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Immunosuppression has been reported to occur in several protozoan parasitic
infections. The significance of this suppression on host resistance or on parasite
avoidance of immune destruction has not, however, been determined. In the
present study two strains of mice that differ with respect to resistance to
Trypanosoma cruzi were examined during the course of infection for differences
in expression of suppression of blastogenic responses to phytohemagglutinin and
an antigen preparation of these parasites. It was found that in vitro blastogenic
responses were suppressed in both strains of mice: on day 12 for C57BL/6 mice
(resistant strain) and on day 17 for C3H(He) mice (susceptible strain). Neither
C3H(He) nor C57BL/6 lymph node cells (LNC) responded to a crude sonically
treated antigen of these parasites, although C57BL/6 LNC were inhibited by this
antigen later in infection. There was no abrogation of suppression of LNC
responses late in infection, when decreases in spleen weight or total spleen cell
numbers occurred, in the resistant C57BL/6 mice. LNC from normal uninfected
mice were found to be completely suppressed in responsiveness to phytohemag-
glutinin when cultured at a 2:1 ratio with LNC from C57BL/6 mice with 18-day
infections. Attempts to characterize the cell type responsible for this suppression
showed it to be a non-thy 1.2-bearing, nylon wool-adherent cell.

Suppression of cell-mediated responses has
been observed in tumor systems and systemic
infections (4). Recently, suppression of immune
responses has also been shown to develop during
the course of several protozoan and metazoan
parasitic infections. Of the protozoans, Trypa-
nosoma congolense (8), Trypanosoma brucei
(1), Trypanosoma musculi (2), Trypanosoma
cruzi (11), and Toxoplasma gondii (12) have
been shown to nonspecifically suppress cellular
immune responses in their mammalian hosts.
The significance, if any, of this suppression phe-
nomenon on the development of protective im-
munity to these parasites, however, has not been
determined.
As part of continuing studies on the immu-

nobiology of the host-parasite relationship in
experimental Chagas' disease, we present here
results of a study of the relationship of nonspe-
cific immunosuppression to resistance to T.
cruzi in two strains of mice (C3H and C57BL/6)
that differ in their resistance to these parasites
(9). Delayed hypersensitivity responses to an

antigenic extract of the parasite and in vitro
blastogenic responses to this antigen and phy-
tohemagglutinin (PHA), as manifestations of
cell-mediated immunity, were assayed during
the course of infection. The cellular basis of the
observed suppression was examined, and the

relationship of resistance to the parasite and the
suppressed state are discussed.

MATERIALS AND METHODS
Animals. C3H(He) Dub females were purchased

from Flow Research Laboratories, Inc. (Dublin, Va.).
C57BL/6J female mice were obtained from Jackson
Laboratories (Bar Harbor, Me.). Animals were housed
six to a cage and given Purina Laboratory Chow and
water ad libitum. C57BL mice have been shown to be
significantly more resistant to T. cruzi than are C3H
mice (9; R. E. Kuhn, E. C. Rowland, and D. S. Cun-
ningham, submitted for publication).

Antigen preparation. Culture forms of T. cruzi
were grown in LIT medium (7), harvested, and washed
three times in cold phosphate-buffered saline, and the
final concentration was adjusted to 5 x 108 trypano-
somes per ml and subjected to sonic treatment for 3
min at 20% intensity with a %-inch (ca. 1.0 cm) probe
(Biosonic, Bronwill Scientific Inc., Rochester, N.Y.).
The result was a crude sonically treated antigen
(CSA), quantified as 5 x 108 trypanosome equivalents
per ml.

Delayed hypersensitivity assay. Dermal reactiv-
ity of mice during T. cruzi infection was examined by
measuring the induration of the ear after injection of
CSA. Preliminary experiments had shown that maxi-
mum responsiveness could be elicited with a challenge
of 106 trypanosome equivalents; therefore, the left ear

of a mouse was injected intradermally (27-gauge
needle) with 106 trypanosome equivalents in phos-
phate-buffered saline in a total volume of 0.02 ml, and
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the right ear received 0.02 ml of phosphate-buffered
saline as a control. Ear thickness was measured before
injection and 5, 24, and 48 h postinjection, using an
engineer's micrometer.

Blastogenic assay. Lymph node cells (LNC) were
obtained from both uninfected and infected C3H(He)
and C57BL/6 mice from the axillary, brachial, in-
guinal, and mesenteric lymph nodes, which were
teased apart in cold RPMI 1640 (Grand Island Biolog-
ical Co., Grand Island, N.Y.) containing fetal bovine
serum (10%). The resultant suspension was passed
through a small-mesh (20-gauge) stainless steel screen.
Culturing procedures followed the method of Colley
(3). LNC (4 x 106) in 2 ml of RPMI 1640 fortified with
fetal bovine serum (10%) plus penicillin G (100 Ag/ml)
and streptomycin sulfate (50 ,ug/ml) were cultured in
plastic test tubes (Falcon 2003). Appropriate cultures
received either 2 ld of PHA P (Difco Laboratories,
Detroit, Mich.) or 5 x 10" trypanosome equivalents of
CSA per tube. Cultures were incubated at 37°C in a
5% C02-95% air atmosphere for 3 days. Eight hours
before harvesting the cultures, 2 ItCi of [:3H]thymidine
(specific activity, 2 Ci/nmol; New England Nuclear
Corp., Boston, Mass.) was added to each culture. At
the end of the labeling period the cultures were cooled
to 4°C and washed twice with cold phosphate-buffered
saline. Bovine serum albumin (0.5 mg per culture) was
added as a carrier, and precipitation was effected by
addition of 2 ml of cold 10% trichloroacetic acid. Two
hours later the cultures were centrifuged, the resulting
pellet was dissolved in 0.5 ml of 0.2 N NaOH, and 2 ml
of cold 10% trichloroacetic acid was added for a second
precipitation. After centrifugation the pellets were
hydrolyzed with 0.5 ml of 0.5 N NaOH, neutralized
with 4 drops of 5% acetic acid, and placed in scintilla-
tion vials containing toluene, phosphors, and 10% Bio-
solve BBS-3 (Beckman Instruments, Fullerton, Calif.).
The samples were counted in a Beckman scintillation
counter, and a stimulation index (SI) for the antigen
or mitogen added to the experimental cultures was
calculated as follows: SI = mean counts per minute of
experimental cultures/mean counts per minute of un-
stimulated control cultures.
Lymphoid separation on nylon wool columns.

Separation of LNC was done by the method of Gravely
and Kreier (5). Briefly, 0.6 g of nylon wool (E. I.
duPont de Nemours & Co., Wilmington, Del.) was
packed into a 10-cm3 plastic syringe and sterilized.
The column was washed with 20 ml of RPMI
1640-fetal bovine serum (10%) and incubated at 370C
for 1 h. After rinsing with 5 ml of medium, 2 ml of the
cell suspension was gently layered onto the column
and overlaid with 1 ml of medium. The column was
sealed and incubated for 45 min at 37°C. Twenty-five
milliliters of medium was then passed through the
column, and the nonadherent cells were collected. The
nylon wool was removed from the syringe and placed
in a petri dish with cold medium. Adherent cells were
collected by gentle squeezing of the nylon wool with
forceps. After harvesting, adherent and nonadherent
cells were washed once by centrifugation, resuspended
in fresh medium, and adjusted to the desired concen-
tration.

Anti-thy 1.2 treatment. Anti-thy 1.2 antiserum
produced in AKR mice against C58 thymocytes was

kindly provided by Max Proffitt, Cleveland Clinic
Foundation (Cleveland, Ohio), and selective T-cell
depletion of LNC was done as described by Proffitt et
al. (10). LNC from 24-day infected C57BL/6 mice were
concentrated to 2 x 107 cells per ml of RPMI 1640.
Five milliliters of this suspension was added to 5 ml of
a 1:256 dilution of anti-thy 1.2 antiserum in RPMI
1640 and mixed continuously for 15 min at room
temperature. The tube was then filled with cold RPMI
1640 and centrifuged, and the supernatant was re-
moved. The pellet was suspended in Rabbit Low-Tox
complement (Cedarline Laboratories, Hicksville,
N.Y.) at a final dilution of 1:15 in RPMI 1640 and
incubated at 37°C for 30 min. The tube was again
filled with cold medium and centrifuged, and the su-
pernatant was removed. The cells were treated for a
second time with the anti-thy 1.2-plus-complement
procedure, after which they were resuspended in
RPMI 1640. (The final cell suspension was found by
trypan blue dye exclusion to contain 73% viable cells.)

Statistics. Differences in in vitro responsiveness of
LNC from normal or infected mice to PHA or CSA
were determined using Student's t test and were con-
sidered significant when P < 0.05. Significant differ-
ences in dermal hypersensitivity to CSA in infected
mice were determined with the Student-Newman-
Keuls multiple comparison test. A single-factor anal-
ysis of variance was used to determine significant
differences in the experiments using cell mixing or
anti-thy 1.2 treatment of LNC (13).

RESULTS
Changes in spleen and lymph node weights

(axillary and brachial pairs weighed together) in
C3H(He) and C57BL/6 mice during T. cruzi
infection are shown in Fig. 1. The spleens and
lymph nodes from infected C3H(He) mice in-
creased rapidly in weight until death. Infected
C57BL/6 mice had undergone a fivefold increase
in lymphoid organ weight by day 22 of infection,
but the weight decreased thereafter.
Delayed hypersensitivity responses to antigen

challenge in 14-day-infected C3H(He) mice and
14-, 21-, and 28-day-infected C57BL/6 mice were
not significantly different from control responses
to phosphate-buffered saline (Table 1). How-
ever, the group of C57BL/6 mice infected for 79
days exhibited a significant (P < 0.01) response
within 24 h of the CSA challenge. Therefore, no
in vivo dermal response to T. cruzi antigen
challenge was observed in acutely infected mice.
The responses of LNC from C3H(He) and

C57BL/6 mice to CSA and PHA are depicted in
Fig. 2. LNC from normal C3H(He) mice dis-
played no response to CSA but responded sig-
nificantly to PHA. Likewise, lymphocytes from
infected C3H(He) mice did not display any pro-
liferative response to CSA, whereas PHA in-
duced significant responses in cultures from an-
imals infected for 7 and 12 days. However, ex-
posure of lymphocytes from mice with 17-day
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500 i TABLE 1. Delayed hypersensitivity to a CSA in
I 2 l C3H(He) and C57BL/6 mice infected with T. cruzi

* I
A a a I A I .

I

/L

Induration, mm (± standard
Day of Mouse Treat- error)

tionfe strain menttion 5 h 24 h 48 h

14 C3H(He) PBS" 0.023 0.018 0.013
(0.003) (0.003) (0.008)

CSA 0.025 0.015 0.010
(0.007) (0.005) (0.006)

14 C57BL/6 PBS 0.023 0.018 0.001
(0.005) (0.009) (0.011)

CSA 0.048 0.025 0.015
(0.011) (0.005) (0.007)

21 C57BL/6 PBS 0.048 0.018 0.010
(0.003) (0.008) (0.018)

CSA 0.048 0.028 0.025
(0.003) (0.013) (0.003)

28 C57BL/6 PBS 0.015 0.038 0.040
(0.015) (0.013) (0.010)

CSA 0.023 0.050 0.027
(0.008) (0.007) (0.008)

79 C57BL/6 PBS ND" 0.020 ND
(0.01 1),

CSA ND 0.090' ND
(0.011)

7 17 27 37 47 a PBS, Phosphate-buffered saline.
'ND, Not done.

DAY OF INFECTION 'Significantly different from control (P < 0.01).
FIG. 1. Spleen and lymph node weights ofC3H(He)

(0) and C57BL/6 (0) mice during infections with T.
cruzi. Data presented are means (± standard error).
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infections to PHA resulted in blastogenic activ- 4_
ity that was suppressed significantly below con-

trols (SI = 0.37). 3.
Uninfected C57BL/6 mice also showed no re-

sponse to CSA but responded significantly to x 2-
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dose-related phenomenon was examined by cul-

turing C57BL/6 lymphocytes from day-22 in-
fected animals with increasing concentrations of
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TABLE 2. Blastogenic response ofLNC from
C57BL/6 mice to varying doses ofPHA when tested

on day 24 of infection with T. cruzi

PHA (pl) cpm (± standard silerror)

0 5,113 (460.5)
0.5 656 (200.0) 0.13
2 232 (15.7) 0.05
10 197 (15.0) 0.04
50 138 (10.8) 0.03

a In each case, P < 0.001.

PHA could reduce the response of normal LNC
(NLNC) to PHA, increasing numbers of LNC
from C57BL/6 mice infected for 18 to 25 days
with T. cruzi were added to cultures of NLNC.
The results of two of these experiments are
shown in Fig. 3. In experiment 1 (Fig. 3) the
response of NLNC to PHA was not affected by
the presence of either 1.25 x 105 ILNC per
culture (a ratio of 32 NLNC:1 ILNC) or 5 x 105
ILNC (8 NLNC:1 ILNC). However, the addition
of 2 x 106 ILNC (2 NLNC:1 ILNC) significantly
reduced the PHA response ofNLNC. In a repeat
of this experiment (Fig. 3, experiment 2) similar
results were obtained, with normal cells being
suppressed when cultured at a ratio of 2 NLNC:1
ILNC.
To determine the response characteristics of

populations of infected lymphocytes, LNC from
C57BL/6 mice infected for 21 days were sepa-
rated on a nylon wool column and assayed for
their in vitro response to PHA. (Of the cells
separated on the column, 60 to 70% were adher-
ent and 30 to 40% were nonadherent.) The re-
sults indicate that adherent and nonadherent
cells, when cultured together in the proper pro-
portions (in this case, 1.2 x 106 adherent plus 0.8
x 106 nonadherent cells per ml), exhibited sup-
pression in responsiveness to PHA (Fig. 4).
When the adherent population of lymphocytes
was cultured alone, PHA stimulation resulted in
a significant reduction of proliferation, com-
pared with controls (SI = 0.003). Alternatively,
the nonadherent cells from infected mice re-
sponded significantly to PHA (SI = 6.94 [Fig.
4]).

In an effort to characterize the suppressor
cells further, ILNC from C57BL/6 mice infected
24 days were treated with anti-thy 1.2 antiserum
plus complement and assayed for their blasto-
genic response to PHA. The proliferative re-
sponses to PHA of both untreated and anti-thy
1.2-treated ILNC were suppressed (Fig. 5). It
appears, therefore, that suppressor LNC were
not sensitive to the anti-thy 1.2 treatment.

DISCUSSION
The observation that C3H(He) and C57BL/6

mice are both suppressed during the course of
T. cruzi infection and that the more resistant
C57BL/6 mouse is suppressed earlier and to a
greater degree than the more susceptible
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FIc. 3. Effect ofLNC from T. cruzi-infected mice

on the in vitro blastogenic response ofNLNC to PHA.
ILNC were added to cultures of4 x 1I0 NLNC. Data
presented are mean counts per minute ± standard
error for unstimulated control (open bars) and PHA-
stimulated (striped bars) cultures. Significant differ-
ences from control cultures are denoted by * (P <
0.05) and ** (P < 0.01).
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FIG. 5. Effect ofanti-thy 1.2 treatment on the blas-

togenic response ofLNC from T. cruzi-infected mice
to PHA. Data reported are means (± standard error)
for unstimulated control (open bars) and PHA-stim-
ulated (striped bars) cultures. Significant difference
from control cultures is denoted by * (P < 0.001).

C3H(He) mouse is enigmatic. Should the expres-

sion of immunosuppression of cellular responses
during the course of protozoan parasitic infec-
tions be a means of parasite avoidance of im-
mune destruction, it is not reflected in resistance
or susceptibility to T. cruzi under the conditions
used in these experiments.
The significance, if any, of immunosuppres-

sion during experimental Chagas' disease was
not determined in this study. It was shown,
however, that a suppressor cell was induced
during the course of infection and was capable
of suppressing NLNC responses to PHA. This
suppressor cell was shown not to be a typical T-
cell in that it was adherent to nylon wool and
not sensitive to anti-thy 1.2 antiserum and com-

plement. Jayawardina and Waksman (6) have
found a similar situation in mice with T. brucei
infections, as have J. F. Albright, J. W. Albright,
and D. G. Dusanic (personal communication),
studying T. musculi infections.

It was of interest that C57BL/6 mice showed
no abrogation of immunosuppression well past
the typical acute phase, when spleen weight and
total spleen cell numbers decreased to normal
values. This is in contrast to the report by Al-
bright et al. (2), which showed that immune
responsiveness of T. musculi-infected mice was

reestablished as the spleen decreased in weight
after the acute infection.
This observed difference in the T. musculi

versus T. cruzi systems mentioned above points
out that, although immunosuppression seems to
be a phenomenon common to many host-para-
site systems, considerable caution must be ex-
ercised in attempting to generalize the signifi-
cance of this phenomenon, or mechanisms that
regulate it, in inherently different host-parasite
systems.
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