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Splenomegaly resulting from Trypanosoma musculi infection was found to be
dependent upon a functioning T-lymphocyte system. When both humoral and
cell-mediated immune systems were suppressed by treatment with cyclophospha-
mide 2 days after infection, splenomegaly was inhibited for about 6 days. However,
when only humoral immunity was suppressed by treatment with cyclophospha-
mide 3 days before infection, splenomegaly still occurred. In addition, splenomeg-
aly was absent in congenitally athymic nude mice. Nude mice and immunologi-
cally intact heterozygote mice were also sacrificed at varying times after infection,
and spleens were examined histologically. A lymphocytic hyperplasia was ob-
served in immunologically intact mice but not in nude mice. These data indicate
that splenomegaly in T. musculi infections is T cell dependent and that spleno-
megaly is the result of a proliferation of B and/or T lymphocytes.

Splenomegaly has long been recognized as a
characteristic feature of several protozoan dis-
eases, including trypanosomiasis, malaria, and
leishmaniasis. However, until recently there has
been relatively little information pertaining to
the actual mechanism of splenomegaly. Jaya-
wardena et al. (4) and Roberts and Weidanz (7)
have demonstrated that splenomegaly in murine
malaria (Plasmodium berghei yoelii) is a T cell-
dependent phenomenon. Moreover, Wyler and
Gallin (12) have isolated a chemotactic factor
for mononuclear cells from spleens of mice in-
fected with P. berghei yoelii. They also found
that this factor was T cell dependent and sug-
gested that it may be responsible in part for the
development of splenomegaly in malaria-in-
fected animals. Trypanosoma musculi infections
are also characterized by a marked splenomegaly
which occurs concomitantly with the onset of
patency, increasing about eightfold by 15 days
after infection and subsiding shortly after the
resolution of the infection. Although it has been
reported that splenomegaly during T. musculi
infections is largely the result of a lymphoid
hyperplasia (1), little is known about whether
this splenomegaly is dependent upon an intact
B- and/or T-lymphocyte system. In this report
we will demonstrate that splenomegaly in mu-
rine trypanosomiasis is a T cell-dependent phe-
nomenon.

MATERIALS AND METHODS
Experimental animals. Mice utilized in the cyclo-

phosphamide (Cy) and histopathology experiments

were BALB/c Sp Crl NCTR females 6 to 8 weeks of
age and were housed under conventional conditions in
the university animal facility. Nude mice (nu/nu) and
mice heterozygous for the nude trait (nu/+) with a
BALB/c background were reared in our closed colony
under separate but similar conventional conditions.
Both male and female nu/nu and nu/+ mice of varying
ages were included in these experiments and were
distributed randomly among groups.
Experimental infection. The strain of T. musculi

was originally obtained from the American Type Cul-
ture Collection (Rockville, Md.) and is passaged rou-
tinely in mice in our laboratory. Parasitemias were
assessed by diluting heparinized blood drawn from the
retroorbital plexus in saline containing 0.004% For-
malin and counting the immobilized trypanosomes in
a hemocytometer (11). For infection purposes, trypan-
osomes were suspended in phosphate-buffered saline,
pH 7.4. Mice were routinely infected with 105 trypan-
osomes by the intraperitoneal route.
Assessment of splenomegaly. Immediately upon

sacrifice of the mice, spleen weights were determined.
Splenomegaly was expressed in terms of the relative
spleen weight, which was calculated by dividing the
spleen weight by the total body weight. This figure
was multiplied by a factor of 100 to facilitate data
presentation.
Cy administration. Mice were injected intraperi-

toneally either 3 days before or 2 days after infection
with T. musculi with 300 mg of Cy (Mead-Johnson,
Evansville, Ind.) per kg. The dose of Cy was routinely
dissolved in phosphate-buffered saline.

RESULTS
Mice were infected with 105 trypanosomes,

and relative spleen weights and parasitemias
were determined on groups of four mice at var-
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ious intervals after infection. Parasitemias be-
came patent 3 days after infection and reached
peak levels by day 11 (Fig. 1). Splenomegaly was
evident 7 days after infection, and by day 15 the
relative spleen weight had increased fivefold.
Although the relative spleen weight decreased
after day 15, it was still slightly elevated 10 days
after the parasitemia had cleared. When this
experiment was repeated with daily measure-
ments, the relative spleen weight increased as
early as 4 days after infection and doubled by 5
days after infection.
To determine whether splenomegaly was de-

pendent upon an intact immune response, we
treated mice with Cy 2 days after infection. It
has been shown previously that acquired im-
munity to an antigen can be suppressed by Cy
administered shortly after the antigen (9). Be-
cause we were primarily interested in whether
Cy prevented or delayed the onset of spleno-
megaly, we restricted our observation period to
the first 12 days of the infection. When mice
were treated with Cy, splenomegaly was in-
hibited for about 6 days after infection (Fig. 2).
The relative spleen weight in treated mice in-
creased by day 9 but remained significantly less
than that of the control mice. Treatment with
Cy resulted in greatly increased levels of para-
sites during the observation period. In a separate
experiment, a group of mice were treated with
Cy but were not infected (data not shown).
Relative spleen weights declined from 0.5 to 0.2
by 3 days after Cy treatment but increased to
0.8 by day 9 and remained at this level for as
long as 21 days after treatment.
Because these data suggested that splenomeg-

aly is dependent upon an intact immune re-
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sponse, we next wanted to determine the effect
of selective depression of B cells on the devel-
opment of splenomegaly during T. musculi in-
fection. Mice were treated with Cy 3 days before
infection because others have shown that this
regimen will selectively depress humoral but not
cell-mediated responses (8). Although the rela-
tive spleen weight of Cy-treated mice was lower
than that of the untreated mice at the time of
the infection, the spleens of Cy-treated mice
increased in weight at the same rate as those of
the controls and by 12 days after infection had
surpassed the control values (Fig. 3). On the
other hand, parasitemias in Cy-treated mice at-
tained higher levels than in untreated mice by
day 12. These data suggested that splenomegaly
during T. musculi infection is a B cell-independ-
ent phenomenon.
To determine whether T cells are essential for

splenomegaly to occur, we measured the relative
spleen weights in groups of four nu/nu and four
nu/+ mice at various intervals after infection.
There was a significant difference between the
relative spleen weights of nu/+ and nu/nu mice
during the course of T. musculi infection (Fig.
4). Whereas the relative spleen weight in nu/+
mice increased fivefold by 15 days after infection,
it only increased twofold in nu/nu mice. More-
over, the parasitemias in nu/nu mice continued
to increase until the end of the observation
period in contrast to parasitemias in nu/+ mice,
which resolved by day 24.
Because splenomegaly was essentially absent

in nu/nu mice, we next wanted to determine
how the spleens of infected nu/nu and nu/+
mice differed histologically. Groups of three
nu/nu and three nu/+ mice were sacrificed at
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FIG. 1. Splenomegaly resulting from infection with T. musculi. Each point is the mean of four mice. The
standard deviation is indicated for the relative spleen weight. Symbols: 0, relative spleen weight; 0,
parasitemia.
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FIG. 2. Inhibition of splenomegaly by Cy given 2 days after infection. Each point is the mean offour mice.

(a) Relative spleen weights ± standard deviation. The level ofsignificance, according to a one-tailed t test, is
given for each pair of values. (b) Parasitemia. Symbols: 0, Cy-treated; 0, control.

various intervals after infection with T. musculi.
All spleen sections were stained with hematox-
ylin and eosin. At 3 days after infection, there
was only slight evidence of stimulation in the
spleens of nu/+ mice, with mitosis occurring in
both germinal centers and the periarteriolar
lymphatic sheath. Lymphocytic hyperplasia was
apparent in the spleens of nu/+ mice beginning
on day 6, with coalescence of lymphatic nodules
observed on days 9 through 15. Lymphocytic
hyperplasia was still obvious by day 30. In con-
trast, lymphocytic hyperplasia was not observed
in the spleens of infected nu/nu mice, although
there was an increase in the numbers of imma-
ture lymphoid cells in the periarteriolar lym-
phatic sheath. As expected, theT cell-dependent
areas ofthe periarteriolar lymphatic sheath were
depleted of lymphocytes. Increased extramedul-
lary hematopoiesis was observed in both groups

of mice beginning on day 6 and was still present
on day 21 of the infection. Whereas an increase
in macrophage numbers was not apparent in
nu/+ mice, a slight increase in macrophage num-
bers was noted in the red pulp of nu/nu mice
throughout the course of the infection.

DISCUSSION
In this investigation, we have demonstrated

that splenomegaly resulting from infection with
T. musculi is dependent upon the T-lymphocyte
system. This was accomplished by observing the
course of splenomegaly in mice with selective
immune deficiencies which either were induced
by Cy or were genetically determined (nu/nu).
Splenomegaly was inhibited in mice treated 2

days after infection with Cy but was not affected
when mice were treated 3 days before infection.
Cy has been shown to be an effective immuno-
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FIG. 3. Cy treatment 3 days before infection does not inhibit splenomegaly. Each point is the mean offour

mice. (a) Relative spleen weights ± standard deviation. The level of significance is given for each pair of
values. (b) Parasitemia. Symbols: *, Cy-treated; 0, control.

suppressant of both humoral and cell-mediated
immunity when administered shortly after im-
munization (9). However, it has also been dem-
onstrated that when Cy is given 2 to 3 days
before sensitization, B-cell and suppressor-cell
function will be selectively depressed (8, 10, 13).
T-cell function is also depressed but recovers by
about 3 days after treatment (8). Thus, when Cy
was injected into mice 2 days after infection,
both humoral and cell-mediated responses to T.
musculi were depressed. That immunosuppres-
sion occurred is evidenced by the greatly in-
creased parasitemia. The inhibition of spleno-
megaly for the first 6 days of the infection could
be attributed to a suppression of the immune
response. It is interesting to note that spleno-
megaly occurred about the time that T-cell ac-
tivity is reported to recover. However, recently
Buhles and Shifrine (2) reported that blood
monocyte levels are also depressed in mice for
about 3 days after treatment with 300 mg of Cy
per kg. It is possible that the depression of both

splenic and circulating monocytes was respon-
sible for the inhibition of splenomegaly. Kolb et
al. (5) also observed that spleen weight is de-
creased for 6 days after treatment with 300 mg
of Cy per kg. At 9 days, a slight splenomegaly
occurred before the spleen returned to normal
size at 12 days. Although we also observed this
phenomenon, it is unlikely that it was a major
factor in these experiments because the magni-
tude of this splenomegaly was not very great.

In contrast, splenomegaly was not inhibited
when only B cells were depressed by Cy treat-
ment before infection. The increased parasit-
emia again indicates that the Cy was indeed
immunosuppressive even when administered be-
fore the infection. Because T cells and mono-
cytes recovered shortly after Cy treatment,
whereas B cells remain depressed for about 14
days, the data suggest that splenomegaly is B
cell independent. Similarly, it has been reported
that mice rendered B cell deficient by treatment
with heterologous anti-immunoglobulin M se-
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FIG. 4. Absence of splenomegaly in nu/nu mice. Each point is the mean of four mice. (a) Relative spleen

weights ± standard deviation. The level of significance is given for each pair of values. (b) Parasitemia.
Symbols: 0, nu/nu; 0, nu/+.

rum are capable of producing splenomegaly in
response to malarial infection (7).
That splenomegaly is dependent upon the T-

cell population was shown more definitively by
the lack of splenomegaly in nu/nu mice infected
with T. musculi. It has been shown previously
that nu/nu mice are unable to resolve infections
of T. musculi and remain infected for the life-
time of the animals (6). Thus, it appears that T
cells are intimately involved in the resolution of
T. musculi infections as well as in the develop-
ment of splenomegaly. These results correspond
to those of Roberts and Weidanz (7) and Jaya-
wardena et al. (4), who reported that nude mice
and T cell-deprived mice, respectively, did not
develop splenomegaly upon infection with P.
berghei yoelii.
The exact mechanism by which T cells cause

splenomegaly remains open to speculation. Our
observations of lymphocytic hyperplasia in
nu/+ mice but not in nu/nu mice suggest that

the splenomegaly is simply a result ofan increase
in the number of cells because of an immune
response to the parasite. These observations
support those of Albright et al. (1), who found
that the number of T cells in the spleen in-
creased about 10-fold whereas B cells increased
only about 5-fold. The lack of splenomegaly in
nude mice could thus be easily explained by the
deficiency of functional T cells. B-cell prolifera-
tion would also be decreased in nude mice by
the lack of helper T cells necessary for the
production of T cell-dependent antibody. Al-
though there was some evidence of lymphocyte
stimulation in the spleens of nude mice, this was
not unexpected because nude mice do mount a
T cell-independent antibody response to T. mus-
culi (6). Another possible mechanism of the
splenomegaly is the recruitment of monocytes
from the peripheral blood by chemotactic factors
released from T cells, as has been proposed in
murine malaria (12). Because the proportion of
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splenic macrophages remained the same be-
tween control and infected mice, the total num-
ber of macrophages should have increased as the
spleen enlarged. Thus, it is possible that the
recruitment of macrophages may have contrib-
uted to the splenomegaly. Finally, splenic en-
largement may, to some extent, be attributed to
the increase in hemopoietic activity which was
observed in both nu/+ and nu/nu mice. Jarvi-
nen and Dalmasso (3) have reported that a slight
anemia occurs during infection with T. musculi.
The increase in hemopoietic activity is to be
expected to compensate for the erythrocyte loss.
The significance of the splenomegaly is two-

fold. First, splenomegaly represents a massive
immune response to the parasite as indicated by
the lymphocytic hyperplasia. Because T. mus-
culi is a blood parasite, the spleen plays a central
role in the sensitization and proliferation of B
and T cells and the resulting production of an-
tibody. Splenic enlargement in this system is
essentially an indication of the intensity of this
response. Furthermore, splenomegaly is an in-
dication of the T-cell response to the parasite.
Second, splenomegaly provides for an increase
in the number of macrophages available to elim-
inate parasites from the system. Whether the
macrophages eliminate parasites by opsoniza-
tion or are activated by T-cell lymphokines re-
mains to be determined. Splenomegaly has also
been correlated to immunosuppression to het-
erologous antigens (1). However, it must be em-
phasized that the host still responds intensely to
the parasite. The immunosuppression to other
antigens may be the host's means of concentrat-
ing its efforts against the massive antigen load
placed on it by the parasite. The mechanism by
which this occurs is extremely important in
terms of host-parasite relationships and may be
intimately connected to splenomegaly.
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