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A 72 kDaTrypanosoma cruzglycoprotein recognized by the 164C11 monoclonal antibody (IgM
isotype) was purified by preparative electrophoresis. The antigenic preparation obtained, named TcY
72, was used to immunize C57BI/10 mice. The following results were observed after immunization: (1)
induction of higher titres of IgG than IgM antibodies, as evaluated by indirect immunofluorescence; (2)
significant DTH after injection of epimastigotes in mice footpads; (3) peak parasitemia in immunized
mice was significantly reduced and animals were negative by 13 days post-infection, although the mice
still succumb to infection; (4) the phenotypic analysis of spleen cell populations showed a decrease in
the CD4/CD8 ratio in immunized mice. Taken as a whole, these findings indicate that TcY 72 is immuno-
genic and potentially important for protective immunity.
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Chagas’ disease, caused by the protodogn as purified glycoproteins isolated from the
panosoma cruziis distributed in South and Cen-epimastigote membrane (Snary 1983), flagellar
tral America where 18-20 million people are affraction (Segura et al. 1977, Wrightsman et al.
fected (WHO 1991). No vaccine or safe chemo1995)and exoantigens (Gruppi et al. 1994, 1995)
therapy is currently available for the prevention ohave been shown to have protective potential. The
treatment of this disease, which results in highmmune mechanisms responsible for resistance are
morbidity of infected individuals. The use of in-still unclear. However, resistance to infection has
secticides to control the insect vector is a continuseen correlated with a decrease in polyclonal lym-
ous source of concern because of the impact grhocyte responses induced by the parasite
the environment. New vaccination strategies fofMinoprio et al. 1988).
the better control of tropical diseases (Capron & Recently, we obtained a monoclonal antibody
Dessein 1988) and the recent knowledge of thgnAb) 164C11 which was generated from mice
complexity of parasite antigenic structure and ofnmunized with freeze-thawed and sonicated
the immunopathology of the infectious processloodstream trypomastigotes (Y strain) (Gomes et
(Peterson et al. 1986, Choromanski & Kuhn 1987l. 1995). This mAb recognizes a single band with
Reed 1988) should renew research activity on vaen apparent molecular weight of 72 kDa in West-
cines against Chagas’ disease. Many reports hagm blots obtained from all developmental stages
demonstrated that partial protection of mice againstf T. cruzi (Gomes et al. 1995). Studies using
T. cruzimay be induced by immunization with periodate and endoglycosidase treatments suggest
killed (Menezes 1968), attenuated (McHardy &that the epitope recognized by this mAb is not a
Elphick 1978), or chemically inactivated (Andrewscarbohydrate and seems to be located on the para-
et al. 1985) parasites. More defined antigens sudiite membrane. In addition, the 72 kDa protein

seems be involved in adhesion/or internalization

of bloodstream trypomastigotes in Vero and mac-

rophage cells (Gomes et al. 1995). In the present
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scribed by Gomes et al. (1995), and bloodstreatast boost. Rabbi-mouse 1gG and IgM conju-
trypomastigotes were obtained from peripherajated to fluorescein were obtained from Sigma.
blood of Swiss-Webster mice acutely infected with Delayed-type hypersensitivity test (DTH)
the parasite. DTH test was assayed in each animal 10 days after
Purification of monoclonal antibodyl64C11 the last boost of immunization. Epimastigotes in
hybridoma cells secreting IgM (Gomes et al. 1995xponential growth were killed by incubation in
were injected intraperitoneally into pristane-primed.% buffered formalin and washed five times by
Balb/c mice. Ascitic fluid was collected 10-14 dayscentrifugation in 0.15 M NaCl pH 7.2. Ten million
later and clarified by centrifugation. The mAb wayarasites in 51 were injected into the right foot-
purified by gel filtration according to Bouvet al. pad of each mouse from both immunized and con-
(1984). The fraction containing IgM was analyzedrol groups and NaCl was injected into the con-
by SDS-PAGE and Western blot. tralateral footpad. Swelling in both footpads was
‘Antigenic preparations The antigenic prepa- measured at 24 and 48 hr with a caliper (Mitutoyo-
ration was obtained by preparative electrophoregapan). The results were reported as the difference
sis according to the method proposed by MonjoUetween the swelling of the footpad injected with
et al. (1988)T. cruziY strain epimastigotes were gntigen and the swelling of the footpad injected
lysed in Laemmli buffer containing proteaseyith diluent.
inihibitors (1 mM PMSF, 0.1 mM EDTA - Sigma |nfection- Twenty five days after the last boost,

Chemical Co., St. Louis, Mo.). The lysates wergne animals were challenged with an intraperito-
separated in 10% SDS-PAGE (Laemmli 1970). Thga g inoculation of 19 bloodstream trypo-

72 kDa band was removed, sliced and electroeluteda siigotes (Y strain). Parasitemia was determined
according to Andrews (1981). The purity of theo

using samples of B1 of tail blood as previ-
electroluted band was analyzed by electrophoresis,q\y jescribed (Brener & Chiari 1963). Mortal-
and the gel was silver-stained by the method y

MorTi 1981 was recorded daily.
owse%/( bl i Tey 72 Il as th ified Membrane phenotyping of splenic cellBor
estern biot 'c as well as the puriiied ;¢ study five C57BI/10 female mice were used,

mAb containing the protease inhibithors (1 mM :
PMSF, 0.1 mM EDTA) were solubilized with as described above and 20 days after the last boost

sample buffer. TeY 72 and the purified mAb Werethe spleen was removed and collected in a sterile

: .~ disposable 60 mm Petri dish containing 5 ml of
then blotted onto NTC (0.48m pore size, Bio- . . :
Rad, Richmond, Ca) and the immunoassay peR-PNII 1640 medium (Sigma Chemical Co, St.

formed according to Towbin et al. (1979). The omls’ l\/lo).inThensdeieeln tcilllsf) Wﬁiret prepare:‘got%
strips containing the 72 kDa protein were incubate?se y teasing and 1so'ated by Histopaque
with the purified mAb followed by incubation with

horseradish peroxidase-labeled IgM (heavy cha

igma Chemical Co, St. Louis, Mo) density gra-
Mient centrifugation. The cells at the ring were col-

specific). To assess the purity of the purified mAbleCtEd’ _washed and suspended in RPMI at a con-
a direct immunoassay was carried out using se entration of 10cells/ml. The cellular suspension

eral anti-isotypesalgM, algA. algG1,algG2a, 15 m) was loaded on a glass slide and fixed in
aIgGZb,aIggg _ (za‘,(aﬁtag). '?’he stgrgips we?e devel-acetone. The dete(.:tlonlof CD3+ T Iymphocytgs
oped with 0.01% DAB, 0.01% 4@, in 100 mM was performed by direct |mmunofluorescen_ce with
PBS pH 7.3. an ant|.—CD.3 mAp (145—2'c I, Boehrlnggr

Mice immunization Two groups (G1 and GI) Mannheim Biochemicals, Indianapolis, In) conju-
of 10 inbred C57BI/10 female mice (17 + 2 g) werdlated to FITC and diluted 1:40 in PBS pH 7.3. After
used. G1 was injected three times (20 days apaffiFubation at 37C for 30 min with 201 of mAb,
with 25 ng of TcY 72 subcutaneously. The firstthe cells were washed and observed with a fluo-
injection was emulsified in complete Freund’s adtescence microscope. The detection of CD4+ and
juvant and the following in incomplete Freund sCD8+ T lymphocytes was performed by using the
adjuvant. G2, control mice, were injected with thé@vidin-biotin peroxidase system (Kit ABC,
elution buffer and the adjuvants. Five mice of eacMectastain PK 4002 - Vector Labor, Burlingane)
group were used for evaluation of antibody ané@ccording to the instructions of the supplier using
delayed hypersensitivity responses and challenglee mAbs anti-CD4 (YTS - 191.1, Cedarlane) or
experiments. The remaining five mice were used@nti-CD8 (53 - 6.7, Boehringer Mannheim
for the phenotyping of splenic cells. Biochemicals, Indianapolis, In).

Antibody responseThe antibody response of ~ Statistical analysis Statistical analysis was
immunized mice was analyzed by indirect immuperformed by using Student’s t test (Logiciels:
nofluorescence (lIF) on Y strain formalizedStatgraphics - Statistical Graphics Corporation and
epimastigotes (Camargo 1966) seven days after thiarvard - Microsoft Corporation).
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RESULTS ies in comparison to IgG (p<0.025) (Table I). IgG
Antigenic preparation The TcY 72 was ana- and IgM antiT. cruziantibodies were not detected

lyzed by electrophoresis and Western blot. Threld the control. The delayed hypersensitivity reac-

polypeptides of 64, 72 and 82 kDa appeared dipn was strong when compared to the control. Sig-
the gel (Fig. 1). This result was unexpected andicant 24 hr swelling (p<0.05) was present in all

led us to propose some possible explanations: tfBmunized mice slightly decreasing by 48 hr (Fig.

64 and 82 kDa polypeptide may be produced b$)- The phenotypic analysis of spleen cell popula-
partial degradation of protein followed by aggretonS at day 20 after the last boost revealed that
gation of the peptide fragments. Some membrarfeP3+ T cells (CD4+ and CD8+) increased in num-

proteins are known to aggregate even in the pre2€rs when compared to normal mice (p<0.01).
ence of detergents including SDS (Helenius &DP8* T cell numbers were higher in the immu-

Simons 1975, Dohnal et al. 1980). The fact thd}iz€d group in comparison to the control (p< 0.01).

the purified mAb recognizes the polypeptides bythough CD4+ T cell numbers were also higher

Western blot (Fig. 1) supports our explanation. If]! & immunized group in comparison to the con-

this assay no reactivity was observed when nol0l this difference was not shown to be statisti-

mal mouse serum was used. However, as the p&&/lY significant (p=0.17) (Table ).

sibility of copurification of other proteins

comigrating with the 72 kDa glycoprotein was not TABLE |
excluded we will refer to the purified fraction as I1gG and IgM antrypanozoma cruzntibody titres
TcY 72 antigenic preparation. of immunized mice

Antibody and cellular responses of immunized
mice- The antiT. cruziantibody response as de- |
tected by IIF showed lower titres of IgM antibod-Mice I9G IgM
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the sera were collected seven days after the last boost.
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Fig. 2: delayed-type hypersensitivity response in mice immu-
nized with TcY 72 antigen. Each bar respresents the mean (+
standard deviation) footpad swelling.

TABLE Il

Phenotyping analysis of splenic lymphocytes of mice
immunized

Lymphocytes (%)
Mice CD3+ CD4+ CD8+

Fig. 1: electrophoresis and Western blot of the TcY 72. (1) Eledmmunized 47.0 + 3.2 24.0+5.6 235+2.1

trophoretic profile after silver staining; (2) antigenic profile af-Control 265+2.1 17.0+ 1.4 100+ 1.4
ter the reaction with the purified mAb. No reaction was evi- —
denced with the mouse normal serum (data not shown). THehe results represent the mean * standard deviation of
arrow shows the 72 kDa band. five mice.
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Parasitemia and cummulative mortalityrhe Itis possible that a 72 kDa glycoprotein identi-
course of parasitemia in immunized mice is showfied by a mAb (WIC 29.26) produced against
in Fig. 3. The parasitemia was lower on days l&pimastigotes from a Y strain clone (Wel tryp
after infection (p<0.05) in comparison to non-im-Y2.CL) (Snary et al. 1981) shares similarities with
munized mice and complete clearance of parasitise antigenic structure recognized by the mAb de-
from the blood was observed by day 13 after chascribed here. However, previous results showed
lenge. The non-immunized mice developed higthat this 72 kDa protein (Snary et al. 1981) failed
parasitemias and 100% mortality was observed day induce protection againsfTacruziinfection in
11 (Fig. 3). While parasites were cleared by daterms of parasitemia and survival rates. Our results
13 post-challenge, the immunized mice still sucshow partial but significant protection when the
cumb to infection by day 22. Nevertheless, deatlficY 72 antigenic preparation is used in our mouse
was significantly delayed in the immunized ani-model. We show that mortality is delayed in the
mals. immunized group and blood parasitemia is mark-
edly decreased, reduced to undetectable levels by
13 days post-infection. It is not clear why the im-
munized mice died in the absence of parasitemia.
There are two possible explanations: (1) impor-
tant lesions occurred during the acute phase of the
infection; (2) although no parasitemia was detected
after 13 days post-infection this would not mean
that there are no parasites infecting tissues. Re-
cently, powerful techniques based upon polymerase
chain reaction (PCR) detected parasite DNA from
inflamatory lesions in human chagasic cardiomy-
opathy (Jones et al. 1993, Brandariz et al. 1995),
Fig. 3: parasitemia and cumulative mortality of mice after chaleven when no pa_lrasnes COL-"d be detected in the
lenge with 18 bloodstram trypomastigotes of Y strain. EacthOOd bY conventional examination. L.
point represents the parasitemia mean of five mice. The increase of T CD4+ (although not statisti-

cally significant) and T CD8+ T lymphocytes
(p<0.01) suggest a role for both cells in the protec-
tive response. Indeed, other investigators have al-
DISCUSSION ready shown that depletiqn of CD4+ and/or CD8+
. T cells by mAb treatmenh vivo or by genetic
~ In the present report, we analyzed the immugeletion of the encoding genes produces mice that
nizing potential of the 72 kDa glycoprotein (iden-are strikingly susceptible t@. cruziinfection
tified by the 164C11 mAb raised against blood(Russo et al. 1988, Minoprio et al. 1989, Tarleton
stream Y strain trypomastigotes) that appears t090). Here we observed a decrease in the CD4/
be located on the parasite membrane and seemdpg ratio in the immunized mice (Table I1). The
be involved in adhesion or internalization of th&easons Why CDS8+ T cell counts were apparenﬂy
parasite (Gomes et al. 1995). This glycoprotein wagigher in the immunized group in comparison to
obtained by preparative electrophoresis and US‘ﬂﬁE control are not clear. However, the induction
to immunize C57BI/10 female mice. ~_ of CD8+ by immunization with soluble antigen has

Mice immunized with the TcY 72 antigenic been demonstrated using several different viral
preparation developed partial resistance to infegmtigens (Schirmbeck et al. 1992, 1994b, Doe et
tion showing lower peak levels of parasitemia ang|, 1994) Toxoplasma gondintigens (Denkers et
longer survival times than non-immunized miceg|, 1993), SDS-denatured ovalbumin (Schirmbeck
These results are relevant if one takes into accouttal. 1994a) and paraflagellar rod protein (Miller
that the Y strain used in the Challenge IS extremeyt al. 1997) Particu|ar|y similar to our experimen-
virulent and leads to early death in naive animalgy| situation was the induction of CD8+ T cells by
(7-12 days post-infection). We are planning to reimmunization with paraflagellar rod proteins. Both
peat these experiments with a less pathogenic strajRtigenic preparations were purified by SDS-PAGE
of the parasite. The antibody response evaluategfiller et al. 1997). The relative role of pheno-
by IIF revealed that immunized mouse sera coRypically different T cell subpopulations in immu-
tains IgM and 19G antibodies specific for the 72ty to T. cruzihas not been well established. How-
kDa glycoprotein. In addition, a strong DTH reacever, studies depleting CD8 cells increased sus-
tion was observed suggesting that both responsggptibility to infection, resulting in increased
play a role in protective immunity. parasitemias and mortality (Tarleton 1990). In ad-

Parasites/50 fields (X 450)
(o) Autepiows snrenWING

Days after infection
« Immunized (Parasitemia) o Control (Parasitemia)
= Immunized (Cumulative mortality) - -Control (Cumulative mortality)
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dition, CD8+ T cell depletion also reverses in large tion technique producing an unsual exclusion vol-
part the protective effect resulting from vaccina-  ume of IgM: a simple way of preparing monoclonal
tion of mice with paraflagellar rod proteins ((Miller _ 1gM. J Immunol Meth 66299-305. o
et al. 1997). Cordeiro da Silva et al. (1996) foun§randariz S, Schijman A, Vigliano C, Arteman P, Viotti
a high percentage of CD8+ cells in resistant com- R, Beldjord C 1995. Detection of parasite DNA in

ared to susceptible strains of mice, further sups Chagas’ heart diseadeancet 3461370-1371.
P P ! Brener Z, Chiari E 1963. Observations on the chronic

porting a role for CD8+ cells in protective immu- phase of experimental Chagas’ disease in ries.
nity. The mechanisms by which CD8+ T cells con- st Med Trop S Paulo 3:28-132.

tribute to immunity is not well known. The CD8+ Camargo ME 1966. Fluorescent antibody test for the
subpopulation of T cell is the source of lymphok-  diagnosis of american trypanosomiasis. Technical
ines such as IFN-which may contribute to the modification employing preserved culture forms of
anti-parasite immune response. Another possibil- Trypanosoma cruin a slide tesRev Inst Med Trop
ity is the protective role of CD8+ cells as cyto- S Paulo 8227-234.

toxic T cells, in theT. cruziinfection (Tarleton Capron A, Dessein JP 1988. Vaccination against para-
1990) sitic infections: some alternative concepts for the

N Lo definition of protective antigen#\nn Inst Pasteur
Taken as a whole, these findings indicate that 139:109-117.

the TcY 72 antigenic preparation is highly immu-cporomanski L, Kuhn RE 1987. Use of parasite anti-
nogenic and potentially important for inducing pro- - gens and interleukin-2 to enhance suppressed im-
tective immunity. The mAb 164C11 recognizing @ mune responses durifigypanosoma cruzifection

72 kDa glycoprotein demonstrated a high comple-  in mice.Infect Immun 55403-408.

ment-mediated lytic activity against bloodstreantordeiro da Silva A, Santos Lima EC, Vicentelli MH,
trypomastigotes. In addition, the penetration of Minoprio P 1996. Y6-bearing T cells are involved
bloodstream trypomastigotes in Veero and macroph- |n.reS||stta|nce ta V%pasrlc’zslosmfz‘igznfed'on in Xid

age cells is partially inhibited by mAb 164C11__Micé Intimmunol 1213-1219,

((gomes et ali.) 1995{ Taken toge%her with the OtP_enkers EY, Gazzinelli RT, Hieny S, Caspar C, Sher A

- - ; 1993. Bone narrow macrophages process exogenous
servations that the 72 kDa protein is present in all Toxoplasma gondipolipeptides for recognition by

developmental stages®fcruziand is recognized  arasite-specific cytolytic T lymphocytédmmunol

by a mAb which has a strong Iytic activity against  150:517-526.

bloodstream trypomastigotes (Gomes et al. 199%)oe B, Steimer SK, Walker CM 1994. Induction of HIV-

strengthens the idea that this antigen is important | envelope (gp120)-specific cytotoxic T lymphocytes

for protective immunity againdt cruziinfection. responses in mice by recombinant CHO cell-derived
Although immunization with the TcY 72 anti-  gp 120 is enhanced by enzymatic removal of N-

genic preparation has failed to produce complete linked glycansEur J Immunol 242369-2376.

immunity, we are currently attempting to desigrPOhnal JC, Potempa LA, Carvin JE 1980. The molecu-

P : : lar weight of three forms of glycophorin A in so-
better V.aCCII’la'tIOI’l. protocols to improve protecthn. dium dodecyl sulfate solutioBiochim Biophys Acta
A vaccine which is capable of reducing acute in- 621: 255-264.

fection_but does not Completely_ eliminate all Paragomes YM, Abath FGC, Furtado AF, Regis LN,
sites will only be acceptable if it reduces the inci-  Nakazawa M, Montenegro LT, Vouldoukis |,
dence and/or severity of chronic Chagas’ disease AlfredMorin C, Monjour L 1995. A monoclonal
(Scott & Neal 1984). antibody against blood forms ®fypanosoma cruzi
lyses the parasita vitro and inhibits host cell inva-
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