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7rwpanooinacrazi ama-,tigotes )resent receptors f'or human fihronectin as indicated h (he saturable binding
of' ['"Sl Jibronectin to this orin of the parasite. Scatchaid analysis indicates that the numher of lihronectin 
receptors 31.3 It!
concentrations of' fibronectin to amastigote-nnmacroniage coctnlltircs signilcantly increased the binding of
anmaslioles 

per amastigote was x 0"itl a KA, of approximnately 2.3 riM. Addition of' physiological 

to mlirine macrophages. This increase isas evidenced in both the Iumber of' aruastijkoles hound to
mac'ophages and the percenage of nmacrophages coraining houn'! aniastigotes. 'ihe uptake o anmastigotes by
either Imur 'e iiacrophages or la tllOrioCtes was alsoi increased in tile presence of exogenousumnan loold 
fihronectin. The increase induced hy libronectin was nlocked wh[ten amrstigotes were pretrealed with the RGI)S
left-.upeplitle of' the lihroneclin cell attachment site. I"rhermore. the abiliv of flihronectin to enhance 
amastigioe binding to and nl)ake by iHnLrol)hages was inhihited by the F"lah'k), fragnten of anti-tihronectin 
inmnmunoglolulin ( IgC) hut not y an itrrelevant anti-h:nman IgG "(ab')2 fragment. Pretreatment of either 
amastignMtes or inacropiages will fihronectin also resulted in a significant increase in aniastiote binding to and 
uptake by inacrophages. These restnlts suggest that lihronectin may play a role in facilitating the attachment 
and ingestin of' '.cruz| anmastigoles by nmacropliages and inonocyles in chagasic tissue lesions. 

T-'l tproxtar tt 'zi. a proto/oal affecting m illiot of' 
people in South and Cenol'al America, requires in intracel-
lular localion to molt ipl and amfplify the disease in mun-
mealian hosts (2). NVI aind \ilh.ciophages llolnocy'tcs interact 
and ingest a1Mastigotes. he niittItiplicative ftrm ot' tile para-
site, at inflaniiator si'es (71. The processes by Mhich 
inflammatory cells kill armastigote ol' 7. (.1"111ir'l's 1 have 
been reportr.d (2(-231. bil 1h. mechanisms by which this 
f'orn of the parasite hinds t. and is iigested by macrophages
ani nionocyles at poorl[ tnnderstood. Macrophage-ne no-
cyte interactions with aniastigotes are importanlt because 
these phagocytic cells play 'role in the immtnonodulation 
of the host response to T.ci'. (S. A. Howard and F. 
Villalta. manuscript in preparation). 

Fibrorectin (Fn) i a glycoprotein produced by both 
nmacrophages and monocytes (1,6) a1id is secreted inin-
creased alo ts ounritig pilamninator prlcesse (12. 14).
TheCse Cells areC found to be present in inflammatory sites 
containing T. rui anastigotes (7)and also to participate in 
the destruction of' this l'ri o; the parasite (20-23). In this
work, we investigate the effect of' this glycoprotein on thebinding and uptake of amastigotes by murine tiaciophages
and hum paono,'\'tes, 

MATERIALS AND NIE'itIOl)S 

Animals. Crl:CD-hICRjBR Swiss mice aged 7weeks f'roin
Charles River Breeding Laboratories. Inc. (Raleigh, N.C.) 
were used as a source of' mouse peritoneal inacrophages. 

Parasites. The Tulahuen train of" '.'T11rawas used in this 
work. Blood trypom;tstigoles isolated f'roan infected mice by
chromatography on a diet hylaminoct hyl-cclulosc column (9) 
were used to iif'cct Vero cell culttires 19). Amiastigotes
released from these inilected cells were isolated on a meti-
zamide gradient 19) and grown in ML-15HA medium as 
described previously (19). Anlastigotes were also isolated 
from the spleens of infected mice 19). No enzymes were used 

Correspondint aulthor, 

in this procedtue. Th, latter anasligotes were purified in a 
lirrcar sucrose gradient (9) l'ollowed by a metrizamide gradi
cnt (19). A mastigotes grown in ML-15HA or isolated l'rom 
the spleens of' infected inice were washed by centriftgation 
will D:lbccco modified minimal essential medium supple
meIited with 100 U r t"penicillin and 100 sg of streptomycin 
per ml I)MEM: GI13CO Laborat,,ries. Grand Island, N.Y.).
To stu'dy tileinteraction bet\een amastigotes and macro
phages or monocytes, suspensions of' parasites were ad
j'.*sted to 1 x 11)7 supplementedOoganisms per nil in DMEM 
with 11.,ibovine serum llbunmir (DMEM-BSA: Sigma Chem
ical Co., St. Louis. Mo.). 

Radii:dination of tibronectin. Purified human plasma Fn 
was obtained 'rom Calbiocheni-Behring. San Diego. Calif'. 
Sodium dodecyl ulfatte-poly:crylaniide gel electrophoresis 
(8) of this Fn reealed a sharp band of 220 kilodaltons. Fn (1
ng)was mixed with 2 mCi of'' 251]Na (specific activity. 17 Ci! 
Ing of' I: ICN Biochemicols. Irvine. Calif.) in lodogen (Pierce 
Chemical Co.. Rockford, lll.)-coated tubes (4)at room tem

peralure 'or 15 nm.Unbound radioactivity was removed by
gel filtration through Sephadex G-25 (Pharmacia, Inc., Piscat
away, N.J.). ,'diolabeled Fn was concentirated by ultrafiltra
tion in Celntrisart I tthes Vangard international. Inc., Nep
tune. N.J.). The specific activity of the concentrated 1251_ 
labeled Fn was 1 x lt"to 2 x 10" cpm/fig.

Binding assays. Triplicate groups of'Eppendorl' tubes (1.5
nil) precoated with 204 BSA received 50-tl portions of' the 
:unastigote suspension (4 x 10" anmastigotes/mi in phosphate
bulflcred saline [pH 7.2] plus l'( BSA) lollowed by 50 Ilof' 
phosphate-bufl'ered saline-BSA containing increasing con
cent rations of' 25 -labeld Fn (0.9 to 30.0 tg/ml in phos
phate-bufl'ered saline-BSAI and 51 tlof phosphate-buffered 
saine-BSA alone or containing 10-f'old-excess unlabeled 
Fn to determine nonspecific binding. The tubes were incu
hated at room temperature with constant shaking for 1 h. 
Un;,ound radiolabeled Fn was removed by centrifugation at 
4°C. Specific binding was determinedl by subtracting nonspe
cific binding f'rom the total amount of counts bound. 
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Mouse peritoneal macrophage and human blood monoryte
cultures. Mice were killed by excess elher anesthesia and 
then injected intraperitoneally with 5 ml of sterile l)IMEM
supplemented with 10(; heat-inactivated fetal boIvine serum 
(I)MEM + Ii3S: GIIBC)O Laboratories. Grand sland. N.Y.)
containing 10 U of heparik per nil. The nlethols for collect
intc and processing the peritoneal cells and for preparing
resident mouse peritonc;I macroniage mlonollvers hacc 
been dcscribcd (24). -aman mnlo1Lclear cells were oh-
lained rrom blood by dlcnsit. gradient centrifugat ion on 
Sepracell-NIN (Sepratech Corp.. Oklahoma ('it\'. Okla.) Is-
ing the whole-b0lood sptl'llion procedure described by the 
manifflacturcr. The band containing monolnuclear cells was 
\washed in I)MEN) and sUSperded in IEM-I,ftal bovine 
sern mn.and hit ma iI bloo0d monocyt0es w\ere separalted by',
adherence it) the bottom of Lab-Tek fisstie culture chalmbcrs 
(Miles Scientific. Div. Miles Laboratories. Inc.. Naperville,
Ill. Ifor 2 h1. Niacrophages and monocyte ionolavers con-
,isted of' ;98; nonspecific esterase-positive cells with typ
ical ,iacrophage morpholog. Adherent mouse peritoneal 
macrophiages were furtheicr incubated overnigilt in DIMEM-

I'etal bovine serum at 37C in an atmosphere of 5.; CO.
whereas human blood monocytCs were incubated for 2 1 
under similir conditions beftore the parasites were added. 

Measurement of anastigote binding to macroplhages.
Mouse peritoncal Miacrorpthagc nionolayers \ere washed 
with I)MIM at 4C inimediately prior to at:diing Fr ;Ind 
unit rcated or lin-reated pa itc s suspended inP NI)EM -BlSA.ilie parasite: rtiacrophagc rdu tised was 6:1. The 

cocitlttires were inctbated at .4C I'O 3 h. and the nonlolund 
anastigotes were removed by washing with cold DMEM. 
Aflrlfixation \with ahsolute methanol and staining with 
Gienisa. the percentage of cells containing bound 7. crzi 
anastigotes and the number of atiasligoles bound per 100 
cells werc microcopically letertiuin,.d. Indepei dent exper-
iments were perforned ini triplicate. 

Measurement of' ainastigote uptake by mouse peritoneal
utacrophages or human blood ntonocytes. The procedure to 
nicaire amastigot uptake by human blood monocytes and 
tilouse p,.ritoneal illacrophages has been Iescribed (21. 2. 
Bricfly. ttLous, peritoncal unacrophages or humnan blood 
Ilonocvte nlonolavers were washed with DMEM. These 
clucirtcs then received 100 td of amiastigote suspension in 
DMENI-ISA and 1t00 t l of PMEM-BSA or l)MEM-i3SA 
supplemented with !e'lected concentrations ol Fn. goat
Fiab'), fragnient .,f aIti-luman Fn irimmn, ghobtlin I (lgG) 
IetCoper BioIidical. Ihtc.. Mialvcrn. Pt.), goalt Hab'), frag-
Iluent of anti-humlan l-G (Signa. St. Louis. M.). or a 
combinration of thc. a!,ents. The cocultures were incubated 
in 5,; ('0, at 37V for 2 h. Under these conditions, the 
mlJrity lofcell-b trd arliastigoles were ingested hy macro
phages (21. 24. 25) or nionocytes (21). as further cotfirnied
b5 electron microscopy studies (results not showti). The 
unbound parasites were removed by washing each Culture 
chamber with 1)MEM. The cocultures were fixed. stained, 
and counted as described above. 

Pretreatment of amastigotes ard itacroplhages with Fn or 
RGI)S. Anastigo.cs or macropliages \kcre washed With 
I)MI-M and preincubated at 4°C for 1h with DMEM-lISA or 

IMEM-1hSA containing Frn (200 tg/ml . In sonic experi-
ments, aniastigoies were also preurcaitcd with the RGDS 
tetrapeptide (2 mg/nil in I)MEM-BSA)of the IF'rcell attach-
ment site (CalBiochem). Arnastigotes and macrophiages were 
then washed with DMEM. The parasite suspension was 
adjusted to a concentration of* 1 x 10 7 organisms per ril in 
DMEM-BSA and incubated with Fn-treatel or untreated 
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FIG. 1. Specilic hinding of' -labeled human Fn to 7'. crzi 

aiastigotes. Inser: isa Scatchard analysi, ol'the binding data. Thisis a representative experiment from thrce independent experimentswith siimilar result-. Ilindint: assays and analysis of the data werepe, formed as described in Materials aind Methods. 

macrophage coinlerparts. Amastigotes that were pretreated
with the RGDS tetrapeptide were added to macrophage or 
monocyte cultures containing l)MEM-3SA or DMEM-BSA 
supplemented with Fn (200 p.g/nl). Experiments were con
ducted as described above. The selected concentration of 
RGDS did not affect the ability of' macrophages to exclude 
trypan INu: and ingest latex beads. In addition, this concen
tration of RGDS did riot affect the morphology of the 
parasite and its ability to grow in cell-free medium. 

Presentation of' results. All results in this work were 
obtained 0ron triplicate values and represent two to five 
independent e\pcrienins with identical protocols. Results 
are expressed as the mean - standard deviation. Differences 
were considered to bc statistically significant ifP --0.05 by
the Student t test. 

RESULTS 

Binding of' radiolaheled Fn to T. cruzi amnastigotes. The
binding of radiolabeled hutman Fn to 7. criIZi amastigotes 
was specific arid satuirable. indicatiug the presence of Fn 
receptors on this form of the parasite (Fig. 11. As indicated in 
the insert of Fig. 1. Scalchard analysis (17) of the binding
data indicates that there is a single c!ass of receptors for Fn 
present at 1.33 x 10' per atnast:, ,ote with a K,, of 2.3 nM. 
The RGI)S tetrapeptide at the concentration of 4.6 mM 
itihibited 50' of the ilinding of 'I-labeled Fn to amnasti
gotes. 

Effect of' "n on the binding to and uptake of 7'. cruzi 
anastigotes by murine macrophages and human blood mono
cytes. In binding experiments performed at 4C, pretreat
ment of either macrophages or amastigotes with Fn (Table 1) 
or addition of Fn to arnastigote-macrophage cocultures 
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TAIL- I. Pretreatint of'either 'I. ,1i a1ilstigoles 
or 11ct'orhage ,ilhIln increased lidile of 

illilitl
igoles, to Illaclophige'.", 

('Cell
ind 
r).ll.itiil'li,hl 

A'mastliot . 
1' -

In 

Macrophlage 

) I-M-IISA_.25.6: 1 A 24.6 
En34.6 

.\'sligolcs and iiamciopflagc, ClCCrlch pre1Cated kkilh Citlir IMI-M-
l sA or 1:1i20t jg iilt il l).MlM-li.SA). \i\shed 0ith I) . in) incted 
\lilttheir coitllelrpalils il4 ( ol 1 h,, 

,Mean sitlldard dc at iontu.i\ of tliplicate coCttllutle o a represcitiatit cpcu iic iIi.
 
Iii)iclicnc, he.\mccii 
 1lies thah.ics anldthe VoirCsPo0iidiig ontrol \al.ics

ikerestatisticalb sigiillicaiot l" ('creent chane 0ith, es. ,ccltolcoilrol 

\atlel,..s1+C l illpil,.'ll s,+,,. 


(Table 2) resuhed in increasd bindingof'aouldl'i 2rstincreased binding (it' alastigoesacropliages. as evidenced byva signifiant jincl-asi inlboli 
tilepercentge,of' nacrophlages containing 1101.1n1d irMSti-pgoeS a.nd the nmr ot0'imrasei&ce bnd to 1( e rncd 
pihaes. utprherre then i case icellbinding observed 
in tite presence or Fn \as speciically~ blocked by an ati-
u:11 Flabl1, f'renient bul t lIii all ii-liunia ll ' 
IGU fragment (Table 2).

EPperiileits designIed to evaluate tileuptake of amasti-
goles h\ itmacropLages and liolocVtes were perlrrmd al 
3 7 C. '[he addit ion of' different concentration1 of, it to
lmicropliage-anmstigote co,uhtures resulted ill increased up-
take of parasites by 'llacrophages. as evidenced b\a signif-
icall increa.e inbothIte percentage of macroplages coil-
tainitig nMlIaStigoteS and the nutlUbl'r of' parasites petit100 

macrophages (Table 3). 'l'he effect was dose dependent, with 
200 pg of' Fn pet' ilgiving the maximal effect on anlastigote-

macropla'e inerctions (Table3). aI dition, lheelhanc-
ing effcot of'Fn1oil ntigote-nlacr~ophage ilteractions wasalso obsnerv\ed at concenitrations up to 501) gg/nil. 'T'heability
of Fn to increase parasite tptake by lacrophages varied 



occasiornally 1,etween dilt'erent experitlients of sinlilar prlo-
cols. However. the increase in alastigote uptake by lacro-
phages was always observed ii tle presence of' Fi. 

'TABLE 2. .\nti-In ill,'), speciticuill inhihil,:diie enhancing
effect of lnoi tihe bitnding i'alnastigotes to macrophages'" 

('tociltlure Coniditioni, 

/)MEM-IS.A

Fit 
Anli-t+n (a 'l), 


Fn - attti-t"ti 

Anti-IhGi Hall'). 

Fn t-atti-Ig(i Flai'), 


Fihlllcclin. atl'ibt i.. 
c iiliuI S i) ilciiltid ill 

NMahophalt'es Nil. of' illastig,.te". 
', it++ lbouin. n,++rj110cld ii it1 

asoca I XcIl.,I'' 


24.0 
33.3 

ropliig 00h,s"
 

2.9-NI 25.8 o1.6 
1.8 (35.4)' 36.3 6 0.(40.7)' 

.l 2..7 .21 3. 1' 27.142 .1.3 )
1.9 35.2r) 39.8 2.6 (46i. 3' 

Mactiptiages No. ilfanasligtletts 
iiitlli,1tCollailiiiig,,iis botundt pet' 'I11icti-ura~ie''l00C 

17.1 0 19.0 1.6t(.1 t
23.2 0.t' (3571 24.3 + (.7' (27.9)
17.1 0.2 (0) 18.5 (.4 (-2.6) 
1(ib'ht .3 (6.4) 19.7 ii.10 13.7)t8.2 
17.4 1.1(1.8) 19.1 2.0 (0.5)
21.8 i,1.3' (27.5) 23.4 0.(0' (23.21 

, i( stillt\ elcatdticd Intimalasile-ticc 

INI"E('T. IMLIN. 

'AIt.E 3.Addition of exogenous Fn to macrophage-T,. 
ana'tigote cocitiitires increased parasite uptike by macrophages" 

1F1 c;
iacrlphiage"
( iIIIIolllailn~ng 

-ii111istig tc'' 

t).O 16.8 + 3.1 
25.!0 

1(0.) 
25.9 
27.0 

t 2.3 (54.2)' 
2.3_ (i7, 

201.0 32.7 3.2 (94.6)' 

" 

+

No. ofi
-llieshigoles
Per
 

(It)1111iert'p~lig' ,' 

10
28.3 :+3.5 
37.1 + 3.9 (31.1)' 
42.3 2.9 149.5)' 
49.0 1.1 (7s.3Y 

.
 lla tigolcs\el'uiddedto iliaciopliage lonio0 Ili',+s C0olilajlillldiltetlni 
conetliiatiJons o I'n ati incubated at 37 C 'lm 2 I.1,fe[M]' - staiid;itd dc\taliott of iriplicalc cocultr .esof i "eprcitati\,t.c
c\priiiiciii 

t)illtelcice .
 
obiaitd i lheaben'e ofln 


D hem ci ltcs+.en %allies and tile Cot espolldi g Coritol tIlues 
l ,..crciauiticalM sjig ilieiit i'ItI t01.('cicent

ciaiig. itih le,pectto coitrol \aluts is gj\tli'llPalnthctss. 

Pretreatnen of cither macrophages o- anilastigotes with
Ft also caused i significant increase illtileuptake of 
parasites by macropliages (Table 4). Furthermore. the en
hancing effect of Fn on amastigote uptake by macrophages 

be inhibited 1an antihuman Fn F(ab'). fragment butnot by an anti-humlan IgG Hab'), fragnent (Table 5). Thepresece of either F(ah'), fragment in the absence of Fn did 
not significantlv after parasite-host cell association withrespect to control values lTable 5). Preircatnient of' arnasti
gotes with the letrapeptide RGI)S (that conltains tileFn cell 
attachniett site) (15, 16. 27) inhibited the enhancing effect of 
:i'n on pia.lite uptake by macrophages (Table 6). 
Intie presence of Fit. bloodiiltllian ionlOOcytes showed asignificant increase in their ability to take up amastigotes


('Table 71. The ability orfFi to enhance amastigote uptake by

nionllOves was inhihiled when arnastigotes were pretreated

\\I':h'
RGDS.In tle absence of rU.RGDS had no elect Oil 
tlie ability of nonocytes to take up amastigotes with respect 
to control values (Table 7). 
The ability of macrophages to take up anastigotes isolated 

from the spleens of infected nlice was signiicanly enhanced 
by Fn. Ii a represenlive experiment addition ofFn cansed 

a statistically significant increase in both the percentage ofIlact'ophagtes COnltlillingm',s :uastigotes (24.8 ± 0.5) and the 
nunmber of amastigotes pe- 1(10tlacrophages (27.6 ± 0.5)\'het these \'alues were compared With11 control values (16.8

+1.6 and 18.4 ± 1. 1. respectively). The enhancing effect of 
Fn inl these experiments wa5 sinlilar to thal observed in 

TAIE." 4. Pretreatment of' eilher 1. cr-i atlastigoles
orilltac'roplaes \,ilhIn increased the uptake of' 

al;stigoles, by inicropliages" 

C a Macrtpiage,, No. o(
 
(¢11anP ettnajiniig taslliuoes
pricticatl intlli pet'

tiilis igoit." 1(1]1imiae'iphigest 
' 

Anlastigote 
I)NMEM-1tSA 20.1 ± 2.2 25.3 + 2.2 
-n 26.9 1.8 (33.8)' 33.0 ± 0.6 (30.4) 

Macrophauge 
)MEMN-lISA 20.2 it 1.3 24.4 ± 2.4
 

E1 25.21 0.4 (24.8' 32.8 2.1 134.4)
 

'l \iitad ig' ;lihag.illac'r.ig, \\Clceach prelltealed\,ilheither t1NtP -1( fill 3 1. lISA or 1it (2i0t ig itlil"'M I)t MIiIlS.,\ . aislled %\jiltiMEN . in e\posed tosandiild tcI.alillof triplicale Cttllihics orf'tf episCilllie their cioliilc s iT37 (' I'r 2 I.c'priiiit.,nl. Percent i C %iilt iilrespect tiocttntiil \hali., eni gi', in ' MeCan -t anild deaitltitlli t r liplicate ciiltiies ofo a representativecparentheses. 
C\PCrI.ilnni.I )il'ereicl,s ieiaccin ilese 'alliies W: , ailtibodi or%,i. boht Ill I)NI- - ' t)iiiffrnccs best 'cinthese %atliei andl te l ITirresp. ilig ontr'ol ViilnesBISAI aid the ciiric.,ponding Ciontrol alilt.,sI I)MI'M-13SAI \\Cie"tatislillsle statisticalla sig'igiiicaitI' - (.SI. e'Citn 

p t 
changek iit respect lihi. olsigni anit W/'- 0.1051. illites is gi'en illpatent ess. 

http:illac'r.ig
http:ltcs+.en
http:illastig,.te
http:l).MlM-li.SA


Vol.. 57. 1989 ROLE OF 7. CRUZI AMASlIGOTE RECE'('ORS FOR FIBRONECTIN 1033 

TABLE 5. Anti-human Fn flab'), fragnitnt specilicall inhibited 
the enhancing effect of FI o the uptake of 1. Iro:i 

anlatrigole by ll.croplliage '" 

; ~~~~Noof..llf'~fk 
o d i i n s t g laItl igo C I o 	 C in i nll ' t. 

.llltM 'lgole ,' 1110IIatlOpliaL'e' 

I)MENI-13SA 19.7 1.7 22.0 3.4 
In 30.6 0.1 15.31' 40.0 0 1 1(81.81'
Anti-Fn Halb'), 18.8 2.8 4.6) 22. ' 225 (0.0)
I:n , alt-Ill ["(l' ) 18.3 ' 0.6 C 7.11 22.1 0.5 (0.5)
Anri-lgti Hal', 20.4 1.6 (3.6) 24.8 .5 (12.7)
Fn anli-lgG .f lb ), 27.2 4. 0(1 .1)' 33.4 1.8 (51.8 ))' 

:tlll 0I both 
And tlic COcnltln,, \%Cie nllej ,ttlcdat 37 (U lot 2 h. 

" Mealn - slt lknikrd elexallonl of tlplicaleC¢tc.llllu, ."1 a iWeire,,nlti~k 

" lln. C/ . holC) ((CR I1¢ hl\lletc-lt l ltleit ioti. coClIllllt '. 

t'\pC''ll)llIl.51fCll Pue t:++nCIIldallge.. ith eepUflit) is+ gi~c'n'.tandaid 	 %, Il' control \altl,,.' IllL ato lMernp cstalndarod 

Diltel'tce', ' CII C hee l"Il andt theI t oIlesptoiC tdin Ctll l ahlte'.
IM NI' -lSA) \ie,.' 'atitlically significant W1 • I5. 

coculturleS containing amastigotes derived froni infected 
mammalian cell monolayers. 

DISCUSSION 

This study shows that 7. cruzi amastigotes present recep-
tors for human fibronectin (Fig. 1). In1the presence of
physiological concentrations of fibionectin. these receptors 
appear to increase the binding to and uptake of amastigotes
by both murine rIIacropiages and human monocytes. The 
enhancing efl'cct of in oil anastigote binding to and uptake
by these two types of phagocy tic cells appears to b,-, specific
since anti-hurnln F Rall'), fragnents can inhibit it (Tables
1and 5). apparently by itinteracting with the Fn nolecule. 

The Iact that pretleatlment of either macrophiage or 7'. 
cruzi armastigotes with Fn intensifies the degree of' parasite
binding to and uptake by riiacrophages indicates that Fn 
receptors on both anratigotes (as stated pteviouslIy) and
macrolphages (27) are responsible for the effect of En on 
anastigote-phagocyle cell interactions. This finding suggests 
that T. 'rli anastigote binding to and uptake by mononu-
clcar phagocytic cells is mediated in part by the interaction 
of amastigote-bound Fn with macrophage and ionocyte Fn 

TABLE 6. Pretreatment of 7. cro:i aniastigotes with RGI)S

inhibited the c ing effct of Fit Oil aln1SlOf 


upnake hy facophfges" 


Anlastigotle ; Macrpages No. of'Pretreatment
laddilion lfl I to conlaining illanstigotes per 

CotiIih 1..)ilnitlligote'' 100 llicloptiages' 

-I)M1EM-13SA I-) 9.8 ± 0.1 10.0 ± 1.4 
I)MENI-13SA + 19.8 +_2.9(102.0)" 20.8RG I)S (- I 	 _ 3.5 (108.0, ' 17.5 _ 1.1 (-'3 .5)f' 7 3 - 1.3 1-27 .t11'
RODS (+7.5 - 1.1 -23.5" 7.3 ±1. (-27.t0)RG S 7.7 ± 1.1 - / 7 9 4-(.8 (-21.)' 

" Ainisligotes %% le i)M oriC preinclnlacd ilh ieither I-lSA R(iIS (2
nig'nil l IiM I, NI"M-1SAI for t1ha 4 U aid. arl'Cr watlshing. %Circaddcd toniacr tp lage Clill t rc s'Cot i ~inlg )MEI-n,it. 	 -IS :\ o 1"'in 20 0 lig lul in MI E -

Synbol' indicate atItio ItIlf ort dtlttjol I - Iof Fn. 

i Can i± slandard deCviai on tll'triplicate cocilitir'.s of i replesernttire


e\periment. 
'" Ill'erenceN hee( n these %-;lines ;tilt file corresponding(CocliIw'Is in the absence tol' I'ln-¢tnlailning control vlesitllatijgotes+ pl'e'realld wJI(I 

)IEMI-BSAI wcrc stali',tically '.igniialint i ' 11.1151.'creent Changc wkith 
rcspect to Control vallcs ik giken in parcnthescs. 

TA1LIE1 7. Pleiecall I'ient T. cruzi alasligotes with RGDS 
inhibited the enhincing efleet of Fn on anlastigoteu tplake 

by h tIinlln blood nilonocytes" 

~llo~e 	 No.rolag, 
pel(i alCcllCIllt 	 

(addition t r[Filt.iigot)s 	 (eolontining 
COCflfllilre.',) aln sligole•' 1011 llofloeylCs' 

I) FNI.I-BSA I - 30.4 60.4 :5.2 - 9.1 
l INI-IiSA I I 51.S (1.1(49.7)' 88.1 ± 7.6 (94.9)''
R(il)S ( 1 34.8 + 5.7 (- 4.4)'' 45.2 ± 6.5 (0.0)'
RGI)S I f 33.2 2.0 I 8.8)" 42.9 _. 4.7 (-5.1)" 

".\nla ,igotc+, \lI'c IplCinClh;.d eitheCr ilhl I)MI'It-tS.\ or R(ii)S (2 

In,. Inil Ili t)NI'EN-II ot io al 4 ( ;ald. i'ter \\ilshilg. %%Cieaddedt I hlntan
blood llltlllt% cuhluitcs. that conline.d IPIFNI -BS.\ oir Fn 1(111 ((g(nil inC.,t
DI)M IM-IS+.i. 

i+ S Ilnl+,o)
, 

intlicacte add tion 1 4 1 (1 oi'l adldition ol, Ft ln.titli.l of' Illitalel coluCltull' of a replleCint)tli\, 

C\pCr'ilnC.ll|. 
, )ilterencc', 1,etaCC'l these, \ hnl,+, and the CorreC pOliding Cotlllol IlueICs 

(CtCIIIIlI'. ill the ab'scnce tilf [:n-cllnltailing a tllI'.,igot,.+ plCtrer led with 
I)5 I-1A) \crC ',lati',tically ignificant ' • 0.151. Percent Change %ilh 
r' ptC to Control \IalC i giICelli pare.ntheses'.'.. 

receptors or- vice versa by a bridging phenomenon. How
ever. since anti-hurmai Fn Fab'), fr-agnient did not signili
cantly affect the binding and uptake of amastigotes in the
absence of Fri. it likely that is not theis Fn only ligandinvolved in 7. cr.zi iniastigole-niacrophage or amastigote
rnonocyte nltractions. 

The fact that pretreatrnent of' 7. cruzi amastigotes with 
RGDS inhibited (lhe effect of' Fn on anastigote uptake by
either murine 	 iiacrophages or human monocytes (Tables 6 
and 7)suggests that the enhancing eflect offn is mediated by
th F 	 Macrophage uptake of'Fn cell attachment site (RGDS). 
amlastigotes isolated from tie spleens of' infected mice was 
also enhanced by Fn. suggesting that this interaction may 
occur ill vivo. 

Macrophages and nmonocytes, cellular components of the 
inflanimatory reaction that interact with amastigotes (2(0-23), 
present receptors for Fr,. (5, 27). This molecule is present inelevated amounts during the inflammatory process (12, 14).
It is possible that 7. cruci amastigotes could acquire host Fn 
during this process. Our results indicate that physiological
concentrations of Fn enhance the binding and uptake of 
amastigotes by either macropliages or monocytes and sug
gest ihat. under these conditions. these two types of' phago
cytic cells could interact with 7'. croci antastigotes.

interest is the 	fact that htrman lactoferrin, a glycopro
teii also secreted in increased amounts during inflammatory 
processes, is 	 able to enhance 7'. cruzi ariastigote-mac

rophage or aimastigote-monocyte interactions (10), suggesting that these interactions may depend upon complex pro
cesses. 

'The observation that inflammatory cells surrounding tissue lesions contain amastigotes (7) and the fact that macro
phages, monocytes. cosinophils, and neutrophils take tip and 
destroy these fornis of the parasite released from mammaliancells (2()-23) indicate that these cells may be involved in the 
reduction of' tissue Forms of' the parasite observed in the
chronic phase of' the disease. Recent observations indicate
that when pure popuhtions of amasligotes growing in loga

r'ithmic phase are ingested by inflammatory cells, these
f'on'rins of' lie parasite are destroyed adtl digested (20-23).
When macrophages ingest amastigotcs contaminated with 
small amounts of' transitional forms in difl'erenitiation from 
anlastigotes to trypomastigotes or trypomastigotes, macro
phages destroy and digest aniastigotes. but the few transi

http:C\pCr'ilnC.ll
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tional forms and trypomastigotes can establish a late weak 
infection (3). 

Otr findings that 7'.crii anasr igotes pricsent receptOrs 

iorF \Nith fe( 	.ogether observations o 'ors fthea ItiP-

parasite present rcCptosl for this molecule. indicate that Fni 
receptors ite present oti all ;stgs ofl'this parasit., rgalrdle s 
of their invasive capacities. 'his molecule may threl'ore 
play a significant role in inmteasing the attachmett anid 
illCOrpol'ttioti o l'intiiraCelliar l'ln s of T.c).ci. tretleased froni 
bursting inifectLed cells. hy lic0rophigC a11ndCtionoc1ytes ,It
the level of chagasic tissue lesions. 
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