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Abstract
TLRs in enterocytes play an important role in protecting the mucosal surface by promoting the
innate inflammatory immune response following infection. Cryptosporidium parvum generally
causes a short-term diarrheal illness that resolves spontaneously in immunocompetent hosts.
But, in immunocompromised hosts, (e.g. on steroid therapy), it may cause a life-threatening,
chronic, cholera-like illness. The mechanisms by which steroids reduced the host resistance to
C. parvum infection are poorly understood. It was hypothesized that steroid may interfere with
TLR activation and reduced proinflammatory cytokines production required for early infection
containment. To test this hypothesis, sixty C57BL/6 mice were equally divided into three sub-
groups; G1 was daily given intraperitoneally dexamethasone (DEX) for 14 days before oocyst
inoculation and throughout the study. G2 was non-immunosuppressed mice. G1 & G2 were in-
oculated intragastrically with C. parvum (10° oocysts). G3 was retained as naive non-infected
control. Length and severity of infections were determined by monitoring oocyst shedding in fe-
cal pellets using acid-fast (Ziehl-Neelsen) stained smear prepared from fresh pellets, by counting
the number of oocysts in 10 microscopic fields under x100 for each mice group. Expression of
TLR4 was assessed by immunohistochemistry, serum of proinflammatory cytokines level was
determined by ELISA. The results showed that DEX immunosuppressed mice developed chron-
ic cryptosporidiosis that lasted until the study end. Non-immunosuppressed mice developed a
patent infection and the majority of them overcame the infection by the 21* day. The mean oo-
cyst count was significantly higher in the immunosuppressed mice than in non-immunosupp-

ressed ones, with a longer patent period in immunosuppressed mice.
Expression of TLR4 was significantly increased in mice gut post-infection. Expression of TLR
was significantly decreased in DEX immunosuppressed infected mice, with a significant decr-
ease was in proinflammatory cytokines serum levels compared to non-immunosuppressed ones.
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Introduction

Cryptosporidiosis is a ubiquitous zoonotic
disease particularly common in young chil-
dren in developing countries (Striepen,
2013) including Egypt (Abaza et al, 2016).
Man acquired infection by oocysts of C.
parvum or C. hominis that infects many
mammalian hosts as an infectious disease
(Chalmers and Davies, 2010). Infection is
transmitted fecal-orally as well as from con-
taminated vegetables and water (EI-Shazly
et al, 2007). In the intestine, four sporozoites
were excysted, infected epithelial cells and
initiate asexual development. They become
internalized and underwent merogony pro-
ducing eight merozoites. Merozoites from
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this type I meront can either produce another
type I or develops a type Il meront with four
merozoites. The four merozoites released
from the type Il merogony gave rise to sexu-
al developmental stages, the micro- and
macrogamonts. The release of microgam-
etes, and their union with macrogametes,
gives rise to the zygote, which, after two
asexual divisions, forms the environmentally
resistant oocyst containing four sporozoites
while still within the host cell (O'Donoghue,
1995; Tzipori and Griffiths 1998). Newborn
mice are highly susceptible to infection, but
in adult wild type animals, C. parvum de-
velops poorly (Heine et al, 1984). The para-
site multiplies rapidly in the newborn mice



for several days before the infection is
brought under control. Innate immune re-
sponse in neonatal mice is capable to cause
C. parvum infection under highly effective
control. But, CD4" T cells were required for
ultimate parasite elimination (McDonald et
al, 2013). The initial host resistance to infec-
tion is to a large extent immunologically
mediated as treatment with immunosuppres-
sive drugs or certain cytokine-neutralizing
antibodies rapidly exacerbates the infection
(Ungar et al, 1991; McDonald et al, 1994).
The Toll-like receptors (TLRs) family plays
a key role in the innate immune system.
These pattern recognition receptors recog-
nize evolutionarily conserved pathogen-
associated molecular patterns present on
most types of microorganisms (Iwasaki and
Medzhitov, 2004). Once TLRs are activated,
they signal to the host the presence of infec-
tion and trigger signaling cascades leading
to the induction of the appropriate acute
phase cytokines of the early innate immune
response (Akira, and Takeda, 2004). The
TLR ligand engagement results in intracellu-
lar signal transduction, including activation
of the nuclear factor B (NF-B) and mitogen-
activated protein kinases (MAPKs). The
TLR- activated signaling pathways proceed
via adaptor proteins (most importantly
MyD88) and lead to activation of the
MAPKs and the inhibitory B (IB) protein
kinase (IKK) complex. IKK, in turn, phos-
phorylates IB and targets it for degradation,
hence liberating NF-B, which migrated to
the nucleus and activated the transcription of
target genes (Narayanan and Park, 2015).
The intestinal epithelial cells were found to
express TLRs and infection by C. parvum
induced the recruitment of TLR2 and TLR4
to the site of infection (Sato et al, 2003).
Knockdown of MyD88, TLR2 & TLR4 ex-
pression resulted in inhibition of the down-
stream signaling pathways and thus in-
creased the C. parvum infection (Chen et al,
2005). Dexamethasone (DEX) is widely
used due to its pot- ent anti-inflammatory
and immunosuppressive effects. Dexame-
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thasone immunosuppressed mice experience
chronic cryptosporidial infection which
eventually fatal. But, the mechanism of this
effect was still not well known (McDonald
et al, 2013)

The present study aimed to evaluate the
dexamethasone interference with the host
defense to C. parvum by downregulation of
TLR4 on enterocytes and suppressing pro-
inflammatory cytokines production in mice.

Material and Methods

Ethics statement: The study was conducted
at Theodor Bilharz Research Institute (SBSP
/TBRI, Giza, Egypt) in strict accordance
with the TBRI Guidelines for Ethical Con-
duct in Use of Animals in Research.

Animals: Sixty specific pathogen-free C57
BL/6 mice aged 8 weeks and weighing 18-
20g. were divided into equal three groups
and maintained in conditioned rooms at
21°C on sterile water and a balanced dry
food containing 14% protein. They were
housed in groups of two to three mice each
in wire- floored cages with underlying moist
towels to collect fecal pellets (Petry et al
1995). For immunosuppression, mice were
given DEX intraperitoneally at a dose of
125ug/day for 14 days before oocyst inocu-
lation. All mice continued to receive DEX
after oocyst inoculation throughout the ex-
perimental time (Rasmussen and Healey,
1992).

Parasites and infection: Purified C. par-
vum oocysts in phosphate-buffered saline
(PBS) pH7.2 were obtained from Theodor
Bilharz Research Institute (SBSP/TBRI, Gi-
za) and stored at 4°C. Oocysts were surface
sterilized by suspension in 10% (vol/ vol)
commercial bleach solution (sodium hypo-
chlorite), washed three times in PBS, and
enumerated in the Neubauer hemocytome-
ter. Mice were infected by oral gavage, us-
ing 1x10° C. parvum oocysts (Barakat et al,
2009).

Determination of oocyst shedding in infe-
cted mice: Fecal pellets were collected from
mice to monitor oocyst shedding throughout
the experiment. Pellets were re-suspended in



a volume of 2.5% potassium dichromate ap-
proximately equal to twice that of the feces
and stored at 4°C. Fecal suspensions were
smeared onto slides and examined micro-
scopically for the stained oocysts by acid-
fast (Ziehl-Neelsen) stain. The number of
oocysts in 10 fields under the x100 oil im-
mersion objective lens was calculated for
each group of mice (Mc-Donald et al, 1994).
Immunohistochemistry: The terminal 2 cm
of the ileum was submitted to routine histo-
pathological processing at the Department of
Pathology, TBRI, where they were fixed in
10% neutral buffered formalin, dehydrated
in ascending grades of ethanol, followed by
immersion in xylene, and then impregnated
in paraffin. Two 5-mm thick sections were
taken, deparaffinized in xylene and rehy-
drated in ethanol followed by water and
PBS. Endogenous peroxidase was blocked
by immersion in 3% hydrogen peroxide.
Tissue sections were incubated with TLR4
antibody (Ab) at a concentration of 5Spg/ml
for 1hr at room temperature. Control sec-
tions were incubated with PBS with normal
goat serum but without a primary Ab. Im-
munostaining was detected according to
Vectastain peroxidase kit (Vector Lab) and
developed with diaminobenzidine tetrahy-
drochloride. Sections were counterstained
with hematoxylin followed by light micros-
copy (Herman and Elfont, 1991).

Cytokines assay: Serum concentrations of
proinflammatory cytokines IL-la, IL6 &
TNF-a were determined by ELISA (Bio-
source International, Camarillo, California,
USA) as recommended by the supplier.

Statistical analysis: Data were collected,
tabulated, and statistically analyzed by using
statistical package for the social sciences
program, version 18 (SPSS; SPSS Inc. Chi-
cago, Illinois, USA). Data were expressed as
means and SD. Analysis was carried out us-
ing a two-tailed Student’s #-test for unpaired
means. Significant was considered when a P
value less than 0.05.

Results
The C. parvum infection pattern in DEX
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immunosuppressed mice compared to the
non-immunosuppressed ones. C57BL/6 mi-
ce proved a suitable animal model to study
potential anti cryptosporidial agents, and
elucidating the immunological defects that
allowed C. parvum to be chronic infections
(Petry et al, 1995). The study determined C.
parvum infections pattern in DEX immuno-
suppressed C57BL/6 mice compared to non-
immunosuppressed mice. First group was
given DEX intraperitoneally for 14 days at a
dosage of 125ug/day before oocyst inocula-
tion and continued to receive drug until the
experimental end. Second group was non-
immunosuppressed mice, both groups were
inoculated intragastrically with 10° oocysts.
Third group was non-infected and non-
treated control mice. Each group consi-sted
of 20 mice, and the experiment was rep-
eated twice. Length and severity of infect-
ions were determined microscopically by
monitoring oocyst shedding in fecal pellets.
Acid-fast (Ziehl-Neelsen) stained fecal sme-
ar was prepared from fresh pellets. Oocysts
were counted in 10 microscopic fields under
x100 oil immersion. Shedding oocysts inten-
sities were significantly greater in DEX im-
munosuppressed than in non-immunosupp-
ressed mice. Both mice groups started oocy-
st shedding on the 4™-day p.i. (not shown).
Non-immunosuppressed mice decreased sh-
edding after day 7 post-infection, and major-
ity recovered on the 21* day, but immuno-
suppressed mice continued to shed oocysts
throughout the experimental time (Fig. 1).
Murine TLR4 expression during C. parvum
infection: Studies investigated TLR4 regul-
ation in murine models of C. parvum infec-
tion. Infected DEX immunosuppressed, in-
fected non-immunosuppressed and controls
non-infected C57BL/6 mice were subjected
to the experiments. Each group consisted of
20 mice, and the experiment was repeated
twice. Constitutive mild expression of TLR4
occurred in gut of uninfected control mice
(Fig. 2a). The expression of TLR4 was sig-
nificantly increased in intestinal cells on day
7 post-infection (Fig 2b). In contrast, expre-



ssion of TLR was significantly decreased in
infected mice given dexamethasone treat-
ment when compared to mice exposed to
parasites only (Fig. 2¢).

Dexamethasone down-regulated sera lev-
els of acute-phase cytokines during infec-
tion. C. parvum induced a strong inflamma-
tory response in intestine by TLR activation
(Mc-Donald et al, 2013). The C. parvum
infection increased serum levels of IL-1la,
TNF-a & IL-6 in nonimmunosuppressed mi-
ce. In contrast, the serum levels of cytokines
were significantly decreased in the DEX
immunosuppressed animals (Fig. 3a-c).

Discussion

No doubt, adaptive immunity is essential
for complete recovery from C. parvum infe-
ction, innate immune responses play a cru-
cial role in resistance against the parasite
(Mogensen et al, 2008). One of the central
components of innate immune system is the
family of Toll-like receptors (TLRs). TLRs
in intestinal epithelial cells protect the mu-
cosal surface by acting as important inflam-
matory sensors of specific molecular struc-
tures of microbial pathogens and initiating
innate inflammatory response (Santaolalla
and Abreu, 2012). Steroids interfere with the
activation of the TLR (Broering et al, 2011).
The inhibition of TLRs signaling was the
main target for anti-inflammatory and im-
munosuppressive effect of dexamethasone
(Eicher et al, 2004; Broering et al, 2011).

The present study showed that DEX imm-
unosuppressed mice developed a more seve-
re clinical cryptosporidiosis course with inf-
ected longer and shed more oocysts than
immunocompetent mice. This agreed with
Adell et al. (2013) who found that DEX
immunosuppressed mice developed chronic
C. parvum infection persisted over 10 exper-
imental weeks.

Regulation of TLR4 expression during C.
parvum infection was investigated. Constitu-
tive mild expression of TLR4 was observed
in naive non-infected mice. In non-immuno-
suppressed mice; C. parvum induced marked
increase in intestinal expression of TLR4.
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In DEX immunosuppressed mice, TLR4 ex-
pression was severely impair-ed. So, down-
regulation of TLR4 expression by DEX may
be an immune defect that utilized by C. par-
vum to establish a chronic infection. C. par-
vum infection of cholangiocytes induced the
selective recruitment of TLR2 & TLR4 to
infection sites, and suggested that TLRs me-
diate cholangiocyte defense responses to C.
parvum via activation of NF-kappaB (Chen
et al, 2005). As TLRs orchestrate the induc-
tion of appropriate acute phase cytokines of
the early innate immune response, effects of
DEX inhibition of TLR4 on production of
proinflammatory cytokines (TNF-a, IL-6,
IL-1 o) was analyzed. A marked decrease in
serum levels of cytokines was seen in DEX
immunosuppressed mice, that might be due
to down-regulation of TLR 4 expression in
mice. Br-oreing et al. (2011) found that
steroids were potent modulators of TLR-me-
diated activation of liver cells resulting in
suppression of pro-inflammatory and induc-
tion of anti-inflammatory cytokines.

Conclusion
The outcome data showed that steroids inter-
fered with host resistance to C. parvum in-
fection by suppression of TLR-induced pro-
duction of pro-inflammatory cytokines.
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Explanation of figures

Fig. 1: C. parvum oocyst shedding in immunosuppressed (DEX) and non-immunosuppressed (controls) mice. Measurements of oocyst shed-
ding from mice at infection different time, values represent mean numbers of oocysts per 10 fields.

Fig. 2a, b, c: Serum levels of acute phase cytokines in infected immunocompetent and immunosuppressed mice compared to control.

Fig. 3a: Sections of small intestine of control mice showed mild expression of TLR4 in villi (red arrow) and crypts (yellow arrow) of in-
testinal mucosa, as brownish color of cytoplasm lining villi and crypts (Immunohistochemistry, DAB, x200, x400). Fig. 3b: Sections of sm-
all intestine of infected non-immunosuppressed mice showed marked expression of TLR4 in villi (red arrow) and crypts (yellow arrow) of
intestinal mucosa, as brownish color of cytoplasm lining villi and crypts. Fig. 3¢c: Sections of small intestine of infected (DEX) immuno-



suppressed mice showed mild expression of TLR4 in villi (red arrow) and negative or mild expression in crypts of intestinal mucosa (yellow
arrow), as brownish color of cytoplasm lining villi and crypts (Immunohistochemistry, DAB, x100, x400).
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