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ABSTRACT
SUPPRESSION OF HUMAN T LYMPHOCYTE RESPONSES BY Trypanosama cruzi
BY

Lisa Ann Beltz

Trypanosama cruzj is a parasitic protozoan of man which causes a
debilitating and often fatal disease whose early stages are accampanied
by decreased immne reactivity, the extent and underlying causes of
which were unknown. In order to address these issues, we utilized an
in vitro system in which T. cruzi trypamastigotes were co-cultured with
normal human peripheral blood monomuclear cells (PEMC). In this
system, T.. cruzi reduced PBMC proliferation following stimulation by
several mitogenic lectins or antibodies to either the T cell receptor
camplex or CD2. This reduction was not due to inadequate levels of
nitrients or mitogens or to a loss of PBMC viability after co-culture
with the parasite. T. cruzi also inhibited the growth of several but
not all immortalized cell lines. While monocytes were not required for
decreased PBMC responsiveness, parasite viability was necessary.
Similar results were cbtained when T. cruzi was separated fram cells by
a Millipore filter, demonstrating that suppression occurred via a
factor secreted by the parasite. Maximal inhibition was noted only
when T, cruzi was added to cultures within 24 hr of stimulation;
therefore, early stages of activation were affected. Interleukin 1 and
interleukin 2 (IL2) are products of stimilated monocytes and T cells,
respectively, required early during T cell activation. Following
optimal stimulation of human PBMC, production of
these lymphokines and interferon-r was unaffected by T. cruzi while the
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parasite decreased II2 and interferon-r production by mouse
splenocytes. IL2 restored proliferation of suppressed mouse but not
human lymphocytes. The inability of human T cells to respond to
endogenous or exogenous IL2 correlated with inhibited expression of II2
receptors. Both the mmber of cells bearing I12 receptors and receptor
density were decreased by T. cruzi within 12 hr. Low and high affinity
receptors were both affected. The expression of Tll3, an early
activation marker, and the transferrin receptor, a growth factor
receptor appearing late in activation, were also inhibited by T. cxuzi
while EAl, the earliest reported activation marker of T cells, was
unaffected. Suppression of hman T cell functions by T. cruzi is thus
selective, with the key events lying not in altered lymphokine
production but rather in decreased expression of crucial growth factor

receptors.
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INTRODUCTION

I. Trypanosama cruzi: an overview

Trypancsama cruzi is the hemoflagellated protozoan which is the
causative agent of Chagas' disease. Fifteen to twenty million people
are estimated to be infected with this parasite and an additional forty
to forty-five million are at risk of acquiring the infection (1).
While the vast majority of the cases have been confined to the tropical
and subtropical regions of South and Central America, several reports
have demonstrated instances of human infection acquired in the United
States (2-4), where a high percentage of inte:meda.ate invertebrate and
vertebrate hosts harboring T. cruzi has been found in some geographical
regions (5).

Chagas' disease can be divided into three phases: acute, latent,
and chronic. The early, acute phase may be asymptamatic and occurs
most frequently in children (5). Diagnosis may be made by the presence
of an indurated skin lesion (chagoma) or an unilateral edema of the
eyelid, conjunctivitis, and enlarged satellite lymph node (Romana's
sign) (5,6). Parasitemia may also be demonstrated at this time and
diminishes within two to three months. Other possible manifestations
include fever, hepatosplencmegaly, lymphadencpathy, lymphocytosis, EKG
alterations, heart failure, and meningoencephalitis (5,6). Mortality
during the acute stage of infection is five to ten percent (5,7).
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After a latent period of variable length, lasting up to twenty or
thirty years, a percentage of those infected pass into the more severe,
chronic stage of the disease. This stage is characterized by damage to
the cardiovascular system (myocarditis, cardiac failure) or the
digestive system (megacolon or megaesophagus), as well as nervous
tissue (5,8-10). Ten percvent of the deaths among adults may be due to
chronic Chagas' disease in same regions of Central and South America
(11) .

Most of the early descriptions of parasite morphology and life
cycle are the work of Carlos Chagas (reviewed in 5). The life cycle of
this parasite involves transmission between an invertebrate host of the
family Reduviidae, subfamily Triatominae, and a vertebrate host. A
wide range of mammals serve as suitable hosts: these include man,
domestic animals, and rodents, as well as sylvatic reservoirs.
Amphibians and birds are refractory to infection (12,13).

Infection of the mammalian host begins when the elangated, flagel-
lated metacyclic trypamastigotes from the insect feces are rubbed into
mucosa or the site of a redquviid bite. The trypamastigotes invade
nearby cells (especially those of the muscular tissues or the reticulo-
endothelial system) and transform into the amastigote form. The latter
multiply by binary fission in the host cell's cytoplasm and then
transform into nondividing bloodstream trypamastigotes which are
released fram the bursting host cell. These trypomastigotes may either
invade other cells to continue the mammalian cycle or may be ingested
by a reduviid bug during a blood meal. In the vector's midgut,
trypamastigotes transform into epimastigotes, the dividing form in the
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insect. After passage to the hindgut, the epimastigotes transform into
the infective metacyclic trypamastigotes.

II. Immmnosuppression caused by T. cruzi
Both the cellular and humoral arms of the immmne system play

important roles in host defense during the latent and chronic phases of
Chagas' disease (reviewed in 5 and 14). The early, acute stage of
infection in humans and mice, however, is characterized by a state of
specific and nonspecific immmnosuppression. This condition is not
unique to T. cruzji infection, occurring in several other parasitic
diseases as well. Several reports have demonstrated the occurrence of
suppressed cell-mediated responses in mmans during the acute phase of
the disease (15,16). This phenamenon is accampanied by an increase in
the absolute mmber of CD8* T suppressor/cytotoxic cells and a decrease
in the mmber of cD4* T helper lymphocytes (16). Cellular immmnity, as
measured by lymphocyte blastogenesis and delayed-type hypersensitivity
reactions, returns to normal levels during the chronic stage (17-19).
Studies of the underlying mechanism(s) of this acute phase immnosup-
pression have not been undertaken in hman infection, perhaps due in
part to the difficulty in cbtaining and/or diagnosing patients during
this phase of the disease. -

The vast majority of studies of T, cruzi-induced immmosuppression
have utilized the mouse model system. Cell-mediated immmne responses
are inhibited in mice during the acute phase of infection. Splenocytes
from these mice exhibit decreased blastogenic responses to the T cell
mitogens concanavalin A (Con A) and phytchemagglutinin (PHA) and to the



5
B cell mitogens lipopolysaccharide (LPS) and dextran sulfate (20-27).
Partial to camplete recovery of these responses occurs during the
chronic phase (24-26). Proliferative responses to trypanosomal
antigens are also inhibited during the acute but not the chronic stage
of the disease in the moderately susceptible CBA/J and resistant C57
BI/6 mice (25,26), whereas in the more susceptible C3H/HeJ mice, the
suppression extends into the chronic phase as well (26). In addition
to decreased proliferative responses, T cells from T, cruzi-infected
mice are also defective in providing helper activity to B lymphocytes
(28).

When either epimastigotes (27,29) or bloodstream trypamastigotes
(29,30) are added to cultures of splenocytes fram uninfected mice,
there is a significant reduction in the blastogenic response to Con A
and IPS. This decrease is produced only when the parasite is present
during the initial 24 hours of stimulation (29,30), suggesting that the
suppressive event occurs at an early stage of lymphocyte activation.

T. cruzi also inhibits the delayed-type hypersensitivity reaction
to skin sensitizing agents (21,31) and trypanosamal antigens (21,32)
during the acute phase of the disease. The inhibition in the response
to T. cruzi antigens persists into the chronic phase while
reponsiveness to an unrelated antigen is restored (33). Spleen cells
from acutely but not from chronically infected mice are also unable to
produce migration inhibitory factor in vitro (32,34).

The humoral arm of the immme system is also affected by T. cruzi
infection. Splenocytes from acutely infected mice display deficient

rumbers of plague-forming cells (PFC) to both T cell-dependent
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(heterologous erythrocytes, trinitrophenyl-bovine serum albumin) and
-independent (di- and trinitrophenyl-Ficoll, Brucella abortus, LPS)
antigens in vitryo (26,35-41). The decrease in IgG but not IgM PFC
persists well into the chronic phase (40,41). Both primary and
secondary IgG responses are affected, while only the primary IgM
response is reduced (36,38). A restriction in the IgG isotype profile
in the sera of chronically infected mice has also been noted; the
predaminant isotype being IgG2, with deficient production of IgGl and
IgG3 (42).

A nmumber of mechanisms have been suggested to play a causative
role in the above noted immmnosuppression. Several researchers have
reported the presence of suppressor T cells which decreased T and B
cell proliferation (22), delayed-type hypersensitivity reactions (33),
and IgG production (40). Other workers, however, have shown that the
removal of Iyt 2.1 or Thyl positive cells does not lead to a decrease
in suppressive activity (20,25,43,44). Ancther cell type which has
been demonstrated to play a role in T. cruzi-induced immmosuppression
is the suppressor macrophage, which has been shown to decrease blasto~-
genic responses (20,26,39,45) and the mmber of PFC (39,46). Indometh-
acin was shown to increase responsiveness (45), suggesting the
involvement of PGE,. Other macrophage functions which are required for
immne responses, such as antigen uptake and presentation, expression
of major histocampatibility complex (MHC) antigens, and release of
interleukin 1, are not altered by T. cxuzi infection (35,36,47).
Decreased mmbers of splenic T cells (24,44) and polyclonal activation
of B (38,48,49) and T (49-51) cell responses, leading to clonal
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depletion, have also been suggested to have a part in causing the
immmosuppression. Interleukin 2 (I12) production is also decreased in
stimilated splenocytes fram infected mice (47,52). Since this
lymphokine plays a vital role in both T and B cell responses (see
Interleukin 2), the decrease in II2 levels may be partially responsible
for the deficiency in lymphocyte responsiveness.

Various soluble factors have also been suggested to play a role in
T. cruzi-induced immmodeficiency. The first such factor to be
reported was found in the serum of acutely infected animals (37,50,53-
56): this work was not reproducible and was later retracted by the
authors (57). Another factor was reported by this group of researchers
to be present in the culture supernatant of splenocytes fram infected
mice (54,58) and acts only on syngeneic splenocytes. Recently, ancther
suppressive factor from these culture supernatants has been reported
(59). This factor has a molecular weight of 14 to 15 K4, a pI of 6.6,
is not haplotype-restricted and is believed to be of host cell origin.
Finally, cultures of infected splenocytes are reported to produce a
suppressive factor when incubated with epimastigotes, trypamastigotes,
or the 104,000 x g supernatant fraction of epimastigotes (60).

Several attempts have been made to overcame T. cruzi-induced
immmosuppression. Since I12 production/secretion is decreased in
spleen cells from infected mice and this lymphokine is required for T
cell proliferation as well as for B cell differentation (see Inter-
leukin 2), several groups of researchers have tried to overcame the
suppressive effect of the parasite by the addition of exogenous I12 to
cultures of splenocytes from infected mice. T cell blastogenic
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responses to Con A stimilation were not restored (47), while a recovery
of B cell responses was produced by either crude (52,61) or purified
II2 (62). IL2 was also able to restore the ability of T cells to
provide helper activity to B cells (28). When administered to infected
mice either alone (63) or in cambination with parasite antigens (64),
I12 restored the in vivo humoral responses of these mice with a
subsequent decrease in parasitemia and a slight increase in longevity.
The addition of I12 and parasite antigens is most effective in restora-
tion (64). This group has also found that the administration of
parasite antigens alone is able to overcame the suppressive effect of
T. cruzi if administered more than once and given at the appropriate
time intervals (65).

ITI. An Overview of T Cell Stimulation

T lymphocyte stimilation, with the subsequent synthesis and
release of factors involved in macrophage, B lymphocyte, and natural
killer cell (NK) activation as well as in clonal expansion of antigen-
specific T cells, plays a crucial role in the host immmne response.
Several pathways of T cell activation have been reported. The most
camon means of in vivo stimulation occurs via engagement of the T cell
antigen receptor camplex (CD3-Ti). The first event to occur in this
pathway is the phagocytosis and processing of the antigen by macro-
phage/monocytes, B cells, and dendritic cells, followed by its presen—
tation to T cells in the context of the correct MHC antigen (reviewed
in 66). The T4* subset which consists of helper and suppressor-
inducer cells recognizes processed antigen in the context of MHC class
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II antigens (67). The T8' subset to which both suppressor-effector and
cytotaxic T cells belang responds to antigen plus class I MHC antigens
(67).

The processed antigen and MHC molecule are recognized by
the CD3-Ti canplex on T cells (67). CD3 (T3) is a molecule which is
found on all mature human T lymphocytes and consists of a membrane-
bound heterotrimer (68) which is non—convalently linked to Ti (69). Ti
is the clonotypically unique structure which allows specific antigen
recognition (70,71). It is a membrane-bound heterodimer belonging to
the immmoglobulin superfamily (72) whose individual chains each
undergo samatic rearrangement to provide the large diversity of
antigen-recognizing structures required by the host (73-76). Recogni-
tion of antigen plus MHC or the addition of antibodies to either Ti or
CD3 leads to a removal of the camplex from the cell surface (70,77) ard
provides the first signal in T cell activation (70,78-80).

In addition to their role in antigen presentation, macrophages, B
cells, and derdritic cells also synthesize and secrete interleukin 1
(I11) upon stimulation (81,82). This lymphokine elicits a large
variety of responses in a mmber of different cell types (83). One of
its actions is to provide a second signal in T cell stimlation (81).
Phorbol myristyl acetate is able to mimick II1 activity (84,85),
possibly through the activation of protein kinase C. The cambination
of signals provided by CD3-Ti and I1l lead to the production of
interleukin 2 (II2) and its surface receptor (II2R) (83,86).

II2 is a lymphokine synthesized and released by activated T helper
cells (87). Upon binding to its receptor, I12 transmits an intra-
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cellular signal for cell progression from the early to the late Gy
stage of the cell cycle (88,89). Resting cells bear only very low
mmbers of a low affinity form of the II2R, but upon contact with
processed antigen and ILl, T cells express greatly enhanced levels of
menmbrane-bound receptors, including same with a high affinity for II2
(see Interleukin 2 Receptors). Receptor phosphorylation (90),
activation of a Nat+/H+ pump (91), protein kinase C mobilization
(92,93), activation of an unique protein kinase (94), increased levels
of cytosolic ca*2 (95,96), inositol triphosphate generation (97), and
the inhibition of cAMP accanmilation (98) have been reported to be
involved in the signal transmission.

The synthesis of both II2 and the II2R occurs early during T cell
activation and is transcriptionally regulated. II2 mRNA is first seen
at 9 hours after stimilation and peaks at 24 hours (99,100), while IL2R
mRNA is first detectable at 3 hours and is maximal between 6 and 24
hours (100). Release of II2 by the cells occurs by 12 hours of
activation and is maximal at 48 hours (101). The expression of the
II2R on the surface of the cells begins approximately 6 hours after
stimilation and peaks at 48 hours (102). The synthesis of both II2 and
its receptor are subsequently downregulated (100,102,103).

Other events occurring during T cell activation include the
synthesis of IFN-r (See Interferon-r), the expression of several growth
factor receptors (104-108), oncogene transcription (103,109), INA
synthesis, and cell division. Most of these events are regulated at
least partially by the interaction of II2 with the II2R. The induction
of IFN-71 tzanscriptimocwrsammximtely3lnlrsafterstjmnatim,'
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peaks at 9 to 15 hours, and begins to decrease at 24 hours (100).
while several reports show that II2 may upregulate IFN-7 production,
these kinetic studies suggest that IFN-r synthesis is at least
partially independent of I12 regulation (see Interferon-r).

Transferrin is required for lymphocyte proliferation, and anti-
transferrin receptor (TfR) antibodies block thymidine incorporation in
T cells (106,110,111), indicating the vital role of this receptor in
lymphocyte blastogenesis. This growth factor receptor is expressed
late during lymphocyte activation, with its mRNA first being detectable
at 6 to 14 hours and peaking between 14 and 48 hours (100,103).
Expression of the TfR an the cell surface is detectable at 48 hours and
is maximal 72 to 96 hours later (112). The expression of this receptor
appears to be dependent on the presence of I12, and antibodies to the
II2R block the appearance of the TR on the cell surface (106),
suggesting that the II2-II2R interaction regulates the expression of
the TfR. Other growth factor receptors which are expressed at higher
levels on activated T cells include the ILl1 receptor (both high and low
affinity forms; 113), the insulin receptor (104) and the type I and II
insulin-like growth factor receptors (107).

The transcription of protooncongenes also occurs during T cell
activation (103,109). Same of oncogene mRNA, such as c-myc and c-fos,
appear early, prior to the induction of the I1L2 mRNA, while others,
such as c-myb, N-ras, and p53, are transcribed later. The expression
of the latter group is enhanced by the addition of II2 (103),
suggesting a requlatory effect of this lymphokine.
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Ultimately, the stimilated lymphocyte passes through the S and G,
phases of the cell cycle to the M phase where it undergoes division.
Thus, activation of the T cells by the CD3-Ti pathway leads to lympho-
kine production and expansion of antigen-reactive cells. Mitogenic
leétimareabletomimickﬂxisprocesshxtpmducepolyclmal lympho-
cyte activation.

In addition to the above-mentioned antigen-dependent pathway,
several antigen-independent pathways of T lymphocyte stimulation have
been reported, involving CD2 (114), Tp44 (115-117), and Tp90 (118). Of
these, the CD2 pathway has been best characterized (reviewed in 114).
The first demonstration that CD2 [the sheep erythrocyte receptor, Til,
lymphocyte function-associated antigen 2 (LFA-2), LeuS5]) may be involved
in an altermative pathway of lymphocyte activation came from the
finding that a pair of antibodies directed against two distinct
epitopes of CD2, T1l; and T1l3, were able to induce blastogenesis.

This stimulation is monocyte-independent (112). Upon stimulation with
PHA, the mmber of CD2 molecules on the cell surface increases, and
T11l; becames detectable within 24 hours. This epitope is not expressed
on resting cells and its expression is believed to result fram a change
in molecular conformation (112). An antibody directed against the T11,
epitope, which is found on all T cells, also rapidly induces Tll,
expression, in as little as 30 mimnutes (112).

The ligand of CD2 has recently been identified as LFA-3 (119,120),
a molecule expressed in endothelial, epithelial, and connective
tissues, as well as on many blood cells (121). While all T cells may
bind to an IFA-like molecule on sheep erythrocytes via CD2, only
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activated T cells bind to human erythrocytes, which express a mach
lower level of LFA-3 than sheep erythrocytes (122,123). Two forms of
LFA-3 have been characterized, one form attached to the cell membrane
by a hydrophobic C-terminus and the other via a phosphatidylinositol
tail (124,125). Both forms show significant hamology to CD2 (124).

The binding of LFA-3 to CD2 allows T cells to become responsive to
stimilation by anti-T11; (126). It is possible, therefore, that the
interaction of CD2 with LFA-3 on accesory cells triggers T1l3 expres-
sion and that the subsequent binding of this epitope to its ligand
induces antigen-indendent proliferation. This pathway may be of
particular importance for immature thymocytes which lack the CD3-Ti
camplex (114). The putative ligand of T1l, has yet to be identified.

CD2 and the CD3-Ti camplex are separate entities and are not
associated on the cell surface (127). Moreover, CD3-Ti is not required
for (D2 activation since the latter pathway is operative in CD3™
thymocytes (128). Nevertheless, the removal of CD3-Ti from the cell
surface inhibits CD2-induced proliferation (112), suggesting that the
antigen-dependent pathway may regulate CD2 responsiveness. Like
stimulation via CD3-Ti, triggering by CD2 also involves the synthesis
of II2 and the expression of II2R (128). Furthermore, CD2 activation
induces phosphorylation of CD3 (129). Taken together, these data
indicate that at least two pathways of T cell activation exist, either
antigen-dependent or -independent. These pathways involve separate
signaling molecules interacting with separate receptors but may merge
subsequent to receptor binding, with each pathway regulating the
activity of the other.
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IV. Human Interleukin 2

II2 is a lymphokine secreted by activated T cells which allows
progression from the early to the late Gl phase of the cell cycle (see
An Overview of T Cell Stimulation). It has been well characterized, at
the amino acid as well as the INA level. This lymphokine has a
molecular weight of 15 kD and consists of a 133 amino acid polypeptide
containing one intramolecular disulfide bridge (87). Although one O-
linked glycosylation site is present, carbohydrate is not neccessary
for biological activity (130-132). X-ray crystallography studies
indicate a significant amount of a helical secondary structure (133).

There exists only a single copy of the II2 gene, located on
chramosame 49 (134) . This gene contains 4 exons separated by inter-
vening sequences (135,136). The cINA for I12 has also been claned and
sequenced (137), and encodes a polypeptide of 153 amino acids, with a
putative signal sequence of 20 N-terminal residues.

I12 has been found to have a variety of activities in several

different cell types. In T lymphocytes, II2 triggers the production of
other lymphokines, the expansion of reactive claones and the generation

of cytotoxic activity (101). In B lymphocytes, I12 has been reported
to play a role in both differentiation and division (138,139), although
the former function is still a matter of controversy. II2 enhances the
cytotoxicity of monocytes and NK cells (140,141), as well as stimu-
lating the respiratory burst and degranulation of neutrophils (142).
Deficient II2 production is found in several pathological condi-
tions. These include infection with T, cruzi (47,62), Trypanosama
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brucei (143,144), Ixypanosoma congolense (145), Leishmania donovani
(146), and Myccbacterjum bovis (147), and in lepromatous leprosy (148),
pulmonary tuberculosis (149), certain types of cancer (150), systemic
lupus erythematosus (151), Hodgkin's disease (152), and AIDS (153-
155). In the first four of these infections, exogenous II2 has
restorative effects either jn vivo or on in vitro lymphocyte functions

(28,47,61-64,143-146) .

V. The Interleukin 2 Receptor (II2R)

The biological activities of I12 are mediated through the IL2R,
which, after binding its ligand, is intermalized and transported to the
lysosamal campartment where it is degraded (156). The II2R is
expressed on activated T and B lymphocytes (156-158), with the former
expressing approximately twice as many receptors as the latter (159).
Immature thymocytes (160) and IFN-7- or LPS-induced monocytes (161,162)
also bear the receptor. The expression of the II2R on T cells may be
upregulated through several agents: these include ILl (163), IL2 (164-
166), IFN-T (167,168), phorbol myristic acetate (169) and thymic
hormones (170) .

The initial binding studies using radiolabeled-II2 detected 200-
11,000 receptors on activated T cells with a Kd of 10711 to 10712
(170). Studies with 3H-anti-Tac, an antibody to the receptor which
blocks the binding of I12 (172,173), however, detected 30,000 to 60,000
II2R per cell (169). This discrepancy in receptor mmber was resolved
by studies which used a broader range of radiolabeled-I12 concentra- .
tions. These studies demonstrated the presence of two classes of
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receptors: the first class bound ligand with the previously noted high
affinity (Kd = 10711 to 10712), while the second class had a Kd of
approximately 10~8 and was represented by 40,000 to 50,000 molecules
per cell (171). Anti-Tac binds both classes of the receptor (173),
while physiological levels of II2 are believed to interact with only
the high affinity form (172). In order to further characterize the
II2R, several groups of imvestigators made use of various cell lines
from patients with cutaneous T lymphamas transformed by the human T
cell lymphotropic virus I (HTLV-1) (174). These cell lines include HUT
102, YT, and M1 and constitutively produce and express membrane-bound
II2R at 5 to 10 times higher levels than activated normal T cells
(169,175) . Additionally, several of these lines spontaneocusly release
II2 (175). Since these cells have greatly elevated mmbers of II2R,
they were used to perform the initial purification and characteriza-
tions of the receptor (176-178). Subsequent studies have shown that
the genes encoding this molecule as well as the amino acid sequences
are the same in both normal and the HTLV-1-infected lines (179,180),
although differences in molecular weight have been reported (177,178)
and are due to variations in post-translational processing (180).

Information gleaned fram the study of both HILV-1-infected cell
lines and normal lymphoblasts have revealed that the low affinity form
of the receptor is camposed of a single polypeptide chain that reacts
with the anti-Tac antibody (176-178,181). It has a molecular weight of
approximately 55 kD on lymphoblasts (50 kD on HUT102) with a pI of 5.6-
6.0, contains N- and O-linked glycosylation, and is phosphorylated and
sulfated (176-178,180). Proteolytic analysis of this molecule suggests
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the existence of two disulfide-linked damains, with the II2 binding
site in the N-terminal region (182).

Camplementary DNA for the above-mentioned p55 polypeptide has been
cloned and sequenced, and encodes a protein consisting of 251 amino
acids with a N-terminal extracellular region, a 19 amino acid trans-
membrane segment, and a predicted cytoplasmic region of 13 residues
(183-185). This last finding was unexpected since most growth factor
receptors have more extensive cytoplasmic tails, which frequently
cantain tyrosine kinase activity. This information suggested that the
P55 polypeptide may be unable to generate an intracellular signal
itself and may be associated with a separate molecule which is able to
do so.

Genamic INA for the p55 polypeptide has also been examined. There
exists only a single copy of the gene encoding this molecule and it is
located an chramosame 10 (179). The gene consists of 8 exons, of which
two, exaons 2 and 4, are believed to have arisen from a gene duplica-
tion. Interestingly, alternatively spliced mRNAs which lack the secord
of these sequences do not produce functional receptors (179). The II2R
gene has two transcription initiation sites in normal T cells (three in
HTLV-I-infected lines) and three different polyadenylation sites (179).
Two major size groups of mRNA have been found, of 1500 and 3500 base
pairs, with the 1500 base pair moieties making use of the 5'-most
polyadenylation site (183). The former group is believed to contain at
least two kinds of nRNA ard the latter, at least four, although the
actual mumber of species in each group may be greater due to the
presence of several transcription start sites as well as to altermative
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RNA splicing (186). Both of these groups contain RNA which give rise
to functional receptors (183).

When the cINA encoding the mman form of the pS5 polypeptide was
transfected into a mouse T-lymphocytic line, both low and high affinity
forms of the II2R were expressed ard the cells were able to respard to
human I12 (187). When mouse L cells were the recipients of the clNA
for either uman (187,188) or mouse (181,189) pS5, low but not high
affinity TI2R were produced. These low affinity receptors could be
cawverted to the high affinity form following the fusion of the
transfected L cells with membranes of human T cells (189). Together,
these results suggested that p55 is responsible for low affinity
binding and acts in concert with a second molecule, found in the
membranes of T cells, to produce high affinity binding.

Evidence for the existence of the putative second chain of the
II2R was provided by studies in which 1251-112 was cross-linked to its
receptor using the bifunctional agent disuccinimidyl suberate and
analyzed on SDS-polyacrylamide gels (190-194). When the cross-linking
was performed with either normal T lymphoblasts or HUT 102 cells, two
bands of 55 and 70-75 kD were detected (190-192,194,195). The 55 kD
molecule is precipitable by anti-Tac (190-192,195) and is also demon-
strable on cells transfected with p55 cDNA (191). This polypeptide thus
appears to correspond to the previously characterized chain of the
receptor. The 70-75 kD polypeptide (henceforth referred to as p75),
however, does not react with anti-Tac (190-192,194,195) and represents
a novel II2-binding molecule.
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Further clarification of the roles of p55 and p75 in II2 binding
were cbtained by performing cross-linking studies with YT cells, a NK-
like HTIV-1-infected cell line (196). Normally, these cells bind II2
with a Kd of 10~ (intermediate affinity binding) and this binding is
not inhibitable by anti-Tac. Cross-linking studies using YT cells
revealed a single II2-binding band of 75 kD (192,195). These cells can
also be induced to express the high affinity form of the receptor
(196,197) . Cross-linking of the induced YT cells to II2 yields both
the p75 and p55 chains (192,195). Taken together, these findings
indicate that p55 alone is capable of low affinity II2 binding, p75
alone produces binding of an intermediate affinity, and together, pS5
and p75 form the high affinity II2R. Since the mmber of low affinity
receptors far exceeds the mmber of those of high affinity, the levels
of p75 are believed to be the limiting factor in the formation of high
affinity receptors.

The respective contributions of p55 and p75 to high affinity
binding were examined recently (198,199). The p55 chain allows rapid
association (5 sec) and dissociation (6-10 sec), while both the
association (42-47 min) and dissociation (250-330 min) of II2 with p75
is much slower. Together, they form a receptor with the rapid associa-
tion (37 sec) characteristic of p55 and the slow dissociation (285 min)
of p75.

As previously noted, p55 contains an extremely short cytoplasmic
region which may be unable to function in signal transmission. The p75
molecule, on the other hand, is able to intermalize II2 (193) and
transmit a signal for cell division (200,201) or immmoglabulin
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synthesis (202,203) in the absence of p55. Additionally, low levels of
P75 but not p55 are present on resting T cells (194,200) and thus may
explain how high levels of II2 are able to activate unstimulated cells
(204).

In addition to the membrane-bound form of the IL2R, a soluble form
also exists. These soluble receptors are released from activated
normal T cells and HIIV-1-infected lines (205) and this release is
enhanced by II2 (206). The soluble form is approximately 10 kD less
than the membrane-associated receptor and may thus arise by either
alternative RNA splicing or by proteolytic cleavage from the cell
surface (205,207). The serum levels of the soluble II2R are enhanced
in certain disease states, including Hodgkin's disease, adult T-cell
leukemia, chronic lymphocytic leukemia, Sezary syndrome, and AIDS (208-
210). Since the soluble receptor is able to bind II2, it may act as a
campetitive inhibitor of the membrane-bound form, decreasing the I12-
respansiveness of T cells in these diseases (211).

Decreased expression of the membrane-associated II2R has also been
demonstrated in certain pathological conditions: pulmonary tuberculosis
(149), Hodgkin's disease (152), AIDS (154,212), and infection with T.
brucei (144). In the latter case, this decrease is the result of
suppressor cell activity and not directly induced by the parasite.

VI. Interferon-rv

IFN-7 is another lymphokine produced by activated T cells. Its
synthesis is regulated, at least in part, by II2 since anti-Tac
(164,213) and culture conditions which inhibit I12 production (164,214)
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also decrease IFN-7 synthesis. The addition of II2 to these cultures
restores IFN-7 production (214). IL2 is also able to induce IFN-r
synthesis in unstimilated lymphocytes and this effect is enhanced by
phorbol myristate acetate (213). While these reports show the ability
of I12 to upregulate IFN-r production, the presence of II2 is not an
absolute requirement since normal IFN-7r production occurs in T. bruceij
infections in the face of deficient levels of II2 (144). Temporally,
m-rmispmduoedpriortqthatofm (see An Overview of T Cell
Stimilation), again suggesting that II2 is not the sole factor
regulating IFN-r production.

IFN-7 has a wide range of functions in a mmber of different cell
types (reviewed in 215). In addition to its antiviral effects, this
lymphokine induces the expression of MHC and LFA-1 antigens (215,216)
and the Fc receptor for IgG (215), activates neutrophils (217),
increases tumoricidal activity in monocytes and NK cells (141,218),
activates macrophages and monocytes for antimicrobial activity (219)
and induces differentiation of myelo-monocytic amd B cells (215). In T
cells, IFN-T may either increase or decrease growth, depending on the
dosage ard time of administration (219,220). This enhancement may be
due, in part, to the ability of IFN-r to increase IIl1 (221) and II2
(222,223) production as well as the expression of II2R on T cells
(167,168) and monocytes (161,224).

IFN-7 is released from the stimilated T cells as a glycoprotein
with a pI of 8.6 (225) which exists in three monomeric forms with
molecular weights of 15, 20, and 25 kD, in increasing order of occur-
rence (226). These forms have identical amino acid sequences, with the



22
25 kD molecule containing two N-linked glycosylation sites and the 20
kD form having only one (227). |

IFN-r cINA has been cloned and sequenced, and encodes a
polypeptide of 146 amino acids, 20 of which are believed to function as
a signal sequence (228). There exists only a single copy of the gene
for IFN-r, located on chramosame 12 (229). This gene is camposed of
four exons and contains a repetitive element (230).

Receptors for IFN-7 have been demonstrated on monocytes and
monocyte-like cell lines (231-234), fibroblasts (235), lymphoblastoid
cells (236,237), and WISH amictic cells (238). This receptor binds
IFN-r with high affinity (Kd ranging fram 109 to 10~10) (231-235,237,
238). Cross-linking of radiolabeled IFN-r to the cell membranes,
followed by analysis by SDS-PAGE, shows a receptor with a molecular
weight of 100-150 kD (234,236-238), whereas isolation of the receptor
using anti-receptor antibodies produces two molecules of 50 and 90 kD,
both of which can bind IFN-r (239). Thus, the receptor appears to be
canposed of two subunits.

Deficient production of IFN-r is found in several disease states,
including acute tuberculosis (240), Leishmania infections (241,242),
and lepramatous but not tuberculoid leprosy (243). Since leprosy is a
spectrum of disease states with the lepramatous form exhibiting greater
pathogenicity than the tuberculoid form, increased pathology correlates
with defective IFN-r production in this condition. Additionally, the
decrease in IFN-r synthesis in Leishmania infections is noted in
susceptible but not resistant strains of mice (241,242). Thus, the



23
ability of a host to produce IFN-7 may determine the subsequent
severity of same diseases.

VII. Research Goals

During the initial phase of Chagas' disease, there exists a state
of suppressed responsiveness in both the humoral and the cellular
branches of the immme system. All of the previously reported studies
examining the underlying mechanisms of this phenamenon have utilized
the mouse model system. The goals of this research were to study T.
cruzi-induced immnosuppression of mman T lymphocyte responses and to
examine at which stage of lymphocyte activation this suppression first
is seen.

Chapter one describes the ability of T. cruzi trypomastigotes to
inhibit the proliferative response of normal human T lymphocytes
stimilated by a variety of mitogens. The ability of activated human
and mouse lymphocytes to produce and respond to IFN-7 is described in
chapter two while the synthesis of ILl and IL2 and the expression of
the II2R are the topics of chapter three.

Several markers of T cell activation have been described which
appear in a definite temporal order. These markers include early
activation antigen 1, the IL2R, and the transferrin receptor. Chapter
four explares the ability of T. cruzi to affect each of these markers
over time in order to study the specificity of the immmnosuppression as
well as to determine the earliest stages at which lymphocytes are
inhibited. The expression of both the high and the low affinity form
of the II2R are examined.
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The CD2 pathway of lymphocyte activation provides an alternative
route to the better chacterized CD3-Ti pathway of stimulation. The
ability of T. cruzi to inhibit T cell stimilation through this pathway
is examined in Chapter five.

Apperdix 1 examines whether cell-to-parasite contact is required
for the induction of immunosuppression and whether this event is
reversible.

Iymphocyte activation involves a series of stages as the cell
moves from the resting stage of Gy into the cell cycle; the parasite
could exert its inhibitory effect at any of these stages. Immortalized
cell lines, however, are already in the cell cycle and thus bypass
several of the events which occur dquring activation, perhaps even the
stages which are acted upon by T. cruzi. The question of whether T.
cruzi is able to suppress the growth of several established cell lines
is examined in Appendix 2.
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CHAPTER 1

SUPPRESSION OF HUMAN LYMPHOCYTE RESPONSES BY Trypanosama cruzi
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Virtually nothing is known about the basis for the immmnosuppression
associated with human T.cruzj infection. We have used an jn vitro
system to explore this effect. Incubation of human peripheral blood
monamuclear cells (PBMC) with blood forms of T. cruzi abrogated their
responses to suboptimal, optimal and supracptimal doses of Con A, PHA
or PWM whether or not monocytes were depleted. Killed parasites were
not suppressive. Maximal suppression (74%) occurred when the parasites
were present during the entire culture period (96-hr), although
significant suppression (33%) was seen when the organisms were added
24, 48 or 72 hr after initiation, suggesting that the early stages of
lymphocyte activation had been impaired and that a second generation of
cells was also affected. The 4-day supernatant medium of a T. cruzi
suspension supported PBMC responses to Con A as well as medium alone,
indicating that suppression did not result from parasite removal of
essential mitrients. Furthermore, 96 hr after mitogenic stimulation
the proportions of viable PEMC in cultures containing or lacking the
parasites were camparable. Although T, cruzi binds Con A and PHA, this
absorption was not the cause of reduced responsiveness since optimal
concentrations of Con A and PHA remained in solution under our
canditions. Levels of II2 in PHA-stimilated PEMC cultures were
markedly reduced in the presence of T, cruzi. However, exogencus II2
failed to restore lymphocyte responsiveness. T. cruzi neither absorbed
nor inactivated II2. Thus, the noted suppression appeared to involve
at least deficient production and utilization of II2.
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Experimental and hman infections by Trypanosama cruzi - the
causative agent of Chagas' disease - are accampanied (particularly
during the acute period) by severe alterations of the mmoral and
cellular arms of the immme system (Brener, 1980; Kuhn, 1981; Clinton
et al, 1975; Teixeira et al, 1978; Maleckar & Kierszenbaum, 1983;
Ramos, Schadtler-Siwon & Ortiz-Ortiz, 1979). This condition has been
regarded as a means by which the parasite eludes immmological defences
while it establishes itself in the host (Brener, 1980; Kuhn, 1981).
Stidies with mirine model systems of Chagas' disease have produced
evidence suggesting several mechanisms of immmosuppression, including
alteration of accessory cell function (Cunningham & Kuhn, 1980;
Kierszenbaum, 1982), reduced levels of T cells in the spleen (Hayes &
Kierszenbaum, 1981) and altered lymphokine-producing ability
(Harel-Bellan et al, 1983; Reed, Inverso & Roters, 1984, 1984a;
Tarleton & Kuhn, 1983). In contrast, our knowledge of uman lymphocyte
alterations in human T, cruzi infection is negligible and, given the
differences between murine and hman Chagas' disease, extrapolations
would be urwarranted. In this work, an in vitro system was used to
study the effects of T. cruzi on human lymphoproliferative responses
induced by mitogens. It will be shown in this paper that co-culture
with the parasite suppresses human lymphocytes at a relatively early
stage of the activation process and that altered lymphocyte functions
include a markedly reduced capacity to both produce and utilize
interleukin 2 (IL2).



MATERIALS AND METHODS

Animals
The 4-week-old Crl-CD1(ICR)BR Swiss mice used to maintain and produce

blood forms of T. cruzi and the female Lewis rats used as a source of
spleen cells to produce II2 (I12,,¢) were purchased from Charles River
Laboratory (Portage, MI).

Parasites

The Tulahuen strain of T. cruzi was used in this work. Trypamastigotes
were purified fram the blood of mice (infected intraperitoneally 2
weeks previously with 2 X 10° organisms) by density gradient
centrifugation over a mixture of Ficoll-Hypaque of density 1.077
(Budzko & Kierszenbaum, 1974) followed by chromatography through a
diethylaminoethyl-cellulose column (Villalta & Leon, 1979). The
parasites were washed twice by centrifugation (800 X G, 20 min, 4°C) in
RPMI 1640 medium containing I~glutamine (Gibco, Grand Island, NY),
penicillin (100 units/ml) and streptamycin (100 pug/ml). Parasite
suspensions were prepared at the desired concentration (see Results) in
the same medium supplemented with 5% heat-inactivated (56°C, 20 min)
fetal bovine serum (FBS, Gibco (RPMI+5%FBS). In same experiments,
trypancsames grown in cultures of rat heart myoblasts (Lima &
Kierszenbaum, 1982) or epimastigotes grown in Warren's medium (Warren,
1969) were used. When killed blood trypamastigotes were needed, the
organisms were incubated with 0.025% glutaraldehyde in
phosphate-buffered saline (20°C, 2 min), washed by centrifugation,
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quenched with 0.1M lysine in phosphate-buffered saline and washed twice
with RPMI+S5%FES. ’
Mitogens
Concanavalin A (Con A), phytchemagglutinin (PHA) and pokeweed mitogen
(PWM) were purchased from Sigma Chemical Co. (St. lLouis, MO).
II2 preparations
The II2-cantaining supernatant used to maintain HI-2 cells (see below)
was prepared by stimilating rat spleen cells (1 X 106 cells/ml) with 2
pg Con A/ml in the presence of 5 X 10™°M 2-mercaptoethanol, using the
medium described above. The supernatants were collected after
incubating these cultures at 37°C and 5% 00, for 48 hr in an atmosphere
saturated with water vapor, and stored at -20°C until used. This
material will be referred to in the text as II2,,¢. Purified human
T2 (IL2y,) was purchased from Collaborative Research (Lexington, MA).
Crude preparations of human II2 (II124,) consisted of the 48-hr
supernatants of peripheral blood monoruclear cell (PBMC) (5 X 105
PEMC/ml) cultures stimulated with 25 ug PHA/ml (Tilden & Balch, 1982).
In same cases, production of II24, in the presence or absence of T.
cruzi was campared; the concentration of parasites, when present, was 5
X 10% arganisms/ml and all other conditions remained the same.
Cells
The PBMC used in this work were from healthy volunteers. Their
purification was by centrifugation over Lymphoprep (Nyegaard, Oslo) at
340 X G and 20°C for 45 min and they were washed three times with
serun-free RPMI 1640 medium prior to use; cell viability, determined by
trypan blue dye exclusion, was always >99%. THe final suspensions of
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these cells were prepared in RPMI+5%FBS. The IL2-dependent HT-2 cell
line (kindly provided by Dr. Phillippa Marrack fram the University of
Colorado Health Sciences Center, Denver, (0) was used to measure II2
activity in biological fluids. These cells were maintained in
RPMI+10%FBS at 37°C by mixing equal volumes of cell culture and the
I12,..+ preparation (see above).
Depletion of nonspecific-esterase-positive cells
Suspensions of PEMC (3.5 ml at 5 X 106 cells/ml) were incubated at 37°C
(5% 00, incubator) for 1 hr in a 60-mm diameter sterile plastic petri
dish. The nonadherent cells were removed and subjected to the same
procedure ance more, and then centrifuged (280 X G, 10 min, 4°C). The
adherent, nonspecific-esterase- positive cells were further depleted by
chramatography over a Sephadex G-10 (Pharmacia, Piscataway, NJ) column
(Mishell, Mishell & Shigii, 1980). The nonspecific esterase test has
been described (Yam, Li & Crosby, 1971).
Blastogenesis assay
Cell cultures were set up in triplicate in 96-well microculture
plates. Each culture contained 1.25 X 10° PEMC and the appropriate
mitogen concentration (see Results) in a total volume of 0.1 ml. When
parasites or other reagents were to be present, they were contained in
0.025 ml and substituted for the equivalent volume of RPMI+5%FBS. All
cultures were incubated at 37°C and 5% 00, for 96 hr (unless otherwise
stated) and pulsed with 1 pCi 3H-thymidine (specific activity 2
nCi/mmole, Amersham, Arlington Heights, IL) during the last 24 hr.
Cultures were interrupted by harvesting (MASH II, M.A. Bioproducts,
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Walkersville, MD) and radiocactivity was measured in a liquid
scintillation spectrameter.

Solutions of Con A (concentrations described under Results) were
incubated with 5 X 106 blood forms of T. cruzi per milliliter at 37°C
(00, incubator) for 24 hr. The parasites were then removed by
filtration through sterile 0.22-ym Millipore filters (Bedford, MA). The
filtrate was used as the culture medium in blastogenesis assays to test
PEMC respanses to the residual amount of mitogen.
Incubatijon of RPMI+SYFBS with T. cruzi

After incubating RPMI+5%FBS medium with or without 5 X 106 blood forms
of T. cruzi per milliliter at 37°C (0O incubator) for 4 days and
filtration (0.22 um pore size), the filtrates were used in
blastogenesis assays to test PEMC responses to various concentrations
of Con A.

Measurement of II2 activity

Qultures of HI-2 cells were set up in triplicate in microculture wells,
each containing 4 X 103 cells. The final volume of these cultures was
0.2 ml, including 0.1 ml of two-fold dilutions of the biological
material to be tested. The cultures were incubated at 37°C for 48 hr
(5% 00,) and pulsed with 1 uCi 3H-thymidine during the last 24 hr.
Cell harvesting and measurement of radioactivity incorporated into
synthesized INA was as described above.

T. cruzi jncubatijon with II2+,

Solutions of II2y, were incubated with purified blood trypamastigotes
at final concentrations varying fram 1.25 X 105 to 2 X 107 organisms/ml
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at 37°C for 48 hr. After removing the parasites by filtration through
sterile 0.22-ym-pore-size filters, the filtrates were tested for I12
activity as described above. For control purposes, aliquots of Il2y,
were subjected to the same conditions except that the parasites were

Each set of results presented in the tables is typically repre-
sentative of two to four experiments with a similar protocol. The
results represent the mean of triplicate determinations + 1 SEM.
Differences between means were considered to be statistically
significant if P<0.05 by Student's "t" test.



When present in the cultures, purified blood forms of T. cruzi
suppressed PEMC responses to Con A (Table 1). The concentration of Con
A producing optimal responses varied among repeat experiments (data not
shown), probably due to the use of PEMC from different donors and
different batches of the mitogen. However, significant suppression by
T. cxuzi was cbserved in all experiments. Although in same experiments
a significant reduction of PBMC responses to the tested mitogens was
produced with 2.5 x 10° blood forms/ml, the minimal concentration of
parasites causing such effect in most experiments was 5 x 105
organisms/ml and was used in all subsequent experiments. Of interest,
tissue culture-derived trypamastigotes and epimastigotes grown in an
axenic medium also suppressed Con A-induced lymphoproliferative PEMC
respanses (data not shown).

The suppressive effect of blood trypamastigotes was also seen when
either PHA or PWM were used to stimilate the PEMC and occurred over a
wide range of mitogen concentrations, including suboptimal, optimal and
supraocptimal doses (Table 2).

Since T. cruzi can bind Con A and PHA (Pereira et al., 1980), we
considered the possibility that the parasite might have reduced the
cancentration of these mitogens to suboptimal levels. To test this
possibility, PEMC were stimilated with solutions of Con A or FHA which
had been either absorbed with 5 x 106 organisms/ml for 24 hr or mock-
absorbed without parasites. Absorption of Con A solutions with
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Table 2. Suppression of PEMC responses induced with suboptimal,
optimal and supraoptimal concentrations of Con A, PHA or PM by
blood forms of T. cruzi

Mitogen Mitogen concent. 3H-Thymidine incorporation (cpm X 1073)
(ua/ml)  Parasites absent Parasites present

Con A 0 1.4 + 0.2 1.6 + 0.4
0.4 14.4 + 1.0 1.4 + 0.11
4 45.2 + 2.9 2.0 + 0.11
8 40.5 + 1.0 2.9 + 0.01
16 1.9 + 0.6 1.1 + 0.1
PHA 0 0.7 + 0.1 2.2 + 0.2
6.3 27.6 + 1.0 1.3 + 0.11
12.5 18.7 + 0.2 0.3 + 0.11
25 42.9 + 1.6 5.7 + 0.21
50 26.8 + 0.3 2.3 + 0.31
P 0 0.2 + 0.0 0.1 + 0.0
2.5 3.3 + 0.4 0.4 + 0.02
5 2.9 + 0.1 0.9 + 0.12
10 2.8 + 0.2 1.3 + 0.12

The experiments with each mitogen were conducted separately.
1,2 p<0.001 and p<0.05, respectively, for reductions in cpm with
respect to the corresponding control value (parasites absent).
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T. cruzi shifted peak responses towards the higher levels (Table 3),
corroborating the ability of the parasite to bind this mitogen.
However, enough mitogen remained in the solutions which initially
contained 6 or 8 ug Con A/ml to induce optimal PEMC respanses.
Significant PEMC stimulation was also produced by solutions of PHA
after absorption with T. cruzi.

Also considered were the possibilities a) that T. cruzi consumed
mutrients required for optimal lymphocyte proliferation and b) that
reduced levels of 3H-thymidine incorporation resulted from a greater
loss of PEMC viability due to the presence of T. cruzi. A conditioned
medium which had been incubated with a suppressive concentration of T.
cruzi for 96 hr was as effective in supporting 3H-thymidine
incorporation by PEBMC as mock-absorbed medium (Table 4). When the
proportions of trypan-blue-excluding PEMC were determined in Con A-
stimilated cultures at the end of the 96-hr incubation period, the
values cbtained in the absence of T, cruzi in repeat experiments were
77 to 83% whereas in the presence of the organisms the corresponding
values were 72 to 74%.

We also investigated whether monocytes/macrophages, whose accesory
cell function may have been altered upon their infection by T. cruzi,
were a requirement for parasite-induced suppression to occur. When
PEMC populations whose monocyte/macrophage contents had been reduced
fram 6-9.7% to <0.7% were stimilated with Con A or FHA in the presence
of T. cruzj, their responses were still significantly suppressed.
Thus, the lymphocyte responses in the presence of medium alone, 8 ug
Con A/ml and 25 ug PHA/ml were 4002 + 1618, 29,768 + 900 and 52,743 +
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Table 3. Mitogenic capacity of solutions before and after absorption
with a suppressive concentration of T. cruzi

Mitogen 3H~Thymidine incorporation (cpm x 1073) after
Mock absorption T. cruzi absorption

None 7.6 + 0.4
Con A 4 ug/ml 21.1 + 2.3 5.1+ 1.4
Ccon A 6 ug/ml 6.3 + 0.3 19.5 + 1.0
Con A 8 pg/ml 6.5 + 0.3 17.0 + 1.0
None 7.7 + 0.5

PHA 5 ug/ml 55.5 + 0.2 50.6 + 3.3
PHA 7.5 pg/ml 55.9 + 1.2 45.7 + 3.6
PHA 10 ug/ml 55.4 + 1.5 42.4 + 3.1

The solutions of Con A and PHA were mock-absorbed (same physical
treatments, no parasites) or absorbed with 5 X 106 parasites/ml for 24
hr, filtered throush 0.22-um-pore-size filters, and then used to
stimilate PBMC in 96-hr cultures in the absence of parasites. The

cultures were pulsed with 1 uci 3H-thymidine during the last 24 hr.
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Table 4. Ability of RPMI+5%FBS medium to support Con A-induced
respanses after incubation with T. cruzi

Con A 3H-thymidine incorporation (cpm X 1073) in
(pg/ml) Untreated medium Medium preincubated with parasites

0 3.5 + 0.1 3.3 + 0.1
4 24.9 + 0.6 21.9 + 0.3
6 31.5 + 0.9 23.1 + 0.4
8 31.1 + 3.9 19.0 + 0.6

The 96-hr PEMC cultures were performed in the absence of T. cruzi.
The culture media consisted of filtered (0.22-um filter) RPMI+5%FBS
which had been incubated in the absence ("Untreated") or presence of 5
X 10 parasites/ml. Con A was added at zero time. The cultures were

pulsed with 1 ucCi 3H-thymidine during the last 24 hr.
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1443 cpm, respectively, whereas in the presence of 5 x 10 parasites/ml
the responses amounted to 3832 + 1133, 17,248 + 496 and 15,367 + 348
cpm, respectively.

No suppression was seen when gluteraldehyde-killed blood
trypamastigotes were substituted for living organisms in the PBMC
cultures (data not shown).

Experiments were then designed to establish the period of time
during which the suppressive effect of the parasite was exerted. In
these PEMC cultures, trypamastigotes were added at various times after
mitogenic stimilation. Maximal suppression was produced when the
organisms were present in the cultures from the beginning (zero time),
although significant suppression occurred when the parasite was
incorporated into the PEMC cultures 24, 48 or 72 hr later (Table 5).

Effect of T. cruzi on II2 productjon and utilization
Since I12 is produced by stimulated T cells and plays a key role in
lymphocyte proliferation, we set out to establish whether T. cruzi
suppressed PEMC responses by affecting I12 production. Levels of II2
were measured after 48 hr of PBMC incubation with 25 ug/ml PHA in the
presence or absence of 5 x 10°® blood trypomastigotes per ml. As shown
in Table 6, the levels of II2 activity found in the filtrates of FHA-
stimulated PEMC cultures were significantly smaller when the parasites
were present. If T. cruzi suppressed mitogen-induced responses by PEMC
merely by impairing II2 production, exogenous II2 should correct the
deficiency, as was seen by investigators who studied antibody
production to T, cruzi-unrelated antigens by lymphocytes fram infected
mice (Reed et al, 1984,1984a; Tarleton & Kuhn, 1983).



62
Table 5. Effects of addition of T. cruzi at different times after
PEMC stimilation with Con A

Time of addition 3H-thymidine incorporation (cpm X 1073)
of T. qruzi (hr) PRC alone  PBMC + T. cruzi (tR)?!
0 43.4 + 1.2 11.2 + 0.9 (74.2)

24 45.0 + 2.2 30.0 + 0.7 (33.3)

48 47.4 + 1.3 31.1 + 0.7 (33.4)

72 41.5 + 0.4 27.7 + 1.7 (33.3)

Ninety-six-hr cultures; stimilated with 6 ug Con A/ml and
pulsed with 1 uci 3H-thymidine during the last 24 hr.

1 3R, percent reduction in cpm due to the presence of
parasites. All %R values represent statistically significant
reductions in cpm (P<0.05).



63

*YHd+JWgd

YltA PIULRIGO N|RA 3y} O} 333dsas YILM UL ;Lp *A1an1I9dsas *G0"0>d Pu® [00°0>d s %
1y

89 403 SL132 In0y1pm pajeqnduy udbBOIiw 3yl JO UOLIN(OS @ SeM YHd. ‘44 $2 ISe| Yy Gujunp o.:B__sﬁ-zn

$29 T YItm PAsSINd 43m SAUNI(ND Y] °J4y GF 40 SUOLIN(OS ISAY] YIiM PIIRGNIU} UM SUNLNID (13D 2-1H L

*|u/sdyyseaed oom X G 3O (1Zn1D “4WHd+IWEd) 9udsaid 40 (YHd+IWEd) Iuasqe Iy} uy (w/yHd B 62 yiim
palelnuyls (|w/IWed ooﬁ X G) S3uny|n) JWgd JO SIuRIeusadns Jy-8p O PIISSU0D S|RLJIIIPW PIISIY Y

00+ 60 N &t Loeet S0 v 0v62 HZ4T 7 LeYHd+INEd
20+ 2°2 §0* L€ 0L +€L 02+ 9°¢l 0l 182 VHd+IN8d
0+ €2 9°0+¢°2 2°0+ §°T 00 +9°2 €0+El VHd
91 1 8t vl 2t painiipun

PIIN[ 1P PaIsa) |eLJalew ay} 0 aluasaid ay} uj
3

umo.B S1123 2-1H AQ (.01 X "w'd"3) u0y1040di0du} 3uLpywkyl-H Paisay (eyadies

£

—

FZN1D "L YItM Pajeqndul Jugd Aq 2 1 40 u0y31Inposd padnpay 9 3|qey



64
}bwever,emgenousmphfanedtomstmmicrespasivenesstocma
in experiments in which the concentrations of the lymphokine was either
10 units/ml or 114 units/ml (Table 7). These results led us to examine
the possibility that the parasites were absorbing II2, making it
unavailable to the PEBC. Experiments were conducted in which II24,
(produced under the same conditions as used to elicit PBMC responses
with FHA) was incubated with suppressive concentrations of T. cruzi.
The results showed that 5 x 106 organisms/ml did not remove significant
amounts of II2 activity (Table 8). Similar results were cbtained when
the parasite concentration was increased up to four-fold (data not
shown) .
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DISCUSSION

Our work produced results showing that living but not killed T,
c€ruzi can suppress human lymphocyte responses to a variety of mitogens
and established experimental conditions to explore the possible
mechanism(s).

Althouwgh T. cruzi is known to absorb Con A and PHA (Pereira et
al., 1980), two independent findings indicated that the parasite did
not reduce PEMC responses by making less mitogen available to them.
First, the suppressive effect of T, cruzi was seen over a wide range of
mitogen concentrations, including supraocptimal levels (Table 2), |
minimizing the possibility that mitogen absorption solely accounted for
the reduced responses. Second, optimally stimulatory levels of Con A
and PHA remained in solutions of these mitogens after absorption with 5
x 106 parasites/ml (Table 3). We could also rule out the possibility
that T. cruzi campeted with the PBMC for essential nutrients because
culture medium incubated with a suppressive parasite concentration
supported blastogenisis as well as mock-treated medium (Table 4).

Since parasite-induced suppression was abserved with PBMC
preparations before and after depletion of nonspecific-esterase-
positive cells, which includes monocytes and macrophages, it would
appear that the parasite could directly affect lymphoid cells.

However, the possibility that diminished accessory cell activity
resulting from monocyte/macrophage infection contributes to the noted
suppression can not be ruled out.

The extent of suppression of Con A-induced PEMC responses was
greater when the parasites were incorporated into the cultures at zero
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time -i.e., together with the mitogen- than when added after 24, 48 or
72 hr (Table 5). These cbservations suggested that T. cruzi interfered
with the early stages of lymphocyte activation and that cells which had
undergone activation in the absence of the parasites were less or no
longer susceptible to the suppressive effect. However, the reduced
PEMC responses seen when these cells were mixed with the
trypamastigotes 24, 48 or 72 hr after initation of the cultures were
statistically significant, and probably reflected a suppressive effect
of the parasites an lymphocytes activated by the mitogen at times later
than 0 time, including a second generation of cells respanding to the
mitogen.

We found lower levels of II2 activity in the supernatants of PHA-
stimilated PBMC when T. cruzj was present (Table 6). Reduced II2
activity has also been reported by investigators studying suppressed in
vitro antibody production by lymphocytes from T. cruzi-infected mice
(Reed et al, 1984, 1984a; Tarleton & Kuhn, 1983). However, we were
mmabletorestorelﬂ&msponsestommhwha\exogamsmmwas
added even at a relatively high concentration (114 units/ml) (Table 7).
In this respect, our results with human PEMC would seem to differ fram
those obtained by others with spleen cells from T, cruzi-infected mice
(Reed et al., 1984, 1984a; Tarleton & Kuhn, 1983), with which a certain
degree of restoration was afforded by adding IL2. This apparent
disagreement might be rooted in differences between species or be due
to the use of different assay systems: the induction of antibody-
forming cells by antigens administered to infected hosts was measured
in the work with the mouse cells (Reed et al., 1984, 1984a: Tarleton &
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Kuhn, 1983) whereas our assay measured proliferative responses of
normal human lymphocytes to mitogens. It should be noted, however,
that Harel-Bellan et al. (1983), who used T. cruzj-infected mouse
spleen cells to measure Con A-induced lymphoproliferative responses
could not restore the responsiveness of these cells with exogenous II2.
Whether I12 can correct same but not all types of lymphocyte
alterations caused by T. cruzi infection or by the addition of this
parasite to cell cultures is an interesting question deserving further
attention. The failure of exogenous I12 to restore the
lymphoproliferative capacity of the PEMC might have been due to a)
absorption or consumption of II2 by T. cruzi, b) an irreversible PEMC
alteration, c) a reduced capacity of PEBMC to bind or respond to II2,
and/or d) a need for additional cytokines whose production might have
also been altered. Since absorption with up to 2 x 107 parasites/ml
did not remove significant amounts of I12 activity, removal of this
lymphokine by T. cruzi seemed unlikely. On this basis, reduced levels
of II2 activity in PHA-stimilated PEMC cultures containing the parasite
would probably be due to reduced production. The other three
possibilities remain open subjects for further studies.

This work was supported by grant AI 14848 fram the United States
Public Health Service.
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CHAPTER 2

Trypanosama cruzi inhibits interferon-r production by mouse
spleen cells but not human peripheral blood lymphocytes
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Acute Trypanosama cruzi infection is accompanied by
immmosuppression and co-culture of the parasite with mouse or human
lymphocytes curtails the proliferative capacity of these cells. As a
part of our studies to define how T. cruzi affects lymphocyte
functions, we examined in this work the interferon-r (IFN-r)-producing
capacity of phytohemagglutinin-stimulated mouse spleen cells and human
peripheral blood monomiclear cells in the presence and absence of the
parasite. The levels of IFN-r in the supernatants of parasite-mouse
spleen cell co-cultures were significantly lower than those found in
the supernatants of control cultures lacking the parasite. This
decrease was cbserved at both 48 and 72 h after mitogenic stimulation
and was not due to absorption or inactivation of the lymphokine by the
parasite since incubation of a solution of recambinant IFN-r with T.
cruzi did not reduce antiviral activity. The T. cruzi-induced
suppression of mouse spleen cell proliferation was not overcame by the
addition of IFN-7 to these cultures nor was exogenous IFN-7 able to
enhance the restorative effect of interleukin 2. Thus, deficient IFN-7
production did not appear to play a causative role in the reduced
proliferative response of the spleen cells. In contrast with the mouse
cell cultures, no significant decrease in IFN-r production was seen in
human peripheral blood monamuclear cell cultures containing a parasite
concentration which decreased murine IFN-7 levels; yet the prolifera-
tive capacity of the human cells in response to phytchemagglutinin was
reduced. These results denote the ability of T. cruzi to inhibit IFN-r
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production by mouse spleen cells and reveal a notable difference in the
process of immunosuppression of mouse spleen cells and human peripheral
blood monomuclear cells by T. cruzi.
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INTRODUCTION

The acute phase of Trypanosama cxuzj infection in mice is
accampanied by several manifestations of immunosuppression, including
decreased interleukin 2 (I12) production and a reduction in mitogen-
induced lymphocyte proliferation (8-10,13,22,23,32). The parasite also
suppresses the capacity of normal mouse spleen cells to divide jin vitro
after mitogen stimulation (14). The binding of II2 to its receptor on
T lymphocytes triggers a mmber of intracellular events, including
stimilation of IFN-r production by T cells (5,24,35) and the
transduction of a signal for cell division (reviewed in 29). Since
I12 production by mouse spleen cells is decreased by T. cruzi, it is
thus possible that IFN-r synthesis may also be inhibited.

IFN-7 plays an important role in host defense against micrabial
invasion (reviewed in Ref. 7 and 34), and enhances the in vitro killing
of intracellular parasites, such as Toxoplasma gondii (17,19),
leighmania donovani (16) and T. cxuzi (21,37), by macrophages. In
vivo, IFN-r acts synergistically with anti-T. cruzi antibodies to
decrease parasitemia and prolong the survival of infected mice (20).
This lymphokine also affects the proliferative response of lymphocytes
to mitogens. In addition to its well-known growth inhibitory functions
(reviewed in Refs. 7 and 34), IFN-t may also enhance T cell activity
(2,6,12,25,27), depending on the dosage and time of administration
(31).

Given the roles of IFN-r in host defense and lymphoproliferation,
we have examined whether T, cruzi can alter production of this
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important lymphokine by normal murine or human lymphocytes and, if so,
whether this alteration plays a role in the suppression of lymphocyte
proliferation.
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MATERIALS AND METHODS

Parasites. Trypomastigotes of T. cruzi (Tulahuen isolate) were
purified from the blood of Crl-CD1(ICR)ER Swiss mice (Charles River
Laboratory, Portage, MI) infected intraperitoneally two weeks
previously with 2 x 10° organisms. The parasites were purified by
density gradient centrifugation over a mixture of Ficoll-Hypaque of
density 1.077 (3) followed by diethylaminoethyl-cellulose
chramatography (36). After two washings by centrifugation (800 x g, 20
min, 4°C), the parasites were resuspended at the desired concentration
in RPMI 1640 medium (Gibco, Grand Island, NY) containing 100 units
penicillin and 100 ug streptamycin per ml, and either 2.5 or 5% heat-
inactivated fetal bovine serum (56°C, 20 min) (RPMI+2.5%FBS or
RPMI+5%FBS, respectively).

Murine spleen cells (mSC). Suspensions of mSC from inbred CBA/J
mice (Jackson Laboratories, Bar Harbor, ME) were prepared as described
previously (14) and resuspended at a final concentration of 2.5 x 106
mSC/ml in RPMI+2.S5%FBS.

Buman peripheral blood monomclear cells (hPEMC). The hPEMC were
isolated from the blood of healthy donors by centrifugation over
Ficoll-Hypaque (350 x g, 45 min, 20°C). After three washings (350 x g,
10 min, 4°C) in serum-free RPMI 16‘40medium, the hPEMC were resuspended
at 1.25 x 105 cells/ml in RPMI+53FBS. Cell viability, determined by
trypan blue dye exclusion, was always >99%.

Co-culture conditions. Suspensions of mSC were incubated in the
presence or absence of 5 ug/ml phytchemagglutinin (PHA-P; Sigma
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Chemical Co., St. Iouis, MO) with or without 2.5 x 106 T, cruzi/ml,
unless otherwise noted. The cultures were incubated at 37°C (5% 00p)
for the desired periods of time (see Results). Cultures of hPEMC were
treated similarly except that the final parasite concentration was 5 x
106 organisme/ml. These concentrations of T. cruzi were selected
because they represent the minimal levels which cansistently produce
immnosuppression under optimal stimulatory conditions for mSC and
hPEMC (1; Beltz and Kierszenbaum, unpublished resuilts).

Measurement of IFN-7. CQultures of mSC or hPEMC were incubated in
24-well plates in a volume of 1 ml for 48 or 72 h under the conditions
described in the preceding paragraph. Cells and parasites were removed
by passage through 0.22-um-pore-size filters and the filtrates were
stored at -70°C until assayed for IFN-r. Murine IFN-t activity was
determined by a plaque reduction assay using mouse 1~929 cells and the
Indiana strain of bovine vesicular stamatitis virus (30). The titer
was expressed as units/ml corresponding to the reciprocal of the
highest dilution to reduce plaques by 50%. In this assay, one unit was
equivalent to 0.88 NIH G-002-904511 reference units. Identification of
the antiviral activity as IFN-r was provided by its lability at pH 2
and inhibition by anti-murine IFN-r antibodies (a gift of Dr. E.
Havell, Trudeau Institute, Saranac, NY). Human IFN- was assayed using
a radioimmmnoassay kit (Centocor, Malvern, NY). This system uses two
antibodies directed at different epitopes of IFN-r and is designed to
detect only biologically active IFN-r.

Absarption of mrine IFN-r. Recambinant murine IFN-r (specific
activity = 2.3 X 107 units/mg protein; a gift from Genentech Inc.,
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South San Francisco, CA) was incubated in 24-well plates at a
concentration of 500 units/ml in RPMI+2.5%FBS in the presence or
absence of 5 or 10 x 105 T. cruzi/ml at 37°C for 48 h. After passage
of the supernatants through 0.22-um-pore-size filters, residual IFN-r
activity was determined as described above.

Iymphocyte proliferation assays. Cultures of mSC or hPBMC were
incubated in the presence or absence of T. cruzi in 96-well plates in a
volume of 0.1 ml in the mamner described under Co-culture conditions.
Exogenocus recambinant murine IFN-7, partially purified human IFN-r
(Meloy Laboratories, Springfield, VA), and/or recambinant glycosylated
human II2 (Genzyme, Boston, MA) were added to same of the cultures at
the desired concentrations (see Results). The lymphokines, when added
to the cultures, replaced an equivalent volume of medium. The cultures
were pulsed with 1 uCi 3H-thymidine (specific activity = 2.0 Ci/mmole;
New England Nuclear Biotechnology Systems, Wilmington, DE) at 48 h
(mSC) or 72 h (hPEMC) and terminated 24 h later by autamated
harvesting. Incorporated radioactivity was determined in a liquid
scintillation counter. All determinations were performed in triplicate
and the results were expressed as mean counts per min (cpm) + standard
deviation.
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The levels of IFN-7 activity in the supernatants of PHA-stimulated
mouse spleen cells containing T. cruzi were found to be significantly
lower than those in parasite-free cultures (Table 1). This reduction
was demonstrable 48 h after the initiation of the cultures (decrease of
47%) but was more pronounced at 72 h (decrease of >59%). Similar
results were found when 2 ug/ml of concanavalin A was used as the
mitogen (data not shown). T. cruzi neither secreted an IFN-r-like
activity nor did it induce unstimulated mSC to do so (Table 1).

The noted decrease in the levels of IFN-r in the culture
supernatants might have resulted from a reduction in the production/
secretion of this lymphokine or from its removal by the parasite. To
determine which of these possibilities explained our dbservations,
solutions of recambinant murine IFN-r were incubated in the presence or
absence of T. cruzi for 48 h and the amount of residual antiviral
activity was then determined. The amounts of IFN-r remaining in the
supernatants of cultures after the absorption with T, cruzi did not
differ significantly from that in the mock-treated controls (p<0.1).
Thus, for example, in one of the experiments, the IFN-r activities of
the solutions after incubation with 5 x 10% or 1 x 107 trypamastigotes/
ml were 357 + 140 and 303 + 51 units /ml, respectively, whereas 284 +
74 units/ml were detectable in control cultures to which parasites had
not been added. It should be noted that the concentrations of
parasites used for these absorptions represented two and four times,
respectively, the level which was sufficient to reduce IFN-r activity
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TABIE 1. T. cruzi-induced Inhibition of IFN-r Production by
PHA-stimilated msCc?

Material tested IFN-r (units/ml)
48 h 72 h
mSC <30 <30
I. cxuzi <30 <30
mSC + T.cruzi <30 <30
T. cxuzi + PHA <30 <30
mSC + PHA 58 67
mSC + PHA + T, cruzi 31 <30

2 The tested materials consisted of the culture supernat-
ants of mSC (2.5 x 106 cells/ml) and/or T. cruzi

(2.5 x 10% organisms/ml) in the presence or absence of 5 ug/ml
FHA. The supernatants were collected at the indicated times
after initiation of the cultures. This set of results is

typically representative of two separate repeat experiments.
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in stimilated mSC cultures (see Table 1).

The addition of T. cruzi to cultures of stimilated mSC decreases
lymphoproliferation (14). Because IFN-7 is able to modify the
proliferation of T cells, either reducing or enhancing it depending on
the dose and the time of administration (30), the possibility that the
cbserved suppression in lymphocyte growth may have resulted fram the
inhibition of IFN-r production by T. cruzi was explored. Varying
amounts of exogencus recambinant murine IFN-r were added to the
cultures and their effects on 3H-thymidine incorporation by T. cruzi-
suppressed mSC were determined. As shown in Table 2, the addition of
IFN-7 at concentrations ranging fram 8 to 250 units/ml did not overcome
the suppressive effect. Higher IFN-7 concentrations were not tested in
these experiments because preliminary results (data not shown) had
indicated that levels greater than 188 units/ml exert an inhibitory
effect on lymphoproliferation. This can also be seen in Table 2 for
the control result abtained with 250 units IFN-r/ml.

Exogencus I12 has been shown to restore the proliferative response
of PHA-stimilated mSC suppressed jin vitro by T. cruzi (L. A. Beltz, M.
B. Sztein and F. Kierszenbaum, J. Immmol., in press). Since IFN-r has
been reported to affect the interaction of II2 with lymphocytes by
increasing the expression of IL2 receptors, we tested whether IFN-r
would act synergistically with II2 and enhance the restorative effect
of the latter lymphokine. The results indicated that treatment with 16
or 125 units/ml IFN-r did not overcame T, cruzi-induced suppression
when added together with suboptimal II2 levels (50 units/ml) and did
not improve mSC responsiveness when a restorative concentration of I12
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TABLE 2. lack of Restoration by Exogenous IFN-7 of the Capacity of PHA-
stimilated mSC to Proliferate after T. cruzi-induced

Suppression?

IFN-7 3ji-thymidine incorporation (com x 1073) by % DecreaseP

(units/ml) SC + PHA SC + PHA + T. cruzi
0 15.2 + 1.0 0.8 + 0.0 95
8 14.6 + 1.0 0.8 + 0.2€ 95
16 15.9 + 0.8 0.7 + 0.2€ 95
32 14.6 + 0.4 1.0 + 0.4 93
63 14.7 + 1.7 0.9 + 0.5 94
125 13.9 + 0.5 0.9 + 0.1° 94
250 4.6 + 0.7° 0.9 + 0.0° 94

2 Recanbinant murine IFN-r was added at the indicated concentrations
to cultures of mSC (2.5 x 105 cells/ml) containing 5 ug PHA/ml in the
presence or absence of 2.5 x 106 T, cruzi/ml. The cultures were
incubated for 72 h and 1 ucCi 3H-thymidine was present during the last
24 h. This set of results is typically representative of three
separate repeat experiments.

b percent decrease with respect to the corresponding control (msC +
PHA, no IFN-1).

C p<0.05, for the reductions in cpm with respect to either control,
i.e., mSC + PHA with or without IFN-7, as calculated by Student's "t"
test.
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(100 units/ml) was used (data not shown).

We next examined whether T. cruzi would inhibit IFN-r production
or secretion by hPEBMC. The presence of 5 x 106 parasites/ml in
caultures of PHA-stimilated hPEMC did not lead to a significant
reduction in the levels of IFN-r in the supernatants (decrease of 5% at
72 h; Table 3). This parasite concentration was twice that found to
consistently decrease murine IFN-r production (Table 1) and suppress
reproducibly mitogen-induced lymphoproliferation of hPBMC (1). The
addition of exogenous uman IFN-r did not restore the suppressed
proliferative response of hPBMC exposed to T. cruzi whether or not I12
was present (data not shown).
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Table 3. Lack of Effect of T. cruzi on IFN-r Production by hPEMC

Material tested® IN-7_ (units/ml)

48 h 72 h
hPEMC <5 <5
I. cruzi <5 <5
hPEMC + T. cruzi < S
T. cruzi + PHA <5 <5
hPEMC + PHA 120 125
hPEMC + PHA + T. cruzi 26 119

2 The tested materials consisted of the culture supernatants
of hPEMC (1.25 x 105 cells/ml) and/or T. cruzi (5 x 106
organisms/ml) incubated in the presence or absence of 5 ug/ml
FHA. The supernatants were collected at the indicated time of
culture and IFN-7 activity was assayed by radioimmnocassay. This
set of results is typically representative of two separate repeat
experiments.
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DISCUSSION

These results showed that the presence of T. cxuzi in cultures of
PHA-stimulated mouse spleen cells decreased the levels of IFN-7
activity in the supernatants (Table 1). This decrease was not due to
absorption, consumption, or inactivation of the lymphokine by the
parasite since incubation of recambinant IFN-r with T. cruzi did not
lead to a loss in antiviral activity even when incubated with four
times as many parasites as were necessary to consistently suppress
lymphoproliferation and reduce the levels of IFN-r in our culture
system. Therefore, the decrease in IFN-7 levels was due to reduced
production or secretion of the lymphokine. We have previously reported
that the incubation of PBMC with T. cruzi does not lead to losses in
white cell mmbers or viability and that the parasite does not remove
significant amounts of nutrients or mitogen fram the cultures (1).

Decreased proliferation by mSC from infected mice or by normal mSC
incubated with T. cruzi in vitro is paralleled by decreases in II2
(8,32; Beltz and Kierszenbaum, unpublished results) and IFN-7
production (Table 1). In contrast, T. cruzi is unable to decrease II2
production by hPEBMC under optimal culture conditions (L. A. Beltz, M.
B. Sztein amd F. Kierszenbaum, J. Immunol., in press) and, as reported
herein, also has no significant effect on IFN-r production by hPBMC
(Table 3). Thus, there appear to exist notable differences in how the
parasite affects mSC and hPEMC responses to PHA.

IFN-r and II2 are elements of a camplex regulatory network and are
able to affect each cther's synthesis and utilization (5,11,12,24,27,

35), with IFN-r production being upregulated by II2 (5,24,35).
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Accordingly, antibodies to the II2 receptor and dexamethasone, a drug
which blocks II2 synthesis, decrease IFN-r production by mitogen-
stimilated hPBMC (24). Furthermore, the addition of exogenous II2 to
macrophage-depleted mixed lymphocyte cultures (5) and unstimilated
hPEMC (35) induces IFN-r synthesis. Since T. cruzi decreases the
production of both II2 and IFN-r by mSC while having no effect on the
production of either lymphokine by hPBMC, it is thus possible that the
parasite's ability to inhibit synthesis of the former lymphokine is at
least partially responsible for the decrease in the latter. It should
be noted, however, that lymphocytes from mice infected with Trypanosama
brucei have an impairment in II2 but not IFN-r secretion (28),
demonstrating that normal II2 levels may not be an absolute requirement
for optimal IFN-r synthesis and opening the alternative possibility
that T. cruzi may exert several independent suppressive effects on the
T cells.

A decreased capacity to produce IFN-r is characteristic of
lymphocytes from patients with lepromatous, but not tuberculoid,
leprosy (18). Since leprosy is a spectrum of disease states with the
lepromatous and tuberculoid forms being the most and least pathogenic,
respectively, increased pathology in this condition appears to
correlate with a reduced capacity to produce IFN-r. A similar defect
is seen in susceptible, but not resistant, strains of mice infected
with Jeishmania donovani (15) or L. major (26). Thus, the ability of
the host to produce IFN-r may determine the subsequent severity of the
disease.
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In the case of T. cruzi, several in vitro and in vivo findings
suggest a possible role of IFN-7 in host defense. Thus, the addition
of IFN-7 to cultures of both murine fibroblasts and macrophages
increases their resistance to in vitro infection by T. cruzi trypo-
mastigotes (21,37). Furthermore, exogenous IFN-71 acts synergistically
with anti-trypanosaomal antibodies to decrease parasitemia and prolong
survival of infected mice (20). The ability of T, cruzi to reduce
IFN-7 production by mSC thus might decrease the host's capacity to
eliminate the parasite.

T. cruzi has been reported to decrease mitogen—induced
proliferation of lymphocytes from either infected mice (8-10,13) or
humans (33). This defect is also adbserved when the parasite is co-
cailtured with mSC or hPEMC from uninfected donors (1,14). While IFN-r
has been found to amplify lymphocyte responses to mitogenic stimulation
under certain ciramstances (7,12,27,31), the data presented in Table 2
show that exogenous IFN-r could not overcome the suppressive effect of
T. cruzi. Therefore, it seems unlikely that reduced IFN-7 production
lead to the T. cruzi-induced reduction in lymphoproliferation.

The capacity of mSC to produce I12 is decreased following either
in vivo or in vitro exposure to T. cruzi (8,32; L. Beltz ard F.
Kierszenbaum, unpublished resﬁlts). The addition of II2 to these
suppressed cultures restores their ability to secrete immunoglobulin
(22,23,32) and to proliferate in response to mitogen stimulation (L. A.
Beltz, M. B. Sztein and F. Kierszenbaum, J. Immmnol., in press).
Because IFN-r has been reported to increase the expression of IL2
receptors on both T cells (12,27) and monocytes (11) and higher levels
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of the II2 receptor allow cells to respond to lower concentrations of
II2 (4), we tested whether IFN-7 would enhance the restorative capacity
of II2. This, however, was not the case: IFN-r did not act synergist-
ically with II2 or lower the concentration of II2 required to achieve
mSC recovery (data not shown).

In conclusion, we have demonstrated a deficient capacity of msC to
produce or secrete IFN-7 after exposure to T, cruzi. Wwhile this
deficiency does not appear to be involved in the suppression of
lymphocyte proliferation, it nevertheless may decrease the resistance
of other host cells, such as macrophages, to parasite invasion and
growth. Furthermore, these results demonstrate a salient difference in
the suppressive activities of T, cruzi toward mSC and hPBMC. Whether
this difference stems from the use of different populations of
lymphocytes or from an actual difference in mouse and human lymphocyte
respanses to T. cruzi remains to be resolved.

This wark was supported by NASA grant NAG 9-181 and a Biamedical
Research Support Grant from the College of Osteopathic Medicine,
Michigan State University.
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CHAPTER 3

NOVEL MECHANISM FOR Trypanosama cyuzi-INDUCED SUPPRESSION OF
HUMAN IYMPHOCYTES: INHIBITION OF INTERLEUKIN 2

RECEPTOR EXPRESSION
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Co—culture of blood forms of Trypanosama cruzi - the causative
agent of Chagas' disease - with human peripheral blood monomuclear
cells impaired the capacity of T lymphocytes to express surface
receptors for interleukin 2 (II2R). This effect was evidenced by
marked reductions in both the proportion of Tact cells and the density
of Tac antigen on the surface of the positive cells, determined by flow
cytametry. The extent of the inhibition increased with increasing
parasite concentrations. Under optimal or suboptimal conditions of
stimilation with either phytchemagglutinin or monoclonal anti-CD3 -
specific for an epitope of the CD3-Ti uman T cell antigen receptor
camplex- the presence of T. cruzi curtailed the capacity of T
lymphocytes to proliferate and express IL2R but did not affect II2
production. Furthermore, the addition of exogenous II12 did not restore
the respansiveness of suppressed human lymphocytes but did when mouse
lymphocytes were used instead. Therefore, unlike mouse lymphocytes,
mnlymmamimwmjdidthIWdeficimm
production and was accampanied by impaired II2 utilization. Co-culture
of human monocytes/macrophages with suppressive concentrations of T,
cruzi increased interleukin 1 (ILl) production and the parasite did not
decrease ILl seceretion stimulated by a bacterial lipopolysaccharide.
Therefore, the suppression of IL2R expression and lymphoproliferation
is not likely to have been an indirect consequence of insufficient IIa

production due to infection of monocytes or macrophages. We have
previously shown that suppression of mman lymphocyte proliferation by
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T. cruzi is not caused by mutrient consumption, absorption of IL2,
lymphocyte killing or mitogen removal by the parasite. Therefore,
these results uncover a novel suppressive mechanism induced by T.
cruzi, involving inhibited expression of II2R following lymphocyte
activation and rendering T cells unable to receive the II2 signal
required for contimuation of their cell cycle and mounting effective
immmne responses.
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INTRODUCTION

Chagas' disease - caused by the protozoan Trypanosama cruzi-is a
major health problem in South and Central America. Its acute phase,
both in laboratory animals and in humans, is accompanied by a state of
suppressed immmnity believed to facilitate the establishment and
dissemination of the etiologic agent in the host (1-15). Several
immmological abnormalities have been identified in mice infected with
T. cruzi, including increased levels of suppressor lymphocytes and
macrophages (1-4) and diminished levels of T cells (5) in the spleen,
impaired lymphocyte proliferation in response to mitogens (2,4-9) or
parasite antigens (10), suppressed antibody-forming capacity (11) and
impaired II2 production (4,7,12). How these abnormalities are induced
is not known and, unfortunately, differences in how mouse and human
lymphocytes are affected by T. cruzi make it difficult to extrapolate
these findings to uman infection. Thus, murine splenic lymphocytes -
whether from infected animals (12, 16, 17) or co~cultured with the
parasite in vitro (Beltz and Kierszenbaum, unpublished results)-
display reduced interleukin 2 (I12)-producing capacity, the
consequences of which are overcame by the addition of exogenocus IL2
(12, 16, 17); this is not the case for human lymphocytes suppressed by
the parasite (15). To study the early alterations that T, cruzi
induces in human lymphocytes and to explore the mechanism(s) involved,
we used an jin vitro system in which lymphocytes and
monocytes/macrophages were incubated with the parasite in the presence
of lymphocyte-activating stimuli. We report that T. cruzi inhibits the
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capacity of human T lymphocytes to express surface interleukin 2
receptors (IL2R) upon activation. This effect may render T lymphocytes
unable to receive the II2 signal required to proceed with their cell
division cycle and mount significant levels of immmity.



99
MATERTALS AND METHODS

Parasites. Blood (trypomastigote) forms of Tulahuen strain T.
cruzi were isolated fram the blood of Crl-CD-1(ICR) Swiss mice (Charles
River Breeding Iaboratories) infected 2 weeks previously with 2 X 10°
parasites intraperitoneally. The parasites were purified by
centrifugation over a mixture of Ficoll-Hypaque of density 1.077 (18),
followed by chromatography through DEAE-cellulcse (19). The eluted
organisms (100% trypamastigotes) were concentrated by centrifugation
(800 X g, 20 min, 4°C) and resuspended at the desired concentration in
RPMI 1640 medium supplemented with 5% (vol/vol) heat-inactivated fetal

bovine serum and containing streptamycin at 100 ug/ml and penicillin at
100 units/ml (henceforth referred to as RPMI+S).

healthy volunteers were purified by density gradient centrifugation
through a mixture of Ficoll-Hypaque of density 1.077 (350 X g, 20°C, 45
min). After three washings with serum-free RPMI 1640 medium, the cells
were resuspended at the desired concentration in RPMI+S. Cell
viability, determined by trypan-blue-dye exclusion, was >99%.

Mouse spleen cells. Single cell suspensions of inbred CBA/J mouse
(Jackson laboratory) spleen cells were prepared in RPMI+S as described
(13).

Recanbinant JI2. Recambinant, glycosylated human II2 was
purchased from Genzyme (Boston, MA).

Iymohocyte proliferatjon assay. PBMC were incubated in RPMI+S (5%
0,; 96-well plates) at 37°C for 96 hours with or without 0.6 or 5
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uq/ml PHA (Sigma Chemical Co.) or 6 or 25 ng/ml anti-CD3 (Ortho
Diagnostics) [a monoclonal antibody specific for an epitope of the T
cell antigen receptor camplex CD3-Ti (20)] in the presence or absence
of T. cruzi. The culture volume was 0.1 ml. All conditions were
tested in triplicate. Each culture received 1 uCi 3H-thymidine 24
hours before temination by autamated harvesting. Radiocactivity was
determined in a liquid scintillation counter; the results were
expressed as mean counts per mimute (cpm) + 1 standard deviation. The
concentrations of PEMC and parasites at zero time, and after 48 and 96
hr of culture are given under Results. Viability was established by
txypan blue exclusion.

Measurement of II2 activity. I12 activity was determined in the
supernatants of 48-hour PBMC cultures set up as described above except
that the final volume was 1.5 ml and 24-well plates were used. The
supernatants were passed through a 0.22-um-pore-size filter to remove
parasites if present and stored at -20°C until tested. The IL2-
dependent HT-2 cell line was used to determine II2 activity (15) and
the results were expressed as units/ml in reference to a standard II2
preparation (concanavalin A-stimulated rat spleen cell culture super-
ernatants) which was arbitarily assigned a value of 100 units/ml (21).

Flow cytametric determinations. PEMC (1.25 X 106 cells/ml) were
incubated in RPMI+S (5% 00,; 24-well plates) at 37°C for 48 hours with
PHA or anti-CD3 monoclonal antibody in the presence or absence of T,
cruzi. After 48 hours, the cells were washed three times with
phosphate-buffered saline pH 7.2 containing 1% bovine serum albumin
(Sigma) and were stained by treatment with anti-Tac monoclonal antibody
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(which recognizes an epitope of the human II2R (22) and was kindly
provided by Dr. T. A. Waldmann, National Institutes of Health)
followed, after washing, by flourescein-comjugated F(ab'), derived from
goat anti-mouse IgG antibody (Tago Inmnodiagnostics). The cells were
fixed in 1% formaldehyde and were analyzed in a FACS IV flow cytameter.
Ten thousand PBMC, gated to exclude T. cruzi and cell debris, were
accammlated for each histogram. The percentage of IL2R' cells [i.e.,
$Tact cells (22)] in each preparation was calculated after subtracting
the background of nonspecific labeling with MOPC-21 (a nonspecific IgG
derived fram a mouse myelama cell culture) and fluorescein-conjugated
F(ab'), anti-mouse IgG. The mean charnel mmber of the logarithm of
the fluorescence intensities (MFCh) was the parameter used to campare
the relative density of Tac antigen on the different Tact cell
populations. The logarithm of fluorescence intensities was distributed
over 256 channels.
One ml of PEMC

suspension at 2.5 X 10% PBMC/ml was incubated at 37°C for 2 hours in
24-well plates; the adherent cells (>98% monocytes/macrophages by both
morphological criteria and positive staining for non-specific esterase)
were incubated with medium alone or containing 5 X 108 or 1 X 107
trypamastigotes/ml in the presence or absence of 20 ug/ml bacterial
lipopolysaccharide (LPS, Difco) at 37°C for 24 hours (5% 00,). Culture
supernatant dilutions were added to mouse thymocyte cultures stimulated
with a suboptimal PHA concentration (1 ug/ml) as described in detail by
Meltzer and Oppenheim (23). The results were expressed as cpm
representing 3H-thymidine incorporation by proliferating thymocytes.



presence of bloodstream forms of T. cruzi, PEMC stimulated with FHA
showed a markedly decreased capacity to express surface II2R. This
effect was parasite concentration dependent (Table 1) and was evidenced
by a decrease in the proportion of IL2R' cells as well as in the
‘dasityof'l‘acantigmmttnamfaceofthepositivelw
whether optimal or suboptimal PHA concentrations were used (Fig. 1).

To establish whether this effect was also produced under
conditions known to mimick antigen-induced lymphocyte activation (23),
we carried out similar experiments using anti-CD3 as the stimulant.
The results demonstrated that T, cruzi also impaired II2R expression in
ﬁhiscasevhetherthelyuhocyteswerestimlatedwithq)timlor
suboptimal amounts of anti-CD3 (Fig. 1). T. cruzi did not stain
positively for Tac antigen [i.e., did not bind anti-Tac or the
flucrescein-labeled F(ab'), anti-mouse IgG] whether or not co-cultured
with PBMC in the presence or absence of PHA or anti-CD3, and did not
respand to recambinant II2 (20 to 250 units/ml) with altered levels of
3H-thymidine incorporation (data not shown).

T. cruzi has been shown to suppress 3H-thymidine incorporation by
PEMC stimilated with suboptimal or optimal PHA concentrations (15).
The results presented in Table 2 indicated that this was also the case
when the lymphocytes were triggered with suboptimal or optimal
concentrations of anti-CD3. Under the suboptimal or optimal
stimilatory conditions used in the experiments described above (0.6 and



0 Absent <2

0 Present 46.3 114
1 X 105 Present 34.9 (-25) 112
5 X 105 Present 26.5 (-43) 67

10 X 106 Present 4.2 (-91) 86

2 cultures of PBMC (1.25 X 106 cells/ml) with or without T. cruzi
were incubated with or without 5 ug/ml PHA for 48 hr. The cells were
stained with anti-Tac and fluorescein-labeled goat F(ab'), anti-mouse
IgG. The percventage of Tact cells was calculated after subtracting the
background of nonspecific labeling (see Materials and Methods).

Percent variation (1V) with respect to the value abtained with FHA
alone = [(value with parasites - value without parasites) / value
without parasites X 100). This set of results is typically
representative of two separate repeat experiments.
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Figure 1. Effects of T. cruzi on IL2R expression by human
lymphocytes. PBMC were incubated at 37°C for 48 hours with PHA or
anti-CD3 monoclonal antibody in the presence or absence of 5 X 10° T,
cruzi/ml. The cells were processed for flow cytametric analysis as
described under Table 1. (A) Responses to an optimal PHA concentration
(5 pg/ml): PHA, 55.0% Tac' cells, MFCh 120; PHA+T. cruzi, 40.3% Tact
cells, MFCh 103. (B) Respanses to a suboptimal PHA concentration
(0.6 cells pg/ml): PHA, 28.6% Tact cells, MFCh 126; PHA+L., cruzi,
19.6% Tact, MFCh 109. (C) Responses to an optimal anti-CD3
concentration (25 ng/ml): anti-CD3, 41.5% Tact cells, MFCh 137; anti-
CD3+T. cruzi, 27.0% Tact cells, MFCh 121. (D) Responses to a
suboptimal anti-CD3 concentration (6 ng/ml): anti-CD3, 20.5% Tact
cells, MFCh 133; anti-CD3+T. cruzi, 16.0% Tact cells, MFCh 117. In
control PBMC cultures (no PHA or anti-CD3), the proportion of Tact
cells never exceeded 4%. The sets of data for PHA- and anti-CD3-
induced responses are representative of five and three separate repeat
experiments, respectively. MFCh is the mean channel mumber of the
logarithm of the fluorescence intensity.
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Mitogen 3H-thymidine incorporation II2 (units/ml)
PEBMC PEMCHL. cruzi (V) PBMC PEMCHT, cruzi

PHA, 5 pug/ml 88.5+6.0 31.8+2.5 (-64) 353 435
PHA, 0.6 ug/ml 54.5+1.1 23.540.6 (=57) 4 25
Anti-CD3, 25 ng/ml  36.7+0.8 16.2+1.2 (-56) 31 18
Anti-CD3, 6 ng/ml  6.2+2.4  3.440.6 (—45) 1 7

a  pEMC (1.25 X 106 cells/ml) were incubated at 37°C for 96 hours
with PHA or anti-CD3 monoclonal antibody in the presence or absence of
5 X 105 parasites/ml. Each culture received 1 uCi 3H-thymidine 24
hours before termination. All values of 3H-thymidine incorporation are
expressed as thousand com. The background values obtained without
mitogen (0.2 and 7.0 for PEMC cultures without and with parasites,
respectively) were subtracted from those cbtained in the presence of
mitogen. All differences between values obtained with and without
parasites were statistically significant (P<0.02, Student's "t" test).
II12 activity was concurrently determined in the supernatants of 48-hour
PEMC cultures set up as described above. The differences between IL2
levels in the absence and presence of T, cruzi were not significant.
%V, see legend to Table 1. This set of data is typically represent-
ative of three repeat experiments.
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5 ug/ml PHA, respectively, and 6 and 25 ng/ml anti-CD3, respectively,
with 1.25 X 105 PBMC/ml), the levels of II2 activity found in the
supernatants were not decreased by the trypanosames and in occasional
instances I12 levels were, in fact, greater in the presence of the
parasite than in its absence. We previously reported that supracptimal
culture conditions [i.e., higher mitogen (25 or 50 ug/ml PHA) and PEMC
(5 X 106 cells/ml) concentrations] result in reduced IL2 production in
the presence of T, cruzi (15). When we tested the II2R-expressing
capacity of human lymphocytes under these supracptimal conditions in
the presence of the parasite, the proportions of Tac' cells in cultures
stimilated with 25 and 50 ug/ml PHA were 22 and 45% lower,
respectively, than those found in parasite-free cultures; I12 activity
was reduced by 24 and 32%, respectively (data not shown).

A camparisaon of the concentrations and viability of the PEMC
revealed that the presence of the parasite caused no significant
difference in these parameters 48 hr after culture initiation. Thus,
for example, in a representative experiment, the PBMC concentrations
measured at 48 hr in the absence and presence of T. cruzi were 1 X 106
(99% viable) and 0.9 X 106 (99% viable) PEMC/ml, respectively, when no
mitogen was present. The corresponding values in the presence of 5
pg/ml PHA were 0.9 X 106 (99% viable) and 1 X 106 (99% viable) PEMC/ml.
The values cbtained after 96 hr, in the absence of mitogen, were 6.5 X
10° (99% viable) and 7.8 X 105 (92% viable) PBMC/ml, in the absence and
presence of parasites, respectively. PHA-induced lymphoproliferation
and the suppressive effect of the parasite were evident after 96 hr;
1.5 X 105 (96% viable) and 7.8 X 105 (90% viable) PEMC/ml were present
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in cultures lacking and containing the organisms, respectively.
Although there were same fluctuations in the 48- and 96-hr PEMC
concentrations from experiment to experiment, the differences or lack
of difference summarized in the preceding sentences were consistently
cbserved. During the 96-hr culture there were minimal variations in
total parasite concentration. However, the proportion of
trypamastigotes (100% at the initiation of the cultures) was reduced to
approximately 50% and 40% after 48 and 96 hr, respectively, whether
mitogen was present or not, the rest being amastigote-like organisms.
Epimastigote forms were not detectable. In the various experiments,
3H-thymidine incorporation by the parasites alone represented 5 to 15%
of the cpm dbtained with parasites plus PEMC stimulated with PHA or
anti-CD3. This contribution, part of the background, was subtracted
fram the experimental values presented in Tables 2 ard 3.

We have previously shown that T, cruzj does not absorb, consume or
inactivate II2 (15), ruling out removal of this lymphokine by the
parasite as the suppressive mechanism. However, because lymphocytes
fram infected mice recover their responsiveness to mitogens or antigens
after addition of exogenous II2 (12, 16, 17), and IL2 up-regulates the
expression of its own receptor (24), we tested the possibility that the
lymphocytes affected by the parasite might have required more II2 than
was produced by mitogen-stimulated PEBMC to normally express II2R and
proliferate. As shown in Table 3, neither II2R expression nor the
level of 3H-thymidine uptake returned to normality after addition of
250 units/ml II2. Similar results were cbtained in experiments in
which doses of II2 up to 600 units/ml were used and 3H-thymidine
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incorporation was determined (Table 4). In contrast, substantial and
total recovery of I. cruzi-suppressed mouse lymphocyte responses was
cbtained with 100 and 250 units/ml I12, respectively.

We tested the possibility that T. cruzi may have inhibited I1d
production by human macrophoges/monocytes, thus indirectly affecting
lymphocyte function. Macrophages/monocytes incubated with suppressive
cancentrations of T, cruzi secreted greater amounts of ILl than
replicate cultures incubated without the parasites (Table 5).
Furthermore, the parasite did not decrease ILl production stimilated by
another inducer, LPS.



i
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Mouse 0 1.640.6 6.9+0.1 30.0+0.8 5.04+0.2 83
spleen 100 4.1+0.5 18.1+0.4 46.64+2.2 24.81+0.6 17

250 7.3+0.5 14.740.2 51.7+2.3 35.2+1.5 =17

Human 0 0.740.2 2.2+0.3 81.0+2.0 36.1+0.6 55
blood 100 1.3+0.1 2.3+0.4 78.3%+2.9 36.5+0.4 55
250 2.0+0.5 2.94+0.9 85.4+1.0 36.2+1.5 55

600 3.0+0.1 2.5+0.2 70.7+1.2 34.9140.3 57

2 Mouse spleen cells (2.5 X 10% cells/ml) were co-cultured
with 2.5 X 10° T, cruzi/ml for 72 hours (13). Human PBMC (1.25 X
105 cells/ml) were co-cultured with 5 X 106 T. cruzi/ml for 96
hours. PHA was used at 5 ug/ml. All values of SH-thymidine
incorporation are expressed as thousand cpom. $S, percent suppres-
sion with respect to cells+PHA in the absence of exogenous IIL2.
This set of data is typically representative of two repeat exper-
iments.



Supernatant of Supernatant dilution

monocytes/macrophages plus 1:6 1:18 1:54

No parasites 0.3 + 0.0 0.6 + 0.1 0.6 + 0.2
5 X 106 T. cruzi/mi 6.7+1.8 3.3+0.8 3.2+ 0.6
1 X 107 T. cruzi/ml 5.7 + 1.7 3.2 + 0.6 2.3+ 0.4
LIPS, 20 ug/ml 9.4 + 2.1 5.2 + 0.8 1.2 + 0.3
IPS + 5 X 106 T. cruzi/ml 10.1 + 0.4 8.5+ 1.8 4.3 + 0.8
IPS + 1 X 10/ T. cruzi/ml 8.8 + 1.8 7.1 + 2.1 3.0 + 0.5

2 Monocytes/macrophages were cultured at 37°C in medium
alone or containing LIPS in the presence or absence of T. cruzi for
24 hours. Dilutions of the supernatants were tested for potent-

iation of mouse thymocyte proliferation (3H-thymidine uptake)
The supernatant

induced with a suboptimal dose of PHA (23).
dilutions represent final dilutions in the culture medium.

Con-

trol values: Thymocytes in medium alone = 0.4 + 0.1; thymocytes +

IPS = 0.4 + 0.0.

All values are expressed in thousand cpm.
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DISCUSSION

These results reveal the ability of T. cruzi to inhibit II2R
expression by human T lymphocytes activated either by a mitogenic
lectin or by engagement of their antigen receptor conplex with a
specific monoclonal antibody. As far as we know, this is the first
time that any parasite has been demonstrated to directly affect IT2R
expression, an early event in lymphocyte activation which plays a
crucial role in the ability of T cells to proliferate and mount immme
responses.

The reduction in the percentage of cells expressing IL2R indicated
that the suppressive effect of T. cruzi was so pronounced as to
virtually abrogate this ability in a significant proportion of
lymphocytes. The impressive reductions in MFCh (a logarithm-based
parameter representing in our studies the surface density of Tac
antigen) indicated that even an those lymphocytes on which II2R protein
was still expressed, the extent had been considerably diminished. If
these consequences of lymphocyte exposure to T. cruzi occurred also in
vivo, they would be expected to impair the host's immmocompetence by
reducing lymphoproliferation induced by IL2 and inhibiting the
proliferation of important effector cells. This would in turn
facilitate the dissemination of T. cruzi during the acute phase of the
infection, i.e., when the parasite is present in tissues and/or body
fluids in larger mmbers. In the latter context, it is noteworthy that
the parasite concentrations found in this work to suppress IL2R
expression are in line with those found in the blood of acutely
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infected mammalian hosts. Furthermore, immmnosuppression most likely
develops at the lymphoid tissue level where parasite concentrations may
reach even higher levels, at least focally. Therefore, conditions
similar to those used in our studies are likely to occur in acute
chagasic patients, in wham immnosuppression has been documented (14).

We previously demonstrated that lauman lymphocyte suppression
resulting from co-culture with T. cruzi is not due to nutrient
consumption since culture medium "spent" by the parasite was as
effective in supporting mitogen-stimulated PEMC proliferation as mock-
treated medium (15). In that study we also showed that T. cruzi does
not absorb or consume II2, and that immmnosuppression is not due to
increased PRNC killing by the parasite. The latter cbservation was
confirmed in the present work. In addition, the parasite did not bind
anti-Tac or the fluorescein-labeled F(ab'), anti-mouse IgG used as
"second antibody" and, therefore, could not have reduced the
concentrations of these reagents in our flow cytametric studies. We
show now that T. cruzi increases, rather than decreases, ILl1 production
by haman monocytes/macrophages and does not decrease ILl secretion
stimilated by another inducer. These results argue strangly against
the notion that the suppressive effects of T. cruzi, including
inhibited II2R expression, could be a consequence of impaired IIl
production or secretion. Suppressed II2R expression without
cancamitant reduction of either II2 production by lymphocytes or ILl
secretion by macrophages/monocytes appears to point to II2R expression
as selectively affected by the parasite to inhibit lymphocyte
campetence. Since IT2R protein expression starts around 12 hr after
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mitogenic stimulation, peaking at 48 to 72 hr (25-27), the biochemical
event(s) targetted by T. cruzi is traced by our results to the very
early stages of lymphocyte activation.

Although I1l secretion was not inhibited by T. cruzi and the
parasite has been shown to suppress mitogen-stimulated proliferation by
human lymphocytes even after monocyte/macrophage depletion (15), the
present results do not rule out the possibility that T. cruzi may
suppress human lymphocyte function at least in part by altering other
monocyte/macrophage accessory cell function(s). This possibility
deserves attention but, whatever the result turns out to be, the fact
will remain that II2R expression was markedly inhibited by the
parasite.

T. cruzi-induced suppression appears to be achieved by different
pathways in mouse and human lymphocytes. Thus, mouse but not human
lymphocyte suppression can be corrected by exogenous I12. Several
graups of investigators, using different experimental systems, have
shown the recovery of immune responsiveness by lymphocytes from
infected mice (12, 16, 17) upon addition of exogenous II2 and we report
here similar results for normal mouse lymphocytes suppressed in vitro
by T. cruzi. These cbservations suggest that II2R are normally
expressed on the surface of the mouse lymphocytes since they would not,
otherwise, be able to transduce the lymphokine signal and recover. In
contrast, normal production of II2 by human lymphocytes was readily
demonstrable in our studies and these cells were incapable of utilizing
either the endogenously produced or exogenously added IIL2.
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Under optimal stimulatory conditions T. cruzi inhibited IT2R
expression without affecting I12 production. However, the parasite
can, under supraocptimal conditions, suppress both II2R and II2
production (15; this paper). These results infer that, regardless of
functional lymphocyte performance dictated by envirommental conditions,
the parasite invariably inhibits II2R expression. Thus, availability
of IL2 would not appear to be an important issue in the case of human

lymphocyte suppression by T. cruzi, probably explaining why the
increases in II2 levels occassionally brought about by the parasite

were nevertheless accampanied by impaired responsiveness. These
sporadic increases might have reflected decreased IL2 utilization due
to reduced IT2R expression or actually enhanced II2 production.
However, the precise explanation for this phenamenon would not detract
fram the fact that the suppressed expression of IIL2R or lymphoprolif-
eration was independent of the presence of ample amounts of II2 in the
culture medium.

It is noteworthy that, occasionally, we abserved that, whether PHA
or anti-CD3 was used, the typical decrease in surface density of Tac
antigen and suppressed lymphocyte proliferation were accampanied by
only a modest reduction in the percentage of Tact cells (<15%). High
Tac antigen density correlates with the presence of higher mmbers of
high-affinity IT2R (F. Ruscetti, personal commmnication) which
internalize II2 leading to lymphoproliferation (28-30). In this light,
suppressed proliferation and decreased Tac antigen density without a
concamitant significant reduction in the percentage of Tact cells could
result fram altered expression of high-affinity II2R. Since high-
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affinity II2R consist of an alpha chain (which contains the Tac
epitope) and a beta chain (31), these results indicate that T. cruzi
might alter the expression of the beta chain as well as that of the
alpha chain. Much remains to be done befare the mechanism of
suppressed TI2R expression reported herein is well understood. The
defect may exist at the level of transcription or translation of the
II2R gene or in its transport to the cell membrane. Equally
interesting to know is whether other lymphocyte activation markers are
also affected and the means and mediators, if any, by which T. cruzi
inhibits II2R expression.

In closing, we would like to point out the possible usefulness of
the in vitro system used in this work to study the mechanism of T,

cruzi suppression in the exploration of early regulatory events in
human lymphocyte activatiaon.
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Chapter 4

Trypanosama cruzi DECREASES THE EXPRESSION OF BOTH THE INTERLEUKIN 2
AND TRANSFERRIN RECEPTORS BUT NOT EAl, AN EARLY MARKER OF LYMPHOCYTE

ACTIVATION
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Aarte infection with Trypanosama cruzi leads to a state of
depressed immmne responsiveness, and co-culture of the parasite with
normal human peripheral blood monomuclear cells suppresses the ablility
of the latter to proliferate upon mitogenic stimilation. We have
previously shown that T. cruzi decreases the expression of the
interleukin 2 receptor (II2R), an early lymphocyte activation marker
which is required for T cell growth. In order to further explore the
initial stages of T, cruzi-induced immmosuppression, we have
determined the earliest time at which a reduction in II2R expression
may be seen. T, cruzi was found to suppress the expression of the IIL2R
as early as 6 to 12 hrs after activation, the earliest times at which
this marker is found on the cell surface. Furthermore, this
suppression encampasses both the low and the high affinity forms of the
receptor. The expression of the transferrin receptor, another growth
factor receptor necessary for lymphoproliferation, is also reduced -
this decrease not being cbserved until 48 hrs after stimulation. In
contrast, T. cruzi was unable to inhibit the expression of EAl, the
earliest reported T cell activation marker, at times ranging fram 6 to
24 hrs. Since the expression of the IL2R but not EAl was decreased at

12 ard 24 hrs, the immmosuppression exerted by T. cruzi may be of a
selective nature, affecting only specific parameters of lymphocyte
activation. This specificity may provide a key in overcoming the
parasite-induced immunodepression in the critical early stages of
infectian.

oY
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INTRODUCTION

The acute phase of Trypanosaoma cruzi infection is marked by a
state of immmnosuppression in both men (1,2) and mice (3-11). Co-
caulture of either normal mouse spleen cells (12) or mman peripheral
blood monanuclear cells (PBMC) (13) with T. cruzi trypamastigotes also
decreases their proliferative response to a variety of mitogens.
Several investigators have reported a decrease in interleukin 2 (IL2)
production by spleen cells from infected mice (8,9). Since II2 is a
lymphokine required for T cell growth and its addition to cultures of
lymphocytes from infected mice was able to restore immmnoglobulin
production (9-11) and T cell blastogenesis (Chapter 3), it appears that
deficient II2 secretion is responsible for at least same of the
manifestations of T. cruzi-induced immunosuppression in mouse spleen
cell cultures. This is not the case for human PEMC, where there is no
decrease in I12 production under optimal culture conditions (Chapter 3)
and exogenous I12 is unable to restore mitogen-stimulated T cell
proliferation (13). The expression of II2 receptors (IL2R) on PEMC,
however, is inhibited by T. cruzi (Chapter 3). This inhibition was
found to occur at 48 hrs after T cell stimilation, at which time
receptor expression peaks (14).

In the present report, we have examined the expression of the IIL2R
over time, in order to discover the earliest point at which T. cruzi
affects this activation marker. We also tested whether the decrease
included the biologically active high affinity form of the II2R (15).
Finally, we examined the specificity of T. cruzi-induced
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immunosuppression by testing the effect of the parasite on the
expression of two other T cell surface activation markers.
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MATERTALS AND METHODS

Parasites. Trypamastigotes of T. cruzi (Tulahuen strain) were
isolated fram the blood of Crl-CD1(ICR)ER mice (Charles River
Laboratory, Portage, MI) infected two weeks previously with 2 X 10°
parasites. Purification involved centrifugation over Ficoll-Hypaque
(Gensity = 1.077) (16) followed by DEAE-cellulose chromatography (17).

—

After two washings with RPMI 1640 (Gibco, Grand Island, NY)
supplemented with 100 units penicillin and 100 ug streptamycin/ml, the
parasitneswetweresuper\dedatafinalccncentraticnofsx106

trypamastigotes/ml in the above medium containing 5% heat-inactivated
(56°C, 20 min) fetal bovine serum (RPMI+5%FBS).

oo

Peripheral blood monomuclear cells (PEMC). PHMC were isolated as
previously described (13) and brought to a final concentration of
1.25 X 10% cells/ml in RPMI+5%FES.

Indirect immmofluorescence. PEMC were incubated at 37°C for the
desired periods of time in 24-well plates in the presence or absence of
5 pug/ml phytchemagglutinin (PHA; Sigma Chemical Co., St. Louis, MD) or
OKT3 (Ortho, Raritan, NJ) at a concentration of 12.5 or 25 ng/ml
(depending on the batch utilized). The final volume of the cultures
ranged from 1.5 to 2 ml. T. cruzi was added to same of the cultures at
their initiation and replaced an equivalent volume of RPMI+5%FBS. At
various times after mitogenic stimulation, cells were removed, washed
three times by centrifugation with phosphate-buffered saline containing
1% bovine serum albumin (Sigma) and incubated for 30 min with the
desired first antibody [anti-Tac, a gift of Dr. T. A. Waldmamn,
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National Institutes of Health; OKT9 (Ortho); anti-EAl, a gift of Dr. S.
M. Fu, Oklahama Medical Research Foundation, Oklahama City, OK; or 12
ug/ml control mouse IgG (Calbiochem, 1a Jolla ,CA)]. After two
washes, the cells were incubated with the second antibody, F(ab'),
fragment of fluorescein-carjugated goat anti-mouse IgG (1:6 dilution;
Tago Immnodiagnostics, Burlingame, CA). Cells were fixed in 1%
formaldehyde and analyzed in a FACS IV flow cytameter, reading ten
thousand PBMC for each cadition and gating out T, cruzi and cell
debris. The percentage of positive cells in each assay was calculated
after subtracting the background labeling obtained with control mouse
IgG. The mean channel mumber of the logarithm of the fluorescence
intensities (MFCh) was the parameter used to campare the relative
density of the target antigens on the different populations. The
logarithm of fluorescence intensities was distributed over 256
channels.

High affinity 1251-T12 binding assay. PBMC were incubated in the
24-well plates as described above in the presence or absence of 5 ug/ml
PHA with or without T. cruzj for 60-65 hrs. The cells were then washed
three times by centrifugation with Hank's balanced salt solution,
incubated for one hour at 37°C to remove endogenously produced II2 from
the cell surface, washed two additional times, and resuspended in
RPMI+10%FBS containing 25 mM HEPES and 0.1% sodium azide (binding
medium). One million viable PEMC from each condition were incubated in
triplicate with 150 to 200 pM 125I-T12 (specific activity = 900 Ci/mM;
Amersham, Arlington Heights, IL) in binding medium in a total volume of
150 ul for 1 hr at roam temperature. This concentration of II2 allows
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binding to high but not low affinity II2R (18). To determine the level
of nonspecific binding, 1 X 106 PEMC were incubated in triplicate as
described above with 150-fold molar excess of unlabelled II2 (Cellular
Products, Buffalo, NY) replacing an equivalent volume of binding
medium. The reaction mixture was then layered over a cushion of 200 ul
of Hank's balanced salt solution containing 1 M sucrose and centrifuged
at 14,000 X G for 5 min. The supernatant was aspirated and the tip of
the tube containing the pellet was amalyzed in a gamma counter
(Micramedic Systems, Horsham, PA). The level of specific binding was
determined by subtracting the mean value of binding not inhibitable by
cold II2 (nonspecific binding) from the mean value of total 1251-112
bound to the cells and was expressed in dpm.
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The addition of T. cruzi trypamastigotes to cultures of normal
PEMC decreased the expression of the II2R (Tac antigen) (19) following
mitogenic stimilation (Table 1). This decrease was seen as early as 12
hrs after activation and persisted until at least 60 hours. In a
separate experiment, a reduction was also noted at 6 hrs, the earliest
time at which the receptor can be detected at the cell surface (data
not shown). The decrease in II2R expression encampassed both a
reduction in the mmber of Tac positive cells and in the density of the
receptor on the positive cells (logarithm of MFCh). Occasionally, the
decrease in the former parameter was very small or absent with,
nevertheless, a significant decrease in receptor density still
occurring (data not shown). Tac expression was inhibited by T. cruzi
in response to stimilation by both PHA and OKT3. T, cruzi did not
react with anti-Tac, removing the trivial explanation that the parasite
was absorbing this antibody and decreasing its availibity to the PBEMC.

The anti-Tac antibody reacts with both high and low affinity forms
of the II2R (20) but only the former is believed to be active in signal
transmission (21,22). In order to determine whether T, cruzi inhibits
the expression of the biologically active form of the II2R, we next
performed binding assays using 125I-I12 under conditions in which only
high affinity binding occurs. The data presented in Table 2 indicate
that T. cruzi inhibits the expression of the high affinity II2R.
Indeed, the level of 1?51-11.2 binding to PHA-stimulated PEMC co-
cultured with the parasite was approximately equal to that found on
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Table 1. The Effect of T. cruzi on the Expression of the II2R by
Stimilated PEMC

Time % Tact cells (MFCh of positive cells)
(hr) PEMC+PHA  PEMCHPHA+T. cpuzi PEMCHOKT3  PEBMCHOKT3+T. cruzi

12 48.3 (103) 15.7 (89) 20.9 (106) 16.1 (94)
24 54.1 (112) 36.0 (88) 14.4 (100) 9.7 (95)
36 58.6 (121) 26.8 (90) 16.9 (101) 12.2 (91)
60 44.3 (123) 34.3 (92) 15.0 (88) 1.3

PEMC were incubated in the presence or absence of PHA (5 ug/ml) or
OKT3 (25 ng/ml) and/or T. cruzi (5 X 106 organisms/ml) for the
indicated periods of time. Indirect immunoflucrescence was perfamed as
described under Materials and Methods using a 1:1000 dilution of
anti-Tac as the primary antibody. CQultures of PEMC incubated alone or
in the presence of T. cruzi were tested similtanecusly as negative
controls; less than 9% of the cells were positive for Tac. This set of

results is typically representative of four repeat experiments.
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Table 2. Mﬁfwtofmimﬁnmofnsl-mtoﬂ)em
Under High Affinity Conditions

Material Specific I12 Binding (dpm)
PEMC 693
PEMC + PHA 1819
PEMC + PHA + T, cruzi 570
T. cruzi 295

PEMC (1 X 105 viable cells), which had previously been cultured
for 60-65 hrs in the presence or absence of PHA (5 ug/ml) and T. cruzi
(5 X 106 parasites/ml), were incubated with 125I-I12 under conditions
of high affinity binding (150 pM 1251-112; 38,776 dpm) for 1 hr. After
removal of unbound radiolabel, the cells were analysed in a gamma
caunter and nonspecific binding was subtracted from the total amount of
bound dpm to yield specific binding. Nonspecific binding was 373,
603, 461, and 668 cyom for PEMC, PEMC+PHA, PEMC+PHA+T, cruzi, and T.
cruzi alone, respectively. All binding conditions were tested in
triplicate. These results are typically representative of three repeat

experiments.
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nonactivated PEMC. T. cruzi itself bound insignificant levels of 1251-
I12, indicating that the parasite was not campeting with PEMC for the
ligand.

The II2R is one of the first cell surface markers of T lymphocyte
activation. Recently, however, an earlier marker has been reported
(23). This molecule, named early activation antigen 1 (EAl), is
detectable on the surface of T cells 4 hrs after stimulation with PHA
and reaches maximal levels of expression at 18 hrs. In order to
determine earlier times at which T. cruzi may suppress T cell
activation, we next examined whether the parasite affected EAl
expression, and if so, at which time the effect was first cbserved.
The addition of T. cruzi trypomastigotes to cultures of PEMC stimulated
with either PHA or OKT3 had no effect on the expression of EAl at times
ranging fram 6 to 24 hrs of culture (Table 3). Both the mumber of EAl
positive cells and the density of EAl per positive cell were similar in
the presence or absence of T. cruzi.

In order to further examine the specificity of the T. cruzi-
induced immmnosuppression, the possiblity of alterations in the
expression of the transferrin receptor (TfR), a late-appearing marker
of lymphocyte activation, was explored. T. cruzi inhibited the
expression of the TfR on cells tested between 48 and 120 hrs after
stimilation with either A or OKT3 (Table 4). No decrease was seen
when the PBMC were examined at 24 hrs of culture, a time at which low
but significant mmbers of cells bore TfR on their surfaces. As with
the II2R, the decreased expression entailed both a reduced mmber of
TfR positive cells and a large decrease in the receptor density.
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Table 3. lLack of Effect of T. cruzi on the Expression of EAl by
Stimulated PEMC

Time $ FAl+ cells (MFCh of positive cells)
(hr) PEMC+PHA  PEMCHPHA+T. cruzi PEMOHOKT3  PEMCHOKT3+T._cruzi

0 3.7 4.9 4.1 4.5

6 41.9 (79) 52.5 (88) 16.7 (73) 26.9 (71)
12 61.3 (86) 57.0 (87) 21.3 (76) 19.4 (74)
18 61.9 (88) 52.4 (94) 26.6 (77) 33.1 (80)
24 54.2 (89) 51.0 (92) 32.5 (78) 27.9 (81)

PEMC were incubated in the presence or absence of PHA (5 ug/ml) or
OKT3 (25 ng/ml) and/or T. cruzi (5 X 10° organisms/ml) for the
indicated periods of time. Indirect immmofluorescence was perfamed as
described under Materials and Methods using a 1:75 dilution of anti-EAl
as the primary antibody. Cultures of PEMC incubated alone or in the
presence of T, cruzi were tested similtaneocusly as negative controls;
less than 5% of the cells were positive for EAl. This set of results
is typically representative of three repeat experiments.



Table 4.

The Effect of T. cruzi on the Expression of the TfR by

Stimulated PEMC

Time % TR+ cells (MFCh of positive cells)

(hr) PEMC+PHA PEMC+PHA+T, cruzi PEMCHOKT3  PEMCHOKT3+T, cruzi
24 14.6 (97) 13.6 (106) 14.0 (105) 11.6 (109)

48 32.9 (148) 18.8 (128) 32.3 (147) 27.9 (121)

72 43.3 (170) 19.1 (116) 52.1 (160) 24.8 (110)

96 51.8 (172) 19.8 (103) 52.0 (155) 21.4 (104)

120 48.2 (157) 13.2 (103) 42.7 (134) 17.6 (102)

PEMC were incubated in the presence or absence of PHA (5 ug/ml) or
OKT3 (12.5 ng/ml) and/or T. cruzi (5 X 10% crganisms/ml) for the
indicated periods of time. Indirect immmofluorescence was perfamed as
described under Materials and Methods using OKT9 as the primary
antibody and following the mamufacture's instructions. CQultures of
PEMC incubated alone or in the presence of T, cruzi were tested
similtaneocusly as negative controls; less than 8% of the cells were
positive for the TfR. This set of results is typically representative
of two repeat experiments.
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DISCUSSION

T. cruzi is able to decrease the expression of the IIL2R as early
as 6 to 12 hrs after activation by either the mitogenic lectin FHA or
OKT3, an antibody directed at the T cell antigen receptor camplex (24)
(Table 1). These times dencte the earliest expression of this molecule
on the cell surface (14) and indicate that T. cruzi is able to suppress
very early during lymphocyte activation. The decrease in the
expression of this marker contimued until at least 60 hrs, the last
time tested. Since IL2R expression peaks at approximately 48 hrs (14),
this decrease does not appear to be due to a mere delay in receptor
expression.

The TI2R is composed of two chains, p55 and p75 (25-27). The high
affinity II2R (Kd = 10711 to 10712) is composed of both p55 and p75,
while p55 alone is respansible for low affinity interactions with the
ligand (Kd = 1078) (18,27,28). Since physiological levels of II2 are
believed to be insufficient to allow binding to the low affinity
receptor (p55) and because p55 has a very short cytoplasmic tail which
may not function in signal transduction (21), only the high affinity
form of the II2R is believed to be active in vivo. This hypothesis is
strengthened by the finding that cells which express only p55 are
unable to transmit a signal for cellular division, but conversion to
the high affinity form of the receptor in these cells leads to II2
responsiveness (22).

The anti-Tac antibody reacts with p55 (19), and thus binds both
low (p55) and high (p55+p75) affinity forms of the receptor. Since low
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affinity receptors represent approximately 95% of the II2R on the cell
surface (18), immmnofluorescence studies using anti-Tac reveal
primarily the expression of this form of the receptor. The data in
Table 1, therefore, demonstrate a reduction in p55 which occurs mainly
in the form of the low affinity receptor. In order to examine the
effect of T. cruzi on the levels of the biologically active high
affinity II2R, we performed binding assays with 125I-T12 under
conditions which permit only high affinity binding. The data in Table
2 show that high affinity TI2R are also affected by T. cruzi. In fact,
the amaunt of 1251-112 bound by PHA-stimilated PEMC after exposure to
T. cruzi was approximately that of unactivated PBMC.

The above noted decrease in high affinity receptor expression is
corrabarated by studies in which 125I-T12 was cross-linked under
conditions of high affinity binding to the II2R on the membranes of
activated T cells previously incubated in the presence or absence of T.
cruzi. Analysis by SDS-PAGE revealed a significant reduction in the
levels of both p55 and p75 (Cuna and Kierszenbaum, personal
camunication). Since all of the p75 present on activated T cells is
believed to be coupled with p55, forming high affinity receptors (29),
the decrease in p75 expression is a second piece of evidence that T.
cruzi decreases the high affinity form of the II2R.

Reduced levels of Tac have been reported in several pathological
conditions, including pulmonary tuberculosis (30), AIDS (31,32), ard
Trypanosaoma brucei infection (33). It should be noted, however, that
in the latter case, the reduction is due to action of suppressor cells
and is not seen when these trypanosames are co-cultured with
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lymphocytes. pS-adrenrgic agonists have also been reported to decrease
Tac expression but not high affinity II12 binding (34), while in
systemic lupus erythematosus, the levels of high affinity receptors are
decreased while the Tac antigen is unaffected (35). Our finding is the
first demonstration, to the best of our knowledge, that an infectious
agent is able to directly or indirectly inhibit the expression of high
affinity TI2R.

The TR is another growth factor receptor required for T cell
proliferation (36) which is espressed at late stages of lymphocyte
activation (37). T. cruzi was also able to inhibit the expression of

TR T i macny  ~—mpy

this receptor (Table 4). This inhibition was ocbserved from 48 to 120
hrs after PEBMC activation but was not seen when cells from a 24-hr
culture were examined.

The TfR appears on the cell surface after the expression of the
II2R and antibodies to the latter block the appearance of the TfR,
suggesting that the IL2R regulates the TfR expression (38). Thus, the
decreased expression of the IL2R caused by T. cruzi may lead to the
reduction in the levels of the TfR. This may not necessarily be the
case, however, since a decrease in the expression of the IL2R is seen
inAIlSpatientswitlnxtacorrespmdﬁqdecreaseintheTfR@l),
demonstrating that the expression of TfR may occur in the absence of
normal levels of IL2R and opening the possibility that T, cruzi
inhibits each of these receptors independently.

T. cruzi was found to have no effect on the amount of EAl antigen
expressed on PHA- or OKT3-activated PEMC (Table 3). Normal levels of
this phosphoprotein were found on PBMC incubated with T, cruzi for 6 to
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24 hrs. The lack of inhibition with respect to this marker may be due
to either an insufficient time of exposure of the PEMC to the parasite
or to a specificity in the effects of T. cruzi upon lymphocyte
activation. In regard to the former possibility, it should be noted
that II2R expression is reduced by 12 hrs (Table 1), whereas EAl is
expressed at normal levels as late as 24 hrs after activation (Table
3). As regards the later possibility, we have previously found that
under optimal culture conditions, T. cruzi inhibits II2R expression
(Chapter 3) while not affecting the production of IFN-r (Chapter 2) or
II2 (Chapter 3), indicating that T. cruzi does indeed affect same but
not all parameters of lymphocyte activation. This specificity may
provide a key in overcaming the parasite-induced immunosuppression in
the critical early stages of T, cruzi infection.
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CHAPTER 5

SUPPRESSION OF THE CD2 PATHWAY OF HUMAN T CELL ACTIVATION
BY Trypanosoma cruzi

T—

B e
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Trypanosama cruzi suppresses T lymphocyte activation via the T

cell antigen receptor-CD3 (CD3-Ti) camplex. This immmnosuppression
involves a decrease in the proliferative responsiveness of hman

peripheral blood monomuclear cells (PEMC), as well as the expression of
interleukin 2 receptors (IL2R), but not the production of interleukin 2
(II2). In the present report, we have fourd that T. cruzj also
suppressed T cell activation through the CI2 altermative pathway.
Proliferative responses of PRMC to anti-T11, + anti-T11; were decreased
by co-culture with the parasite in a dose-dependent fashion. This
decrease was not due to deficient production of I12, since levels of
this lymphokine were actually increased in the presence of T. cruzi,
but may be due in part to a decrease in the expression of the II2R. T.
cruzji decreased the percentage of cells expressing the IL2R and the
density of this marker following simulation via CD2, although to a
lesser degree than following activation by PHA. Both the upregulation
of the levels of T1l; of the cell surface and the expression of Tll;
were inhibited by the parasite. L_gmz_imstlmfanﬁtoamess'r
cell proliferative responses by both the CD3-Ti and the T11 activation

pathways.




144

INTRODUCTION

Trypanosama cruzi, the parasitic agent of Chagas' disease, causes
a state of immmosuppression during the early, acute phase of infection
of both humans and mice (1-4). This suppression involves both the
cellular and the humoral arms of the immmne response in infected mice
(5-8). Co-culture of T. cruzi trypomastigotes with lymphocytes from
normal mice or hnmans also decreases the proliferative response of

o~y

these cells to mitogens (9,10) and, in the case of human peripheral "
blood mononuclear cells (PBMC), to anti-CD3 (Chapter 3), an antibody "
directed against the CD3-Ti T cell antigen receptor camplex (11). The
ability of T. cruzi to suppress responses of normal PEMC may lie, at
least in part, in a reduction in the expression of the II2R (Chapter
3). This reduction is not accampanied by a decrease in the production
of I12 under optimal culture conditions (Chapter 3).
In addition to the well-characterized CD3-Ti pathway of T
lymphocyte activation, several antigen—-independent pathways have
recently been reported (12-14). Of these, the (D2 pathway is best
characterized (reviewed in 15). (D2 [T11, the sheep erythrocyte
receptor, lymphocyte function-associated antigen-2 (LFA-2)] is a 50 kD
polypeptide that is expressed on all thymocytes and mature T cells
(15). Meuer et al (12) produced monoclonal antibodies which reacted
with three distinct epitopes on CD2. The T11; and T1l, epitopes are
expressed an all T cells and are upregulated upon activation, while
T1l; is found only on activated T cells and thymocytes. Anti-Tll,

antibody was also found to rapidly induce T113 expression (within 30
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min) (12). The cambination of anti-T11; and anti-T11; antibodies
induces resting T cells to produce II2 (16), express IL2R (16), and
divide (12). Since (D2 is not associated with CD3-Ti on the cell
surface (17), it thus represents an alternative pathway of T cell
activation.

In the present study, we have examined the effect of T. cruzi on T
cell activation through the CD2 alternative pathway and campared these
results with our previous findings with the CD3-Ti pathway.
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MATERIALS AND METHODS

Parasites. T, cruzi trypomastigotes (Tulahuen strain) were
isolated from the blood of Crl-CD1(ICR) Swiss mice (Charles River

Laboratories, Portage, MI) infected intraperitoneally with 2 X 103
parasites two weeks previously. The trypamastigotes were purified by
centrifugation (350 X g, 45 min, 20°C) over Ficoll-Hypaque of density
1.077 (18) and DEAE-cellulose chramatography (19). After two washings
with RPMI 1640 medium (Gibco, Grand Island, NY) supplemented with 100
units of penicillin and 100 ug streptamycin/ml, the parasites were
resuspended at the desired concentrations in the above medium
containing 5% heat-inactivated (56°C, 20 min) fetal bovine serum
(RPMI+5%FBS) .

Peripheral blood monomuclear cells (PEMC). PBMC were isolated
from the venous blood of normal daonors by centrifugation over Ficoll-
Hypaque as described above. After three washings in RPMI, the PBMC
were resuspended at a final concentration of 1.25 X 106 cells/ml. Cell
viability, as determined by trypan blue dye exclusion, was always >99%.

Proliferation assay. PHMC were incubated in 96-well plates in a
volume of 0.1 ml in the presence or absence of either 5 ug/ml
phytohemagluttinin (PHA; Sigma Chemical Co., St. Louis, MO), 25 ng/ml
OKT3 (Ortho Diagnostics, Raritan, NJO), an antibody reactive with CD3,
or a 1:100 dilution of anti-T1l, and anti-T113 monoclonal antibodies
(reactive with two distinct epitopes of CD2; generous gifts of Dr. S.
F. Schlossman, Dana-Farber Cancer Institute, Boston, MA). Some wells
also contained T, cruzi at concentrations ranging from 2.5 to 10 X 106
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parasites/ml, which replaced an equal volume of RPMI+5%FBS. CQultures
were incubated at 37°C, 5% 00, for 96 hrs, with 1 uCi of 3H-thymidine
(specific activity = 2.0 Ci/mmole; New England Nuclear Biotechnology
Systems, Wilmington, DE) being present during the final 24 hrs.
Cultures were terminated by autamated harvesting and the levels of
incorporated radiocactivity were determined in a liquid scintillation
counter. Results were expressed as mean counts per mimute (cpm) + 1
standard deviation of triplicate cultures.

II2 Assay. PBMC were incubated in 24-well plates in a volume of
1.5 ml in the presence or absence of 5 ug PHA/ml or a 1:100 dilution of
anti-T11, + anti-T11, antibodies with or without 5 X 10% T. cruzi/ml.
At 48 of incubation, cultures were centrifuged (350 X g, 10 min, 4°C)
and the supernatant was clarified by filtration through 0.22 (m-pore-
size filters and stored at -20° C until assayed for II2. II2 activity
was determined using the II12-dependent CTLL~2 cell-line as previously
described (10). Results are expressed as units II2/ml in reference to
a standard II2 preparation of 48-hr concanavalin A-stimilated rat
spleen cell supernatants which was assigned a value of 1000 units/ml
(20).

Expression of the II2R. The cell pellet of the above described
cultures was washed three times with phosphate-buffered saline
containing 1% bovine serum albumin (PBS-BSA) and subsequently incubated
for 30 min with a fluorescein-conjugated antibody directed against the
II2R, anti-2A3 (Bectan-Dickinson, Mountain View, CA), following the
manufacturer's instructions. After fixation in 1% formalin, PEMC
(10,000 cells per condition) were analyzed in a FACS IV flow cytameter
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gated to exclude T. cruzi and cell debris. The percentage of IL2R*
cells was calculated after subtracting the background of nonspecific
labeling with fluorescein-conjugated anti-keyhole limpet hemacyanagin
(Becton-Dickinson) . The mean channel mmber of the logarithm of the
fluorescence intensities (MFCh), distributed over 256 chamnels, was
used to campare the relative density of the IL2R on the different

Determination of the expression of T1l, and T11l3. CQultures of
PEMC set up in 24-well plates in the presence or absence of FHA as
described above were incubated for periods of time ranging from 6 to 24
hrs, washed with PBS-BSA, and incubated for 30 min with a 1:150
dilution of T11; or Tllj3, or with control mouse IgG (Calbiochem, La
Jolla, CA). After two washes with PBS-BSA, cells were incubated for 30
min with fluorescein-conjugated F(ab'), goat anti-mouse IgG and
analysed by flow cytametry as described above. The percentages of PEMC
expressing T11, and T11; were calculated after subtracting the
background of nonspecific labeling cbtained with the control mouse IgG,
and the MFCh was used to determine the densities of these epitopes.
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T. cruzi decreased the proliferative capacity of PEMC stimulated
via either the CD3-Ti or the CD2 pathways of T lymphocyte activation
(Table 1). The decreased respansiveness was dependent upon parasite
concentration, with low levels of suppression being cbserved when 2.5 X
106 T. cruzi/ml were used, and the extent of suppression increased when
the parasite concentrations were raised to 7.5 or 10 X 10® organisms/
ml.

T. cruzi did not reduce I12 production by PBMC after stimulation
with PHA or anti-CD2. Indeed, II2 levels in the anti-CD2-stimulated
cultures were increased by the presence of T. cruzi (data not shown).
A small increase in II2 concentrations is occassionally also noted when
FHA or anti-CD3 is the stimulant (Chapter 3). The expression of the
II2R was decreased by T, cruzi following activation by FHA or anti-CD2
(Table 2). This decrease was seen both in the mumber of II2R' cells
ard in the density of the receptor on the positive cells. When anti-CD2
was used in activation, the decrease was of a lesser extent than that
abserved with PHA. It should be noted that T. cruzi does not bind
anti-TI2R antibodies (Chapters 3 and 4), therefore, the decrease in the
levels of IL2R cbserved on the PBMC was not due to the parasite
reducing the availability of antibodies to these cells.
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Table 1. T. cruzi Inhibits Blastogenesis by Both the T Cell Receptor
and CD2 Pathways?

3H~TdR incorporation (cpm x 1073) in the presence of

Stimlus

PHA 61.7 + 3.0 20.9+1.1 6.3 +0.1 3.1+0.5 1.8+ 0.3
anti-cp3 37.2+ 2.6 22.1 +1.4 12.0+ 0.5 5.6 + 0.3 2.3 + 0.4

anti-cp2 14.2 + 0.5 6.5+ 0.2 2.4+0.1 0.9+0.3 0.4 +0.1

a pEMC were incubated for 96 hrs in the presence or absence of
PHA, anti-Cp3, or anti-T11, + anti-T1l3 (anti-CD2 antibodies) with or
without T. cruzi in 96-well plates. One uCi of 3H-thymidine (3H~IdR)
was present per well during the last 24 hrs. All differences between
values ocbtained for cultures with and without T. cruzi are statist-
ically significant (P<0.05, Student's "t" test). These results are
typically representative of three separate repeat experiments.
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The Effect of T. cruzi on II2R Expression After Stimulation

by either PHA or anti-cpe?

T. cxuzi $ II2R' cells

3 3

anti-cb2
anti-cpe

- 55.7

+ 35.9

- 48.9

+ 41.0

161

112

167
124

2 PpEMC were incubated for 48 hrs in the presence or absence of
PHA or anti-T1l, + anti-T11; (anti-CD2 antibodies) and/or T. cruzi (5 X
105 arganisms/ml). II2R expression was determined as described under
Materials and Methods. Less than 6% of the PEMC incubated in the
absence of PHA or anti-CD2 expressed II2R. These results are typically
representative of three separate repeat experiments.

b MRch, mean channel mumber of the logarithm of the fluarensence

intensities of positive cells.
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DISCUSSION

T. cruzi decreased the proliferative responses of PEMC stimilated
by either PHA, anti-CD3, or anti-CD2 (Table 1). This suppression was
cbserved with concentrations of T. cruzi ranging from 2.5 to 10 X 106
parasites/ml in a dose-dependent fashion. Since the CD2 pathway has
recently been demonstrated to be only active in memory T cells and not
in naive T cells (J. A. Byne, J. L. Butler, E. L. Reinherz, and M. D.
Cooper, Abst. Arm. Meet. Fed. Amer. Soc. Exper. Biol. 1988, FASEB J.,
vol.2, p. Al240.), the data in Table 1 are the first demonstration of
the ability of T. cruzi to suppress responses of memory T lymphocytes.

Anti-CD3 is an antibody directed against the CD3-Ti antigen
receptor camplex and triggers T cell activation through this molecule
(11). D2 is a marker found on all thymocytes and mature T lymphocytes
whose cell surface expression is upregulated upon lymphocyte activation
(21). Two antibodies directed against the T1l, and T1l3 epitopes of
CD2 are able to act in concert to stimilate II2 production (16), II2R
expression (16), and cell division (12). The antibody to T11;, an
epitope fourd on all resting T cells, is able to induce a confirma-
tional change in CD2 which allows the expression of the T113 epitope
(12). The subsequent engagement of T1l; by antibody then leads to the
above noted events. Since (D2 is not associated with the CD3-Ti
camplex on the cell surface (17) and since it is operative in the
stimilation of CD3™ thymocytes (16), it thus constitutes an altermative
pathway of T cell activation. Since this pathway does not require the
presence of monocytes (12), the data in Table 1 demonstrate that T.

Ly -y
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cruzi is able to exert its suppressive effect directly upon the T
lymphocytes.

T. cruzi was previously found not to decrease the production or
secretion of IL2 by PBMC stimulated by PHA or anti-CD3 under optimal
culture conditions (Chapter 3). The presence of T. cruzi in PBMC
cultures increased the levels of II2 following stimulation by anti-CD2.
This is occassionally also seen when PHA or anti-CD3 is used as the
mitogen (Chapter 3). The underlying cause of the augmentation in II2
levels is not clear at this time, but may have resulted fram a decrease
in the ability of the PBMC to internalize and degrade this lymphokine.
Alternatively, I12 production may be increased by the presence of T.
cruzi in the cultures. In this regard, it should be noted that T.
cruzi does not release II2 nor does it induce resting lymphocytes to do
so (data not shown). It has also been found that the parasite does
cause a reduction in II2 production under supracptimal stimilatory
conditions (5 X 106 PEMC/ml, > 25 ug PHA/ml; 10).

Since T cells exposed to T. cruzi demonstrate a reduced capacity
to proliferate in the face of normal or above normal levels of II2, we
next examined the effect of the parasite on the expression of the IL2R.
As was previously reported (10), T. cruzi inhibited the expression of
the II2R on PHA-stimilated PEMC (Table 2). Both the mumber of II2R*
cells and the density of the receptor on the positive cells was
decreased. Similar results were cbtained when anti-CD2 was used as the
stimilant, although the reduction was less pronounced than that seen in
PHA-stimilated cultures (Table 2).

Preliminary results indicate that the upregulation of the Tll,
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epitope of CD2 and the expression of the T113 epitope of this molecule
which occur during the first 6 to 12 hrs of lymphocyte activation were
inhibited by the presence of T. cruzi in the cultures (data not shown).
Work is arrently in progress to determine the kinetics of the
suppressed expression of these epitopes. Since T. cruzi decreases both
the nunber of activated cells bearing T11l, and T113 and the densities
of these epitopes on positive cells (data not shown), it is thus
possible that these events are at least partially responsible for the

suppressed proliferative responses of lymphocytes triggered via the CD2
activation pathway.

The ligand for the T1l, epitope of CD2 has recently been
identified as lymphocyte function-associated antigen-3 (LFA-3), a
glycoprotein present in endothelial, epithelial, and comnective
tissues, as well as on most blood cells (15,22,23). While resting T
cells bind to a LFA-3-like molecule on sheep erythrocytes, resulting in
rosetting (23), only activated T cells with enhanced expression of CD2
are able to bind autologous erythrocytes which bear lower levels of
LFA-3 than their ovine counterparts (23,24). The binding of T
lymphocytes to the ILFA-3-like molecule on sheep erythrocytes allows
subsequent activation by anti-T1l3 (25). The putative natural ligand
for the T11l3 epitope awaits identification.

The role of the CD2 alternative pathway of T cell activation is
not canmpletely understood at this time. However, this pathway may be
of particular importance for the activation of CD3™ thymocytes by LFA-

3t thymic epithelial cells during ontogeny (26-28). The upregulation
of CD2 ard the expression of the Tll3 epitope on activated mature T
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lymphocytes may enhance activation via CD3-Ti and increase the avidity
of T cell interactions with other LFA3' hematopoietic cells (15,29).

While the CD3-Ti camplex and CD2 are distinct entities and not
associated on the cell surface (17), these two activation pathways do
have mitual regulatory interactions. For example, the removal of CD3
fram the cell surface blocks activation via CD2 (12). Furthermore,
stimilation by the CD2 pathway induces phosphorylation of CD3 (30). It
appears, therefore, that the CD3-Ti and (D2 pathways involve separate
signals transmitted through separate and distinct receptors, each
system, nevertheless, being able to exert regulatory effects upon the
other. Our findings indicate that T. ¢cruzi is able to inhibit T
lymphocyte activation through both of these pathways.
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Apperdix I

T. cruzi Mediates its Suppressive Effect Via a Secreted Factor

The addition of T. cruzj trypamastigotes to cultures of normal
human PBMC has been shown in the preceding chapters to suppress the
proliferative response as well as the expression of the II2R by these
cells while the production of II12 was unaltered. In order to determine
whether this immmosuppression requires direct cell-to-parasite contact
or whether a secreted suppressive factor exists, we tested the
immmnosuppressive ability of T, cruzi in the presence or absence of
direct cell-to-parasite contact.

T. cruzi trypamastigotes were purified fram the blood of infected
mice as previously described (1) and resuspended at a final
concentration of 5 X 105 parasites/ml in REMI 1640 medium (Gibco, Grand
Island, NY) containing 100 units penicillin and 100 ug streptamycin per
ml and 5% heat-inactivated (56°C, 20 min) fetal bovine serum
(REMI+5%FBS) . Human PBMC were isolated as previously described (1) and
resuspended at a final concentration of 1.25 X 106 cells/ml in
RPMI+5%FBS. In order to test whether direct cell-to-parasite contact
is required for T. cruzi to inhibit the proliferative response of PEMC
to mitogens, PEMC were placed in the wells of 24-well plates in the
presence or absence of 5 ug/ml phytohemagglutinin (PHA; Sigma Chemical
Campany, St. Louis, MO). To each well, a Millicell-HA insert was added
(Millipore, Bedford, MA). This insert contains a 0.45 um-pore-size
filter which allows only the passage of soluble material between the
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two campartments. The volumes of medium on the inside and outside of
the insert were 0.4 and 0.5 ml, respectively. T. cruzi was present in
same of the cultures either on the outside of the insert (allowing
direct contact with the PEMC) or within the insert (no direct contact)
and replaced an equal volume of RPMI+5%FBS. Cultures were pulsed with
5 uCi of JH-thymidine 72 hr after initiation and harvested at 78 to 96
hr. In some experiments, the inserts were removed at various times of
culture and replaced with new inserts containing 0.4 ml of RPMI+5%FBS
and 5 ug/ml PHA.

The ability of PEMC to produce II2 was tested by measuring the
II2 activity in 48-hr supernatants of cultures set up as described
above. II2 activity was determined using the IL2-dependent CTLL~2 cell
line (1).

The expression of the IL2R was measured on PBMC in the presence or
absence of direct cell-to-parasite contact 48 hr after mitogenic
stimilation (Chapter 3). Results were expressed as the percentage of
Tact cells and mean channel mmber of the logarithm of the fluorescence
intensites of the positive cells.

The data presented in Tables 1 through 3 are typically represent-
ative of two to six separate repeat experiments of similar design.

T. cruzi was able to suppress the proliferative responses of PBMC
to PHA whether or not the cells and parasites were separated by a
Millicell filter (Table 1). Indeed, the suppressive capacity of T.
cruzi was the same in both conditions. It thus appears that the
immmnosuppressive effects of T. cruzi are mediated by a secreted
suppressive factor(s) (SSF). Whether this factor(s) originated
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Table 1. T. cruzi Suppresses Human PEMC Proliferation in the Absence
of Direct Oontact with the Cells?

PHA (5 ug/ml) T. cruzi 3H-thymidine incorporation (cpm x 1073)

- - 1.3 + 0.9
+ - 51.6 + 5.9 :
+ contactP 21.3 + 4.1 !
+ no contact 28.7 + 2.3

-

2 Ninety-six hr cultures pulsed with 5 uCi 3H-thymidine at 72 hr.
b "Contact" refers to the presence of direct contact between PBMC

and T. cruzi. "No contact" denctes that T. cruzi was separated from
the PEMC by a Millicell filter.
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intracellularly or was released fram the parasite's plasma membrane is
not known.

Next, the suppressive effects of 24 to 96 hr supernatants of T.
cruzi trypomastigote cultures were tested. While 5 x 10% parasites/ml
were able to decrease mitogen-induced lymphoproliferation, the
supernatants of these cultures as well as the supernatant of 1 x 107 T.
cruzi/ml did not effect the incorporation of 3H-thymidine by PHA-
stimilated PBMC (data not shown). Since both PEMC and PHA were also
present in the cultures and FHA binds to and agglutinates T. cruzi (2),
it is thus possible that this mitogen or a cell product induces the
release of SSF. To examine this possibility, the suppressive activity
of 24 to 96 hr culture supernatants of 5 x 10 T. cruzi/ml alone, T.
cruzi + 5 pg/ml PHA, T. cruzi + 1.25 x 10% PEBMC/ml, or T. cruzi + PEMC
+ PHA were tested; none of them suppressed mitogen-induced prolifer-
ation of PEMC (data not shown). Thus, the SSF appears to be labile or
degraded, camplicating attempts to purify and characterize this
molecule(s) .

Further support for the lability of SSF were the results of
studies in which the insert containing T. cruzi was removed and
replaced with a new insert lacking parasites at 24, 48, or 72 hr.
These cultures were pulsed with 3H-thymidine at 72 hr and harvested 6,
12, or 24 hr later. When the inserts containing T. cruzi remained in
the cultures for the duration of the experiment, the proliferative
responses were decreased approximately 85% campared to PEMC stimulated
in the absence of the parasite (Table 2). When the inserts were
removed at 72 hr (at the time of the pulse) and harvested 6 hr later,

-
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Table 2. The Suppressive Effect of SSF is Reversible?

none - 61.4 + 6.5
contact - 9.2 + 0.8
(85)¢
no contact - 8.4 + 1.2
(86)
no contact 72 hr 11.5 + 3.2
(81)
no contact 48 hr 38.7 + 4.0
(37)
no contact 24 hr 45.1 + 4.2
(26)

61.7 +10.2
8.2 + 1.6
(87)

7.4 + 1.6
(88)
14.9 + 4.6
(76)
50.4 + 6.1
(18)
40.3 + 8.0

(35)

77.4 + 22.2
15.9 + 1.2
(79)
11.6 + 2.4
(85)
36.6 + 2.7
(53)
85.3 + 5.1
(-10)
82.5 + 1.9

(-6)

4 pEMC were incubated with 5 ug/ml PHA in the presence or absence

of T. cruzi. All cultures were pulsed with 5 uci 3H-thymidine 72 hr
after initiation. "Contact" refers to the presence of direct contact

between PEMC and T, cruzi. "No contact" denotes that T. cruzi was

separated fram the PEMC by a Millicell filter.

b Qultures were harvested 6, 12, or 24 hr after the pulse.

€ Percent decrease in camparison to the corresponding cultures

lacking T. cruzi.
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the extent of the suppression (81%) was approximately the same as in
those cultures still containing T, cruzi, but as the time after
parasite removal increased (12 and 24 hr pulses), the suppressive
effect decreased (76 and 53%, respectively). This decrease in
suppression over time was seen to a greater extent in those cultures in
which the inserts containing parasites were removed at 48 or 24 hr of
caulture (Table 2). Since only the parasites themselves and not the SSF
was removed, these results suggest that the suppression is reversible
ard that SSF is labile and must be contimuously produced in order to be
effective. The lability of SSF may either be intrinsic or may be due
to PBMC internalizing and degrading the molecule.

In order to determine whether the immmnosuppression caused by T.
cruzi and the SSF are similar, several other parameters of lymphocyte
activation were examined. No decrease in the production of II2 under
optimal culture conditions was caused by either T. cruzi or SSF (Table
3). In contrast, SSF was able to inhibit the expression of the IL2R
(Table 4) as had been previously shown for T. cruzi (Chapter 3).

In summary, T. cruzi appears to secrete a soluble suppressive
factor which is labile and whose effects are reversible. Both T. cruzi
ard its SSF decrease mitogen—-induced proliferation and the expression
of II2R while not affecting the production of II2.
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Table 3. Exposure of PEMC to the SSF did not Inhibit I12 Production?

Supernatant 3h-thymidine incorporation (cpm x 1073) by CTLL~2

1:2 1:4 1:8 1:16
PEMC 0.4 + 0.0 0.3 + 0.0 0.3 + 0.0 0.3 + 0.0
PBMCH+PHA 20.6 + 1.7 12.0 + 1.7 5.1 + 0.8 1.7 + 0.4
PEMC+PHA+T. cruzi 29.3 + 1.6 16.4 + 0.6 8.7 + 1.8 3.2 + 0.3
PBMCH+PHA+SSF 27.0 + 3.2 12.7 + 0.7 7.1 + 2.5 2.6 + 0.5

2 Forty-eight-hr supernatants of the indicated cultures were
tested for II2 activity using the IL2-dependent CTIL~-2 cell line. 3H-
thymidine incorporation by CTLL~2 cells incubated in RPMI+10%FBS = 0.4
+ 0.2. Similar incorporation was produced by CTLL~2 incubated in the
culture supernatants of unstimulated PEMC cultured in the presence of

T. cruzi.
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Table 4. II2R Expression is Decreased by the T. cruzi SSF2

T. cruzi % Tact cells MFCHP

- 51.3 140

no contact 46.2 130

2 PBMC were incubated for 48 hr with PHA (5 pg/ml) in
the presence or absence of T. cruzi prior to staining for
the Tac antigen. "No contact" denotes that T. cruzi was
separated fram the PBMC by a Millicell filter. Less than 5%
ofthePBCinmbétedalaaeorexposedtoSSFintheabsmoe
of PHA were positive for Tac.

b Tne density of the Tac antigen expressed as the mean
charmel mumber of the logarithm of the fluorescence inten-

sities distributed over 256 channels.
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APPENDIX II

T. cruzi Inhibits the Growth of Several but not all
Imnortalized Cell Lines

Lymphocyte activation involves a series of temporally distinct
events as the cells move fram the Gy resting stage into the G; stage of
the cell cycle and thence amard to muclear and cytoplasmic divisions
(1,2). The ability of T. cruzi to suppress T cell proliferative
responses to mitogenic stimilation may lie in the inhibition of any one
or more of these events. Immortalized cell lines, however, have
already entered the cell cycle and therefare bypass several of the
activation requirements. It is thus possible that these cell lines are
no longer dependent upon the activation event(s) which T, cruzi
inhibits and may subsequently escape the antiproliferative effects of
the parasite. In order to explore this possibility, we have tested the
ablility of T. cruzi to decrease the growth of several cell lines.

T. cruzi trypamastigotes were isolated fram the blood of mice at
two weeks post-infection as previously described (3) and resuspended at
the desired concentrations in RPMI 1640 medium (Gibco, Grand Islard,
NY) containing 100 units penicillin and 100 ug streptamycin per ml and
10% heat-inactivated (56°C, 20 min) fetal bovine serum (RPMI+10%FES),
or supernatants of concanavalin A-stimilated rat spleen cells (rat IL2)
for the studies using CTLL-2 cells. The murine Il2-dependent CTLI~2
cell line (American Type Culture Collection), maintained by passage in
rat II2 in a similar fashion to that previously described for HI-2
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cells (3), was centrifuged ance prior to use in the proliferation assay
and was resupended at a final concentration of 2 X 104 cells/ml in rat
II2. The human nonadherant myelocytic U937 cell line (American Type
Culture Collection) and the human T-lymphotropic virus type 1 (HTLV-1)-
infected HUT 102B2 cell line (4; provided by Dr. Warren Leonard,
National Institutes of Health, Bethesda, MD) were maintained by passage
in RPMI+10%FBS and brought to final concentrations of 1 X 10° and 5 X
10° cells/ml, respectively, in the same medium.

To test the ability of T. cruzi to inhibit the proliferation of
these cell lines, cells were incubated at the previously indicated
concentrations for 24 or 48 hr in the presence or absence of serial
dilutions of the parasite. CTLL~-2 and HUT cells were incubated in 96-
well plates in a volume of 0.2 and 0.1 ml, respectively, while U937
cultures were set up in 24-well plates containing Millicell filter
inserts (Millipore, Bedford, MA) in a volume of 0.9 ml (as described in
Apperdix I) to avoid cell infection. Cultures containing CTLL~2 were
pulsed with 1 uCi 3H-thymidine (specific activity = 2.0 Ci/mmole; New
England Nuclear, Wilmington, DE) 6 hr before harvest, while those
containing U937 and HUT cells received a 24 hr pulse. Cultures were
terminated by autamated harvesting and the amounts of incorporated 3H-
thymidine were determined with the use of a liquid scintillation
counter. Results were expressed as mean cpm + 1 standard deviation.

The staining of HUT cells for the expression of the II2R was
performed as described in Chapter 3 for PBMC and the results were
expressed as the percentage of II2R' cells and the mean channel mumber
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of the logarithm of the fluorescence intensities (MFCh) distributed
over 256 channels.

The data in Table 1 show that T. cruzi was able to decrease the
growth of CTLL~2 and U937 cells. Proliferation of CTLL-2, an IL2-
dependent murine T cell line, was reduced by the presence of 1 X 10/ T.
cruzi/ml after 24 hr, while 2.5 X 106 T. cruzi/ml were effective at 48
hr. Growth of the haman myelocytic U937 cells was suppressed by 5 X
106 T. cruzi/ml at 48 hr (Table 1), while 1 X 10’ parasites/ml had an
effect after only 24 hr (data not shown). Since the U937 cells and the
parasites were separated by a 0.45-um-pore-size filter, the noted
decrease can not be a result of infection of this monocyte-like cell
line. It should be noted that the suppressive ratio of parasites to
cells was 125:1 and 500:1 for CTLL~2 at 48 and 24 hr, respectively, and
50:1 and 100:1 for the U937 cells. This is a much higher ratio than is
required to inhibit the mitogen-induced proliferation of mouse spleen
cells (1:1; Chapter 2) or human PEMC (4:1; Chapter 1). In contrast to
the results obtained with the CTLL~2 and U937 cell lines (Table 1) or
normal mman peripheral blood mononuclear cells (Chapters 3 ard 4), T.
cruzi (5 X 10 parasites/ml) was not able to affect the growth or the
expression of the II2R by HUT 102B2 cells after 48 hrs of co—culture
(Table 2). Similar results were seen when the parasite concentration
was increased to 1 X 107 T, cruzi/ml (data not shown). Higher
concentrations of T. cruzi were not tested due to the rapid
acidification of the culture medium under these conditions (unpublished
cbservation) .

The failure of T, cruzi to inhibit growth or II2R expression of
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Table 1. T. cruzi Decreases the Growth of CTLL~2 and U937 Cell Lines?

Incorporation of 3H-thymidine at:
Cell line  T. cruzi (x105) 24 hr 48 hr

CTLI~2 none 13.0 + 0.1 44.4 + 0.6
1.25 14.2 + 0.6 44.5 + 3.3

2.5 15.3 + 0.5 27.6 + 0.1

5.0 11.9 + 0.4 6.3 + 0.6°

10.0 7.4 + 0.2 3.1 + 0.2P

U937 nane NDF 70.9 + 11.1
1.25 ND 78.3 + 4.1
2.5 ND 70.1 + 3.1

5.0 ND 44.5 + 6.3P

10.0 ND 24.8 + 3.7P

2 The results with CTLL~2 and U937 cells were cbtained in
separate experiments, each of which was repeated on three occassions.

b p<0.05, for the reductions in cpm with respect to the
corresponding control which lacked T. cruzi, as calculated by Student's
"t test.

C Not determined.
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Table 2. T. cruzi does not Affect the Ability of HUT 102B2 Cells
to Proliferate or Express IL2R®

Material SH-thymidine incorporation $II2R+ cells log MFCh
(cpm x 1073)

HUT 14.6 + 0.5 66.0 120

HUIMT, cruzi 16.3 + 0.1 69.0 117

4 The proliferative response and the expression of the IL2R were
tested separately in forty-eight hr cultures of HUT 102B2 cells
incubated with or without 5 X 10% T. cruzi/ml. These results are
representative of two separate repeat experiments.
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HUT 102B2 cells may lie in the mechanism of their transformation. This
cell line is infected with and was immortalized by HTIV-1 (4,5). The
initial stages of this immortalization appear to utilize an autocrine
mechanism of growth, involving the constitutive production of II2 and
the II2R, which is inhibitable by antibodies to the II2R (5,6). later
events lead to the loss of Il2-dependence and lack of II2 production by
same of the RTIV-1-infected lines (reviewed in 7). The mechanism of
the enhanced transcription of I12 and II2R mRNA appears to result fram
the interaction of the transactivator gene product (tat-I) of HILV-1
with the pramoters of these cellular genes (8,9) which bear sequence
hamology with the regulatory regions of HIIV-1 (10). In the case of
the II2R gene, the pramoter engaged by tat-1 differs from that used in
the normal activation process (8). The differences between the growth
of normal activated peripheral blood monomuclear cells and HTLV-1-
infected cell lines (loss of Il2-dependent growth, constitutive
expression of the II2R, and the use of a different II2R promoter) may
explain the ability of T. cruzi to suppress growth and II2R expression
in the former but not the latter case.

In summary, at high parasite to cell ratios T. cruzi is able to
suppress the growth of a long-term IT2-dependent line and a monocyte-
like cell line, but not HIIV-1-infected HUT 102B2 cells under the
conditions tested. The latter finding also suggests that T. cruzi-
induced growth-inhibition of immortalized cell lines is not merely the
result of nutrient consumption.
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SUMMARY AND CONCLIUUSIONS

A state of suppressed immmne reactivity occurs during the early
stages of infection with Trypanosoma cruzi. Both cellular and humoral
arms of the immme system, however, are functional during the infec-
tion's later stages and play a vital role in host defense. It may thus
be hypothesized that the initial state of immmosuppression enables T.
cruzi to establish itself intracellularly and that overcoming this
phenamenon may allow clearance of the parasite by the host's immme
system before the anset of pathology. It was our goal, therefore, to
characterize the immmne alterations which T. cruzi induces in human T
lymphocytes with the ultimate goal of developing means to abrogate
these events and the subsequent occurance of disease.

Prior to this work, knowlege of the extent of the parasite-induced
immnosuppressive events in human lymphocytes was extremely limited.
It was shown herein that T, cruzi was able to suppress the
proliferation of uman T cells following activation by either the T
cell receptor or the (D2 antigen-independent stimulatory pathways and
that the ability of the parasite to inhibit the expression of the
interleukin 2 receptor played a key role in this process.

The addition of T, cruzi trypomastigotes or epimastigotes to
cultures of normal human peripheral blood monomuclear cells (PHMC)
reduced the ability of the latter to proliferate in response to a
variety of mitogenic lectins in a parasite-dose-dependent manner and
over a wide range of mitogen concentrations. This reduction was not
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due to consumption of essential mitrients or to a lowering of mitogen
concentrations to suboptimal levels by T. cruzi nor to a loss of PEMC
viability after co~culture with the parasite. T. cruzi was also able
to suppress PBMC proliferative responses after stimulation by anti-CD3,
a monoclonal antibody directed against the T cell receptor camplex, and
anti-T1l, and anti-T1l3 antibodies which trigger T cells via the D2
activation pathway. The presence of monocytes was not required for the
decrease in PEMC responsiveness while parasite viabilty was necessary.
T. cruzi additionally inhibited the growth of several but not all
immortalized cell lines tested.

T. cruzi was able to exert its suppressive effects when separated
fram the cells by a Millipore filter insert, demonstrating that a
soluble factor released by the parasite was involved in the suppressive
process. T cell responsiveness showed a partial recovery within 24 hr
after removal of the insert containing T, cruzi, demonstrating the
reversibility of the immmne alterations and the lability of the
suppressive factor.

Maximal suppression was noted when T, cruzi was added to cultures
within the first 24 hr of stimulation and decreased as the time of
parasite addition was prolonged. Thus T. cruzi appeared to affect an
early stage of lymphocyte activation. Interleukins (IL) 1 and 2 are
produced by stimilated monocytes and T cells, respectively, and are

required early during the T cell growth cycle. Under conditions of
optimal stimulation, T. cruzi was unable to reduce the ability of human

PEMC to produce or secrete either of these molecules or interferon—-r
while mouse spleen cells were deficient in the production of both IL2
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and interferon-r after co-culture with the parasite. In keeping with
these results, II2 was able to restore the mitogen-induced prolifer-
ative responses of suppressed mouse but not man lymphocytes. Thus,
there are notable differences in the process of suppression of mouse
spleen cells and muman PEMC. These results indicate that caution must
be exerted when extrapolating findings cbtained with the murine model
system to the human disease.

The inability of hman PBMC to respond to endogenous or exogenous
I12 correlates with the ability of T. cruzi to inhibit the expression
of the II2 receptor (II2R) on T cells. Both the mmber of cells
bearing II2R and the receptor density were decreased by T. cruzi in a
manner which was dependent upon the parasite concentration. This
decrease was cbserved within 12 hr of stimilation and persisted until
at least 60 hr. Both the low and the high affinity forms of the -
receptor were affected.

Expression of the transferrin receptor, a molecule required for
lymphoproliferation as well as a late activation marker, was also
inhibited by T, cruzi while the levels of early activation antigen 1,
the earliest reported activation marker of T cells, were unaffected by
the parasite during the initial 6 to 24 hr of stimulation. T. cruzi
additionally suppressed the up-regulation of the surface expression of
the T1l, epitope of CD2 as well the exposure of the Tll3 epitope of
this molecule which ccars during activation. Thus, T. cruzi is
selective in its inhibition of luman T cell activation events and this
specificity may provide the key in overcaming the parasite-induced
suppression.
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The event which appears to be of the greatest importance is the
decmasedexpre&imofﬂweﬂ;Rsirnetriggeringbythismlemle
allows progression from the early to the late G, stage of the cell
cycle and regulates many of the subsequent events of T cell activation.
Additionally, this is the earliest process reported to be altered by T.
cruzi. Future work in this area might address the following questions:

1. Does T. cruzi cause an increase in the levels of the soluble
II2R as is the case in AIDS and certain forms of cancer?

2. Is the expression of the membrane form of the II2R on
activated B cells and monocytes also affected?

3. Are the levels of IL2R mRNA decreased by T. cruzi, and if so,
is this an expression of decreased transcription or of decreased mRNA
stability?

4. Is the expression of cellular ancogenes altered by T. cruzi?

5. How may the stability of the parasite-induced suppressive
factor be increased so as to allow its purification and character-
ization?

The answers to these questions will allow a greater understanding
of the process of immmnosuppression by T. cruzi and may be of value in
the study of immne alterations caused by other pathogens, in
particular, the human immmnodeficiency virus.



