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Chapter 1

Schistosomiasis

Schistosomiasis is a chronic and debilitating disease caused by parasitic helminths of the genus
Schistosoma. Schistosomes are digenetic trematodes which have a snail intermediate host and a
mammalian definitive host. Over 230 million people are infected worldwide and even more are at risk
of infection, especially in developing countries in tropical and subtropical areas '-. Approximately the
same number of people suffers from residual morbidity in post-infection stages *. This leads to a total
Disability Adjusted Life Years (DALY) of 1.7 million 2 and makes schistosomiasis a tropical disease with
one of the highest impacts on public health. The disease is also often referred to as bilharzia, after
Theodor Bilharz who discovered the disease in 1851.

Of all different schistosome species described, five are capable of infecting humans. Three of
these species, S. mansoni, S. haematobium and S. japonicum, account for the majority of infections,
whereas S. mekongi and S. intercalatum are less prevalent . Transmission occurs through fresh-
water snails of the genus Biomphalaria (S. mansoni) and Bulinus (S. haematobium), which live along
the shores of lakes, rivers and other bodies of fresh water in large parts of sub-Saharan Africa, South
America and parts of the Middle East. The third major schistosome species, S. japonicum, is endemic
in Indonesia, China and South-East Asia and is transmitted through Oncomelania snails. Besides
humans, S. japonicum is capable of infecting a wide range of other mammals, like dogs, pigs and cattle.
The geographical distribution of the different Schistosoma species is dependent on the respective
intermediate snail hosts and transmission is also highly dependent on the poor hygienic conditions in
the endemic areas 4.

The term schistosomiasis generally refers to chronic schistosomiasis which has the biggest
consequences for health and the highest socio-economic impact. Chronic disease is strongly linked to
the production of schistosome eggs. Initially, egg-production leads to a strong polarization towards a T
helper 2 (Th2)-type response ° and periovular granulomas are formed by various immune cells,
including macrophages, CD4* T-cells and eosinophils . A regulatory response develops over time,
down-regulating the Th2-responses and leading to decreased granuloma sizes 5. Eventually, the
granulomatous responses to the egg can lead to fibrosis and severe hepatic, intestinal and splenic
damage, ultimately leading to death of the host . Especially in children, where initial infections may
already take place at a very young age (around 2 years) when they start to play in water contaminated
with cercariae, the chronic inflammation associated with the granulomatous responses will also affect
development, growth and cognitive function, further highlighting the enormous impact of
schistosomiasis in endemic areas.

Schistosomiasis can be treated with the relatively cheap chemotherapeutic drug Praziquantel
(PZQ), which is effective against all different Schistosoma species 4. PZQ is believed to deregulate the
membrane permeability for calcium-ions, thereby inducing muscle spasms and paralysis of the worms,
which will eventually dislodge and die through the actions of the immune system, i.e. mainly by
antibodies 7°. Although being very effective, juvenile worms and eggs are not affected by PZQ.
Therefore, a later round of treatment is required to kill the remaining developing worms, and the egg-
induced granulomatous responses are allowed to continue '>'2. Another major drawback of PZQ is that
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it does not induce rapid development of immunity and reinfections are very common. As a consequence
of treatment and the slow development of immunity, infection intensity does decrease in adults, but in
populations with frequent water contact high prevalence can persist 4'3-'5. Re-administration of drugs
is therefore required on a regular basis, which demands an infrastructure that is often not available in
developing countries. Drug treatment is therefore relatively costly and often impractical. Moreover,
interrupted chemotherapy may lead to severe rebound morbidity '®. Recently, due to intensified mass
drug administration programs, there is growing fear of the development of drug-resistance . Clearly,
an effective prophylactic vaccine would be a welcome tool for control of schistosomiasis. Various animal
models have shown that vaccination with radiation attenuated (RA) cercariae could lead to reductions
in worm burden of up to 90% (reviewed in '8). In combination with PZQ a vaccine might provide a
durable and sustained reduction in morbidity and mortality of schistosomiasis, requiring a less
demanding infrastructure 61920 and therefore being more cost-efficient. Multiple candidate vaccine-
targets have been proposed and some have made it into clinical trials, but no vaccines showing similar

reductions in worm burden as the RA cercariae vaccine have been developed yet (reviewed in 162"),

Schistosoma life cycle

For all different Schistosoma species the life-cycle is complex as well as intriguing, involving sexual
replication inside the mammalian host and asexual replication in the molluscan host (Fig. 1) 4. Humans
become infected when they come into contact with water infested with free-living cercariae which are
shed by the intermediate snail host, triggered by exposure to light 22. Cercariae can find their host
through chemotactic signals, mainly comprised of molecules released by the human skin (e.g skin-
derived fatty acids and ceramides) 2324 and can remain infective for up to three days 2. Penetration of
the human skin is facilitated by the secretion of various proteolytic enzymes 2627, During skin penetration
cercariae transform into schistosomula, a process which is characterized by the loss of the bifurcated
cercarial tail and remodeling of the outer surface of the larvae. The thick carbohydrate layer (glycocalyx)
covering the cercariae is lost and surface membranes are replaced by a double lipid bi-layer, called the
tegument 28, Schistosomula migrate through the skin towards the vasculature, enter the blood
circulation, pass through the lungs and subsequently reach their specific final destination in the
vasculature. For S. mansoni and S. japonicum these are the mesenteric veins and for S. haematobium
this is the venous plexus of the bladder. During migration through the circulation schistosomula mature
into adult worms, which is accompanied by an enormous growth, especially after passage through the
vasculature of the lungs. While maturing, male and female worms form pairs in which the male worm
holds the female worm in his gyneacophoric canal 4. Paired adult schistosome worms normally survive
up to 3-10 years inside the human body, but extreme cases where adult worms survived for 40 years
have been reported as well %', For their energy supply worms rely on the digestion of erythrocytes
and the uptake of glucose through their teguments 324, Since schistosomes are lacking an anus,
digested erythrocytes are regurgitated into the blood flow *. Paired worms mate and then produce

hundreds (S. mansoni and S. haematobium) up to thousands (S. japonicum) of eggs per day. Generally,
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Figure 1 Life cycles of S. haematobium, S. mansoni and S. Japonicum

(Adapted from Ross et al. 2002 %)
it takes about 5-7 weeks from the start of infection to the onset of egg production '. Eggs are deposited
in the vessel wall around the intestines and the bladder, from where they penetrate into the lumen of
these organs and are eventually excreted with the stool and urine, respectively. However, about half of
the eggs produced are carried away by the blood flow towards the liver, intestines and urinary tract,
where they become trapped, leading to granulomatous responses causing the main pathology in
schistosomiasis "*. Eggs excreted via the stool or urine hatch when they come into contact with fresh
water thereby releasing the miracidium, the larval stage capable of infecting the intermediate snail host.
Following infection, miracidia develop into primary (mother) sporocysts, which in turn will replicate
asexually inside the snail and give rise to secondary (daughter) sporocysts. Another round of asexual
replication of these secondary sporocysts gives rise to new cercariae, which can infect a new human

host.
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Molecular changes during parasite development upon infection of the
definitive host

During parasite development schistosomes undergo several changes in morphology and adapt to the
environmental niches where they reside. Transcriptome analysis of the schistosomula life stages
revealed that genes involved in the morphological and behavioral changes associated with the
schistosomula stages are differentially regulated. Genes associated with the free-living cercariae, e.g.
those involved in high energy consumption were found to be downregulated in schistosomula, whereas
genes involved in digestion of erythrocytes, tegument formation/turnover and those encoding proteases
were upregulated 36-%, Also numerous glycosyltransferases were differentially regulated, indicating that
schistosomula undergo changes in glycosylation during development 37:%,

Because it is difficult to retrieve schistosomula from an infected host and to perform long-term
in vitro cultures, proteomic analyses of schistosomula stages are very limited in number. Proteomics of
soluble proteins and excretory/secretory preparations of schistosomula revealed that most of the
identified proteins were expressed in other life stages such as cercariae and adult worms as well 4041,
Some of the identified proteins have been suggested as vaccine candidates (e.g. glutathione-s-
transferase (GST)) “° and were able to reduce worm burdens by up to 50% after vaccination #'. Only
recently, a targeted analysis of the proteome of schistosomula tegument during development has been
published #2. Notably, three specific peptidases were found to be enriched in the tegument of specific
schistosomula stages, suggesting a specific role for these enzymes in migration towards the
vasculature. Furthermore, two specific proteins associated with the apical-membrane (which is in direct
contact with the host) including GST and annexin, were enriched during schistosomula development
and these proteins play a role in detoxification and in the structural integrity of the parasite outer
membranes, respectively 3.

In addition to proteins, it has been shown that also glycans of schistosomes play an important
role in the host-parasite biology, in particular due to their antigenic properties. As indicated by the
differential expression of glycosyltransferases *-3°, glycans and glycan-motifs are also differentially
regulated throughout schistosome development. However the exact changes in glycan structures
during schistosomula and worm development are actually poorly characterized and the schistosomula
and juvenile worm stages have never been thoroughly studied in terms of glycosylation. For those life
stages that have been studied so far, the characteristic terminal motifs and core modifications for N-,
O-, and glycosphingolipid (GSL)-glycans are summarized in Fig. 2. N-glycans with terminal GalB1-
4(Fuca1-3)GIcNAc (Lewis X or LeX)- and GalB1-4GIcNAc (LacNAc or LN)-motifs (Table 1) are highly
expressed by cercariae but largely disappear in 3 days old schistosomula, and adult worms eventually
express mainly N-glycans with GalNAcB1-4GIcNAc (LacDIiNAc or LDN)-motifs 4447, Interestingly,
female worms express more LN- and LeX-motifs (also as tandem-repeats) than male worms, while in
male worms higher levels of GalNAcB1-4(Fuca1-3)GIcNAc (LDN-F)-motifs (also as tandem-repeats)
were seen 4748 This differential expression of glycans between males and females could provide a
basis for the interaction of the sexes, or for the different manners in which they interact with the host 7.

Furthermore, all life stages during worm development expressed N-glycans with core(a6)-fucosylation,
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Figure 2. Characteristic terminal glycan motifs and core-modifications for N-, O-, and GSL-glycans of schistosoma life
stages. Filled blue boxes indicate the presence of the respective glycan-class in the indicated life stage, striped blue boxes
indicate that the respective glycan was only found in a specific non-somatic preparation of the indicated life stage. No fill indicates
that the presence of the respective glycan class in the indicated life stage has not been determined yet. (2)-xyl, core(2)-
xylosylation; High-man, high mannosidic; Pauci-man, pauci mannosidic, (a3)-fuc, core(a3)-fucosylation; Gn, GIcNAc; CAA,
circulating anodic antigen; CCA, circulating cathodic antigen.

but core(B2)-xylosylation which was abundantly present only on cercarial N-glycans, gradually
disappeared over time, being completely absent in adult worms 444547 N-glycans of eggs have been
shown to express considerable amounts of multi-fucosylated LDN and GIcNAc as well as LeX and LN
as terminal motifs “44°. Besides being extensively modified with core(a6)-fucose and core(B2)-xylose,
also core(a3)-fucose could be detected within the egg N-glycans, sometimes on di-fucosylated core-
structures 4+4°, Core(a3)-fucosylated N-glycans were mainly modified with LN and LeX “° and with non-
fucosylated LDN 4. The major secretory egg-glycoproteins omega-1, IPSE/a1 and kappa-5 carry these
terminal motifs on a difucosylated core as well 552, suggesting that these secretory glycoproteins may
make an important contribution to the total egg N-glycan pool. Miracidia, which make out a major part
of the mature eggs, display similar N-glycan structures as the mature eggs, but not the omega-1 and
IPSE/a1 associated glycans .

O-glycans are abundantly present in cercariae with S. mansoni specific O-glycan cores (Galf1-3(GalB1-
6)GalNAc) 8 carrying LN- and LeX-motifs, and core 1 (GalB1-3GalNAc) and core 2 (GalB1-3(GIcNAcB1-
6)GalNAc) O-glycans with LDN-motifs containing di-fucosyl (Fuca1-2Fuca1- or DF)- modifications
which could be associated with the cercarial glycocalyx 5354, Notably, secretions of cercariae showed
similar N- and O-glycans as total cercarial preparations, suggesting that a major part of the protein-
linked glycans within this life stage is secreted “6. Regular protein-linked O-glycans could no longer be
detected in adult worms, but the gut-associated antigens CCA and CAA contain O-glycans with
repeating LeX-motifs and repeating units of glucuronic acid-substituted GalNAc, respectively %%, O-
glycans expressed by the eggs are predominantly based on a mucin type 1 and type 2 core and they
carry relatively large amounts of LN and LeX as well as fucosylated LDN-termini 4. Egg secretions
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Table 1. Terminal glycan motifs in S. mansoni glycoconjugates
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Glycan motif Glycan structure Structure in symbols
LacNAc /LN Galp1-4GIcNACP1- Hulr
PP
Lewis X / LeX Galp1-4(Fucal-3)GlcNAcB1- ‘J’B:ZI‘“
Pseudo Lewis Y Fucal-3Galp1-4(Fucal-3)GlcNAcp1- aé:B_:aIER
/ pseudo-LeY A
LacDiNAc / LDN GalNACB1-4GIcNACB1- S
B
LDN-F GalNAcB1-4(Fucol-3)GIcNACB1- r ﬁrﬂ
F-LDN Fucal-3GalNAcB1-4GIcNACB1- ﬂf‘ w’r
F-LDN-F Fucal-3GalNAcB1-4(Fucal-3)GlcNAcB1- “"'fz R
pi_p
LDN-DF GalNAcB1-4(Fucal-2Fucal-3)GlcNAcB1- =,
A
A
Fa_B
F-LDN-DF Fucal-3GalNAcR1-4 «aﬁf"
(Fucal-2Fucal-3)GlcNAcB1- ”I
pi_p
DF-LDN-DF Fucal-2Fucal-3GalNAcB1-4 arar
(Fucal-2Fucal-3)GlcNAcB1- ol
)
DF-LDN-TF Fucal-2Fucal-3GalNAcf1-4 S B
(Fucal-2Fucal-2Fucal-3)GlcNAcB1- v
‘n.Z
B
F-GlcNAC Fucal-3GIcNAcB1- O
A
B
DF-GlcNAc Fucal-2Fucal-3GIcNAcB1- . ol
7
B
TF-GIcNAC Fucal-2Fucol-2Fucal-3GIcNAcB1- A
a2
a2
aCore-Xyl Man({al-3}{Manal-6)(XylB1-2)Manp1- " 5
aCore(a3)-Fuc 4GIcNAcB1-4(Fucal-3)(Fucal-6)GlcNAcP1- Eﬁ}iﬂd R
3Core(a6)-Fuc

Red triangle, fucose; yellow square, N-acetylgalactosamine; blue square, N-
acetylglucosamine; yellow circle, galactose; green circle, mannose; white star, xylose.
aN-glycan core-modifications which can be present separately or combined
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additionally showed O-glycans with the S. mansoni-specific core (GalB1-3(Galf1-6)GalNAc) and a
novel type of core in which the glycans are linked to the protein via a Gal-residue “6. Also the eggshell
most likely contains different N-and O-glycans; however the precise composition of these glycans
remains to be determined .

Finally, cercarial GSL-glycans also express terminal LN- and LeX-motifs, and specifically the
Fuca1-3GalB1-4(Fuca1-3)GIcNAc or pseudo-Lewis Y (LeY) motif %. GSL-glycans of adult worms
showed structures with primarily LeX and (multi-)fucosylated LDN as terminal motifs . In some cases,
the GIcNAc-backbone of structures expressing fucosylated LDN as a terminal motif is further modified
with fucose-residues (i.e. -4((Fuca1-2)o-1Fuca1-3)GIcNAcB1) . In the egg GSL-glycans the (multi-
Yfucosylated LDN-motifs predominated and also here the GlcNAc-backbone is further modified with
fucose-residues %61,

The presence of all these specific glycan-motifs during different stages of schistosome
development has also been confirmed by western blot and thin-layer chromatography-immunostaining
62:64  Although it is thus clear that schistosome glycosylation undergoes multiple changes during
development, it is still largely unclear how glycan expression changes upon infection and larval
development. Furthermore, studies on the spatial expression of specific glycan structures have mainly
focused on the presence of terminal glycan motifs, in particular using immunofluorescence. These
studies showed that LeX- and LDN- motifs were mainly present at the oral sucker of cercariae, while
LDN-F- and GalNAcB1-4(Fuca1-2Fuca1-3)GlcNAc (LDN-DF)- motifs covered the whole surface 465,
In schistosomula, LeX- and LDN-motifs were expressed all over the surface together with LDN-F and
LDN-DF %466 | DN- and LeX-motifs and to a lesser extent LDN-F were found at the tegument of the
adult worms as well, whereas LDN-DF was predominantly found in the parenchyma and the excretory
system 476485 On the eggshell multiple different terminal glycan motifs, including LDN, LDN-DF,
(Fuca1-3)GalNAcB1-4(Fuca1-3)GlcNAc (F-LDN-F)-, LDN-F and LeX are present, while the miracidium
mainly presented LDN-DF and LDN-motifs 385 Unfortunately, it is unknown which glycan structures
are underlying these motifs and therefore it is not possible to determine which specific protein- or lipid-
linked glycans are present at the surface of the tegument and eggshell. Since these studies have been
performed with a restricted set of monoclonal antibodies, it may be expected that numerous other

antigenic and non-antigenic glycan motifs are present in and on the different life stages of schistosomes.

Antibody responses and immunity

Only after multiple rounds of infection and treatments immunity towards schistosomiasis may eventually
develop 315, Although reduced infection rates could in part be explained by reduced water contact by
adults, (partial) immunity was also seen in people with continuing water-contact, i.e. fishermen 6. A
better understanding of the development of immunity might lead to the identification of new vaccine
targets. Animal studies including non-permissive rats and macaques have pointed out that the
elimination of the invading parasites proceeds via controlled immunological reactions, which might be
translated to the human situation for identifying target vaccine candidates 8. Antibody responses
raised against schistosomes are closely associated with the development of protection, as in B-cell
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Figure 3. Human eosinophils adhering to the surface of a S. mansoni schistosomula in the presence of infection

serum. (Adapted from Butterworth and Hagan 1987 *°)

deficient mice vaccination with RA-cercariae led to an increased susceptibility towards challenge
infection 670, Furthermore, serum obtained from animals (i.e. mice, rats and rabbits) which received
vaccination with RA-cercariae can provide protection against infection in non-vaccinated animals,
suggestive for a role of antibodies 7'773. Two major effector mechanisms involving antibodies have been
identified, i.e. antibody-dependent cellular cytotoxicity (ADCC) and complement-mediated elimination.
In ADCC, antibodies binding to the schistosome tegument trigger the release of lysosomal contents of
effector cells, disintegrating the tegument and exposing underlying muscle layers 4. Schistosomula are
susceptible to this kind of immune killing during a relatively brief period after transformation 7578, Earlier
studies revealed that antibodies can induce eosinophil-

mediated damage towards schistosomula (Fig. 3) 778 and that this damaging activity can be passively
transferred by serum from infected to naive animals 8'. Later on, a role for neutrophils, macrophages
and platelets was identified as well 8285, A wide range of different antibody subclasses can be involved
in ADCC, including IgE (in rats, baboons and humans) 82858 |gA and IgG1,2 and 3 (in rats and humans)
87-89_|n humans, other antibody subclasses including IgM, IgG4 and under certain conditions IgG2, may
however block the effects of the protective antibodies 8%°'. Furthermore, in human populations an
increased IgE/IgG4-balance correlated with less susceptibility to re-infections °'-%*. The antibody
subclass directed against a certain antigen is thus a very important determinant in the prediction of
whether an antigen might be the target of a protective immune response and potentially a new vaccine

candidate.

Glycans as targets of antibody responses

Although most of the attention in the search for schistosome vaccine-candidates has been
focused on protein antigens, antigenic glycans which are abundantly expressed throughout the

schistosome life cycle may also be worth to be evaluated as potential vaccine targets. As discussed in
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the above, glycans are present as protein-linked N- and O-glycans or glycosphingolipid- (GSL-) glycans
in all different life stages of the parasite. They are expressed at the parasite surface as well as in
secretions “44¢ and are therefore constantly exposed to the host immune system. Glycans are involved
in multiple processes including immune modulation and activation °-%°. For example, the LeX-motif %100
and core(a3)-fucose and core(B2)-xylose of egg N-glycans °'°" were shown to be involved in the
induction of Th2-responses. Furthermore, soluble egg antigens (SEA) and different egg glycoproteins
such as omega-1 and IPSE/a1 depend on the interaction of glycans with different C-type lectin
receptors including dendritic cell-specific ICAM-3-grabbing non-integrin (DC-SIGN), mannose receptor
(MR) and macrophage galactose-type lectin (MGL) to exert their immunomodulatory functions "02-106,
Importantly, glycans also form major targets for antibody-responses in the infected host 4464685107113,
Antibody responses have been observed against almost all of the terminal glycan-motifs present in
schistosomes, including LeX, LDN, F-LDN, LDN-F, F-LDN-F, LDN-DF and F-GIcNAc (Table 1).
Antibodies against LeX, a glycan motif present in humans as well, have been observed in multiple
studies in humans and animal models 6410711014117 Thege anti-LeX antibodies were mostly of the IgM-
isotype, but minor amounts of IgA and IgG were also detected '%16.117 Notably, responses toward
monomeric LeX were generally lower than those towards multimeric LeX, suggesting that a specific
motif can induce different antibody responses depending on the structural context ''7. Furthermore,
IgM-responses were also observed against LDN- and LDN-F-motifs, which are present in the human
host as well 315, The most intense antibody responses seen in infected individuals were however
raised towards F-LDN- and the schistosome-specific LDN-DF-motifs and those responses were mainly
of the IgG-isotype ''315, The highest responses towards the latter type of motifs were generally
observed in children, probably due to the higher infection intensities in this age-group. Isotypes of these
responses may however vary depending on the age of the host and the schistosome-species '"°. In
addition to the terminal schistosome glycan motifs, core modifications of schistosome N-glycans,
including core(B2)-xylosylation, core(a3)-fucosylation are also targeted by IgG and by IgE 18119,
Despite the prominent antibody responses against parasite-derived glycans in schistosome
infected individuals there is still an ongoing debate about the precise role of these anti-glycan antibodies
in schistosome infections and whether they do actually give rise to protective responses or not. It has
been suggested that rather than conferring protection, these antibodies function as a smokescreen,
which would prevent the generation of a protective response '%’. Furthermore, anti-glycan responses of
the IgM and IgG2 isotypes recognizing glycans of schistosomula and eggs/miracidia have been
negatively associated with protection '2%2" and the anti-glycan responses were mainly observed during
the initial stages of infection, and not in the chronic stages of infection when protective responses are
believed to be generated %1%, Nonetheless, several glycan-specific antibodies have demonstrated
protective properties in vitro, including some against LDN- and LeX-motifs 64114116 Other groups have
shown that protective antibodies involved in ADCC were reactive against F-LDN-F-motifs shared with
keyhole limpet hemocyanin '?2'2% and LeX-motifs 24, Furthermore, glycan-based vaccines have been
developed against other infectious diseases ', suggesting that a glycan-based vaccine against

schistosomiasis might be feasible as well .
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Schistosomula — underexplored, but ideal targets

Schistosomula are considered the best stages to be targeted by vaccination as they are susceptible to
antibody-mediated protective effector mechanisms early after transformation 758 and effective
elimination of these early stages would furthermore prevent development of adult worms and
consequently of egg-induced pathology and transmission of the disease. In numerous other helminth
infections the larval stages have therefore been subject of vaccine studies, including different Fasciola
species, cestodes and hookworms 26131, Also the relatively small size of these larvae compared to the
adult worms could be considered as an advantage for effective elimination. However, relatively little is
known about the precise targets (i.e. specific molecules) of (protective) antibody responses against
schistosomes in general and for the schistosomula stages in particular. Especially the molecules which
are in direct contact with the host, i.e. those at the tegument and in secretions, are of special interest
as potential vaccine targets because they are directly accessible to the immune system. For example,
mice vaccinated with the tegument of schistosomula showed an antibody-dependent and complement-
mediated reduction in worm and egg counts upon challenge (40% and 65% reduction, respectively)
132133 Moreover, both protective IgG- and IgE-antibodies binding to the surface of the schistosomulum
can be induced by secreted products of schistosomula, suggesting shared protective epitopes between
the tegument and secretions '3+, Tegument and secretions have been shown to be abundantly
glycosylated and antibodies are raised against these glycans 46:47.6465108.112.115  nfortunately,
knowledge of schistosomula glycosylation is very limited. Consequently, little is known regarding which
glycans could be possible targets of (protective) antibody responses, which could lead to further
identification of possible vaccine targets. This further stresses the need to explore in more detail the
developmental and spatial distribution of glycans expressed by these vulnerable early life stages and

to identify those glycans that are targeted by antibodies in the infected host.

Scope of the thesis

The studies presented in this thesis are aimed to generate a better understanding of the developmental
N-, O-, and GSL-linked glycosylation of all life stages of S. mansoni, including schistosomula, and to
identify glycans targeted by antibody responses in the infected host. These studies will thereby provide
a basis for a better understanding of the anti-glycan antibody responses in schistosomiasis. To gain a
more detailed and complete insight into the glycan structures present in the schistosomula stages of
the schistosome life cycle and to determine how the glycan expression within these stages relates to
other life stages, a comprehensive glycan profiling study was performed in chapter 2, addressing all
major classes of glycosylation in all schistosome life stages, some of which have never been studied in
detail before. The results of this profiling indicated some striking changes and shifts in the protein- and
GSL-linked glycosylation during worm as well as egg development. Mature eggs also displayed a so
far undescribed novel schistosome glycan element in the GSL-glycans containing a glucuronic-acid
moiety which was characterized in more detail in chapter 3. Furthermore it was determined that this
novel glycan-element is antigenic as antibody responses against this novel element were present in

infected individuals.
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The spatial distribution of glycans in schistosomula was addressed in chapter 4 to determine
which of the identified glycans are present on the schistosomulum tegument and are being exposed as
targets to the host immune system. Using different anti-glycan monoclonal antibodies, which were
characterized using microarrays of glycans isolated from different schistosome life stages, multiple
changes in surface expressed glycans-classes and -motifs in the first few hours and days after infection
were shown.

To further investigate which of these glycans were targeted by antibodies in an infected host,
the local anti-glycan responses against migrating schistosomula in the lymph nodes of protected rats
were studied by glycan microarrays in chapter 5. Distinct glycans were targeted by the antibody
responses raised by migrating skin- and lung-stage schistosomula and, as shown in chapter 4, some
of the glycans targeted are present at the surface of the developing schistosomula. Since the rats used
in this study were protected against re-infection, a large pool of glycan targets potentially involved in
protection was identified.

Chapter 6 describes the anti-glycan responses in human populations for two distinct age-
groups (children and adults) using glycan microarrays. Differential glycan recognition profiles were
found for the different age groups that may reflect differences in disease characteristics, e.g. length of
exposure and infection intensity, providing further insights into the role of schistosome glycans and anti-
glycan antibody responses in relation to immunity.

Finally, Chapter 7 summarizes the findings of this thesis and elaborates in more detail on the
developmental glycosylation of Schistosoma and on glycan targets of the immune response in

schistosomiasis.
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