome
Reagents Ltd., Kent, England) were identified as B cells.
Surface staining was performed according to Pernis et al.
(11) with minor modifications. T cells were identified using
the Pta.A.1 lymphocyte-specific surface antigen (12, 13). The
presence of the antigen Pta.A.l on the surface of the T
lymphocytes was determined by an indirect immunofluores-
cence technique involving incubation of splenic cells with
Lewis anti-Fischer F344 (anti-Pta.A.1) serum followed by
fluorescein-conjugated rabbit anti-rat immunoglobulin. In this
procedure both T and B lymphocytes demonstrated peripheral
fluorescence and the number of T lymphocytes was obtained
by subtracting the number of cells with surface immuno-
globulin.

In vitro analysis of the mitogenic response to T-lympho-
cyte specific mitogens. Cultures of splenic lymphocytes
were established in tissue culture tubes (Falcon Labware,
Div. of Becton, Dickinson & Co., Oxnard, Calif.; 3033). Full
details of the culture procedure have been presented else-
where (14).

Fractionation of splenic lymphocytes. Splenic lymphoid
cells were prepared and the suspension was washed once in
RPMI-1640 (Gibco Laboratories, Grand Island Biological
Co., Grand Island, N. Y.), resuspended in 10 ml of the same
medium and then centrifuged at 30 g for 2 min. Deposited
cells were recovered as the “sedimentable fraction” and the
lymphocytes in the supernate were labeled the “nonsedi-
mentable fraction.”

Plastic adherence. The sedimentable fraction from normal
or pyelonephritic spleens was resuspended in RPMI-1640
medium containing 10% fetal calf serum. 2 ml of medium
containing varying numbers of sedimentable lymphocytes,
as indicated in the text for individual experiments, were then
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added to plastic petri dishes (Falcon Labware, 1008) and
incubated at 37°C for 30 min. Nonadherent cells were re-
moved, pooled, and cultured in test tubes with 2.5 x 10°
normal nonsedimentable lymphocytes. The petri dishes were
then washed twice with fresh medium. 3 ml of complete
medium containing 5 x 10% normal nonsedimentable lympho-
cytes were then added to each petri dish. Procedures de-
scribed previously (14) were then used to determine the
degree of [*H]thymidine incorporation.

Preparation of agents

Indomethacin. A stock solution of indomethacin, 500 mg/
100 ml in 95% alcohol (indomethacin NF, 1475, Merck,
Sharp and Dohme Ltd., New Zealand) was diluted in 95%
ethanol so that 6 ul added to cultures of splenic lympho-
cytes gave final concentrations of indomethacin in culture of 1
or 10 pg/ml.

Prostaglandin E,. A stock solution of prostaglandin E,
(Sigma Chemical Co., St. Louis, Mo.) was prepared by dis-
solving 35.45 mg of prostaglandin E, in 1 ml of 95% ethanol.
Dilutions were made in ethanol so that 5 ul, when added to
cultures of splenic lymphocytes, gave a range of concentra-
tions of prostaglandin in culture between 10 and 90 pM.

Dibutyryl cyclic AMP. 83.1 mg of dibutyryl cyclic AMP
(Sigma Chemical Co.) was dissolved in 0.25 ml of phos-
phate-buffered saline and filtered through a 0.45-um filter.
5 ul of this solution and of a 1 in 10 dilution were added to
lymphocyte cultures giving final concentrations of 1 mM and
0.1 mM dibutyryl cyclic AMP.

RESULTS

Characterization of the infection-induced
suppressor cell

Morphologic evaluation of the composition of spleen
cell fractions from normal and pyelonephritic animals.
Renal infection led to a 43% increase in total spleen
cell numbers 72 h after challenge, but the percentage
of T and B cells in the spleen was not altered.
Centrifugation at 30 g depleted the nonsedimentable
fraction of mononuclear phagocytic cells. These cells
were concentrated in the sedimentable, suppressor
cell-containing fraction that consisted of 24 and 27% of
the total spleen cells from normal and pyelonephritic
animals, respectively (Table I).

Cells pelleted by low-speed centrifugation have
suppressor activity. Splenic lymphocyte suspensions
from normal and pyelonephritic animals were frac-
tionated into a sedimentable and nonsedimentable
fraction by centrifugation at 30 g for 2 min. Standard
cultures in triplicate were established using: (¢) non-
sedimentable lymphocytes from normal animals, (b)
sedimentable cells from normal and pyelonephritic
animals sacrificed 48 h after challenge, and (¢) co-
culture of the sedimentable fraction from normal and
pyelonephritic animals with nonsedimentable lympho-
cytes from normal animals. The results (Table II) have
shown that cells in the sedimentable fraction from
pyelonephritic animals, when compared with sedi-



TABLE I
Effect of 30 g Centrifugation on the Cellular Composition of Fractions of Splenic Cell Suspensions
from Normal and Pyelonephritic Animals

Normal* Pvelonephritict
Spleen Total Total
cell spleen cells spleen cells
traction x 10% T B PMN§ MPC UID® x 108 T B PMNS§ MPC! vIDY
% %

Nonfractionated 114 45 36 6 7 6 164 46 33 14 8 0
Nonsedimentable 72 40 40 6 1 13 102 40 41 4 1 14
Sedimentable 27 30 29 11 10 20 44 31 31 19 13 6

* Mean, nine normal rats.

{ Mean, eight pvelonephritic rats.
§ Polymorphonuclear leukocytes.
" Mononuclear phagocytic cells.

¢ Unidentified cells.

mentable cells from normal animals, can greatly
suppress the Concanavalin (Con) A response of normal
splenic lymphocytes (81 vs. 8%). Similar suppression
was seen in experiments carried out 72 h after
challenge.

Sedimentable suppressor cells display adherent
characteristics. Sedimentable cells were obtained
from splenic cell suspensions prepared from pyelo-
nephritic and normal animals. Varying numbers from
1 X 10%to 10 x 10% of sedimentable cells were added to
35-mm plastic petri dishes and allowed to adhere over a
30-min incubation period at 37°C. Nonadherent cells
were removed and co-cultured with nonsedimentable
lymphocytes from normal animals. These cells did not
depress the mitogenic responsiveness of normal
splenic lymphocytes; rather, enhanced responses
were found when cells from the normal sedimentable
but nonadherent fraction were added to the culture

(Fig. 1). Marked suppression could be demonstrated
when sedimentable adherent cells from pyelonephritic
animals were added to normal lymphocytes. The effect
was dose dependent and could readily be differenti-
ated, on a quantitative basis, from the suppressive
activity of naturally occurring suppressor cells in the
equivalent fraction of adherent cells from normal ani-
mals (Fig. 2).

Effect of indomethacin on naturally occurring and
infection-induced suppressor cells. The suppression
of mitogenic responses in vitro has been attributed
to prostaglandin synthesis by cellular components. In
these experiments we have determined whether sup-
pression of T lyvmphocyte function, attributed to
naturally occurring and infection-induced suppressor
cells, could be inhibited by the prostaglandin syn-
thetase inhibitor, indomethacin. Addition of indo-
methacin to unfractionated splenic lymphocytes from

TABLE 11
Co-culture Demonstration of Suppressor Cell Acticity in the Sedimentable Fraction
of Splenic Lymphocytes from Pyelonephritic Animals

Individual cultures*

Nonsedimentable Sedimentable

Suppression of normal
responses

Iymphocytes cells Sedimentable cells
Pyelone- {Pyelone-
Normal phritic Normal Anticipated response Observed response phritic Normal
%
(A) (B) (C) (A + B) (A+C) (A +B) (A+C)
256,200 334 10,800 256,600 267,000 49,280 253,900 81 8
+16,020 +156 +3,820

* 2.5 x 10% spleen cells: dpm/10° lymphocytes+SEM.

1 2.5 x 10% normal nonsedimentable lymphocytes + 0.6 x 10® sedimentable cells. Mitogenic response of lymphocytes

to Con A disintegrations per minute per 10° lymphocytes.
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Ficure 1 Effect of nonadherent sedimentable cells on
normal mitogenic responses. 10 x 10 sedimentable splenic
cells from normal (W) or pyelonephritic animals (0J) were
allowed to adhere to plastic petri dishes. The nonadherent
cell fraction was recovered and incereasing numbers (abscissa)
were established in co-culture with 2.5 % 105 normal non-
sedimentable lymphoceytes. Each bar represents the mean
of triplicate analyses.

normal rats increased the [PHjthymidine uptake by
mitogen-stimulated  Ivimphocvtes from 87,900 dpm

to 321,900 dpm/10°% Iymphocytes (Fig. 3). Indomethacin

400

200

dpm x 1073 per 10 lymphocytes

30

20

10

0 %104 175x10 1.25x10¢ 33x10®  5.4x10¢

adherent sedimentable cells

Ficure 2 Effect of adherent sedimentable cells on normal
mitogenic responses. 1, 2.5, 5, 7.5, and 10 x 10% sediment-
able splenic cells from normal (B) and pyelonephritic ani-
mals (1) were allowed to adhere to plastic petri dishes. The

nonadherent cells were discarded leaving varying numbers of

residual adherent cells (abscissa). 5 x 10% normal nonsedi-
mentable splenic lvmphocyvtes were then added to the petri
dishes to form a co-culture. Each bar represents the mean
of quintuplicate analyses.
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FIGURE 3 Effect of indomethacin (1 wg/mb on the mitogenic
responsiveness of nontractionated splenic Ivimphocvtes from
normal and pyelonephritic animals. Each point is the mean
of an analysis, carried out in triplicate. of a pooled splenic
Iyimphocyte population from three normal animals. Each cul-
ture  contained 2.5 x 10% splenic Ivmphocevtes. @ and
A, untreated splenic lvmphoceytes from normal and pyelo-
nephritic animals. © and A, indomethacin-treated (1 we/mh
splenic lymphoceyvtes from normal and pyelonephritic animals.

also increased the immune responsiveness of splenic
Iymphocytes from pyvelonephritic animals, but al-
though the percentage increase in [*Hjthvimidine up-
take was comparable to that seen with normal animals
(263 and 351%, respectively), the mitogenic re-
sponsiveness  of indomethacin-treated  Iyvmphocytes
from the pyelonephritic animals (39,020 dpm/10°
lymphocytes) was still only 12% of the response of
the comparable population of lvmphocytes from normal
animals (321,900 dpm/10% Iymphocytes). The experi-
ments also showed that the effect of indomethacin
was related to the concentration of Con A but not in-
versely related as had been found previously (15).
Depressed cell-mediated immune responses are due
to an indomethacin-insensitive suppressor cell. The
results of the previous experiments suggested that the
activity of the infection-induced suppressor cell was
not inhibited by indomethacin. This was confirmed in
the present experiment where it was tound that indo-
methacin was unable to block the immunosuppres-
sive activity of surface-adherent suppressor cells. The
sedimentable fraction from pyelonephritic spleens was
allowed to adhere to the bottom of a 35-mm tissue
culture dish for 30 min. Nonadherent cells were then
removed by repeated washings with culture medium.
Duplicate suspensions of splenic lymphocytes from
normal animals were established in a series of 35-mm



petri dishes, half of which contained the adherent
cells from the spleens of pyelonephritic animals. Tri-
tiated thymidine incorporation by Con A-stimulated
lymphocytes in the absence of adherent suppressor
cells (807,200 dpm/culture) was reduced to 112,000
dpm/culture when lymphocytes were cultured
conjointly with adherent cells from pyelonephritic ani-
mals (Fig. 4). The addition of indomethacin (1 pg/ml) at
the same time as the cultures were established did
not inhibit the suppressor activity of the adherent cells
and similar results were obtained when 10 times the
concentration of indomethacin was added to the
culture.

Immune responsiveness can be restored to
splenic lymphocytes from pyelonephritic
animals in two steps

(a) Physical removal of the infection-induced sup-
pressor cell.  Splenic lymphocytes respond to mitogenic
stimulation in vitro if suppressor cells are removed.
Previous studies have shown that fractionation of
splenic lymphocytes from pyelonephritic animals by
30 g centrifugation enhanced the immune responsive-
ness of the nonsedimentable fraction (16). Splenic
lymphocytes from normal and pyelonephritic animals
were centrifuged at 30 g for 2 min and cultures of the
nonsedimentable cells were established. Fractiona-
tion by centrifugation at 30 g resulted in a small in-
crease in mitogenic responsiveness of the nonsedi-
mentable cells from normal animals (76,100-98,780
dpn/10% cells) (Table III). In contrast there was a
marked enhancement in the uptake of [*H]thymidine
by the nonsedimentable cells from pyelonephritic
animals (4,150-53,600 dpm/10° lymphocytes).

(b) Pharmacologic inhibition of suppressor cell ac-
tivity by indomethacin.  The immune responsiveness
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FIGURE 4 Effect of indomethacin (1 and 10 ug/ml) on the
suppressor activity of adherent splemc cells from pyelo-
nephritic animals co-cultured with nonsedimentable lympho-
cytes from normal animals.

of the nonsedimentable splenic lymphocytes can be
further enhanced by indomethacin treatment. Dupli-
cate suspensions of nonsedimentable, pooled splenic
lymphocytes from normal and pyelonephritic animals
were cultured in vitro. The addition of indomethacin
to half the cultures of nonsedimentable splenic
lymphocytes from normal animals resulted in a marked
increase in their mitogenic responsiveness. Frac-
tionated splenic lymphocytes from pyelonephritic ani-
mals, after suppressor cells had been removed by 30 ¢
centrifugation, also showed a marked increase in mito-
genic responsiveness when indomethacin was added to
the lymphocyvte culture. Tritiated thymidine uptake
increased from 81,570 to 217,200 dpm/10° lymphocytes
and exceeded the mitogenic responsiveness of a com-
parable splenic lvmphocyte population from normal

TABLE 111

Effect of Fractionation by 30 g

Centrifugation on the Mitogenic Responses

of Splenic Lymphocytes from Normal and Pyelonephritic Animals

Normal animals

Pyelonephritic animals

Increase with

Increase with

Animals Nonfractionated* Fractionated? tractionation§ Nontractionated> Fractionatedt fractionation§
dpm/10% lymphocytes 4 dpm/10° lymphocytes e

1 76,220 97,400 23 4,550 110,100 2320

2 91,630 82,580 0 5,700 15,600 173

3 66,290 119,500 80 1,750 71,840 4010

4 76,100 87,800 15 5,980 48,810 715

5 57,000 76,590 34 2,300 39,450 1610

6 89,200 128,800 44 4,640 35,850 672
Mean=SE 76,100+5,400 98,780+8,580 3112 4,150+715 53,600+13,540 1,580+578

#* Unmanipulated whole spleen suspension.

1 Nonsedimentable fraction obtained from the whole spleen suspension following 30 ¢ centrifugation.
§ Increase in Con A responsiveness of lymphocytes following the removal of the sedimentable fraction by 30 g centrifugation.

Suppressor Cell Modulation in Renal Infection
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TABLE IV
Effect of Indomethacin on the Nonsedimentable Splenic Lymphocytes from Normal
and Pyelonephritic Animals after Removal of the “30-g” Suppressor Cell

Normal animals

P.yelonephritic animals

Con A per Without Increase Without Increase

milliliter indo- Indo- with indo- indo- Indo- with indo-

of culture methacin methacin* methacin methacin methacin* methacin

wl dpm/10° lymphocytes dpm/10® lymphocytes %

5.0 86,270 178,400 106 81,570 217,200 166
2.5 78,120 108,500 39 58,270 89,970 52
1.0 35,150 36,420 4 18,930 22,120 16
0.15 22,530 24,370 8 15,290 15,190 0
0.25 17,000 11,010 0 5,400 6,570 21

* 1 ug/ml of culture.

animals (Table IV). In Table V the results of the present DISCUSSION

experiments have been summarized and show that the
immune potential of splenic lymphocytes is deter-
mined by two separate suppressor cells. A naturally
occurring suppressor cell, inhibited by indomethacin,
was demonstrated in splenic lymphocyte suspensions
from normal animals (87,900-321,900 dpm/10® lympho-
cytes). When the infection-induced suppressor cells
were first removed by 30 g centrifugation, however, the
immune responsiveness of the nonsedimentable
lymphocytes from control animals and the pyelo-
nephritic group was comparable (86,270 and 81,570
dpm/108 lymphocytes, respectively). In the absence of
the infection-induced suppressor cell, lymphocytes
from pyelonephritic animals, whose immune re-
sponsiveness had been previously only partially en-
hanced by indomethacin (39,020 dpm/10° lymphocytes
compared with 321,900 for normal animals), responded
to mitogenic stimulation at a level that exceeded nor-
mal splenic lymphocytes examined under the same
experimental conditions (217,200 vs. 178,400 dpm/10°¢
lymphocytes).

The experiments have demonstrated that T lympho-
cyte effector status in experimentally induced renal
infection is determined by two suppressor cells; one
infection-induced and the other naturally occurring.
The inability to respond to mitogenic stimulation was
reversible and restoration of immune responsiveness
to splenic lymphocytes from infected animals was
achieved in two stepwise manipulations. Differential
centrifugation removed the infection-induced sup-
pressor cells and the suppressor activity of the naturally
occurring suppressor cells could then be inhibited by
indomethacin. Thus the two suppressor cells were dis-
tinguishable on the basis of their physical characteris-
tics and their response to indomethacin. The - infec-
tion-induced suppressor cell was further characterized
as a sedimentable cell (30 g) with suppressor activity
demonstrable in co-culture experiments. Plastic-ad-
herent cells from the sedimentable fraction of splenic
cell suspensions from pyelonephritic animals sup-
pressed the mitogenic responsiveness of normal

TABLE V
Effect of the “30-g” Suppressor Cell on the Indomethacin Enhanceable Mitogenic Response

Normal animals '

Pyelonephritic animals

Nonfractionated spl ytes* 30 g fractionated splenocytes} Nonfractionated splenoéytes' 30g fractionated splenocytest
Without Without Without Without
indo- Indo- indo- Indo- indo- Indo- indo- Indo-
thaci thacin§ methacin methacin§ methacin methacin§ methacin methacin§
dpm/10® lymphocytes dpm/10® lymphocytes
87,900" 321,900 86,2701 178,4001 8,640 39,020" 81,5701 217,2009

* Unmanipulated whole spleen suspension.

1 Nonsedimentable fraction obtained from the whole spleen suspension following 30 g centrifugation.

§ 1 ug/ml culture.
I See Fig. 3.
9 See Table IV.
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lymphocytes but the immunosuppressive activity of
the infection-induced suppressor cell was notinhibited
by indomethacin.

Suppression of cell-mediated immunity has been
demonstrated in infectious diseases both in man and
experimental animals (17, 18). In addition to the pres-
ent experiments suppressed cell-mediated immunity
has also been demonstrated in tumor-bearing animals
(19), experimentally induced malaria (20), schisto-
somiasis (21), trypanosomiasis (22), and after the injec-
tion of adjuvants (23). Thus infection-induced immune
nonresponsiveness may be a much more common
response of the host to infection than has been recog-
nized previously but the nature of the biologic mecha-
nisms that induce the immunosuppressive state is not
well understood. One of the objectives of these ex-
periments was to investigate the role of the prosta-
glandins as immunoregulatory molecules controlling
cell-mediated immune responses to infection. Prosta-
glandins of the E series are produced by macrophages
in substantial amounts after activation and can inhibit
lymphocyte functions (24, 25). In the present experi-
ments the addition of indomethacin, a specific prosta-
glandin synthetase inhibitor, to cultures of splenic
lymphocytes from normal and pyelonephritic animals
results in a considerable increase in the mitogenic re-
sponse (351 and 263% for normal and pyelonephritic
animals, respectively). The response of pyelonephritic
lymphocytes, however, was still only 12% of that of the
comparable population of lymphocytes from normal
animals.

Although the activity of the naturally occurring sup-
pressor cell is inhibited by indomethacin and thus
shares this and other characteristics with the naturally
occurring suppressor cell found in man (5), the infec-
tion-induced suppressor cell appears to be unique. The
latter cell differs from the naturally occurring suppres-
sor cell both in physical characteristics (i.e., removable
by 30 g centrifugation) and biologically in that its sup-
pressor activity is not inhibited by indomethacin.

A number of investigators have described the im-
munosuppressive activity of surface-adherent cells,
presumed to be mononuclear phagocytes, obtained
from the spleens of animals challenged with a variety
of stimuli (26-28). The mechanism of action of the
suppressor cell has yet to be defined but a reasonable
assumption is that because activated macrophages syn-
thesize increased amounts of prostaglandin, this agent
could lead to depressed cell-mediated responses. The
present experiments have shown that the naturally oc-
curring suppressor cells can depress cell-mediated im-
mune function through prostaglandin activity. How-
ever, the mechanism by which the infection-induced
suppressor cells act has yet to be defined.

One important conclusion is that although the
unmanipulated splenic lymphocytes from pyelo-

Suppressor Cell Modulation in Renal Infection

nephritic animals are nonresponsive in culture, full
immune responsiveness can be restored. The ability
of these cells to respond to mitogenic stimulation is
determined by two suppressor cells. One, a naturally
occurring suppressor cell, is inhibited by indometha-
cin but only in the absence of the infection-induced
suppressor cells. A recent observation that an indo-
methacin-resistant splenic suppressor cell developed
in mice moved from germ-free to conventional condi-
tions (6) supports our concept of microbial infection
as a factor stimulating the generation of an indo-
methacin-resistant suppressor cell that can be distin-
guished from the naturally occurring suppressor cell.
It seems likely that the cell described by Mattingly
et al. (6) and the infection-induced suppressor cell
described in the present experiments may be derived
from the same cell lineage.

These experiments have shown that the infection-
induced suppressor cell is the dominant factor deter-
mining the immune responsiveness of splenic lympho-
cytes from pyelonephritic animals, but unlike the
naturally occurring suppressor cell, the immunosup-
pressive activity of the infection-induced suppressor
cell is not inhibited by indomethacin. Our intention is
to use both these cells as models to study the role
of suppressor cells in the pathogenesis of infectious
disease in man.
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