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Abstract

Fasciola hepatica has been shown to have a high capacity for immunomodulation of the host response, making the
development of protective vaccines extremely difficult. One of these immunomodulation mechanisms is the impair-
ment of dendritic cells (DC) maturation and, therefore, suppression of antigenic presentation. The aim of this study
was to evaluate the pathological changes as well as the characterization of two antigen presenting cells, DC (CD1b,
CD83 and MHC-II positive) and follicular dendritic cells (FDC) (CNA.42, S100 and CD83 positive) by immunohistochem-
istry in the hepatic lymph nodes (HLN) and livers of sheep during the early stages of infection with F. hepatica [9 and
18 days post-infection (dpi)], compared with an uninfected group (UC) as a control. The results revealed a marked
hyperplasia of HLN germinal centres at 9 and, in particular, 18 dpi, with respect to the UC group, with coincidental
increased expression of CNA.42 in FDC of lymphoid follicles and CD1b in the DC of paracortical areas at 18 dpi. How-
ever, the expression of MHC-Il and CD83 decreased at 9 and, particularly, at 18 dpi in HLN compared with that in the
UC group. Since both markers are related to active presentation of antigens by DC and FDC, the results of the present
study suggest that, despite the marked hyperplasia of HLN and increase in DC and FDC numbers during early stages
of infection, the DC and FDC antigenic presentation capacity, as suggested by the expression of the markers MHC-II
and CD83, is suppressed by the parasite. This suppression was not observed in the liver, probably because of the low
number of DC. This is the first study of the immunophenotype of DCs and FDC in sheep infected with F. hepatica.

Introduction traditionally been based on the use of anthelmintic drugs

Fasciolosis, caused by E hepatica, results in major eco-
nomic losses to the agricultural sector [1]. The parasite
infects a wide range of domestic animals, including cat-
tle, sheep and goats, and the disease has been recog-
nized as an important zoonosis in Africa, Asia, Europe,
America and Oceania [2, 3]. Control of the disease has
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such as triclabendazole. Nevertheless, resistance to this
and other drugs, together with public concern about
the presence of drug metabolites in foodstuff, is increas-
ing in numerous countries [4]. Because of this, there is
increasing interest in the development of an immuno-
logical method of control for the disease [5, 6]. Despite
major efforts during the last two decades, the search for
an effective vaccine to control fasciolosis has been slow
due to the different mechanisms used by E hepatica to
modulate the host immune response, which have ren-
dered attempted therapies ineffective in killing the para-
site [7-9]. One of these mechanisms is the impairment

©The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8850-7388
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13567-020-00757-1&domain=pdf

Ruiz-Campillo et al. Vet Res (2020) 51:33

of the maturation of dendritic cells (DC), which facilitate
both parasite survival and modulation of the immune
response [10-12].

DC are specialized antigen-presenting cells that can be
found in the paracortical area of the lymph nodes where
they promote the activation of naive T lymphocytes. On
the other hand, follicular dendritic cells (FDC) are cells
of stromal origin located in the central region of primary
follicles and in the light zone of germinal centres of sec-
ondary and tertiary lymphoid organs. They play a crucial
role in B-cell activation and have the unique capacity to
bind and retain native antigen in B-cell follicles for long
periods of time [13, 14]. In previous papers, it has been
reported that E hepatica is able to downregulate the
Thl immune response and upregulate the Th2 response
at early stages of infection in sheep [15] and mice [16],
as well as in chronic stages in cattle [17]. This imbal-
ance towards a Th2 immune profile is mediated through
regulatory cytokines and cells, such as DC, that modu-
late and/or suppress inflammatory responses. It has been
determined that different antigenic preparations of this
parasite, such as total extract, E hepatica tegumental
antigen (FhTeg) and excretory-secretory products (ESPs),
decrease the activation state of DC in mice [11, 12, 18,
19], and E gigantica ESPs induce the modulation of buf-
falo DC [20]. More specifically, it has been reported that
FhTeg induces DC modulation, resulting in a lack of T
cell Th1 cytokine response and proliferation [21]. In addi-
tion, the glycan products produced by E hepatica partici-
pate in the modulation of DC maturation and mediate the
production of IL-10 and IL-4 during infection, inducing a
Th2/regulatory-polarized immune response [22-25]. E
hepatica can also induce the development of phenotypes
that are characterized by a decreased production of pro-
inflammatory cytokines, as well as the expression of gen-
eral markers that are characteristic of an M2 macrophage
phenotype and have been shown to promote the differ-
entiation of Th2 and Treg cells [26—28]. Moreover, it has
been reported that E hepatica cathepsin L1 (FhCL1), glu-
tathione transferase (FhGST) and Kunitz-type molecule
induce a modulatory effect on DC, which leads to the
suppression of the adaptive immune response, includ-
ing Th1- and/or Th17-related responses [10, 29]. To date,
the effect of E hepatica infection on FDC has not been
evaluated.

On the other hand, it has been shown that recombi-
nant forms of FhCL1 and FhGST can partially activate
DC [10]. Moreover, a mucin-like peptide from E hepat-
ica (Fhmuc) induces parasite-specific adaptive immunity
with increased levels of IFN-y and specific IgG antibodies
[30]. In a recent study, it was also reported that the inter-
actions of DC with E hepatica cathepsin L3 (FhCL3) con-
fer a unique expression pattern of the cytokines IFN-y
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and IL-13, which may be protective in this parasitosis or
in other helminth infections [31].

Most studies investigating the modulation of DC by E
hepatica have been carried out in murine models, with
only one study in buffaloes [20]. Therefore, to date, there
is little available information on E hepatica-induced
modulation of DC in ruminants. The aim of the present
study was to evaluate the expression of different markers
of DC (CD1b, CD83 and MHC-II) and of FDC (CNA .42,
$100 and CD83) in the HLNs and liver of sheep during
the early stages of infection with F hepatica. These mark-
ers have been selected because they have been used as
markers of DC, FDC and antigen-presenting cells in
formalin-fixed peripheral lymph nodes in sheep [13, 32].
This is the first study to evaluate the immunophenotype
of DC and FDC present within the HLNs and livers of
sheep experimentally infected with E hepatica in the
early stages of infection.

Materials and methods

Experimental design

Fifteen eight-month-old male Merino-breed sheep
obtained from a liver fluke-free farm were used for this
study. All animals were tested monthly for parasite eggs
by faecal sedimentation, with negative results in all cases.
Moreover, prior to challenge, all animals were tested
for serum IgG specific for FhCL1 by an enzyme-linked
immunosorbent assay (ELISA), with negative results in
all cases. Animals were housed indoors (100 m? covered
and 100 m? uncovered facility) and fed with hay and pel-
lets and given water ad libitum. The study consisted of
three groups with five sheep each (n=>5), including two
infected groups and an uninfected control (UC) group.
Sheep were orally infected with one dose of 150 meta-
cercariae of the Italian strain of E hepatica (Ridgeway
Research Ltd, UK), and all animals were euthanised in
batches of five according to the groups at 9 and 18 days
post-infection (dpi), being the UC group euthanised at
the end of the trial. Sheep did not receive vaccines or
adjuvants. In all animals, euthanasia was conducted by
intravenous injection of 7 mL of embutramide (200 mg)
and mebezonium iodide (50 mg). No adverse reactions
or clinical signs were noted during the experiments. The
experiment was approved by the Bioethics Committee of
the University of Cordoba (code No. 1118) and conducted
in accordance with European (2010/63/UE) and Spanish
(RD 1201/2005) directives on animal experimentation.

Histopathology

At necropsy, the liver was removed, and the visceral
and diaphragmatic aspects were photographed for gross
evaluation. Liver and HLN tissue samples were collected
and fixed in 10% neutral buffered formalin for 24 h, then



Ruiz-Campillo et al. Vet Res (2020) 51:33

routinely processed and embedded in paraffin wax. Tis-
sue sections (4 pm thick) were stained with haematoxylin
and eosin (H&E) for histopathology.

Immunohistochemical analysis

An immunohistochemical study was used to assess
CNA .42, CD1b, S100, MHC-II and CD83 expression in
HLN and liver tissue samples using the avidin—biotin—
peroxidase method, as described elsewhere [33]. Briefly,
after hydration of samples, antigen retrieval was carried
out using different methods depending on the antibody.
The anti-CNA.42 treatment consisted of incubating the
slides with citric acid (pH 9), followed by heating in a
microwave for 20 min. anti-MHC-II was incubated with
citric acid (pH 6), followed by heating in a microwave
for 10 min. anti-CD83 and anti-CD1b were subjected
to pronase digestion, and anti-S100 did not require any
specific treatment. The samples were rinsed twice for
5 min in phosphate-buffered saline (PBS) and 5 min in
PBS-Tween 80 (Panreac, Barcelona, Spain). Endogenous
peroxidase activity was blocked by incubation with 3%
hydrogen peroxide (Panreac, Barcelona, Spain) in meth-
anol (Panreac, Barcelona, Spain). The slides were then
rinsed twice for 10 min in PBS and incubated with 25%
normal goat serum (Vector Laboratories, Burlingame,
California, USA) for 30 min at room temperature. Each
primary antibody was diluted 1:100 in PBS containing
10% normal goat serum, applied to the slides and incu-
bated overnight at 4 °C. The primary antibody details
are shown in Table 1. We then rinsed the slides three
times in PBS prior to the addition of secondary antibody.
Biotinylated goat anti-rabbit immunoglobulin serum
(Dako-Agilent, Santa Clara, California, USA), was diluted
1:200 and applied to the slides incubated with the pri-
mary polyclonal S100 antibody, whereas biotinylated
goat anti-mouse immunoglobulin serum (Dako-Agilent,
Santa Clara, California, USA), diluted 1:50, was used
for the slides incubated with the primary monoclonal
CNA.42, MHC-II, CD83 and CDI1b antibodies. Slides
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with secondary antibodies were incubated for 30 min at
room temperature. After three rinses for 10 min in PBS,
an avidin-biotin—peroxidase complex (Vector Labora-
tories, Burlingame, California, USA) diluted 1:50 in PBS
was applied for 1 h at room temperature in darkness. The
tissue sections were washed three times in Tris-buffered
saline (pH 7.2) and incubated with the vector NovaRED®
peroxidase substrate (Vector Laboratories, Burlingame,
California, USA) for 2 min. Then, samples were rinsed
in tap water, lightly counterstained with Mayer’s haema-
toxylin and mounted with Eukitt® (Freiburg, Germany).
Specific primary antibodies were substituted with PBS or
non-immune isotype-matched sera as negative controls.
HLN sections from sheep were used as positive controls.

Morphology and cell counting

A morphological analysis was carried out to evaluate the
size of CNA .42+ germinal centres in infected and con-
trol animals. The length of the major and minor radii of
five random follicular germinal centres was measured,
and the area (expressed in um?) was calculated as follows:
1t x a X b, where a was the minor radius, and b was the
major radius (Figure 1). Ten random microphotographs
of 0.08 mm? were taken, and five follicular germinal cen-
tres per animal were measured and multiplied to obtain
the area expressed in pm?. This calculation, together with
the cell count of CNA .42+, CD1b+, S100+, MHC-II+
and CD83+ cells in the HLN and liver tissue sections,
was performed using the biomedical software Image]
v.1.51d. One lymph node and one liver slide per animal
were used, five random microphotographs at x400 mag-
nification were taken from each slide, and the number of
positive cells was counted. Specifically, CNA.42+ cells
were counted inside lymph node follicular germinal cen-
tres (Figure 2); MHC-11+ (Figure 4), CD83+ (Figure 5)
and S100+ cells were counted in the follicles, paracorti-
cal and medullary areas; and CD1b was counted in the
paracortical and medullary areas (Figure 3). The results
are expressed as the mean &= SD per group.

Table 1 Specifications of the primary antibodies used for immunohistochemistry

Specificity Type Clone/product code Dilution Source
FDC Mouse anti-human mAb? CNA42/M7157 1:10 Dako
MHC-II Mouse anti-human mAbP° HI2A/M0748 1:100 VMRD
CD83 Mouse anti-human mAb? HB15e/MCA1582GA 1:50 BioRad
CD1b Mouse anti-bovine mAb© CC20/MCA2058G 1:10 BioRad
S100 Rabbit pAb? -/Z0311 1:200 Dako

mAb: monoclonal antibody, pAb: polyclonal antibody.
@ Antibody with cross-reactivity proved in sheep [13].
b Antibody with cross-reactivity proved in sheep [66].

¢ Antibody with cross-reactivity proved in sheep (manufacturer data sheet).
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Figure 1 CNA.42+ cells in a germinal centre inside a lymph
node follicle from a sheep 18 dpi. The major radius (white arrow)
and the minor radius (black arrow) are marked. ABC-haematoxylin
counterstain, x 100.

Figure 2 CNA.42+ cells in a germinal centre in follicles of a
lymph node from a sheep 18 dpi. ABC-haematoxylin counterstain,
x200.

Statistical analysis

Statistical analysis was carried out using the GraphPad
Prism 7.0 software package (GraphPad Software, Inc.,
San Diego, USA). The Kolmogorov—Smirnov test was
applied to evaluate whether distributions were para-
metric. Comparisons between groups were made using
the Mann—-Whitney test for non-parametric distribu-
tions. Correlation studies were carried out using the
Spearman correlation test for nonparametric distribu-
tions. P <0.05 was considered significant.
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Results

Histopathology

Livers from the UC group showed no histopathological
changes. Portal spaces showed occasional lymphocytes,
and eosinophils were not found in the negative control
livers. All animals at 9 dpi presented necrotic foci and
focal haemorrhages, mainly involving the subcapsular
areas. Necrotic foci showed abundant cell debris and a
mild to moderate infiltrate of eosinophils, often with pyk-
notic nuclei. Necrotic tracts started 0.5-1.5 mm behind
migrating larvae. Animals at 18 dpi presented micro-
scopic lesions characterized by the presence of necrotic
foci and tortuous pathways located in the hepatic paren-
chyma, mainly in the subcapsular areas. Associated with
the foci and necrotic paths, we found a variable inflam-
matory infiltrate composed mainly of eosinophils, mac-
rophages and occasional neutrophils, together with
cellular debris and peripheral haemorrhages. The por-
tal spaces adjacent to the necrotic foci showed a severe
inflammatory infiltrate, composed mainly of lympho-
cytes, macrophages and eosinophils. These findings sug-
gest that the pathway of entry of inflammatory cells into
the hepatic parenchyma is through the portal veins. At
18 dpi, granulomas were also found, and they were com-
posed of a necrotic centre surrounded peripherally by
macrophages arranged in palisade and lymphocytes and
eosinophils.

The HLNs of the UC group showed a small cortex with
primary lymphoid follicles or secondary lymphoid fol-
licles with small germinal centres. Paracortical areas
and medullary cords were also small and composed
of lymphocytes, macrophages and occasional plasma
cells. Eosinophils were not found. The area of germi-
nal centres was 23 953 +5380 um? in the UC group and
47 58544321 pm? at 9 dpi and 61 63144743 pm? at
18 dpi in the infected groups. Significant differences were
found between the UC group and the infected group 9
and 18 dpi (P<0.01 and P<0.001, respectively). The med-
ullary cords also showed hyperplasia at 9 and 18 dpi due
to increased numbers of lymphocytes, plasma cells and
macrophages. Infiltration of eosinophils was variable in
the paracortical area and medulla of infected animals, in
which hemosiderin pigment was found in the cytoplasm
of a variable number of medullary macrophages.

Immunohistochemistry

The anti-CNA.42 mAb vyielded cytoplasmic immu-
nostaining in FDC, mainly located in germinal centres
of the secondary lymphoid follicles of HLNs (Figures 1
and 2). Only FDC located in the lymphoid follicles
were counted. The results of the immunohistochemical
study of CNA.42+ cells are summarized in Table 2. The
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Figure 3 CD1b+ cells in the paracortical ar
centre. ABC-haematoxylin counterstain, x200.

Table 2 Number of CD1b+, $100+, MHC-l1+ and CD83+ cells in HLNs (medullary, paracortical and follicular areas) and
livers expressed as the mean + SD per area of 0.08 mm? per animal

Antibody Group Medullary area HLNs Paracortical area HLNs Follicular area HLNs Livers
CNA42 uc - - 431411 -
9dpi - - 716463 654108
18 dpi - - 932°410.1 684101
CD1b uc 62408 - -
9dpi 127422 - 21434
18 dpi 196°+46 - 57°+36
S100 uc 87426 90469 149410.1 1401
9 dpi 47409 58420 68+43 23+15
18 dpi 126°£15 16.3°+£4.6 2182471 39°425
MHC-I uc 198417 342415 161417 11849
9 dpi 1347431 1622438 169408 236455
18 dpi 199406 779+42 020407 34949
D83 uc 268464 5314136 844104 06406
9dpi 674°4+107 27°454 297494 2429
18 dpi 754938 345414 189742 49°425

CNA.42 is expressed as the number of positive cells per germinal centre. Statistical differences are in comparison with the UC group.

UC: uninfected control group, dpi: days post-infection.
2 (P<0.05),°(P<0.01), {(P<0.001), 4(P<0.0001).

number of CNA .42+ FDC in the germinal centres of the
HLN follicles in animals at 18 dpi increased significantly
(P<0.001) in comparison with the that in the UC group.
In the liver, CNA.42+ cells showed stellate shape and
they were observed in the inflammatory infiltrates com-
posed of numerous lymphoid cells arranged in lymphoid
follicles surrounding portal spaces and in the periphery
of granulomas. The number of CNA.42+ FDC in the
liver increased significantly at 9 dpi (P<0.05) and 18 dpi
(P<0.01) compared to that in the UC group (Table 2).

However, high individual variability was observed in
the liver for CNA.42, in part due to the variability in the
extent of the inflammatory infiltrates arranged in lym-
phoid follicles. CNA.42+ cells were not found in the UC
group.

The anti-CD1b mAb vyielded cytoplasmic immu-
nostaining in DC located in paracortical and medullary
areas of HLNs (Figure 3). The results of the immunobhis-
tochemical study of CD1b are summarized in Table 2.
The number of CD1b+ DC in HLNs at 18 dpi increased
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significantly (P<0.0001) compared to that in the UC
group. In the liver, CD1b+ cells were observed in the
inflammatory infiltrates surrounding portal spaces and
in the periphery of granulomas. The number of CD1b+
DC in the liver increased significantly at 18 dpi (P<0.01)
compared with that in the UC group (Table 2).

The anti-S100 pAb yielded nuclear and/or cytoplasmic
immunostaining in peripheral nerves (internal positive
control). In addition, only stromal stellate cells located in
lymphoid follicles, paracortical areas and medullary cords
of HLNs were considered for the cell count. The results
of the immunohistochemical study of S100 are summa-
rized in Table 2. The number of S100+ stromal cells in
lymphoid follicles and in paracortical and medullary
areas in HLNs showed no significant differences between
infected animals (9 and 18 dpi) and uninfected controls.
In the liver, S100+ cells were observed in inflammatory
infiltrates surrounding portal spaces and in the periphery
of granulomas. The number of S100+4 stromal cells in the
liver increased significantly at 18 dpi (P<0.01) in com-
parison with the number in the UC group.

The anti-MHC-II mAb yielded cytoplasmic immu-
nostaining of stellate cells located in follicles, paracortical
areas and medullary areas of HLNs (Figure 4). A vari-
able number of lymphocytes showed a positive MHC-II
immunoreactivity; however, only cells with large cyto-
plasm and cytoplasmic prolongations, an appearance
compatible with DC, were considered for the cell count.
The results of the immunohistochemical study of MHC-
II are summarized in Table 2. The number of MHC-II+
cells decreased significantly in HLN lymphoid follicles,
paracortical and medullary areas at 9 and 18 dpi com-
pared to that in the UC group. In the liver, MHC-I1+
cells were found in the inflammatory infiltrates of portal
spaces and in the periphery of granulomas. The number
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of MHC-II+ cells in the liver increased significantly at
9 dpi (P<0.01) and at 18 dpi (P<0.0001) in comparison
with that in the UC group (Table 2).

The anti-CD83 mAb yielded cytoplasmic immu-
nostaining in stellate cells located in lymphoid follicles,
paracortical areas and medullary cords of HLNs (Fig-
ure 5). The results of the immunohistochemical study of
CD83 are summarized in Table 2. The number of CD83+
FDC decreased significantly in lymphoid follicles at 9 dpi
(P<0.05) and at 18 dpi (P<0.05), as well as the number
of CD83+ DC in the paracortical areas at 9 dpi (P<0.05)
and mononuclear cells in the medulla at 9 dpi (P<0.01)
and at 18 dpi (P<0.01), in comparison with the respec-
tive numbers in the UC group. In the liver, CD83+ mon-
onuclear cells were found in the inflammatory infiltrates
of portal spaces and in the periphery of granulomas.
Since the livers of the UC group showed only occasional
inflammatory cells (lymphocytes, macrophages and stel-
late cells) in the portal areas, the number of CD83+ cells
was quite low. In the infected groups, the number of
CD83+ cells in the liver increased significantly at 18 dpi
(P<0.001) in comparison with that in the UC group
(Table 2).

Discussion

The gross pathology and microscopic changes (acute
necrotic foci and tracts behind migrating larvae) found
in the liver at 9 and 18 dpi are in accordance with the
gross lesions reported during early stages of infection
in sheep [34, 35] and goats [36, 37]. The marked hyper-
plasia of HLN lymphoid follicles and medullary cords
found at 9 and, particularly, at 18 dpi suggests a strong
local humoral immune response, as reported previously
in sheep with chronic fasciolosis [34, 38—40].
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Figure 5 CD83+ cells in the follicular and paracortical area of a lymph node. A. From an uninfected control sheep. B. From a sheep 1

8 dpi.

GC: germinal centre. ABC-haematoxylin counterstain, x 200.

The CNA.42 antibody was expressed mainly by FDC
located in the light zones of the germinal centres of
lymphoid follicles, an expression pattern that was also
reported for human [41] and sheep [13] lymph nodes
using the same antibody. Sheep FDC have been identi-
fied as cells forming a reticular pattern in the light zone
of the germinal centres and playing important roles in the
selection of memory B lymphocytes during germinal cen-
tre reactions [13, 42].

The significant increase in the expression of the
CNA .42 antibody at 18 dpi, compared to that in the UC
group, coincided with marked hyperplasia of germi-
nal centres at 18 dpi. This result agrees with the marked
increased expression of the same antibody in human
hyperplastic germinal centres reported in other condi-
tions [41]. The increased expression of CNA.42 in the
liver at 18 dpi may be related to the substantial increase
in inflammatory infiltrate at 18 dpi compared to that seen
in the UC group, in which only occasional inflammatory
cells were found in the portal spaces. The present study is
the first to analyse the expression of CNA.42 in E hepat-
ica-infected ruminants, and there are a limited number
of published studies describing the expression of FDC in
other helminth infections. It has been reported that the
enteric nematode Heligmosomoides polygyrus induces
FDC overexpression in mouse mesenteric lymph nodes
[43, 44]. Similarly, subcutaneous reactive lymph nodes
from human patients suffering onchocerciasis showed
strong expression of FDC in germinal centres [45]. These
results agree with the increased number of CNA.42+
cells in both the liver and HLNs of E hepatica-infected
sheep found at 18 dpi in the present study.

Previous studies have reported the presence of a sec-
ond population of FDC, localized to the dark zones of
sheep germinal centres, but their function has yet to be

defined [13, 46—48]. These cells did not express the classi-
cal FDC marker CNA.42 but stained positively for CD83
and S100, suggesting that the FDC in the dark zone are
a less specialized subpopulation of reticular cells that
might share a similar origin with the light zone FDC [13].
The number of S100+ stromal cells increased in HLN
follicles and paracortical and medullary areas of animals
at 18 dpi, compared with that seen in animals at 9 dpi. In
the liver, the number of S100+ stromal cells increased
significantly at 18 dpi in comparison with that in the UC
group.

Furthermore, the S100 protein is expressed by activated
FDC, which may explain why anti-S100 gave rise to indi-
vidual cell staining. Transcriptomic analysis of PBMCs
from sheep revealed an upregulation of S100 genes at
2 weeks post-infection, and these cells were shown to be
involved in leukocyte migration and the innate immune
response [49]. In a murine model, the SI00A8 gene was
also overexpressed in E hepatica infections [50].

The CD1b molecule is expressed by a mature popula-
tion of migrating DC from sheep peripheral lymph nodes
and induces the proliferative response of CD4+ T cells
and antigen presentation to promote pro-inflammatory
(IL-6), pro-Thl (IL-12p40) and anti-inflammatory (IL-
10) responses. These responses were amplified by Sal-
monella antigens and limited to only IL-6 induction by
helminth secretions [32, 51]. Leishmania spp. infection
of human monocyte-derived dendritic cells resulted in
reduced expression of CD1b [52]. Similar results were
found in bovine monocyte-derived macrophages infected
with Neospora caninum [53]. These results contrast with
those found in the present study, in which the number of
CD1b+ DC increased significantly in HLNs and livers at
18 dpi compared to that in the UC group. The difference
in the expression of CD1b in the two parasites may be
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related to differences in the host response to N. caninum
and E hepatica infections in cattle and sheep, respec-
tively. Thus, in N. caninum-infected cattle, elevated reac-
tive oxygen species (ROS), IL-10 and IFN-y production
has been reported [53], whereas in F hepatica-infected
sheep, decreased ROS production [54] and decreased
IFN-y gene expression have been observed [15].

The results of the present study reveal a significant
decrease in the cellular expression of the antigen pres-
entation markers CD83 and MHC-II by DC and FDC in
the lymph nodes of sheep experimentally infected with F
hepatica. CD83 is broadly used as a maturation marker
for human and mouse DC [55, 56]. Nevertheless, it is also
expressed on a variety of different cells, including mono-
cytes and macrophages [56] and activated B and T lym-
phocytes [57-59]. CD83 expression in sheep has been
described in pseudo-afferent lymph DC [60]. The same
monoclonal CD83 antibody used in the present work
identified DC in the paracortical area of lymph nodes dis-
playing a marked cytoplasmic localization, while it was
not detected in macrophages located along the medullary
sinuses, and it labelled B cells located in the lymphoid
follicles that formed a fine reticulum—a staining pat-
tern consistent with that expected for FDC [13]. In our
study, the decreased expression of CD83 in DC and FDC
of paracortical areas and germinal centres, respectively
at 9 and 18 dpi agrees with the decreased expression of
the same cell marker in peritoneal leucocytes from E
hepatica-infected sheep at 3 and 9 dpi [54] and with the
decrease in the expression of CD83 in monocyte-derived
DC cocultured in the presence Anisakis pegreffi live lar-
vae and their crude extracts [61], as well as T multiceps
[62] and T spiralis [63]. Since the expression of the CD83
molecule in mature DC could have a specialized func-
tion during antigenic presentation, contributing to lym-
phoid activation [64], reduced CD83 expression during F
hepatica infection in sheep suggests a modulatory effect
that impairs antigenic presentation and, therefore, the
host immune response during the early stages of infec-
tion. The lower level of CD83 expression in stellate cells
of the dark zone of lymphoid follicles observed in the
present study agrees with previous studies using the same
antibody in sheep lymph nodes [13].

It has been reported that in fixed sheep lymph nodes,
MHC-II is expressed at high levels by interdigitating
cells present in the paracortex, at lower levels by the
B lymphocytes present in the follicles, and at a lower
level in macrophages from the medullary sinuses [13],
an expression pattern also observed in our study. In
the present study, the reduced MHC-II+ DC found
in HLNs at 9 and 18 dpi, compared to the number in
the UC group, agrees with the significant decrease in
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MHC-II in the peritoneal leukocytes of sheep experi-
mentally infected with E hepatica at 9 dpi [54], with
the reduced expression of MHC-II in DC from buffalos
cultured in the presence of ESPs from E gigantica [20],
and with the low MHC-II expression in DC of mice cul-
tured in the presence of mucin-like peptide [30, 65] or
in the presence of FhTeg from F. hepatica [18].

In summary, an increase in CNA.42+ FDC and
CD1b+ DC was found at 18 dpi in HLNs compared
with the respective numbers in the UC group, coincid-
ing with marked hyperplasia of the germinal centres of
HLNs. However, the expression of MHC-II and CD83
decreased at 9 and, particularly, at 18 dpi in HLNs
compared with that in the UC group, suggesting that
E hepatica infection induces suppression of markers
related to antigenic presentation.
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