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Ilisl0lo,I(\'. Frrr Unívvrsitv 01' /\lII,\ll'l'llam, Arnstrrdam. [lit! Nt'I/It'r/mld...

r\hSIJ'dII Ncon.ual. suckfing BAIJ3k micc iuoculurcd 'with CrvP/{}'\l'oridium parvum
prm..luL'L' un intccuon chaructcr izcd hy com inuous shcdding 01 oocysrs rhat xpontuncously
dl'ars hy uu- tiuu- thc animal-, are three week s of agc. Neonurul ruice were used lo char
i.Il.:teri/c rhc lcukocytc subgroups prcsent in Peyer« purchcs írom the ileurn und jejunum
{Ir Cry/Jfo,\jwrídilHlI-infectcd und hcalthy mice. Attcr infccrion. ilcul Peyers parches
showcd a prcdominunt CD~+ response, with abundunt monocyrcs-mucrophuges (MüMA
2+) and nonlymphoul dendritic cells (NL.DC-14.'l+ cclls). In contrust, jejunal Peyers
parches showcd more T lymphocyrcs than ileal patches. with a prcdominance of CD4+
cells uud ruany denurilic NLDC-14.'lr ccll-, .uul MOMA-2! cclls, The prcscnt rcsults
stl4.lwcd that ilca l und jcjunul I'eycr's palchcs are tunctionall y diffcrent iu response lo
C,y/J/{J.\/JtJridiultl parasues. Tllcsc lilluing.....'iuggcsl a preterenuaí involvcmcnt of jejunal
Pcycrs parches in T cell-dependent iuuuunity agaínsl the parasite, whereas i1eal parches
muy be ilssociah:'d with U cc l] cxpansiun and uuuurution.

•

Cnptosporidium i~ a prorozoun purusuc Ihal

causes diarrheul diseuse in borh nonhurnan ani
mals und humnns.' .i ("YP/o,\poridiwlI intecrion

muy he pn ..-xcnr ill'"holh inununocompctcnt ano
inuuunodefic ieut hoslS with lIinclcnccs in the
OUICOIllC of rhc d¡s~ase in rhcse two groups." f, In

hcalthy indi viduu!x. cryptosporicliul intecuon is

sctl-Iinritcd , whercas inununocompronuscd pa

lil..'IIIS muy rccovcr ¡rorn IhL' intcctiou .dle!' res

toration uf thcir inunune funcuons.':" These re
'illlls are highly slIggcstive Ihal lIclive imllllJlll1y
is IIL'CC\\;Iry fOI Il'SISI:lIU.T lo lllc pal;ISJlIJ.' 111

additioll, l Jngar a.-;.¡j nlhcr.'i havc ~!IowlI d T ccll
lllvolvcnu:nl iJl Illll'l' illlL'..:led wilh (. IJi"'\"""

Anligens thal l'IHe!" Ihl.~ houy Ihrough Ihe gas

Irointl'slinal Iracl 'lIl' deull with hy Ihe gUI illl

Illunc sysll'Ill, \\'hil'h incluucs tlu.: Pcyer· .... palLh

es, aplwlu.lix., IOIl..,i1~, adl'lIlHds. and L:olonic

piltcllcs.I'1 l' TIIl' l'L'yel's pak'Í1e ... ;11 ..' the IIhljllf

.... ilt:"s of anli!'l'lI ... alllpling and presl'lItation,

where inlL~stillal :.t(lligc:ns lllilY I'c; dirl~C1ly .'i'1I1l

plcLl by 1IlC:lnbr~t1hJUS .1V1l cells and JUlr'I-Cl'tl!Jl'

lia) IYlllpItUl'Yll.'S alld Irallsporled h, litci ;'IIH..I

H-ccll llrei.l~ 01 l In.:: pall'll. 111 llic'il' all.,,·¡i~. Itll:' M
ct:lIs ami Ihe illlra-·epilhdia! iYlIlphoeylt' ... ¡lile/,
al'l wilh lIIavroph.It!.C.... dc:miritlt" cdb T n.oll.".

anu B L:t:II'i. ' i l' In ('rv/,to.\ilo,-idml1l inh.:TIIllIl,

p.ua ... lles i1a\T hl.."l'lI (k~;L'rihl'd wllllin Ihl' ....yltl

pla"'lII pf 1'v1 l'l'lh ¡\lid m;u:n'pllal'i''i

Nconatul. suck ling BALB/c mire inoculuted

with Crvptosporulium parvum uocysrs devclop
a puicnt infccuon chnrucrerizcd hy continuous

sheddiug 01' oocysrs und hisrologic cvidcuce 01'
p.lrasilisHl lhat ís spontaneousty clcurcd by thc
lime r1u_~ unimals are three weeks oí ag~_I" Ir. The

uim 01' rhc prcscut study wax lo churacterize rhe

diffcrent leukocyre inuuuuophcuory pes preseru
in rhc Peycr's parches 01 ncuuatal micc intcctcd

with C. parvum.

Crypll)"IHlrídllllll 1111('V\'/ 1'/('/'/I1'tltiOll

Cryj""'\l)(lridílOlI purvum oocysls werc puri
tied from Ihe reces of infecled chiluren (isolale
De 62-1). The .... hu)1 specillJl"lIs "'ere suspcnucu
in 0, I M phusphalL' hllrkrel~ .salllle (PUS). pll

74, ¡1I1U Ihe oo(,:y~s wen: úlllL:Cntralcu hy CCII

tri fugalion in Sheather's ~lIcruse solul iOIl. 1-" The

pllrilied OOt.:y ...ts were sll.'.penucd in 2.5(;(, pl)Lt~

~illln dichrom:lll' ('onlail1in~ (J.~) IIIg/ml of
, chlol'amphcnicol. Samples Wl"rl~ slored al 4°(' "01

Uf' (O !tu Jay ...; hcfon~ IlIft'clillll uf lile aninwls_

1\\"'0 ~'IUllp'" ul sl'h"1I d;IY old BAI,B/c IIIHT

dI IHJll1 "'l'\l"'; ",eH" W'l·d 111l' 111'''1 ~~rtlufl COII-
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xisted of six hculthy nucc .uuí the second grulIp
consisied 01" xix micc that were orally inlected
wuh I.~ x 10' Ot>\..'YS!S u~illg a gastric prube
Bclore ill·lh.':UJ¡,IIIOIl, neouarul nuce WCI'C chcckcd
for rhe ubsence 01' C. parvum purasites by serial
fecal examiuations. using a modiried Ziehl-Neel
son stain." Atter iuoculut ion. each experimental
group wav kcpt scpar.ucd. l'hc liucr-, wcrc
housed wit h thcir dams during the period 01'
cvaluuuou.

Fccul samples from euch mousc were e xum
incd for C. purvurn OO~'ysls every orher day dur
ing Ihe experime nt. Al 4. 10. und Ih duys alter
rhe inoculuunn wu h C. ¡wn'u"" twu mice WI:IT

kif led wirh cí her, Thc (.I;..)'s were selectcd bascd
011 previous siudic-, shuwillg thut oocyst shed
ding begi,¡s al day 4. dccreases al day 13. and
cleurs at day 21 I~ u. In cuch mouse using a sil:'

n-onurroscorx-. two Peyer's parches trom IhL' 11

cum aud two fu un Ihe JCjUIIUIII WCfC CX.L'I~cJ.

washed in PBS. cut into pieces, imrnerscd in
OCT compound (Miles Laboratories. Elkhart,
IN), anJ írozeu in liquid nitrogcn. T'he e vuluu.
tion 01' jcjunal Pcycrx putchcx wus curried out
only on rhc Iuurth and Ihlh uays ahe-r infeL'lion.

Mom'l"hJ1llll lIllli!Jodil's

Al! 1ll0lu.H'lonal 1..1Illihodies uscd were diluled
in modificd PliSo pI-{ 7.2. 1

" Thcse anlih()dH:~ rcL'
ogni/etl Ihe following kuko..-:ylc markers: CD4
((,K l.). T tll.·lpl"r-induL'er n-lis al a dilulion 01'

1:50) and CUX (Lyl-2, T supp.essor cylOloxlc
cells al a dilulioll 01' 1:50) (kílldly liollaled by
M. Pierrcs. Cenlre Illlmullologie Je Marseille,
LumíllY, Frallcc), Thy-1.2 (301112 al a dilulíon

of 1:501, nonlYlllphoíeJ dendrilic cells (NLDC
145 dendrílíc cellsl al a dilulion of 1:501. and
Illonocyles-llIacToplwgcs (MOMA··2 al a dilulion
of 1:50).'"'' '

InmlurUHllIillúlg !'f"(J('cdurt'

Fro/,en seclion~ (7 UIIl) wcrc cul wilh a cryostal

and air-dried ovcfnibllhl befon: lhe imlllullo:-.lail1

ing pnx:cdurc, SCl'1I0IlS wcre iUHllUnost¡.Iincd iJS

previously JL'~¡,,;nhcJ.-'·'"'' llridly. alú::¡ liJlallon ln
fresh OJcchJlle fo!" 5 mino the: s'lmplcs were: hy
dratcd in PBS und sequelltiaOy incuoillcJ \.. ith
prilllury I"i..ll IlIullm:lollal tJlllihody I'úr 90 1I1IH, hlo
linylaled shecp anti -r.lI 19G (VeLlo!" Laboralone:s.
Bu.língallle. CA) al a díluliullul IhO (50 ~g/JlIl)

ror 4S mino and sltcplavidin-hnrscrallish pt'¡:ll;ll;.i-

dase conjugatc (Gibco-Bkt, Guirhcrsburg, MOl
al ji dilution uf 1:]00 Ior 30 mino Five-lllinUh.~

washc-, with PBS were done betwcen incubations.

The rcacrions wcrc dcvclupcd ror 10 ruin wiih 90
~M H .0, and 3-alllillu-9-elhyl-cartlazule (linal
conccruruuon O.H~ mM), which wus dissolved in
50 mM N,N-dimelhylforlllamiuc in 0.1 M acctutc

bullct , pi t S.:!. Thc scclions wun- rhen washed,

counterstuincd with Meyers hcmutoxyhn, and
lllUIIUll'd lHI gl~l~s slll.k -, wuh glyn.°l in gdlllill.

Controls consisu-d 01' sections in which the pri
mary antibody wus omiucd 01' rhe use of a mono

cloual fnti~ody 01' irn:.h:valll speciticity at me
~allll:' pitlll"'I' couccmnuron.

I.('II/.:.('('VIl' qUCl1Ili/i{'ClI;f 111

Cc!l counring was carricd out uxing a light

micro-cope with a rmllimeter scalc fí'.t:iss. Wct·
z.lar, r Icnuany) calibruu-d (o dCH."IIIIIIIC thc IIlIlI1

ber 01" celt/mnr' in Peyers parches. Based on
rhcir distribuuon, dcndrttic and T cells ~ were
vountcd only in the íntertollicular area 01' the
Peyerx parches. whercus ruacrophugcs wcrc ran
domly lJuantitied Ihroughoul lhe palches.

Ollly cclls .shuwillg red ilHmullostaining wilh
ti vi~ihle nucleus were counled as posilive,

Twenly lo Ihirly lidds were e;ll;.mnined 1'01" each
cell rnarkcr al a magnilic:,.IIion of 1,000><. Thcrc
wcre appn);ll;.ÍmalcJy 27.()()O cells/mm' ~)f Pcyer's

p"llches. according lo a previous cuunl of lhe
Illldealt"d t'L-lIs in hL'Il1~loxylin alld l:'osin-slainf:d

SCCtÍOlb.

A perl'enlage ¡ncrement was cakulalcd be·
Iwecn Ihe values for healthy and C,-yplo.\'!Jori·

dil~m-infe('leJ mice for cach parlicular cell

markcr.

Slllli.\·lintl orwl."'sis

Resuhs are cxpressed as lhe mean ± SEM.
Comparisons hctwcen groups were made wilh
lhe nOllparamelric Mann- Whilney lesl Any P
value Icss Ihun O.OS WHS l'onsidercd significanl.

HESI JIl'S

('rYPlosporidiul1l parvulIl ,Tl/t>c/Í01l ill IIt'OI111llll

11l/('l'

Cn,.,lIo.o,'l,oridium parTum--inleCled neonalal
miu: sheJtled oocysls durillg Ihe lirSI lO d.IYs nI'
illfection. In addiliulI, lU\hllllgic iJll¿dysis of (he
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FrCiL'RE l. Density uf lymphocyte immunophcno
types in ileal and jejunal Peyers parches of heallhy
and Cryptosporidium pan'um-infected nconatal mice.
Bars show the mean and SEM.

FIGURE 2. Density oí" nonlymphoid dendritic cells
(NLDC -145 +) and monocytes-macrophages (MOMA
2+) in ileal and jejunal Peyer's patchcs of healthy and
Crvptosporidium pan'um-infected neonatal mice Bars
show thc mean and SEM.

gut showed various parasite slages in the epithe
lial cells of the villi, and inside the ileal and
jejunal Peyer's patchcs. Histologically, very fcw
parasitcs were observcd on the l óth day after
infection.

Leukocyte immunophenotype..... in
ileal Pe.yer 's parches ol heatth.y and
C. parvum-injected mice

The infection of neonatal RALR/c mice with
C. parvum induced the proliferation of T helper
inducer CD4+ cells, T suppressor-cytotoxic
CD8+ cells, Thy-1.2+ cclls, dcndritic NLDC
145+ cclls, and MOMA-2+ cells in the ilcal Pey
ers parches (Figures 1 and 2, and Tablc 1). The
CD4+, CD8+, Thy-1.2+. and NLDC-145+ cells
wcre abundant in thc intcrfollicular arca. and
scarce in the dome area and the cpithelium. The
MOMA-2+ cells were prcsent in the entire Pey
ers parches. These cellular increases were sig
nificantly higher (P 'S 0.05) for the infecled mice
on days 4, lO, and 16' after infection, except for
Thy-1.2+ and MOMA-2+ cells, which showed
values similar to those found in healthy neonalal
miee on day 10 (Table 1 and Figure 2). The rnax
imal increments in the infected micc were ob
servcd for CD8+ T cclls and dcndritic NLDC
145+ cells on day lO after infection (Table 1).

In healthy neonatal mice, the density of T
helper-inducer CD4+ and T suppressor-cytorox
ic CD8 + cells varied significantly (P 'S 0.05) on
the three experimental days, On day la, CD4+

cells decreased to half the values on day 4, and
showed a two-fold incrcasc on day 16 (Figure 2
and Table 1). The CD8+ values dccreased
markedly between days 4 and 10, hUI increased
again on day 16 (Figure I and Table 1). The
Thy- 1.2 + cells increased significantly between
days 4 and 10, and showed similar values on
day 16 (Figure 2 and Table I j. The densities of
dendritic NLDC-145+ cells were very similar
on the three experimental days, and MOMA-2 +
cells increased significantly (P 'S 0.05) betwecn
days 4 and 10, and showed similar values on
day 16 (Figure 2 and Table 1).

ln infected neonatal micc, T helpcr-induccr
CD4+ cells increased during the evaluation pe
riod, whereas T suppressor-cytotox ic CD8+
cells decreased slightly (Figure I and Table I l.
The Thy- 1.2 values were similar between days
4 and la, but incrcased significantly (P E; 0.05)
on day 16 (Figure 1 and Table 1). Dendritic
NLDC-145+ cells increased significantly (P E;

0.05) between days 4 and 10, and decreascd (P

E; 0.05) on day 16 (Figure 2 and Table 1). In
contrasto the density of MOMA-2+ cells was
very similar on the three experimental days (Fig
ure 2 and Table 1).

Leukocvte immunophenotypes in
jejanal Peyer's parches of healthy and
C. parvun1-infected mice

The evaluation of the jejunurn was carried OUI

only on days 4 and 16. The results showed a
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Differences in leulcocvte immunophenotypes
between ileal and jejunal Peycr's putches

Increasing evidence suggests the importance
of the gut rrnrnune systern In the control of

mS(:USS10N

The comparison hetween ileal and jejunal
Peyers parches was carried out on days 4 and
16. In healthy neonatal micc. jejunal Peyers
patches contain more leukocytes than ileal
parches. Only MOMA-2+ cells were more
abundant in the ileal parches on day 4. These
differences were statistically significant (P ,.,

0.(5) for each of the cell subgroups analyzed on
both experimental days.

1\ similar pattern was observed In infected,
neonatal BALBIc rnice, where mosl cell sub
groups were significantly higher (P ,., 0.(5) in
the jejunal than in the ileal patches, No statisti
cally significant differences were observed he
tween ileal and jejunal CD8 + and MOMA-2+
subsets on day 4. In the ileal patches, only
CD4+ and NLDC-145+ cells were present in a
higher (P ,., 0.05) proportion than in thc jejunum
on day 16.

different response patrem to the parasite be
tween the ileal and jejunal Peyer's parches. Je
junal Peyers patches have a higher T cell count
than ileal parches. In the jejunurn, only T helper
inducer CD4+ cells, dendritic NLDC-145+
cells. and MOMA-2+ cells increased on day 4
after infection (Figures I and 2, and Table 2).
ln contrast, the only cell subgroup that increased
on day 16 was the NLDC-145 + cells (Figures l
and 2, and Table 2). The maximal incremem in
the infected mice was observed for the MOMA
2 + cells on day 4 (Table 2).

In healthy neonatal mice, T helper-inducer
CD4+ cells, Thy-I.2+ cells. and MOMA-2+
cells increased between days 4 and 16 (Figures
I and 2, and Table 2). The T suppressor-cyto
tox ic CD8+ cells and dendritic NLDC-145+
cells had similar values on the two days of eval
uation (Figures I and 2, and Table 2).

In infecled neonatal mice, CD4+, CD8+, and
Thy- 1.2 + cells showed the same incremenr pat
tern, except that there were more dendritic
NLDC-145+ cells on day 4 than on day 16, and
that MOMA-2+ values were very similar on
hoth days (Figures l and 2, and Table 2).
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TAHU" 2

In/!/WIIOCOIf1petent cetl densítíes in I'ever:s parches [rosn the jejunurn (~f healthv and Cryptnspnridiurn parvum
In/l'('/ed neonatal BALBk mice"

Da)' 4 Da)' lO

'ir in 'f in-
I'h~'n"l\ ¡w He althy lntc crcd crcrncm Hculthy Infcctcd crcmcnt

cD~ 9.078 ± 474 11.469 + 602 26 21.385 + 423 1~,437 + 475 33
cllS 7.859 ± 465 5.963 ± 441 ·-24 7.600 ± 495 5,691 ± 214 - 25
111\'-1.2 10.479 ± 490 9.885 ± 344 -6 21,069 ± 492 18,562 ± 394 12
~L:l)l.145 677 ± 115 1.729-'. 155 155 739 .L 41 947 -'. 5S 29
MOMA·2 141 -'.40 771 -'. 123 450 735 ± 37 711 ±64 -3

. ljrnvity valúes urc thc mcuu • SEM l't'II.Jmlll'. P "C OO:'i Ior hc.rlrhy versus infected mire texrept Ior Thy I.~l 011 dn.,.. 4 ami fol' henlthy ver..u..
1I11,'d':u mire ll'\l"'pt tor MOMA 2) 011 day 1ft. NI.DC = nonlymphoid denclritic cefls: MO\1/\ '"" monocytc-, macrophuges.

Cnplo.'iporidium infection." 'J In the prcscnt
study, we havc shuwn that during murinc infec
(ion with C. porvum, immunocompctcnt cclls
trorn the Peycrs parches proliferare in response
lo the parasitc. On day 4, we observcd 'In in
crease in thc nurnbers of lcukocytcs in thc ilcal
Peyers parches of infeeted mice. The T sup
pressor-eytotoxie COR+ eells and Thy-I.2+
cells showed a greater increase Ihan T helper
indueer C04 + cclls. The nurnbers of MOMA
2+ cells and dcndritic NLDC-145+ eells also
increused significantly. On day 10. '111 cell
groups increased cxccpt Thy-1.2+ celts. with
C08+ and NLDC-145+ eells undergoing a sev
en-fold increasc. Parasite c1earance was oh
served on day Ih. when leukocyte nurnbers were
sti 11 high but lower (han those observed on day
4. The cell pattern in jejunal Peyers patches
showed a predorninancc of C04+, NLDC
145+, and MOMA-2+ cells at day 4. The latter
underwent a five-fold increasc from control val
ues. The finding that jejunal Pcycrs parches
have a greater T cell count than ilcal parches
may suggest a prcfcrcntial involvcrncnt of thc
former in T cell-dcpendent immunity.

The present results suggest that ileal and je·
junal Peyers patches are funetionally different
in response to Cry¡ftosporidiwn parasiles. Pre
vious studies, based on morphologie, develop
mental. and physiologié differenees, have sug
gested that the ileal Peyer's patches are
equivalent lo lhe avian bursa of Fabricius,
whereas Ihe jejunal Pcyer's palches are more in
volved with generating intestinal immune re
sponses." Our observations suggest that in neo
natal miee. the effeetor phase of .the irnrnune
response to Cryptosporidium parasites may oc
eur in the jejunal Peyer's patches, whieh are
charaeterized by 'In abundance of T helper-in-

ducer cells and antigen-prescnting cclls. The low
numbcrs of CD8+ T cclls seen in the jejunal
parches are consistent with previous observa
tions for other antigcns." .'t> This may be the re
sult of a selectivo migration lo thc mcscntcric
Iymph nodes and thoraeie duct, from where they
rnigrate to the lamina propia and intestinal epi
thelium. The marked increase of C04+ cells in
heaithy and infeeted ileal Peyers patches at day
16 may indicate an active participation of thcsc
cclls in inducing B cells lo produce antigen-spe
citic antibudies. In C. [1arvum-infecled mice,
parasite-specific antibodies are also added to the
Iymphocyte pool. In contrast , ileal Pcycrs
parches may be the site for the immunostirnu
latory phase of the immune response. where na
ive T cells are prirned by the large numbers of
dendritic NLOC-145+ cells. In the patches, na
ive T cells become memory T cells capable of
migrating lo other parts of the gut irnmunc sys
tem.

The present study supports the inereasing ev
idenee that eell-rnediated irnmunity participares
in thc control of Cryptosporidium infection, The
findings of Ungar and others have clarified the
rol" of C04+ and CD8+ T eells in protective
imrnunity against the parasite.', These studics
have 'lIso shown that C04+ T eells are very
important during the in¡tial phases of gut malll
ration, but once they are fully developcd, other
eell groups may be involved in proteetion, These
conclusions were drawn frorn the observations
that adllit miee previollsly infeeted with e par

\'um and treated wilh anti-CD4 resulted in mild
infeetions, hut previously infected athymic adult
micc and prcviously infectcd neonatal mkc
treated with anti-CD4 generated severe infee
tions.

PreviuLJ!'> investigations have shown striking
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differences in the local rnicroenvir oment o f the
ileum and the jejunurn.,. Si m ilar ly. variations in
the microenviroment rnay ex p lai n th e differ
ences in cell patte rns o bserved in the present
study in healthy nconatal rnice. A para lle l study
ha s sho wn a predominance of a naerobio bacteri a
in the ilcum, which may contribu te lo the de 
velopmcnt of a particular Iy pc of im mune re
spons e (Boher Y and oihcrs. un pu h lished dala) .
Re cenl evide nce has shuwn Ihe influence uf the
indigenou s m icrofl ora 0 11 the dc veloprnent u f in 
test inal immune responses.:1. :11

Further studies wi ll he required to c1ari fy the
role of intestinal bact eria in m od ulat ing the gu t
im m une syste rn. Gnot obiotic rnicc wi ll be good
rnodels in which lo carry out cx pc rimc nts with
se lec ted specie s of bacteri a, and w ill a llo w the
evaluation of their effect d urin g the im m une re
sponse. In addition, the participati on of B cells
and other cell groups from the Peye r 's parches
in the immunoregulatory mc ch ani sm s assoc iated
with Crvptosporidium infection need to be e lu
c ida ted.
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