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ENUMERATION OF SELECTED LEUKOCYTES IN THE SMALL
INTESTINE OIF BALB/c MICE INFECTED WIT1I
CRYPTOSPORIDIUM PARVUM :
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R.GONZALYZ GO KRAAL, an 1 TAPIA
Insututeo de Biomediving, Universtdad Central de Venesueta, Caracas, Venezuela, Department of
Histeddogy, Free Universiey of Amsterdam, Amsterdam, The Nethertands

Abastracr. Neonatal, suckling BALB/A mice inoculated with Cryprosporidium parvum
produce an infectuon characterized by conhimuous shedding of vocysts that spontaneously
clears by the time the animals are three weeks of age. Neonatal mice were used (o char-
acterize the leukocyte subgroups present in Peyer's patches from the ileum and jejunum
ol Cryprosporidinme-infected and healthy muce. After infection, ileal Peyer's palches
showed o predominant CD8+ cesponse, with abundant monocytes-macrophages (MOMA -
2+) and nonlymphoid dendritic cells (NLDC-145+ cells)y. In contrast, jejunal Peyer's
patches showed more T lymphocytes than aleal patches, with a predominance of CD4+
cells and many dendritic NLDC-145+ cells and MOMA-2 1+ cells. The present results
showed that ilegl and jejunal Peyer's patches are functionally different in response to
Crypresporidiim parasites, These indings supgest a preferennal involvement of jejunal
Peyer's patches in T cell-dependent immunity agmnst the parasite, whereas ileal palches

may be associawdd with B cell expansiaon and smaturation.

Crypitosporidiam iy a prolocoan parasite thil
causes diartheal disease in both nonhuman ani-
mals and humans.' * Cryptosporidiam intection
nuy be present in "hoth nnmunocompetent and
immunodeticient hosts with ditterences i the
cutcome of the disease in these two groups.” * In
healthy individuuls, cryplosporidial infection is
sell-limited, whereas inununocompronised pa-
tients may recover deom the infection after res-
toration ol their inmwne functions.”" Fhese re-
sults are highly suggestive that active ininamty
in necessary for resistingee 1o the panrasite,” In
addition, Ungar and others have shown a1 cell
mvolvenient i noce infected with Co parvam ™

Antigens that enter the body through the gas-
trointestinal tract are dealt with by the gut im-
mune system, which includes the Peyer’s patch
es, appendix. tobsils, adenonds, and - colonic

patches.™ ™ The Peyer’s patches e the major

sites of antiven sampling and  presentation,
where intestinal antigens may be direedy sam-
pled by wembranous (M) celis and imtea-cpithe-
lial lymphocytes and transported (o the T and
B-cell areas ot the patcin o these acas, the M
cells and the intra-epithelia! iymphoeytes iner
act with macrophages, dendritiec cells, T cells.,
and B ocells. U In Cryprosporiduen infection,
parasites have been deseribed withun the cylo-
plasm of M ocells and macraphages

Neonatal, suckling BALB/c mice inoculaed
with Cryprosporidizm parvum oocysts develop
i patent infection characterized by continuous
shedding of oocysts and histologic evidence of
patasitisi that is spontaneously cleared by the
time the animals are three weeks of age.™ ' The
ainy of the present study was to charactenze the
different leukocyte immumophenoty pes present
in the Peyer’s patches of neonatal mice infected
with . parvum.

MATERIALS ANB MELHIODS
Cryplosporichum cocvst preparation

Cryprosporidivm purvam oocysts were puri-
fied from the feces of intected children (i1solate
1C 624). The stool specimens were suspended
in 0.1 M phosphate bulleredt saline (17138), pll
74 and the vocyss were concentraled by cen-
trifugation in Sheather’s sucrose solulion.'” The
puriticd oocysts were suspended i 2.5% pots
sinm dichromate contiming .25 mg/iml of

" chloramphenicol. Samples were stored at 4°C for

b

up o A0 days betore infection of the animals.

Amimal faivetion and tissue processing

Two pronps ol seven day old BALB/C nee

b hoily seses were wsed The first grousp con-
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sisted of six healthy muce and the second groap
consisted of six mice that were orally infected
with 1.5 X 10% oocysts using a gastric probe.
Belore inoculation, neanatal mce were checked
for the absence of C. parvum parasites by serial
fecal examinations, using a modified Ziehl-Neel-
son stain.'™ After inoculation, ¢ach experinmental
group was hept separated. The  htters were
housed with their dams during the period ol
cvaluation,

Fecal samples from each mouse were exanm-
ined for C. parvien (mL-'ysls cvery other day dur
ing the expeniment. At 4, 10, and 16 days alter
the inoculation with O parvam, Iwo nice were
killed with ether. The days were selected based
on previous studies showing that oocyst shed-
ding beginys at day 4, decreases at day 13, and
clears at day 2 In each mouse using a ste-
reomicroscope, two Peyer’s patches from the il
cum and two from the jejunum werse excised,
washed in PBS, cut into pieces, imnicrsed in
OCT compound (Miles Laboratories, Elkhart,
IN), and frozen in liguid nitrogen. The evalua-
tion of jejunal Peyer’s patches was carried out
only on the lTourth and 1oth days after infection,

| 14 0

Monoclonal antibodies

All monoclonal antibodies used were diluted
in moditied PBS, pH 7.2." 'These antibodies rec-
ogpnized the following leukocyte markers: CD4

(GK 1.5, T helper-inducer cells at a dilution of

1:50) and CD¥E (Lyt-2, T suppressor cytotoxic
cells at a ditution of 1:50) (kindly donated by
M. Pierrcs. Centre Immunologie de Marseile,
Luminy. France). Thy-1.2 (30H12 at a dilution
ol 1:50), nonlymphoig dendritic cedls (NL.DC-
145 dendritic cellsy at a diluton of 1:50)), and
monocytes-macropliages (MOMA-2 at a dilution
of 1:50).™" ’

Immunostaining procedure

Frozen sections (7 um) were cut with a eryostat
and air-dried overnight before the immunostain-
ing procedure. Scecuons were nmunostained as
previously descrbed 7" Briclly, atter ixauon in
fresh acelone for 5 min, the samples were hy-
drated in PBS and sequentiaflly incubated with
prinary ral woneclonal antibody Tor %0 aun, bio-
tinylated sheep anti-rat 1gG (Vecwor Laboratanes,
Burlingame. CA) w a dilution ol 60 (50 pg/ml)y
for 45 min, and streptavidin-horseradish peroxi-
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dase conjugae (Gibeo-BRI., Gaithersburg, MI)
at o dilution of 1300 for 30 min. Five-minuw
washes with PBS were done between incubations.
The reactions were develaped for 10 min with %)
pM H.O. and 3-amino-9-ethyl-carbazole (linal
concentration (.88 mM), which was dissolved in
50 mM N.N-dimethyllormannde in U1 M acetaie
buller, pl1 5.2, The sections were then washed,
counterstained with Meyer's hematoxylin, amd
moeunted on glass shdes wih glycenin pelatin,
Controls consisted of sections in which the pri-
mary antibody was omitted or the use of 4 mono-
clonal Jnlib()dy ol wrelevant specificity at the
¢

LI} [V} ein concenration

Lewkoovie quantification

Cell counting was carricd out using a light
microscope with a millimeter scale {(Zeiss, Wet-
lar, Germany )y calibrated te deteoninne the mun
ber of cell/mm” in Peyer's patches. Based on
their distribution, dendritic and T cells were
counted only in the interfollicular area of the
Peyer’s patches, whereas miacrophages were ran-
domly yuantified throughoul the patches.

Only cells showmg red imimunostaining with
u visible nucleus were counted as posilive.
Twenty to thirty lields were examined for each
cell marker at a magnification of 1,000x, There
were approximately 27,000 cells/mm’” ol Peyer's
patches, according (o a previous count ol the
nucleated cells in hematoxylin and cosin-stained
sections.

A percentage increment was calculated be-
tween the values tor healthy and Cryprospori-
dium-infected mice for cach particular cell
marker.

Statistical analvsiy

Resuhs are expressed as the mean = SEM.
Comparisons between groups were made with
the nonparametric Mann-Whitney test. Any P
vidue less than .05 was considered significant.

RESUNTS

Cryptosporidium parvuen fnfection in neonatal
mice

Crvprosporidium parvum--intected neonatal
mice shedded oocysts during the lirst 10 days of
infection. In addition, histotogic analysis ot the
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FrGure 1. Density of lymphocyte immunopheno-

types in tleal and jejunal Peyer’s paiches of healihy
and Cryprosporidium parnum—infected neonatal mice.
Bars show the mean and SEM.

gut showed various parasite stages in the epithe-
lial cells of the villi, and inside the ileal and
jejunal Peyer’s paiches. Histologically, very few
parasites were observed on the 16th day after
infection.

Leukocyte immunophenotypes in
tleal Peyer's paiches of healthy and
C. parvum—infected mice

The infection of neonatal BALB/c mice with
C. parvum induced the proliferation of T helper-
inducer CD4+ cells, T suppressor-cytotoxic
CD8+ cells, Thy-1.2+ cells, dendritic NLDC-
145+ eclls, and MOMA-2+ cells in the ilcal Pey-
er’'s patches (Figures | and 2, and Table 1). The
CD4+, CD8+., Thy-1.2+, and NLDC-145+ cells
were abundant in the interfollicular arca. and
scarce in the dome area and the epithelium. The
MOMA-2+ cells were present in the entire Pey-
er's patches. These cellular increases were Sig-
nificantly higher (P = 0.05) for the infected mice
on days 4, 10, and 16 after infection, except for
Thy-1.2+ and MOMA-2+ cells, which showed
values similar to those found in healthy neonatal
mice on day 10 (Table 1 and Figure 2). The max-
imal increments in the infected mice were ob-
served for CD8+ T cells and dendritic NLDC-
145+ cells an day 10 after infection (Table 1).

In healthy neonatal mice, the density of T
helper-inducer CD4+ and T suppressor-cytotox-
ic CD8+ cells varied significantly (P < 0.05) on
the three experimental days. On day 10, CD4+
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FiGURt 2. Density of nonlymphoid dendritic cells

(NLDC 145 +) and menocytes-macrophages (MOMA -
2+)in ileal and jejunal Peyer’s patches of healthy and
Cryptosporidium parvum—infected neonatal mice. Bars
show the mean and SEM.

cells decreased to half the values on day 4, and
showed a two-fold increase on day 16 (Figure 2
and Table 1). The CDE+ values decreased
markedly between days 4 and 10, hut increased
again on day 16 (Figure | 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 |). The densities of
dendritic NLDC-145+ cells were very similar
on the three experimental days. and MOMA-2+
cells increased significantly (P < (.05) between
days 4 and 10, and showed similar values on
day 16 (Figure 2 and Table 1).

In infected neonatal mice, T helper-inducer
CD4+ cells increased during the evaluation pe-
riod. whereas T suppressor-cytotoxic CD8+
cells decreased slightly (Figure 1 and Table 1),
The Thy-1.2 values were similar between days
4 and 10, but increased significantly (P = 0.05)
on day 16 (Figure | and Table I). Dendritic
NLDC-145+ cells increased significantly (P <
0.05) between days 4 and 10, and decreased (P
= 0.05) on day 16 (Figure 2 and Table 1). In
contrast, the density of MOMA-2+ cells was
very similar on the three experimental days (Fig-
ure 2 and Table ).

Leukocovre immunophenotypes in
Jejunal Pever's patches of healthy and
C. parvum—infected mice

The evaluation of the jejunum was carried out
only on days 4 and 16. The results showed a
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_ég SRETR3|Z different response pattern to the parasite be-
¥ e o £ tween the ileal and jejunal Peyer's patches. Je-
g junal Peyer’'s patches have a higher T cell count
SR E; than ileal patches. In the jejunum, only T helper-
J|rnT=F13 inducer CD4+ cells, dendritic NLDC-145+
:i: ;: 2:: i cells, and MOMA-2+ cells increased on day 4
SR208TF] after infection (Figures 1 and 2, and Table 2).
® f 6 B G f:; In contrast, the only cell subgroup that increased
E g g on day 16 was the NLDC-145+ cells (Figures |
& £ and 2, and Table 2). The maximal increment in
3 S8 % g § the infected mice was observed for the MOMA-
3 M iR - 2+ cells on day 4 (Table 2).
3 1 PO | In healthy neonatal mice, T helper-inducer
g - Roa CD4+ cells, Thy-1.2+ cells, and MOMA-2+
E R @ cells increased between days 4 and 16 (Figures
3 5 1 and 2, and Table 2). The T suppressor-cyto-
S| |iz|onvreolE toxic CD8+ cells and dendritic NLDC-145+
5 | =88 e cells had similar values on the two days of eval-
E ’ E vation (Figures 1 and 2. and Table 2).
Z cwmam |2 In infected neonatal mice, CD4+, CD8+, and
2‘ Gus seond i Thy-1.2+ cells showed the same increment pat-
E § ok A2 tern, except that there were more dendritic
B 2 § =E g E 1 NLDC-145+ cells on day 4 than on day 16, and
% = Ieel |8 that MOMA-2+ values were very similar on
‘S; & b both days (Figures | and 2, and Table 2).
Tt g
':'Ii_ K] = o Do £ Differences in levkocyvre immunophenotypes
£ E. p TI ‘f: ‘i : :"l 8 berween ileal and jejunal Peyer's patches
s = a
-_g E %@gi—}“’ g The comparison between ileal and jejunal
= <+ ‘Ed Peyer's patches was carried out on days 4 and
13 3 16. In healthy neonatal mice. jejunal Peyer's
5‘: " z patches contain more leukocytes than ileal
é ;E S3I&BE|; patches. Only MOMA-2+ cells were more
E 3 5 abundant in the ileal paitches on day 4. These
& z differences were statistically significant (P =
9 § § % g F 0.035) for each of the cell subgroups analyzed on
T Bl 4+ |E both experimental days.
& «E =y gé it § A similar pattern was observed in infected,
ol L N | -3 ¥ neonatal BALB/c mice, where most cell sub-
?,- a - i groups were significantly higher (P < 0.05) in
: §§ the jejunal than in the ileal patches. No statisti-
p ey ] cally significant differences were observed be-
3 ezses|ze tween ileal and jejunal CD8+ and MOMA-2+
£ ffé HOHH AT subsets on day 4. In the ileal patches, only
2 = §§§§E §§ CD4+ and NLDC-145+ cells were present in a
3 el ; = higher (P < 0.05) proportion than in the jejunum
§ 5% on day 16.
3 o |33 s
S & T2 DISCUSSION
2 g o O -
§ fE a oDo ;8% 2_5‘:, [ncreasing evidence suggests the importance
£ qu‘éi '3 of the gut immune system in the control of
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TasLE 2
fnpmimocompetent cell densities in Pever's patches from the jejunum of healthy and Cryplosporidium parvum-—

intected neonatal BALB/c mice*

Day 4 Day 16

G in % in-

Phenoty pe Healthy infected crement Healthy Infecied crement

nd 9.078 = 474 11,469 + 602 26 21,385 + 423 14,437 + 475 33

DR 7.859 = 465 5.963 x 441 —-24 7.600 x 495 5.691 = 214 =28

Thy-1.2 10,479 = 490 9.885 & 344 -6 21,069 = 492 18,562 = 394 12

NLDC-145 677 £ 115 L729. . 15§ 155 739 + 41 947 & 58 29

MOMA-2 141 + 40 771 L 123 450 735 = 37 711 = 64 ~3
o IDensity values are the mean + SEM cellsann. # < 005 [ healthy versus infected niice texcept for Thy-1.2) on day 4 and for healthy versus

inlected mice except lor MOMA 2) on day 16. NEDC = nonlympheid dendritic cells; MOMA = monocytes nucrophages,

Y

Cryprosporidium infection.” In the present
siudy. we have shown that during murine infec-
tion with C. parvem, immunocompetent cells
trom the Peyer’s patches proliferate in response
tor the parasite. On day 4, we observed an in-
crease in the numbers of leukocytes in the ileal
Peyer's patches of infected mice. The T sup-
pressor-cytotoxic CD&+ cells and Thy-1.2+
cells showed a greater increase than T helper-
inducer CD4+ cells. The numbers of MOMA-
2+ cells and dendritic NLDC-145+ cells also
increased significantly. On day 10, all cell
groups increased except Thy-1.2+ cells, with
CD8+ and NLIDC- 145+ cells undergoing a sev-
en-fold increase. Parasite clearance was ob-
served on day 16, when leukocyte numbers were
still high but lower than those observed on day
4. The cell pattern in jejunal Peyer's patches
showed a predominance of CD4+, NLDC-
|45+, and MOMA-2+ cells at day 4. The latter
underwent a five-fold increase from control val-
ues. The finding that jejunal Peyer's patches
have a greater T cell count than ileal patches
may suggest a preferential involvement of the
former in T cell-dependent immunity.

The present results suggest that ileal and je-
junal Peyer’s patches are functionally different
in response to Cryprosporidium parasites. Pre-
vious studies, based on morphologic, develop-
mental, and physiologic differences, have sug-
gested that the ileal Peyer’s patches are
equivalent to the avian bursa of Fabricius,
whereas the jejunal Peyer's patches are more in-
volved with generating intestinal immune re-
sponses.™ Our observations suggest that in neo-
natal mice. the effector phase of the immune
response to Cryprosporidium parasites may oc-
cur in the jejunal Peyer's patches, which are
characterized by an abundance of T helper-in-

ducer cells and antigen-presenting cells. The low
numbers of CD8+ T cells seen in the jejunal
patches are consistent with previous observa-
tions for other antigens.” ™ This may be the re-
sult of a sclective migration to the mesenteric
lymph nodes and thoracic duct, from where they
migrate to the lamina propia and intestinal epi-
thelium. The marked increase of CD4+ cells in
healthy and infected ileal Peyer’s patches at day
16 may indicate an active participation of these
cells in inducing B cells to produce antigen-spe-
citic antibodies. In C. parvum—infected mice,
parasite-specific antibodies are also added to the
lymphocyte pool. In contrast, ileal Peyer’s
patches may be the site for the immunostimu-
latory phase of the immune response. where na-
ive T cells are primed by the large numbers of
dendritic NLDC-145+ cells. In the palches, na-
ive T cells beccome memory T cells capable of
migrating to other parts of the gut immune sys-
tem. i

The present study supports the increasing ev-
idence that cell-mediated immunity participates
in the control of Cryptosporidium infection. The
findings of Ungar and others have clarified the
role of CD4+ and CD8+ T cells in prolective
immunity against the parasite.®® These studies
have also shown that CD4+ T cells are very
important during the initial phases of gut matu-
ration, but once they are fully developed, other
cell groups may be involved in protection. These
conclusions were drawn from the observations
that adult mice previously infected with C. par-
vam and treated with anti-CD4 resulted in mild
infections. but previously infected athymic adult
mice and previously infected neonatal mice
treated with anti-CD4 generated severe infec-
tions.

Previous investigations have shown striking
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differences in the local microenviroment of the
ileum and the jejunum.™ Similarly, variations in
the microenviroment may explain the differ-
ences in cell patterns observed in the present
study in healthy neonatal mice. A parallel study
has shown a predominance ol anaerobic bacteria
in the ileum, which may contribute to the de-
velopment of a particular type of immune re-
sponse (Boher Y and others, unpublished data).
Recent evidence has shown the influence of the
indigenous microflora on the development of in-
testinal tmmune responses.”” ™

Further studies will be required to clarify the
role of intestinal bacteria in modulating the gut
immune system. Gnotobiotic mice will be good
models in which to carry out experiments with
selected species of bucteria, and will allow the
evaluation of their effect during the immune re-
sponse. In addition, the participation of B cells
and other cell groups from the Peyer’s patches
in the immunoregulatory mechanisms associated
with Cryptosporidium infection need to be clu-
cidated.
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