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Ab stract. We have stud ied in vi tro pro lif er a tion in duced by sol u ble an ti -
genic frac tions of T. cruzi epimastigotes and trypomastigotes, as well as their
reg u la tory ef fect on the proliferative re sponse to PPD. Both crude ex tracts of
the par a site as well as bands from West ern blots of sol u ble epimastigotes and
trypomastigotes an ti gens were tested. Crude ex tracts elic ited higher pro lif er -
a tion in mononuclear cells from pa tients with chagasic cardiomyopathy
(CDM) than in those from pa tients with no ev i dence of car diac pa thol ogy
(INF). Frac tion ated an ti gens in duced a lower proliferative re sponse, in in ten -
sity as well as in fre quency, than the crude ex tracts. With the sol u ble an ti -
genic frac tions of epimastigotes, cells from CDM pa tients gave higher re -
sponses to low mo lec u lar weight (MW) bands (17 to 30 kDa), and from INF
pa tients, to bands of in ter me di ate MW (31 to 62 kDa); this pat tern was in -
verted with sol u ble an ti genic frac tions of trypomastigotes. The two crude
prep a ra tions in duced ei ther up-reg u la tion or down-reg u la tion of the PPD re -
sponse in vari able num bers of pa tients from both groups. With frac tion ated
an ti gens, down-reg u la tion in ten sity was stron ger in pa tients with out ev i dence
of heart dis ease, but fre quency was greater in pa tients with Chagasic
cardiomyopathy (CDM). Six bands of west ern-blot of sol u ble trypomastigote
an ti gens (B1, 4-7, and 9) in duced sig nif i cant down-reg u la tion in 100% of CDM 
pa tients. The up-reg u la tion elic ited by most bands of the an ti genic frac tions
was sig nif i cantly higher, and more fre quent in pa tients with out heart pa thol -
ogy. Most bands of sol u ble trypomastigote an ti gens (10/15; 66.6%) did not in -
duce up-reg u la tion in pa tients with cardiomyopathy. These data sug gest that
dif fer ences in the clin i cal sta tus of the two groups may re flect the rec og ni tion 
of dif fer ent groups of an ti gens to gether with vari a tions in the na ture of the
reg u la tory re sponse.
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Pro li fe ra ción y su pre sión cir cuns tan cial in du ci da por an tí ge nos
de Tri pa no so ma cru zi. Eva lua ción con una mo di fi ca ción 
de la técnica de T cell blot.
Invest Clín 2006; 47(3): 265 - 282
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Re su men. Se es tu dió tan to la res pues ta pro li fe ra ti va in du ci da por an tí ge -
nos so lu bles de epi mas ti go tes y tri po mas ti go tes de T. cru zi, como su efec to
re gu la dor en la res pues ta pro li fe ra ti va a PPD. Se eva lua ron tan to los ex trac tos 
cru dos del pa rá si to como las ban das de “Wes tern blots” de an tí ge nos so lu bles
de epi mas ti go tes y tri po mas ti go tes. La pro li fe ra ción de las cé lu las mo no nu -
clea res, en res pues ta a los ex trac tos cru dos, fue mas in ten sa en los pa cien tes
con car dio mio pa tía cha gá si ca (CDM) que en los pa cien tes sin evi den cia de pa -
to lo gía car dia ca (INF). La res pues ta a los an tí ge nos frac cio na dos fue me nor,
en fre cuen cia e in ten si dad, a la ob ser va da con los an tí ge nos cru dos. Las ban -
das de bajo peso mo le cu lar (17 a 30 kDa) de los an tí ge nos so lu bles de epi mas -
ti go tes die ron una res pues ta mas alta en pa cien tes CDM y las de peso mo le cu -
lar in ter me dio (31 a 62 kDa). Este pa trón se in vir tió con las ban das de an tí ge -
nos so lu bles de tri po mas ti go tes. Ambos ex trac tos so lu bles in du je ron so bre re -
gu la ción o baja re gu la ción de la res pues ta a PPD en un nú me ro va ria ble de pa -
cien tes en am bos gru pos. Con los an tí ge nos semi pu ri fi ca dos la in ten si dad de
la baja re gu la ción fue mas in ten sa en pa cien tes sin evi den cia de en fer me dad
car dia ca, sin em bar go la fre cuen cia fue ma yor en los pa cien tes con car dio mio -
pa tía cha gá si ca (CDM). Seis ban das del Wes tern blot de an tí ge nos so lu bles de 
tri po mas ti go tes (B1, 4-7, y 9) se aso cia ron con una baja re gu la ción en 100%
de los pa cien tes CDM. La so bre re gu la ción ob ser va da con la ma yo ría de las
ban das de la frac cio nes cru das fue sig ni fi ca ti va men te mas alta, y mas fre cuen -
te en pa cien tes con pa to lo gía car día ca. La ma yo ría de las ban das de an tí ge no
so lu ble de tri po mas ti go tes (10/15; 66,6%) no in du je ron so bre re gu la ción en
pa cien tes con car dio mio pa tía. Estos da tos su gie ren que la di fe ren cia en la clí -
ni ca de los dos gru pos pue den de ber se a que los pa cien tes de cada gru po re co -
no cen di fe ren tes an tí ge nos con jun ta men te con va ria cio nes en la regulación
asociada con esto.

Received: 13-07-2005. Ac cepted: 02-03-2006.

INTRODUCTION

Cha gas’ dis ease is a par a sitic zoonosis, 
en demic in Cen tral and South Amer ica,
caused by the pro to zoan par a site
Trypanosoma cruzi. Ac cord ing to the World 
Health Or ga ni za tion (1), there are 18 mil -
lion peo ple in fected with T. cruzi in Latin

Amer ica. Thirty per cent of these have, or
will de velop, chronic cardiomyopathy that
will limit their pro duc tive ca pac ity and re -
quire med i cal care.

Since T. cruzi is an intracellular par a -
site, the cell-me di ated im mune re sponse
plays a cen tral role in its con trol. This as -
pect has been eval u ated in nu mer ous stud -
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ies (2-7), all of which have shown in vi tro
pro lif er a tion of mononuclear cells stim u -
lated with T. cruzi an ti gens. The ex is tence
of sup pres sion of the im mune re sponse has
been re ported in ex per i men tal mod els
(8-13) as well as in Cha gas’ dis ease pa tients 
(7, 14).

Re cently, a proline racemase of the
par a site has been de scribed whose ac tiv ity
seems to be es sen tial for B-cell
mitogenicity and the in duc tion of the sup -
pres sion ob served dur ing the acute phase of 
the ex per i men tal in fec tion of mice (15).

An ti gens rec og nized by the im mune
sys tem play an im por tant role in de ter min -
ing the char ac ter is tics of the host re sponse. 
An ti genic de ter mi nants that se lec tively ac -
ti vate in vivo T cells with ei ther helper or
sup pres sor ac tiv ity have been shown with
sev eral an ti gens (16,17). Miller et al. (18)
re ported that cells from rats made tol er ant
by oral ad min is tra tion of an ti gen, down-reg -
u late the re sponse to a dif fer ent an ti gen, to 
which the an i mal is im mune, when stim u -
lated with both an ti gens. This ef fect was
termed “by stander sup pres sion”. Us ing an
in vi tro as say, we have dem on strated that T. 
Cruzi an ti gens in duce by stander sup pres -
sion of the proliferative re sponse to PPD or
tet a nus toxoid (14). On the other hand,
Rowland et al. (19), have shown that re sis -
tance or sus cep ti bil ity of mice to T. cruzi
in fec tion is as so ci ated with the re sponse to
dif fer ent an ti gens. Other stud ies have
shown that im mu ni za tion with a sol u ble sub 
cel lu lar epimastigote frac tion in duces pa -
thol ogy, while a flagellar frac tion in duces
pro tec tive im mu nity (20-22). These stud ies
sug gest that in Cha gas’ dis ease, the out -
come of the host-par a site in ter ac tion de -
pends on the bal ance es tab lished be tween
the effector and reg u la tory im mune re -
sponses elic ited by the dif fer ent par a site an -
ti gens.

To ob tain a better un der stand ing of
these com plex in ter ac tions, it is fun da men -

tal to study pu ri fied an ti gens rather than
crude ex tracts of the par a site. The T-cell
blot tech nique, de scribed by Aboud Zeid et
al. (23), is a pow er ful method for eval u at ing 
cell-me di ated im mu nity to semi-pu ri fied an -
ti gens. How ever, it has not been widely used 
be cause of the vari abil ity ob served among
the re sponses pro duced by dif fer ent batches 
of an ti gen. An ti gens have to be trapped and 
in ter nal ized by an ti gen pre sent ing cells
(APC), pro cessed and in cor po rated in MHC
to ac ti vate T cells. To be phagocytosed ef fi -
ciently the NC par ti cles can not be too
large. Fur ther more, to min i mize the ran -
dom dif fer ence in phagocytosis, the size of
NC par ti cles should have a low dis per sion.
We have de vel oped a mod i fi ca tion of this
tech nique that min i mizes the vari abil ity of
the size of NC par ti cles and of the
proliferative re sponse of mononuclear
cells, ob served with dif fer ent batches of NC 
par ti cles. Com bin ing this meth od ol ogy
with the eval u a tion of the by stander sup -
pres sion of the proliferative re sponse to
PPD, we have com pared the pro lif er a tion
and reg u la tion in duced by trypomastigote,
i.e. the in fec tive form of Trypanosoma
cruzi, and epimastigote an ti gens. Most
trypomastigote and epimastigote an ti gens
pro voked neg a tive reg u la tion of the PPD in -
duced pro lif er a tion.

MA TE RI ALS AND METH ODS

Pa tient groups
Pa tients were se lected from the Car di -

ol ogy Clinic for Cha gas’ dis ease at the
Vargas Hos pi tal in Ca ra cas, Ven e zuela. A
to tal of 38 pa tients (24 males, 14 fe males),
with pos i tive se rol ogy to T. cruzi an ti gens,
agreed to par tic i pate in this study. Pa tients
were clas si fied into two groups ac cord ing to 
pre vi ous cri te ria (23). The 19 pa tients as -
signed to group I (INF) were se ro pos i tive
for T. cruzi with no ev i dence of heart dis -
ease (mean age 46 years; range 34 to 66
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years). The 19 pa tients as signed to group II 
(CDM) pre sented electrocardiographic ab -
nor mal i ties char ac ter is tic of ei ther com -
plete right bun dle branch block plus an te -
rior or pos te rior hemiblock of the left bun -
dle, or com plete atrioventricular block with 
wide QRS com plex (mean age 50.8 years;
range 25 to 68 years).

Eval u a tion of dif fer ent pro ce dures 
to pro duce NC par ti cles Prep a ra tion of NC
par ti cles as de scribed by 
Abou Zeid et al. (23)

Pieces of 63 mm2 of nitrocellulose
mem branes were ad sorbed with 75 µL of
PPD (10 mg/mL), left to dry at room tem -
per a ture for sixty min utes, and placed in
serological tubes. To dis solve the NC one
mL of DMSO was added to each tube and
the mix ture in cu bated for sixty min utes. At
the end of this pe riod one mL of car bon -
ate/bi car bon ate buffer (0.05M; pH 8.5) was 
added drop wise to each tube, while vig or -
ously vortexing, to pro mote for ma tion of
NC par ti cles. The NC par ti cle sus pen sion
was cen tri fuged at 300 G for ten min utes.
The supernatant was dis carded and the NC
par ti cles were sus pended in PBS. This pro -
ce dure was re peated three times. Af ter the
last centrifugation the NC par ti cles were
sus pended in five mL RPMI 1640 (Grand is -
land Bi o log i cal Com pany, USA) sup ple -
mented with gentamicin (50µg/mL),
aliquoted and stored at –20°C.

Mod i fi ca tion of the meth od ol ogy
de scribed by Abou Zeid et al. (23)

To ob tain smaller and more uni form
NC par ti cles we did not de liver the car bon -
ate/bi car bon ate buffer drop wise but as a
con tin u ous flow, di rectly into the DMSO
and NC so lu tion, us ing a peri stal tic pump
(400 µL/min ute). The rest of the method
was as de scribed by Abou Zeid.

Es ti ma tion of the NC par ti cle size
Twenty-five µL of each NC par ti cle sus -

pen sion were placed on a mi cro scopic slide
and the size of 400 par ti cles mea sured us -
ing a cal i brated oc u lar.

Eval u a tion of the reproducibility 
of the stim u la tion of mononuclear cells
 in duced by PPD ad sorbed NC par ti cles

To eval u ate the reproducibility of the
proliferative re sponse, four dif fer ent
batches of PPD ad sorbed NC par ti cles, ei -
ther as de scribed by Abou Zeid et al. (23),
or as mod i fied by us, were used to stim u late 
mononuclear cells from a healthy do nor.

An ti gens. An ti gen A
Y strain epimastigotes were grown in

199 me dium sup ple mented with 2% fe tal
calf se rum. The par a sites were har vested
by centrifugation at 400 g for 20 min utes
and washed twice with PBS. Af ter the last
wash, they were ad justed to 30 × 106/mL
and autoclaved for 10 min (24); 20 µL of
this sus pen sion were added to each cul ture 
well.

Sol u ble par a site an ti gens
Sol u ble epimastigote (SE) and

trypomastigote (ST) an ti gens were pre -
pared as de scribed by Segura et al. [20].
The only dif fer ence was that par a sites were
dis rupted by pres sure-depressure us ing a
French pres sure cell in stead of a Sorvall-
 Ribi dis in te gra tor. To pre pare these crude
frac tions for mononuclear cell stim u la tion,
50 mg of the crude an ti gen were ad sorbed
to 63.3 mm2 of NC and pro cessed as de -
scribed for the West ern blots bands.

PPD (Statens Se rum Institut, Den mark)
Pro tein pu ri fied de riv a tive (10 µg/mL) 

20 µL/well.
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An ti gens semi pu ri fied by elec tro pho re sis
Pro teins in an ti gen sam ples were re -

solved by SDS-PAGE us ing a discontinuos
buffer sys tem (25). Ei ther SE or ST (3 mg
per gel) were ap plied to 10% acrylamide
gels us ing a blank comb with a sin gle ref er -
ence well for mo lec u lar weight mark ers
(Sigma Chem i cal Co. USA) for the de ter mi -
na tion of mo lec u lar mass. The sol u ble an ti -
gens were run un der re duc ing and
denaturalizing con di tions, and trans ferred
to (NC) mem branes by the method of
Towbin et al. (26). The West ern blots were
stained with Ponceau red (Sigma Chem i cal

Co. USA) to iden tify the pro tein bands. The 
stained and un stained bands were marked,
ex cised, cut into 63.3 mm2 pieces and pro -
cessed as de scribed. Af ter wash ing with
PBS, the re sult ing NC par ti cles were sus -
pended in 5 mL RPMI 1640; 100 µL of this
sus pen sion were added to each cul ture well. 
The mo lec u lar weight (mw) range of the
bands is shown in Ta ble I.

Cell pro lif er a tion as says
A stan dard microtest pro ce dure was

em ployed. Briefly, mononuclear cells were
sep a rated from heparinized blood by
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TABLE I
RANGE OF MOLECULAR WEIGHTS OF SE AND ST WESTERN BLOTS BANDS

Bands NC
Molecular weight

SE ST

Upper Lower Upper Lower

1 132 112 207 165

2 112 96 165 127

3 96 76 127 96

4 76 62 96 85

5 62 51 85 72

6 51 47 72 59

7 47 45 59 53

8 45 41 53 44

9 41 38 44 39

10 38 36 39 30

11 36 33 30 25

12 33 30 25 19

13 30 29 19 16

14 29 27 16 13

15 27 25 13 10

16 25 22

17 22 20

18 20 18

19 18 17

20 17 15



centrifugation over Ficoll-Hypaque, washed
three times, and cul tured in trip li cate for
crude an ti gens and in qua dru pli cate for
semi pu ri fied an ti gens, in plas tic microtiter 
plates, at a 2 × 105 cells/well con cen tra -
tion. The me dium used was RPMI-1640
(Grand Is land Bi o log i cal Com pany) sup ple -
mented with 50 µg/mL gentamycin and
10% autologous se rum. Af ter seven days of
ex po sure to the an ti gen(s), 0.5 µCi of [3H]
thymidine was added to each well 18 hours
be fore har vest ing onto glass fi ber strips and 
count ing by liq uid scin til la tion. As con trol,
par ti cles of nitrocellulose (NC) with out pro -
tein, ob tained from the same blot as the
bands, were added to 10 wells with
mononuclear cells.

Eval u a tion of reg u la tion in duced 
by T. cruzi an ti gen

To eval u ate the reg u la tion elic ited by
par a site an ti gens, mix tures of an ti gens or
nitrocellulose par ti cles from West ern blots
and sol u ble PPD were used at the same con -
cen tra tions as for the cell pro lif er a tion as -
say.

The per cent age of down-reg u la tion
(DR) or up-reg u la tion (UR) was cal cu lated
as fol lows:

Reg u la tion = 
CPM (PPD antigen

CPM PPD CPM antigen

+

+
´

T cruzi

T cruzi

. )

.
100 100

æ

è
çç

ö

ø
÷÷ -

Reg u la tion was eval u ated only in pa -
tients with a sig nif i cant pro lif er a tion to
PPD (SE: INF 13; CDM 9. ST: INF 13; CDM
13).

Data anal y sis. Cri te ria used to de fine 
pro lif er a tion or reg u la tion in duced by NC
ad sorbed an ti gen as rel e vant

Pro lif er a tion: Any band that gave a
CPM greater than the mean plus two stan -
dard de vi a tions of the CPM in duced by NC
alone.

Reg u la tion: any reg u la tion equal to or
smaller than -10 (Down-reg u la tion), or

equal to or greater than 10 (Up-reg u la tion) 
was con sid ered sig nif i cant. Only pa tients
with a sig nif i cant pro lif er a tion to PPD were
in cluded in this anal y sis.

Sta tis ti cal anal y sis
The fol low ing pa ram e ters were used to 

com pare the reg u la tion in duced by bands of 
the sub cel lu lar frac tions:

Mean reg u la tion: Av er age of sig nif i cant 
up or down reg u la tion to the band.

Fre quency of rel e vant up or down-reg u -
la tion: per cent age of pa tients with sig nif i -
cant reg u la tion to each band.

The fre quency of re sponses to crude
an ti gens was eval u ated us ing a Chi square
test.

To com pare down-reg u la tion or up-reg -
u la tion mean val ues, the rel e vant pro lif er a -
tion (CPM) means in duced by each band,
and the per cent age of pa tients with pos i tive 
pro lif er a tion or sup pres sion, we used the
paired Wilcoxon signed-rank test.

The re sponse of in di vid ual bands was
com pared us ing a non-para met ric test
(Mann- Whit ney).

RE SULTS

Eval u a tion of NC par ti cles
The T-cell blot tech nique (23) was re -

ceived with great in ter est when pub lished.
How ever, due to the vari abil ity of the data
ob tained it has not been widely used. Most
NC par ti cles ob tained us ing the orig i nal
meth od ol ogy have a di am e ter larger than
2.4 µm (Ta ble II). The sizes of par ti cles af -
fect their sed i men ta tion and the in ter ac -
tion with an ti gen pre sent ing cells. There -
fore, the qual ity and the amount of an ti gen
pres ent in each aliquot, dis pensed to stim u -
late mononuclear cells, may vary.

These con sid er ations sug gested that
the vari abil ity of this tech nique could be
min i mized if we could pro duce smaller and
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more ho mo ge neous NC par ti cles. With this
in mind, and af ter try ing dif fer ent pro ce -
dures, we found that NC par ti cles were
smaller and more ho mo ge neous when car -
bon ate buffer was de liv ered as a con tin u ous 
flow, in stead of drop wise. With this sim ple
mod i fi ca tion, most NC par ti cles pro duced
had a di am e ter of less than 2.4 µm
(Table II). When dif fer ent batches of NC
par ti cles were eval u ated (Ta ble II), it was
ob vi ous that the NC par ti cles, pre pared as
de scribed by Abou Zeid et al. (23), in duced
a highly vari able proliferative re sponse of
mononuclear cells (mean CPM 427; SD
230.3). On the con trary, with our mod i fi ca -
tion, the NC par ti cles in duced a more in -
tense re sponse with low vari abil ity (mean
CPM 885; SD 86.9).

Anal y sis of the re sponse of pa tients 
to crude an ti gens

Pro lif er a tion. The proliferative re -
sponse to crude an ti gens was eval u ated
with an ti gen A, the stan dard T. cruzi an ti -
gen used in our lab o ra tory, and sol u ble
subcellular frac tions of epimastigotes and
trypomastigotes ad sorbed to NC. The
proliferative re sponse in duced by an ti gen A
was sig nif i cantly higher in CDM than in INF 
(Ta ble III). The CPM in duced by the sub
cel lu lar frac tions (SE and ST) were sim i lar
and, as with an ti gen A, higher in CDM than
in INF. Nev er the less, in most cases they
were lower than the pro lif er a tion in duced
by an ti gen A in the same pa tient. The in ten -
sity of the pro lif er a tion in duced by an an ti -
gen is di rectly re lated to its con cen tra tion
and immunogeneicity.
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TABLE II
EVALUATION OF NC PARTICLES PRODUCED BY THE TECHNIQUE OF ABOUD ZEID

AND AS MODIFIED BY AUTHORS

Tech ni que Dia me ter of NC par ti cles

 < 2.4 µm 2.4-5.0 µm > 5.0 µm

Aboud Zeid (n = 9)

    Mean 9.0% 50.6% 36.1%

    Standard Deviation 6.3 30.8 31.1

Modification (n = 64)

    Mean 92.0% 6.2% 1.8%

    Standard Deviation 4.9 3.8 1.9

n = sam ple size.    

NC batch Pro li fe ra tion in du ced by NC ad sor bed with PPD and par ti cu la ted

Control I II

1 220 400  800

2 150 300 1000

3 180 250  840

4 270 760  900

Con trol: NC par ti cles wit hout an ti gen.    I: NC par ti cles pro du ced as des cri bed by Abou Zeid et al. (23).     
II: NC par ti cles pro du ced by the mo di fied tech ni que.



The amount of an ti gen A was se lected
based on pre vi ous ex per i ments, where op ti -
mal pro lif er a tion, in most pa tients, was ob -
served at this con cen tra tion. How ever, the
sol u ble an ti gens of epimastigotes and
trypomastigotes were used ad sorbed to NC
and the con cen tra tion of pro tein in each
band was dif fer ent. Fur ther more, the stim u -
la tion in duced by an an ti gen de pends on its 
immunogenicity and not on a given con cen -
tra tion of pro teins. To nor mal ize the data
and to be able to com pare the pro lif er a tion
in duced by each band, the NC par ti cles
used to eval u ate each ex per i men tal group
were:

1. Pro du ced from the same Wes tern blot.

2. The gel was loa ded with the hig her
con cen tra tion of pro tein com pa ti ble
with an ade qua te se pa ra tion of bands.

If the an ti gen was evenly ad sorbed to
NC, the amount of pro tein added to each
well was 1 mg; a low con cen tra tion for a
crude an ti gen. Thus, it is ob vi ous that an -
ti gens ad sorbed to NC might have in duced 
suboptimal stim u la tion of mononuclear
cells. There fore, it does not seem ad e -
quate to com pare nei ther the CPM nor

the stim u la tion in dex ob tained with an ti -
gen A with the ones ob tained with an ti -
gens ad sorbed to NC. Ac cord ingly, we
com pared the fre quency of pa tients with
rel e vant pro lif er a tion for an ti gen A, with
the fre quency of pa tients with CPM
greater than the mean value of the CPM
in duced by NC alone plus two stan dard de -
vi a tions of the mean.

As shown in Ta ble IV, the fre quency of
rel e vant pro lif er a tion in duced by crude an -
ti gens was lower in INF. This dif fer ence only 
was sta tis ti cally sig nif i cant when SE was
used as an ti gen (p = 0.018). With ST the
fre quency of pa tients with sig nif i cant pro lif -
er a tion was lower than with A, but it was
not sta tis ti cally sig nif i cant (p = 0.1642).

Reg u la tion
We have dem on strated that T. cruzi

an ti gens elicit a by stander reg u la tion of the 
proliferative re sponse to PPD of mono -
nuclear cells ob tained from Chagasic pa -
tients. Our pre vi ous study (14) showed that 
71% of INF pa tients had a down-reg u la tion
lower than -10 when their mononuclear
cells were stim u lated si mul ta neously with
PPD and tet a nus toxoid. Based on this find -
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TABLE III
MEAN PROLIFERATION INDUCED BY Trypa no so ma cru zi CRUDE ANTIGENS

Groups Anti gens

A SE ST

CDM

CPM 22754* 4183+ 5568!

SEM 5875 1596  1326

n 15 13 17

INF

CPM 11377 2945 2825

SEM  5316 1283  929

n 18 15 18

SEM = Stan dard Error of the mean.    * P = 0,0053 When com pa red with CPM INF.    + P = 0,0197 When com -
pa red with CPM INF.    ! P = 0,0394 When com pa red with CPM INF.



ing we de fined as a sig nif i cant down-reg u la -
tion any value equal or lower than -10, and
as a sig nif i cant up-reg u la tion any value
equal or higher than 10.

Since the eval u a tion is based on the
PPD gen er ated proliferative re sponse, only
PPD pos i tive pa tients were in cluded.

The in ten sity of the down-reg u la tion of 
the re sponse to PPD, in duced by SE as well
as ST was higher in CDM al though not sig -
nif i cantly dif fer ent (Ta ble V). It could be
pre sumed that the di min ished pro lif er a tion
is the con se quence of se ques tra tion of PPD
in the NC. If this ar gu ment is cor rect, all
an ti gens ad sorbed to NC should in duce

down reg u la tion. How ever, with sol u ble an -
ti gen of epimastigotes only 44 per cent of
CDM had down-reg u la tion while 44 per cent
had up-reg u la tion. Sim i lar data were ob -
tained with trypomastigote an ti gens.

The fre quency of pa tients with SE in -
duced down-reg u la tion was higher in INF
than in CDM pa tients. On the other hand,
the per cent age of pa tients with down-reg u -
la tion with ST was sim i lar in both ex per i -
men tal groups.

An im por tant as pect of the as say is
that it re veals, be sides the down-reg u la -
tion, the pres ence of up-reg u la tion or syn -
er gism. With SE, the val ues of up-reg u la -
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TABLE V
REGULATION INDUCED BY SUBCELLULAR FRACTIONS

Regulation SE ST

CDM INF CDM INF

DR –66.0 –48.2 –66.6 –55.3

%DR 44.4 84.6 81.3 76.9

(4/9) (11/13) (13/16) (10/13)

UR 40.4 21.0 151.4 86.2

%UR 44.4 15.4 6.3 23.1

(4/9) (2/16) (1/16) (3/13)

DR: Ave ra ge down-re gu la tion of pa tients with sig ni fi cant down-re gu la tion.    UR: Ave ra ge up-re gu la tion of pa tients
with sig ni fi cant up-re gu la tion.    % DR: per cen ta ge of pa tients with a sig ni fi cant down-re gu la tion.    % UR: per cen ta -
ge of pa tients with a sig ni fi cant up-re gu la tion.

TABLE IV
PERCENTAGE OF PATIENTS WITH A SIGNIFICANT PROLIFERATION TO CRUDE ANTIGENS

Anti gens Expe ri men tal Groups

 CDM  INF

A
91.7 75.0

(11/12) (12/16)

SE
83.3 33.3

(10/12) (5/15)

ST
76.5 50.0

(13/17) (9/18)



tion were sim i lar in both ex per i men tal
groups. The in ten sity of the up-reg u la tion
in INF was higher with ST than with SE.
Fur ther more, with ST only one CDM had a
rel e vant up-reg u la tion, while three INF had 
a sig nif i cant up-reg u la tion. Be cause the
sam ple size of pa tients with up-reg u la tion
was small, no re li able sta tis tics could be
per formed. How ever, the data ob tained
with crude an ti gens from the in fec tive
stage of the par a site sug gest pres ence of
con sid er able dif fer ences in the reg u la tion
of the im mune re sponse to the in fec tive
form of Trypanosoma cruzi.

Anal y sis of the re sponse to semi pu ri fied
an ti gens

Pro lif er a tion. In or der to iden tify the
an ti gens that stim u late and/or reg u late the 
mononuclear cell re sponse we stud ied the
re sponse of mononuclear cells to sol u ble
an ti gen semi pu ri fied by elec tro pho re sis.
The pro tein pat tern is more com plex in SE
than in ST. In SE 20 bands were iden ti fied,
and 15 in ST (Ta ble I).

The anal y sis of pa tients with sig nif i -
cant pro lif er a tion to SE, bands (Fig. 1A)
shows that bands be tween 29.8 and 61.6
kDa (B5 to B12 with the ex cep tion of B9)
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Fig. 1. Ave ra ge pro li fe ra tion (CPM) in du ced by bands of the so lu ble sub ce llu lar frac tions of epi mas ti -
go tes (SE) (A) and trypo mas ti go tes (ST) (B). Only CPM from pa tients with sig ni fi cant pro li fe ra -
tion to the wes tern blot bands were in clu ded. The data shown are means +/– stan dard error.



gave higher CPM in INF, and bands be tween 
17.2 and 29.8 kDa (B13 to B19) in CDM.
With ST (Fig 1B), the pat tern ob served with 
SE was re versed; bands be tween 59 and 127 
kDa (B3 to B6) were more ac tive in CDM.
These ob ser va tions sug gest that be sides the 
com plex ity of the pro tein pat tern, these sub 
cel lu lar frac tions have fun da men tal dif fer -
ences in their an ti genic com po si tion.

The fre quency of pos i tive re sponses to
most SE and ST bands (Ta ble VI) was low.
Con se quently, due to the sam ple size, any
in fer ence con cern ing the in ten sity of the
pos i tive re sponse to each band will have a
large mar gin of er ror. How ever, com par ing
the fre quency of sig nif i cant pro lif er a tion
elic ited by each band, we can as sess if one
ex per i men tal group re sponds more to one or 
both sub cel lu lar frac tions. The fre quency of
rel e vant pro lif er a tion (Ta ble VI) was sig nif i -
cantly higher in CDM (SE p = 0.0158; ST
p = 0.0002). Bands 3, 5 and 6 of ST, that
gave sig nif i cant pro lif er a tion in an im por -
tant per cent age of CDM, also had high CPM 
(Fig. 1b), sug gest ing that they might be of
im por tance in the host-par a site re la tion -
ship.

These re sults con firm that the
immunogeneicity of sol u ble an ti gens of T.
cruzi is low. How ever, sev eral of the bands
in duced pro lif er a tion with a fre quency not
much lower to the one ob served with crude
sol u ble an ti gens (Ta ble VI).

Reg u la tion. As shown in Fig. 2, the
down-reg u la tion mean of most bands, ei -
ther of SE or of ST, was higher in INF (SE
p = 0.0021; ST p = 0.0028). How ever, the
fre quency of down-reg u la tion elic ited by
bands of both sub cel lu lar frac tions was
higher in CDM than in INF (Ta ble VII). This 
dif fer ence was sta tis ti cally sig nif i cant for ST 
(p = 0.0009) and SE (p = 0.014).

An in ter est ing as pect was that more
than 80% CDM had sig nif i cant sup pres sion
with most ST bands. Six of them (B1, B4 to
B7, and B9) in duced down-reg u la tion in

100% CDM. But, in a con trast ing man ner,
band 3 in duced rel e vant pro lif er a tion in
41% of CDM (mean CPM 1250), band 4 in
24% (mean CPM 1000), band 5 in 59%
(mean CPM 2500) and band 6 in 29%
(mean CPM 1250), sug gest ing that the pro -
lif er at ing mononuclear cells might be the
ones that will mod u late neg a tively the im -
mune re sponse

The up-reg u la tion of the PPD
proliferative re sponse was more in tense in
INF with both sub cel lu lar frac tions (SE
p = 0.026; ST p = 0.0052). As shown in
Fig. 2, the up-reg u la tion in duced by SE
bands was higher than the up-reg u la tion
elic ited by ST bands.

The fre quency of pa tients with rel e vant 
up-reg u la tion (Ta ble VII) was sig nif i cantly
higher in INF for SE (p = 0.0075) and ST
(p = 0.0015). The dif fer ence of up-reg u la -
tion fre quency in INF and CDM was more
pro nounced with ST bands (Fig 2B). Bands
6, 7, 10, 13 and 15 of SE (Fig 2A) and bands 
1, 3 to 10, and 15 of ST (Ta ble VII) did not
in duce rel e vant up-reg u la tion in any of the
CDM stud ied. In INF only bands 2 and 4 of
ST did not in duce rel e vant up-reg u la tion.

The ob ser va tion that the UR with most 
bands was higher in INF and bands that in -
duce DR in one hun dred per cent of CDM
(bands 5 to 10 and 15) in INF in duce UR in
more than 31% of the INF (5-31%; 6-31%;
7-38%; 8-31%; 9-38%; 10-31% and 15-23%)
sug gest the pres ence of some in ter ac tion or 
bal ance, be tween up and down-reg u la tion,
in INF that is lost in CDM.

DIS CUS SION

Our mod i fi ca tion of the tech nique de -
scribed by Aboud Zeid et al. had two fun da -
men tal ef fects: the NC par ti cles gen er ated
had a size con sis tently sim i lar to mi cro or -
gan isms (2.4 µm), and in duced a more re -
pro duc ible pro lif er a tion. In our opin ion this 
is due to the fact that the size of NC par ti -
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cles is more ho mo ge neous and APC can in -
ter nal ize them eas ily. This should in duce a
more re pro duc ible stim u la tion of lym pho -
cytes as shown by our eval u a tion.

The pro lif er a tion elic ited by sol u ble
epimastigote an ti gens is less in tense than
the pro lif er a tion elic ited by an ti gen A, and
the pro por tion of pa tients with rel e vant
pro lif er a tion is smaller in INF (33%) than in 
CDM (83.3%). These val ues are sim i lar to
those re ported with a sim i lar an ti gen (INF

27%; CDM 72.5%) by De Titto et al. (6), cor -
rob o rat ing the va lid ity of the re sults ob -
tained with the an ti gens ad sorbed to NC.

Us ing a sim i lar tech nol ogy Gazzinelli
et al. (27) eval u ated the pro lif er a tion in -
duced by frag ments of NC from West ern
blots of sol u ble epimastigote an ti gens.
How ever, their ap proach was dif fer ent from
ours. First, there are tech ni cal dif fer ences
with re spect to the prep a ra tion of crude an -
ti gens and the pro cess ing of West ern Blots.
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Fig. 2. Down-re gu la tion and up-re gu la tion ob ser ved with Wes tern blot bands of the so lu ble sub ce llu -
lar epi mas ti go te (SE) (A) and trypo mas ti go te(ST) (B) frac tions. Only pa tients with po si ti ve
PPD pro li fe ra tion and sig ni fi cant down-re gu la tion (DR) or up-re gu la tion (UR) va lues were in -
clu ded. The data shown are means +/– stan dard error. Stan dard error of UR is not in clu ded
be cau se, in most ca ses, the num ber of pa tients with a sig ni fi cant UR was small.
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Sec ond, they did not eval u ate the re sponse
to sol u ble trypomastigote an ti gens nor did
they an a lyze the reg u la tion in duced by
these an ti gens.

Con trary to our re sults these au thors
ob serve higher val ues of pro lif er a tion. This
dis sim i lar ity could be due to dif fer ences in
the prep a ra tion and pro cess ing of an ti gens. 
On the other hand, they re ported an im por -
tant pro lif er a tion in the range of 43 to 57
kDa in both of their ex per i men tal groups
(equiv a lent to our INF and CDM groups).
Our data show that SE bands 3 to 6, en clos -
ing the range from 43 to 57 kDa, also in -
duced a im por tant pro lif er a tion in CDM. In
their study, two of 8 INF (24%) and one of 7 
(14.3%) INF pa tients did not re spond to any 
of the frac tions eval u ated. Our re sults also
show that three of 18 (16.7%) INF, and two
of 17 (11.8%) CDM did not re spond to any of 
the SE bands. How ever, the fre quency of pa -
tients that did not re spond to any of the ST
bands was sig nif i cantly higher (p = 0.0096)
in INF (55.6%) than in CDM (5.9%). This
ob ser va tion, to gether with the dif fer ence in 
re sponse of INF and CDM to the dif fer ent
bands, re veals a dif fer ence in the in ten sity
and pat tern of re sponse of INF and CDM, to 
an ti gens of the cir cu lat ing form of the par a -
site, not ev i dent with an ti gens of the cul -
ture form of the par a site.

It is im por tant to un der line that the
av er age proliferative re sponse, as well as
the fre quency of re sponse to trypo -
mastigote an ti gens of INF was lower, which
in di cates an as so ci a tion be tween the in ten -
sity of the re sponse to these an ti gens and
the pres ence of pa thol ogy. In this con text,
it is rel e vant to note that ST band 5 (72 to
84 kDa) in duced pro lif er a tion with high fre -
quency (59%) in CDM.

Down-reg u la tion may play an im por -
tant role in the per sis tence of chronic in -
fec tion and in the de vel op ment or con trol
of immunopathology. Sev eral au thors have
re ported sup pres sion in ex per i men tal mod -

els (8, 10-13, 28, 29). Morato et al. (7) re -
ported ex per i men tal find ings in Cha gas pa -
tients that sug gest the pres ence of sup pres -
sion. Kierazenbaum et al. (30) dem on -
strated the pres ence of mol e cules, spon ta -
ne ously re leased by trypomastigotes
(termed Trypanosomal Sup pres sive Fac tor)
that in hibit lym pho cyte pro lif er a tion. In ac -
cor dance with this, our re sults show that
most epimastigote or trypomastigote an ti -
gens in duce sig nif i cant down-reg u la tion. SE 
and ST bands gave a higher av er age down
reg u la tion in INF, but the fre quency of rel e -
vant down reg u la tion was higher in CDM for 
both an ti gens. Only one SE band, B17, in -
duced down-reg u la tion in all CDM pa tients.
With ST, B1, B4 to B7 and B9 in duced
down-reg u la tion in 100% CDM. On the ba sis 
of these dif fer ences, we pos tu late that reg u -
la tion of the cell-me di ated im mune re -
sponse to the par a site might af fect dif fer -
ent effector func tions, such as con trol of
parasitemia or in duc tion of immuno -
pathology, in the dif fer ent pa tient groups.

It is rea son able to as sume that the
pres ence of sig nif i cant pro lif er a tion should
be as so ci ated with low or no down-reg u la -
tion. How ever, in agree ment with our pre vi -
ous data (14) we did not find an in verse
cor re la tion be tween pro lif er a tion and down- -
regulation.

The pres ence in INF of higher fre -
quency and in ten sity of up-reg u la tion with
trypomastigote an ti gens sug gests that in
INF the re sponse to par a site an ti gens is
more ef fi cient.

On the other hand our data sup port
the no tion that an ti gens or el e ments that
in duce down reg u la tion of the im mune re -
sponse co ex ist with an ti gens that elicit an
effector im mune re sponse; be ing prev a lent
the down reg u la tion. The above con clu sion
is sup ported by data ob tained by Hansen et
al. (31), show ing that the crude flagellar
epimastigote an ti gen, pre vi ously re ported
as in duc ing pro tec tion against ex per i men -
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tal in fec tion (22) can be sep a rated by af fin -
ity chro ma tog ra phy into two frac tions with
op po site im mu no log i cal prop er ties. The
non-re tained ma te rial in duced im por tant
splenocyte pro lif er a tion. In con trast, ligand
bound ma te rial in hib ited the pro lif er a tion
elic ited by Concavalin A, as well as the pro lif -
er a tion in duced by the non-re tained ma te rial.

It is im por tant to em pha size the im -
por tance of our ob ser va tions for the for mu -
la tion of a pos si ble vac cine for Cha gas’ dis -
ease. In or der to be ef fec tive, it will be nec -
es sary to iden tify and pu rify an ti gens that
pref er en tially in duce a pro tec tive re sponse
and elim i nate those that stim u late sup pres -
sion. Un for tu nately, our data in di cate that
most an ti gens pres ent in crude T. cruzi an -
ti genic prep a ra tions in duce down-reg u la -
tion, more fre quently than pro lif er a tion.

In con clu sion, we have shown that
most SE and ST semi pu ri fied an ti gens in -
duce in vi tro a sig nif i cant down-reg u la tion
of the im mune re sponse and lit tle pro lif er a -
tion. Fur ther more, the bands that in duce
higher pro lif er a tion or down-reg u la tion are
dif fer ent in INF and CDM. The dif fer ence of
the data ob tained in INF and CDM pa tients
sug gests that the re sponse to these an ti -
gens var ies ac cord ing to the clin i cal sta tus
of Cha gas’ dis ease pa tients.

AC KNOWL EDGE MENTS

This work was sup ported by FONACIT
proyecto G2000001530, FONACIT LAB-200 
0001639 y Consejo de Desarrollo Cientifico 
y tecnológico de la UCV. We thank Maria
Eugenia Gallinotto and Dr. Mar ian Ulrich
for crit i cally read ing the manu script

REFERENCES

1. WHO. XIII Programme Re ports. UNDP/ 
World Bank/WHO Spe cial programme for
re search and train ing in Trop i cal Dis ease.
1997; 113.

2. Tschudi EI, Anziano DF, Dalmasso AP.
Lym pho cyte trans for ma tion in Cha gas’ dis -
ease. In fect Immun 1972; 6:905-908.

3. Montufar OMB, Musatti CC, Mendes E,
Mendes NF. Cel lu lar im mu nity in chronic
Cha gas’ dis ease. J Clin Microbiol 1977; 5:
401-405.

4. Ramos CE, Schadtler SL, Ortiz-Ortiz L.
Sup pres sor cells pres ent in the spleen of
Trypanosoma cruzi-in fected mice. J
Immunol 1979; 122:1234-1247.

5. Mosca, W, Plaja J, Hubsch R, Cedillos R.
Lon gi tu di nal study of the im mune re -
sponse in hu man Cha gas’ dis ease. J Clin
Microbiol 1985; 22:438-441.

6. De Titto EH, Braun M, Lazzari JO, Axe
EL. Cell-me di ated re ac tiv ity against hu -
man and Trypanosoma cruzi an ti gens ac -
cord ing to clin i cal sta tus in Cha gas’ dis -
ease pa tients. Immunol Lett 1985; 9:
249-254.

7. Morato MJF, Brener Z, Cancado JR,
Nunes Rmb, Chiari E, Gazzinelli G. Cel lu -
lar im mune re sponses of Chagasic pa tients 
to an ti gens de rived from dif fer ent
Trypanosoma cruzi strains and clones. Am 
J Trop Med Hyg 1986; 35:505-511.

8. Rowland EC, Kuhn RE. Sup pres sion of
anamnesic cel lu lar re sponse dur ing ex per i -
men tal Amer i can Trypanosomiasis. J
Parasitol 1978; 64:741-742.

9. Scott MT. De layed hy per sen si tiv ity to
Trypanosoma cruzi in mice: spe cific sup -
pres sor cells in chronic in fec tion.
Immunology 1981; 44:409-417.

10. Kierszenbaum F. Im mu no logic de fi ciency
dur ing ex per i men tal Cha gas’ dis ease (Try -
panosoma cruzi in fec tion): Role of ad her -
ent non spe cific esterase pos i tive splenic
cells. J Immunol 1982; 129:2202- 2205.

11. Revelli, S, Davila H, Moreno H, Botasso
O. De pressed adjuvant ar thri tis in chron i -
cally Trypanosoma cruzi in fected rats: re -
ver sal by cyclophosphamide. J Rheumatol
1992; 19:513-516.

12. Cardillo E, Falcao RP, Rossi MA, Mengel
J. An age re lated gamma delta T-cell sup -
pres sor ac tiv ity cor re late with the out come 
of autoimmunity in ex per i men tal Trypano -
soma cruzi in fec tion. Eur J Immunol 1993;
23:2597-2605.

Investigación Clínica 47(3): 2006

280 Mosca y col.



13. Hoft DF, Lynch RG, Kirchhoff LV. Ki netic 
anal y sis of the an ti gen spe cific im mune re -
sponse in re sis tant and sus cep ti ble mice
dur ing in fec tion with Trypanosoma cruzi.
J Immunol 1993; 151:7038-7047.

14. Mosca W, Briceño L, Hernandez MI. Cell
me di ated im mu nity in Cha gas’ dis ease.
Trypanosoma cruzi an ti gens in duce sup -
pres sion of the in vi tro proliferative re -
sponse of mononuclear cells. Mem Inst
Oswaldo Cruz 1991; 86:147-152.

15. Reina-San-Mar tin B, Degrave W, Rougeot 
C, Cosson A, Chamond N, Cordeiro-
 da-Silva A, Arala-Chaves M, Minoprio P. A 
B-cell mitogen from a patho genic Trypa -
nosome is a eukaryotic proline racemase.
Nat Med 2000; 6:890- 897.

16. Adorini LMA, Harvey MA, Miller A,
Sercaz EE. The fine spec i fic ity of reg u la -
tory T-cells. II. Sup pres sor and helper cells 
are in duced by dif fer ent re gions of hen
egg-white lysozyme (HEL) in a ge netic
non-re spon sive strain. J Exp Med 1979;
150:293-301.

17. Turkin, L, Sercaz EE. Key an ti genic de ter -
mi nants in reg u la tion of the im mune re -
sponse. Proc Natl Acad Sci USA 1977; 74:
3984-3985.

18. Miller A, Lider O, Weiner HL. An ti -
gen-driven by stander sup pres sion af ter oral 
ad min is tra tion of an ti gens. J Exp Med
1991; 174:791-798.

19. Rowland C, Mikhail KS, Macormick TS.
Isotype de ter mi na tion of anti- Trypanoso -
ma cruzi an ti body in murine Cha gas´ dis -
ease. J Parasitol 1992; 78:557- 561.

20. Segura EL, Cura EN, Paulone J, Vezquez
C, Cerisola JA. An ti genic makeup of
subcellular frac tions of Trypanosoma
cruzi. J Protozool 1974; 21:571-574.

21. Segura, EL, Vazquez C, Brouzina A, Cam -
pos JM, Cerisola JA, Gon za lez-Cappa SM.
An ti gens of the subcellular frac tions of
Trypanosoma cruzi. II Flagellar and mem -
brane frac tion. J Protozool 1977; 24:540-
 543.

22. Ruiz AM, Esteva M, Cabeza MP, Laguens
RP, Segura EL. Pro tec tive im mu nity and
pa thol ogy in duced by innoculation of mice 
with dif fer ent subcellular frac tions of

Trypanosoma cruzi. J Protozool 1985; 21: 
571- 574.

23. Abou-Zeid C, Filley E, Steele J, Rook
GAW. A sim ple new method for us ing an ti -
gens sep a rated by polyacrylamide gel elec -
tro pho re sis to stim u late lym pho cytes in vi -
tro by con vert ing lines from West ern blots
into an ti gen-bear ing par ti cles. J Immunol
Meth ods 1987; 98:5-11

24. Mosca W, Plaja J. Im mune re sponse in hu -
man Cha gas’ dis ease. II. Lym pho cyte
blastogenesis in pa tients with Chagasic
cardiomyopathy. Acta Cient Venez 1980;
31:464-467.

25. Laemmli, UK. Cleav age of the struc tural
pro teins dur ing the as sem bly of the head
of bacteriophage T4. Na ture (Lond) 1970;
227:680-685.

26. Towbin H, Staehelin T, Gordon J. Elec -
tro pho retic trans fer of pro teins from
polyacrylamide gels to nitrocellulose
sheets: pro ce dures and some ap pli ca tions.
Proc Natl Acad Sci USA 1979; 76:4350-
 4354.

27. Gazzinelli, RT, Leme VM, Canacado JR,
Gazzinelli G, Scharfstein J. Iden ti fi ca tion
and par tial char ac ter iza tion of Trypanosoma
cruzi an ti gens rec og nized by T cells and
im mune sera from pa tients with Cha gas’s
dis ease. In fect Immun 1990; 58: 1437-
 1444.

28. Cunningham DS, Kuhn RE. Trypanosoma 
cruzi-in duced sup pres sor sub stance I. Cel -
lu lar in volve ment and par tial char ac ter iza -
tion. J Immunol 1980; 124:2122-2129.

29. Cunningham DS, Kuhn RE. Trypanosoma 
cruzi- in duced sup pres sion of the pri mary
im mune re sponse in murine cell cul tures
of T-cell de pend ent and in de pend ent an ti -
gens. J Parasitol 1980; 66:16-21.

30. Kierszenbaum, F, Majumder S, Paredes P, 
Tan ner MK, Sztein MB. The Trypanosoma 
cruzi immunosuppressive fac tor (TIF) tar -
gets a lym pho cyte ac ti va tion event sub se -
quent to in creased intracellular cal cium
ion con cen tra tion and translocation of
pro tein kinase C but pre vi ous to cyclin D2
and cdk4 mRNA ac cu mu la tion. Mol
Biochem Parasitol 1998; 92:133-145.

Vol. 47(3): 265 - 282, 2006

By stander sup pres sion and T. cruzi an ti gens 281



31. Hansen DS, Alievi G, Segura E,
Carlomagno M, Morein B, Villacres- -
Eriksson M. The flagellar frac tion (FF) of
Trypanosoma cruzi de pleted of an

immunosuppressive an ti gen en hances pro -
tec tion to in fec tion and elicit spon ta ne ous 
T cell re sponse. Par a site Immunol 1996;
18:607-615.

Investigación Clínica 47(3): 2006

282 Mosca y col.


	Proliferation and bystander suppression induced by antigens of Trypanosoma cruzi. Evaluation with a modification of the T cell blot technique.
	Walter Mosca, Niurka Navarro, Yelitza Campos and Luis Briceño.
	Proliferación y supresión circunstancial inducida por antígenos de Tripanosoma cruzi. Evaluación con una modificación de la técnica de T cell blot.Invest Clín 2006; 47(3): 265 - 282



