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Preface

A world of pathogens

In most HIV-1 studies the impact of other infections either prior to or during HIV-
1 infection is not taken into consideration. This while our immune defenses are 

continuously fighting off all kinds of pathogens, some of which have been around for 
millennia while others are relatively new to us. The presence of a fast and creative 
immune system is vital in our battle against these constant threats and it is these 

cells that HIV-1 can infect. Different pathogens will elicit different immune responses. 
Recent studies have demonstrated that CD4+ T-cells specific for certain pathogens 
are more susceptible to HIV-1 infection than T-cells specific for other pathogens. In 
this thesis the main focus will be on studying the effects of the parasitic helminths 

Schistosoma mansoni and Brugia malayi on our immune system and subsequently 
how this affects HIV-1 infection and replication.

S. mansoni and B. malayi have co-evolved with us for millions of years and in this 
time they acquired the capacity to evade, skew and dampen our immune responses 

to ensure their own survival as well as ours. In contrast, HIV-1 is a relatively new 
pathogen which infects and subsequently kills the cells of our immune system leading 

to acquired immunodeficiency syndrome (AIDS) and eventually death. 
Strikingly, areas endemic for these parasitic helminths are also the areas with a high 

HIV-1 prevalence. One explanation would be that immune alterations induced by 
parasitic helminths leave people more vulnerable to HIV-1 infection. Since there is no 
convincing epidemiological data supporting this theory we used an in vitro approach to 
investigate HIV-1 infection and replication in cells of the human immune system that 

were pretreated with helminth antigens.
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The Immune System
Our immune system consists of many different cell types which can be divided into two 
different arms of the immune system (Fig. 1). The innate immune system comprises 
of Natural Killer (NK) cells, granulocytes (eosinophils, basophils and neutrophils), 
macrophages and dendritic cells (DCs) and act as the first line of defense. These 
cells respond very fast and in a general manner. Although no memory cells are 
induced, cells do acquire “inheritable” epigenetic changes that are responsible for 
a modified response to such a pathogen upon a second exposure 1, 2. Besides the 
innate response there is the adaptive immune system consisting of CD4+- and CD8+-
T-lymphocytes as well as antibody-producing B-lymphocytes. These cells elicit a very 
specific immune response and induce memory cells which can rapidly eliminate the 
pathogen upon a second exposure. 
 Despite the effectiveness of our immune system some pathogens including HIV-1, 
Schistosoma mansoni and Brugia malayi can persist and cause long lasting infections. 
In this introduction we focus on the immune cells that are affected and/or infected by 
these pathogens; dendritic cells, macrophages and CD4+ Th-cells.

Antigen presenting cells
Antigen presenting cells (APCs) are cells of the innate immune system. Several 
cell types are classified as being APCs, of which myeloid dendritic cells (DCs) and 
macrophages are addressed in this thesis. Typically, the function of DCs is considered 
to be the activation of the adaptive immune system while the function of macrophages 
is the phagocytosis of pathogens and cell debris. In vivo, distinct classes of functionally 
different DCs and macrophages are recognized.

Figure 1. A schematic overview of the different branches of the immune system
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Myeloid Dendritic cells
DCs are found in an immature state (iDCs) spread throughout the body, predominantly 
at surfaces in contact with the outside environment to protect us from invading 
pathogens. DCs continuously scan their environment for signs of danger. To this end 
they express an array of pathogen recognition receptors (PRR) such as the Toll-like 
receptor (TLR) family and C-type lectins (CLRs) which have the capacity to sample 
their environment via endocytosis and phagocytosis 3-5. Dependent on their lineage 
and the environment, DCs can develop into subsets with distinct characteristics and 
functions. For instance, in the skin there are at least 3 subsets of DCs; the epidermal 
Langerhans cells (LC), the CD1a+ and CD14+ dermal dendritic cells. LCs form a 
unique subset of DC that express the CLR Langerin on their surface and possess 
Birbeck granules in their cytoplasm 6. Antigens, including HIV-1 particles, taken up 
by Langerin end up in the Birbeck granules where they are degraded 7, thereby LC 
protect the host from infections. 
 Once DCs encounter an infectious agent the combination of PRRs activated by the 
pathogen will determine the maturation profile of the DC. In general, DC maturation 
will reduce the cells capacity for endo- and phago-cytosis while antigen presentation 
via MHC-II molecules is upregulated. Additionally CCR7 is upregulated, allowing the 
DC to migrate to the lymph node where they will induce CD4+ T-cell responses (Fig 
2A, B).

Macrophages
Similar to DCs, macrophages can be found throughout the body. For some time it 
was thought that there are two types of macrophages; the classically activated or M1 
macrophages and the alternatively activated or M2 macrophages. Lately however, it 
has become clear that the programming of macrophages is relatively flexible and that 
there is a whole range of macrophages with intermediate phenotypes 8, 9.
 The M1 macrophages are pro-inflammatory macrophages that can be induced 
by interferon (IFN)-γ. They play a role in the defense against viruses, bacteria and 
protozoa and have been demonstrated to play a role in autoimmune diseases 9, 10. 
Contrary, M2 macrophages are considered anti-inflammatory macrophages and 
are induced by interleukin (IL)-4 or IL-13. They have been associated with worm 
expulsion, anti-inflammatory effects and regulation of wound healing 9, 10. 

CD4+ effector memory T-lymphocytes
Dependent on the pathogen encountered in the periphery, DCs will mature and induce 
a specific Th-cell subset from naïve T-cells in lymph nodes (Fig 2A). There are three 
main Th-cell subsets; Th1, induced by DCs which encountered intracellular pathogens, 
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Th2, induced by multicellular parasites and Th17, which are induced by either fungi or 
bacteria 11, 12. Development of a specific Th-cell subset dependents on the polarizing 
signal that the DCs provide. 
 The DCs supply naïve T-cells with various signals. The first signal consists of a 
pathogen-derived peptide presented in MHC-II molecules which are recognized by 
the T-cell receptor. This will ensure the antigen specificity of the immune response. 
Secondly, ligation of co-stimulatory molecules are required, for instance CD86/

Figure 2. Induction of the adaptive immune system. (A) In the periphery DCs will encounter 
numerous pathogens. These will interact with PRR on the DCs thereby maturing them in a specific 
manner. The matured DCs migrate to the lymph node where they induce specific Th-cell responses 
from naïve T-cells. After clonal expansion, these cells then migrate to the periphery to deal with the 
invading pathogen. (B) In general iDCs are capable to efficiently sample their environment by endo- 
and phago-cytosis. This capacity is lost upon DC maturation. Furthermore, iDCs express little MHC-II 
molecules and CCR7 on their surface whilst after maturation MHC-II molecules presenting specific 
pathogen antigens as well as CCR7 are highly expressed on the DC’s surface. (C) Th-cell induction 
from naïve T-cells requires 3 signals. (1) MHC-II ligation with the TCR to ensure the specificity of 
the T-cells. (2) Ligation of co-stimulatory molecules to drive clonal expansion of the Th-cells. (3) A 
polarizing signal to determine the Th-cell subset that is induced. For Th1 induction IL-12, ICAM-1 or 
type 1 IFNs are important while for Th2 induction OX40L and MCP-1 play a role and in Th17 induction 
IL-1β and IL-23 are involved.
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CD80 on the DC interacting with CD28 on the T-cell. This signal will drive the clonal 
expansion of the Th-cells. In the absence of co-stimulation Th-cells become anergic 
which potentially results in induced tolerance. The third signal is crucial for the 
polarization of the Th-cell response and consists of cytokines and surface molecules 
expressed by the DCs 3, 13. For Th1 cell induction either IL-12 or type 1 interferons 
(IFNs) or intracellular adhesion molecule-1 (ICAM-1) are required. Unlike for Th1 
cells the exact mechanism behind Th2 cell induction is not entirely clear. Expression 
of OX40 ligand (OX40L) and monocytic chemotactic protein 1 (MCP-1) by the DCs 
have been associated with Th2 induction. Furthermore, cytokines such as IL-4, and 
IL-13 are capable of polarizing T-cell responses towards Th2 in vitro but they are not 
produced by DCs 13. The exact mechanism of Th17 polarization is also not completely 
understood and lies beyond the scope of this thesis. The DCs also provide the T-cells 
with a fourth piece of information, namely where they encountered these pathogens. 
This allows the T-cells to upregulate the appropriate receptors to migrate towards 
the site of infection. For example, gut derived DCs produce retinoic acid (RA). RA 
enhances the expression of integrin α4β7 and chemokine receptor CCR9 on T-cells 
which subsequently allow these T-cells to home to the gut 14, 15.

Human Immunodeficiency Virus Type 1
HIV-1 originates from simian immunodeficiency virus (SIV), a non-human primate virus 
that has successfully been transmitted to humans on at least four occasions giving 
rise to four groups of HIV-1 namely M, N, O and P 16, 17. Viruses belonging to group 
M are responsible for the major HIV-1 pandemic. They can be subdivided into 11 
subtypes (A to K) and more than 51 subtype recombinant viruses all with a particular 
geographical distribution 18. 
 In principle HIV-1 viruses can infect any cell that expresses their receptor, CD4, 
and their co-receptor, CCR5 (R5 using viruses) or CXCR4 (X4 using viruses) 19. HIV-1 
can be transmitted via sexual intercourse, blood-to-blood contact and from mother-to-
child. Interestingly, infection is usually established by one or a few CCR5 using virions 
20. To this day it is not known what properties this founder virus possess that enable for 
its preferential transmission and why R5 viruses are predominately transmitted.

Infection
Receptive anal intercourse has the highest risk of HIV-1 transmission. For successful 
transmission to occur the virion must pass the intestinal wall, either through ruptures, 
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transcytosis or DC uptake (Fig. 3). Ruptures in the intestinal wall can occur during 
intercourse but transmission may also occur through lesions induced by co-infecting 
pathogens, such as Schistosoma mansoni (see below) 21, 22. Once past this barrier, 
virions can directly infect susceptible cells via CD4 and co-receptor binding, known as 
cis-infection (Fig. 3). Asides from this direct route, much attention has been placed on 
studying HIV-1 transmission via trans-infection. DCs in the lamina propria can send 
dendrites into the gut lumen to sense the environment 23. Here HIV-1 virions can be 
captured by a C-type lectin receptor (CLR). Subsequently, the DC can actually pass 
the virion to a susceptible CD4+ T-cell (Fig. 3) 24. This route of infection is very efficient. 
One of the most studied CLRs involved in this process is dendritic cell-specific 
intracellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) 25, 26. However, 

Figure 3. A schematic overview of HIV-1 transmission by receptive anal intercourse. There 
are three routes via which a virus particle can cross the gut barrier. (1) Via ruptures in the single cell 
barrier. (2) By DC capture, DCs in the lamina propria will send dendrites into the gut lumen to sense 
the environment. (3) Via M-cells, these are leaky cells which sample the environment. Directly below 
M-cells there are Peyer Patches where immune responses can be formed immediately if required. 
After entering the lamina propria HIV-1 can infect cells either via cis- or trans-infection. 
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since DC-SIGN is capable of binding a whole array of sugar motifs found on other 
pathogens as well as our own host glycoproteins, trans-infection is potentially easy to 
inhibit (see chapter 3 & 4) 27-30.
 Once inside the cell the viral capsid is uncoated and the 9kb RNA genome is 
reverse transcribed into DNA, which will enter the nucleus and integrate into the host 
genome 31. This makes it impossible to eliminate HIV-1 without killing the cell. All 
elements required for the assembly of new virions are expressed from the integrated 
viral DNA 31, 32. To this end the full length HIV-1 RNA transcripts are spliced, most 
HIV-1 genomes have 4 5’ splice donor and 8 3’ splice acceptors sites which result in 
a range of RNA transcripts required for the translation of all viral proteins and proper 
HIV-1 replication 33. However, HIV-1 transcription is paused by the TAR stem-loop 
structure (situated at the 5’ end of the transcript). Positive transcription elongation 
factor b (P-TEFb) is required for transcription of full length HIV-1 RNA 34, 35. P-TEFb 
is efficiently recruited by the viral protein Tat but since Tat is not packaged into 
virions the initial round of transcription of the integrated HIV-1 DNA depends on 
cellular factors 36, 37. Recent studies have shown that NF-κB is one of these factors 
38, 39. Failure to overcome the transcriptional pause by TAR will induce transcriptional 
latency. Following all proteins being translated new virion particles are assembled at 
the cell membrane before budding and release (Fig. 4).

Figure 4. A schematic overview of the HIV-
1 replication cycle. First, HIV-1 will bind its 
receptor, CD4, and co-receptor, CCR5/CXCR4 
(1) after which the virus membrane fuses with 
the cell membrane (2). Subsequently, the HIV-
1 core is unpackaged and the RNA genome 
is reverse transcribed into double stranded 
(ds) DNA (3). The dsDNA is escorted into the 
nucleus where it will integrate into the hosts DNA 
genome via homologous recombination (5). Once 
incorporated into the human genome, mRNA will 
be transcribed which due to splicing can encode 
for all the required proteins necessary to form 
new virions (6). These mRNAs are translated to 
proteins by ribosomes in the cytosol (7). After all 
proteins are formed two full length RNA genomes 
are exported. The new viral particles are formed 
at the cell membrane (8) and via a process called 
budding, new virus particles are released from 
the infected cells (9).
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HIV-1 and the immune system
HIV-1 primarily infects CD4+ effector memory T-cells, Th-cells. There are three main 
types of helper cells namely Th1, Th2 and Th17. Each subset expresses its own set 
of cytokines, chemokines and surface receptors. Remarkably, CCR5 expression is 
not directly linked to HIV-1 susceptibility. For instance, Th1 cells express high levels 
of CCR5 but also produce high levels of its natural ligands, MIP-1α, MIP-1β and 
RANTES thereby limiting the susceptibility of these cells to HIV-1 R5 infection 40-42. 
Recently, Mycobacterium tuberculosis specific CD4+ T-cells producing high levels of 
IL-2 and low levels of MIP-1β have been associated with an increased susceptibility 
for HIV-1 infection while Cytomegalovirus specific cells with the opposite profile are 
less infectious 43. These results indicate that many factors contribute to the infection of 
T-cells.
 HIV-1 infection is not limited to CD4+ T-cells, HIV-1 can target all cells expressing 
CD4 and CCR5/CXCR4 which include antigen expressing cells (APCs) such as DCs 
and macrophages. In fact, macrophages and DCs are among the first cells HIV-1 
encounters and infects upon transmission. Since both macrophages and DCs live 
relatively long, are insensitive to the cytopathic effects of HIV-1 and support latent 
infection, these cells are thought to contribute to the persistent nature of HIV-1 
infection 44, 45. 

Helminths
There are many parasitic helminths which can be transmitted via several routes 
including vectors, contact with contaminated soil or water and ingestion of 
contaminated food 46. For millions of years helminths have co-evolved with the human 
host and they acquired the capacity to evade, skew and dampen human immune 
responses. The characteristic Th2 cell activation induced by helminths is not limited 
to helminth specific immune responses but also skews immune responses to other 
pathogens towards a Th2 phenotype 47. Additionally, helminths induce regulatory T-/B-
cells, NK cells and suppressive macrophages which contribute to the dampening of 
immune responses. Again, these cells have an effect on all immune responses and 
can therefore have a beneficial effect on the outcome and/or onset of autoimmune 
diseases and allergies 48.
 Although helminths have been around for millions of years, the improved sanitation, 
housing conditions and access to clean water have eliminated nearly all helminths in 
the western world 46. In poorer regions of the world helminths are still very common 
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and due to their impact on the immune system may influence the HIV-1 epidemic in 
these regions.
 For this study we chose to work with Schistosoma mansoni and Brugia malayi as 
they invade humans, reside at sites of importance in HIV-1 infection and give rise to 
long lasting chronic infections.

Schistosoma mansoni
Schistosoma mansoni is a trematode blood fluke that has a snail from the 
Biomphalaria genus as its intermediate host. The necessity of this intermediate host 
restricts S. mansoni infection to regions where this snail can be found; Africa, the 
Middle East, the Caribbean, Brazil, Venezuela and Suriname 49. Infection mainly 
occurs in rural areas when people bath in fresh water lakes or work in close contact 
with water, including fishermen.

Life cycle (Fig. 5) 
S. mansoni eggs are secreted by humans with their feces and will hatch upon coming 
into contact with fresh water. The miracidia released by the eggs infect their host, a 
snail. Inside the snail miracidia multiply asexually before developing into multicellular 
sporocysts which later develop into cercarial larvae. This asexual multiplication 
allows a snail infected with one miracidium to produce thousands of cercariae a day 
for months. The cercariae are secreted by the snail and search for their human host 
which they enter by penetrating the skin 50. In humans the cercariae migrate via the 
blood to the lungs and then into the portal vein where they transform into young worms 
(schistosomulae) 50. In the portal vein these worms mature and mate after which they 
migrate to the mesenteric veins where they lay their eggs. An adult worm pair can lay 
up to 300 eggs a day which elicit strong immune responses to facilitate their migration 
from the blood vessel to the gut lumen 50, 51. Most S. mansoni eggs enter the gut lumen 
at the large bowel or the rectum 50.

Symptoms, complications and treatment
Individuals living in endemic areas don’t typically develop symptoms during the acute 
phase of infection. Individuals from outside endemic areas can develop a temporary 
rash at the site where the cercariae penetrated the skin. Additionally, several weeks 
after infection acute schistosomiasis or Katayama fever can develop. This is a 
systemic reaction to the migrating schistosomulae which is characterized by symptoms 
such as fever, fatigue, myalgia and eosinophilia. At a later stage abdominal symptoms 
like diarrhea can occur. Most patients spontaneously recover 2 to 10 weeks after initial 
disease onset 49-51. 
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 During the chronic phase of infection (onset of egg production) it are the eggs 
that induce a strong granulomatous immune response to facilitate their migration. 
Successful migration results in superficial bleeding, micro-ulcerations etc. in the gut 
causing a loss of appetite, abdominal pain and (bloody) diarrhea. Not all eggs will 
make it to the gut lumen, some get swept away in the bloodstream and get lodged in 
the liver. Here the granulomas are progressively replaced by fibrotic deposits, slowly 
destroying the liver. The severity of the symptoms depends on the intensity of the 
infection and the persons immune response 49-51.
 S. mansoni can be treated efficiently with Praziquantel. This, however, does not 
affect the eggs or immature worms thus follow up treatment is advised. Additionally, 
it does not protect the individual form re-infections, therefore individuals living in 
endemic regions should be treated with Praziquantel on a regular basis 49-51.

S. mansoni and the immune system
The adult worms evade immune detection whereas the eggs induce a strong immune 
response to facilitate their migration to the gut lumen. One of the best studied antigen 
mixtures of S. mansoni is soluble egg antigen (SEA), the water soluble components 
derived from homogenized eggs. This mixture contains many glycosylated proteins 
which are able to bind the C-type lectin receptors DC-SIGN, mannose receptor (MR) 

Figure 5. A schematic overview of S. 
mansoni’s life cycle. S. mansoni eggs are 
secreted by the human host via their feces. 
In fresh water the eggs release miracidia 
which invade their intermediate host, a snail. 
In the snail several life stages are passaged 
resulting in the release of cercariae. These 
cercariae invade humans by penetrating 
their skin, they migrate to the portal vein 
and become adult worms (not shown). After 
finding their mate the worms migrate to the 
mesenteric veins where they lay eggs. These 
eggs induce strong immune responses which 
facilitate their migration to the gut lumen. 
From the gut lumen the eggs are secreted 
with the feces.
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and macrophage galactose type-lectin (MGL) 51-53. Interacting with these receptors 
on DCs renders these cells in a semi-mature state, with no cytokine production or 
upregulation of co-stimulatory molecules while antigen processing is similar to LPS 
matured DCs 54, 55. Additionally, SEA exposed DCs will have an altered response to 
TLR ligands and will skew subsequent T-cell outgrowths towards a Th2 phenotype 
(more information can be found in chapter 4) 56. Recently, the three main components 
of SEA were identified namely: omega-1, kappa-5 and IPSE/α-1. Each component 
was shown to have its own unique effect on the immune system. Omega-1, a member 
of the T2 RNase family, can drive Th2 skewing via DCs whereas kappa-5 is the main 
target for the IgE antibody response and IPSE/α-1 can induce IL-4 production in 
basophils 57-61.
 To conclude, S. mansoni eggs are capable of altering the responses of our immune 
cells which may also have implications for HIV-1 infection of these cells. 

Brugia malayi & Acanthocheilonema viteae
There are three closely related nematodes that cause human lymphatic filariasis, 
Wuchereria bancrofti, Brugia malayi and Brugia timori. W. bancrofti is responsible for 
90% of the human infections, however, the lack of an animal model supporting W. 
bancrofti infection makes this parasite very difficult to study. Hence, most studies focus 
on the second most widely spread filarial nematode, B. malayi, which can be found in 
South East Asia 62. 
 Acanthocheilonema viteae is a rodent filarial nematode which secretes ES-62. 
This molecule has been studied extensively and has major implications for the rodent 
immune system (see below & chapter 5) 63-65. Since B. malayi secretes a homologous 
molecule we studied the effects of ES-62 in parallel with BmA (homogenized B. malayi 
adult worm) to determine their effects on the human immune system.

B. malayi’s life cycle (Fig. 6) 66, 67

The intermediate host of B. malayi is the mosquito. An infected mosquito has mature 
L3 larvae in its proboscis, which are secreted on the skin next to the puncture site 
when the mosquito takes a blood meal. The larvae penetrate the skin, migrate to 
the lymphatic vessels and home towards the lymph nodes where they transform into 
L4 larvae and subsequently into adult worms. In male hosts, the adult worms have 
a preference for the lymphatics surrounding the spermatic cord. For reproductive 
infection to occur a male and a female worm must find each other which requires the 
host to be infected with filarial larvae on at least two separate occasions. Once the 
adult worms have mated, the female releases live progeny, microfilariae (mf), which 
relocate to the peripheral blood vessels waiting to be taken up by a mosquito. In 
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the mosquito the mf migrate from the midgut via the hemocoel to the flight muscles 
where they transform into L2 and subsequently L3 larvae. Mature L3 larvae migrate 
to the proboscis and the life cycle is complete. Although B. malayi’s life cycle is highly 
complex the parasite does successfully spread. This is likely explained by the long 
life span of both the adult worm (5-12 years) and their offspring (300 days), which 
enhances the chance of the life cycle being completed.

Symptoms, complications and treatment
In endemic areas individuals demonstrate a wide range of symptoms, from 
asymptomatic to severe acute and chronic manifestations. The most common 
symptoms in the acute phase are fever, chills and lymphadenitis (swollen lymph 
nodes). Additionally, patients can suffer from episodes of adenolymphangitis (fever, 
inflamed lymph vessels and nodes) which causes long term damage to the lymphatic 
system. The symptoms are the result of the immune system fighting off the invading 
larvae as well as the failure to efficiently fight off bacterial skin infections due to the 
damaged lymphatic system 67, 68. One of the major characteristics of chronic lymphatic 
filariasis is the blockage of a lymph vessel or node resulting in elephantiasis (swollen 
limb) 67, 68. Although most infections are asymptomatic, the lymphatic system of the 
patient may become damaged, causing subsequent problems. 
 The treatment strategy is to prevent the parasite from spreading and to alleviate the 
symptoms of already infected individuals. There are several drugs available that have 
a limited effect on the adult worm, but that efficiently kill the mf and prevent production 
of new mf. Large scale treatment of individuals in endemic regions have been found 
to effectively reduce the transmission rate of lymphatic filariasis 67, 68. More information 

can be found in the thesis of 
Shakya 67.

Figure 6. A schematic overview of 
B. malayi’s life cycle. A mosquito 
containing L3 larvae drops these on the 
skin when taking a blood meal. From 
here the larvae migrate to the lymphatic 
system where they mature into adult 
worms. After mating the female releases 
microfilariae which find their way to the 
peripheral blood. Here they wait to be 
taken up by a mosquito to complete their 
life cycle.
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B. malayi, A. viteae and the immune system
Despite the presence of animal models for B. malayi, not much research has been 
performed with antigens derived from this parasite. One study indicates that the 
adult worms are responsible for Th2 skewing whilst another study suggests that the 
microfilariae are responsible 69, 70. In contrast, the purified protein ES-62 has been 
studied extensively. ES-62 has been shown to alter DC and macrophage responses 
both in vivo and in vitro, induce Th2 immune responses and to have a beneficial effect 
on autoimmune diseases including lupus and arthritis 71-78. Nevertheless, all these 
studies were undertaken in rodents or using rodent derived cells. The effect of ES-62 
on human cells is largely unknown (for more information see chapter 5). The active 
component of ES-62 is the phosphorylcholine (PC) group which is also found on 
components derived from B. malayi worms, indicating that the human immune system 
will be affected by ES-62 and other PC-containing components 65, 74, 79-81. Hence, 
ES-62 and BmA are both thought to alter human immune responses with potential 
consequences for HIV-1 infection and replication.

Scope and Outline of the Thesis
Both helminths and HIV-1 have major implications for their host due to the longevity 
of the infection and the extensive effect these pathogens have on our immune 
system. The complex pathogen interactions in co-infected individuals make it difficult 
to determine the effect one pathogen has on the other, which is reflected by the 
contradictions reported in epidemiological studies. It is generally accepted that the 
helminth infection usually precedes the HIV-1 infection assuming individuals live in 
endemic areas and HIV-1 is transmitted sexually. Consequently, in this thesis we 
studied HIV-1 infection in cells of the human immune system that were pre-exposed to 
specific helminth antigen mixtures in comparison to unexposed cells.

Our goal was to answer the following three questions:
 1. Can helminth products interfere with HIV-1 cis- or trans-infection?
 2. Do T-cell responses induced under the influence of parasite antigens have an 
  altered susceptibility to HIV-1 infection? 
 3. Can helminth products affect HIV-1 transcription in antigen presenting cells?

In chapter 1 a general introduction is provided, highlighting the different cells of the 
immune system involved in HIV-1 and/or helminth infection. Additionally, HIV-1 and 
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the parasitic helminths used throughout this thesis are introduced. Both helminths 
and HIV-1 act on the immune system which is reviewed in chapter 2 as well as 
their potential influence on each other. Furthermore, in this chapter the impact of 
Mycobacterium tuberculosis on the immune system is discussed and its potential 
consequences for HIV-1 infection. 
 From the literature it was apparent that colorectal mucus (CM) had not been 
studied for the capacity to interfere with HIV-1 infection or replication. Since S. 
mansoni eggs are present in the large bowel and rectum both S. mansoni and CM can 
potentially influence HIV-1 capture by DCs and the induction of immune responses. 
Hence in chapter 3 we determined whether colorectal mucus could alter HIV-1 
transmission and in chapter 4 the ability of soluble egg antigen (SEA) derived from 
homogenized S. mansoni eggs to affect HIV-1 infection was studied. In this chapter 
HIV-1 cis- and trans-infection were addressed as well as the HIV-1 susceptibility of 
T-cells induced by DCs exposed to SEA. In a similar fashion the ability of Brugia 
malayi antigen (BmA) derived from homogenized adult B. malayi worms and ES-62, 
a purified molecule from Acanthocheilonema viteae, to affect HIV-1 infection was 
determined in chapter 5. Finally, the results of the previous chapters are summarized 
and discussed in chapter 6.
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Abstract

Purpose of review: In many regions of the world, a high prevalence of HIV-1, 
helminthic and Mycobacterium tuberculosis (Mtb) infections can be found. Here, 

we summarize the types of immune responses induced and/or modulated by these 
pathogens and the consequences for HIV-1 disease.

Recent findings: Helminths predominantly induce strong T helper (Th) 2 responses 
which are downregulated in chronic disease. The anatomical niche populated by 

helminths plays a key factor in the effect these parasites have on HIV-1 transmission 
and subsequent replication. Gut-associated helminths have been found to increase 
HIV-1 transmission via the lesions they provide. In spite of this, the many immune 

modulatory molecules secreted by the parasites may inhibit or slow HIV-1 infection. 
In contrast, Mtb is mainly restricted to the lung and the Mtb-specific Th-cells induced 

are highly susceptible to HIV-1 infection and replication. Antigens from both pathogens 
have immunomodulatory activity that can skew cellular immune response in specific 

directions.
Summary: The effect of helminths and Mtb on modulating immune responses is varied 

and complex with both their location and phenotype potentially influencing HIV-1 
disease. These pathogens have evolved a complex array of molecules which have the 

capacity to modulate immunity and preserve pathogen survival.

Keywords:
Coinfection, HIV-1, immune modulation, Mycobacterium tuberculosis,

Schistosoma mansoni
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Introduction
Despite the recent advancements in medical research and treatments, HIV-1, 
Mycobacterium tuberculosis (Mtb) and helminths still infect millions of people 
worldwide each year causing severe morbidity and resultant mortality. HIV-1 is a 
relatively new pathogen on the scene of circulating infectious agents and has been 
introduced into a setting where we have evolved over millions of years to coexist with 
pathogens, such as helminthic parasites and pulmonary bacteria. Characteristic of 
these pathogens are their ability to evade and modulate the host’s immune responses, 

thereby preventing the host from 
clearing infections. Moreover, 
the induced immune responses 
mounted can be highly beneficial 
for the replication and survival 
of these pathogens. HIV-1 is 
foremost a disease of the immune 
system causing immunodeficiency 
and therefore co-infections with 
HIV-1 and other pathogens is a 
complex scenario. This review 
aims to provide an overview 
of the impact three separate 
pathogens have on the immune 
system summarizing the possible 
consequences helminths and Mtb 
have on HIV-1 transmission and 
infection.

Cellular responses in HIV-1 infection
Without the aid of the innate immune system no solid immune response can be 
elicited against infecting pathogens, with dendritic cells (DCs) playing a pivotal role. 
Besides antigen presentation, the pathogen recognition receptors (PRRs) on their 
surface allow them to distinguish between different pathogens and elicit specific T-cell 
responses. With regards to the adaptive immune response, CD4+ T-helper cells (Th) 
are key players. This population was first believed to consist of two main subtypes, 
Th1 for intracellular pathogens and Th2 for extracellular pathogens. More recently 
a third subtype, Th17 CD4 cells [1], were recognized and are believed to play a 
role in bacterial and fungal infections, whereas Th1 and Th2 are now believed to be 
important in viral and parasitic infections, respectively. In practice, however, all cell 

Key points:
- T helper (Th) 1, Th2, Th17 and regulatory T-cells 

have differential activation phenotypes which 
can be associated with HIV-1 infection and 
replication.

- Helminthic parasites and Mycobacterium 
tuberculosis (Mtb) possess an array of antigens 
that have immunomodulatory activity which will 
have consequences for HIV-1 transmission and 
disease progression. 

- Parasitic molecules which down-modulate CD4+ 
T-cell stimulation and activation can be utilized 
for the development of compounds with anti-
HIV-1 activity.

- Mtb-specific CD4 cells are highly susceptible for 
HIV-1 infection and preferentially depleted early 
in coinfected individuals.



34

2

types are likely induced during an infection and it is the balance between them that will 
determine the disease outcome.
 HIV-1 targets all cells expressing its main receptor CD4 and one or both 
coreceptors CCR5 and CXCR4 [2]. Nevertheless, the surface expression levels of 
these coreceptors are not directly linked to the susceptibility of these cell types to 
HIV-1. In fact, even though the Th1 population has the highest surface expression 
of CCR5, these cells are found to be relatively resistant to HIV-1 [3-5**]. This was 
explained by their ability to produce RANTES, MIP-1α and MIP-1β, which are CCR5 
agonist that will compete with HIV-1 for CCR5 binding [3]. A recent study by Gosselin 
and colleagues indicated that Th17 cells are highly permissive to both CCR5 using 
(R5) and CXCR4 using (X4) viruses whereas Th2 cells are relatively resistant to 
R5 and Th1 to both R5 and X4 viruses [5**]. Besides the Th-cells there are other 
important T-cell populations such as the regulatory T-cells (Tregs). Their susceptibility 
to HIV-1 varies and depends on both host and viral factors [6]. The role of this cell 
type in HIV-1 infection is still unclear. Some studies show that Tregs are lost during 
the infection, except in elite controllers which maintain normal Treg levels throughout 
their infection [7;8], however, other studies have described the opposite [9]. Much 
debate surrounds the significance of Th responses induced against HIV-1, with the 
presence of antibodies (Ab) suggesting a Th2 response, whilst HIV-1 specific CD8+ 
T-cells indicate a Th1 response [10;11]. The complexity with HIV-1 stems from the 
fact that stimulated CD4 Th responses are the cells being infected and subsequently 
eliminated. 

Host–Pathogen interactions
Both host and pathogen have devised mechanisms to outsmart the other. For 
instance, host cells can express APOBEC3G, a cytidine deaminase which interferes 
with retrotransposition [12]. Despite the virus ability to produce Vif (a protein 
counteracting APOBEC3G), virions produced by T-cells with high APOBEC3G levels 
(Th1) are less infectious than virions produced in cells with lower APOBEC3G levels 
(Th2) [12]. On the other hand, the virus can use certain host properties to enhance 
its infectivity. For example, galectin-9 mediated stabilization of PDI (protein disulfide 
isomerase) activity at the cell surface of Th2 cells enhances HIV-1 infectivity by 
facilitating better viral entry [13*]. 
 Previously galectin-1 has been associated with increased viral infectivity at this 
level via stabilizing virus attachment [14]. Furthermore, the gp120 Env protein of HIV-1 
is able to bind several receptors besides CD4 which can promote trans-infection. In 
short, gp120 binds to dendritic cell-specific ICAM-3-grabbing nonintegrin (DC-SIGN), 
mannose receptor (MR) and DC immunoreceptor (DCIR) after which the same virion 
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is presented to susceptible CD4 T cells [15;16]. In addition, binding to DC-SIGN alters 
Toll-like receptor (TLR) 3, 4, 5 and 8 signaling and induces transcription elongation 
of provius in infected DCs [17;18] (Fig. 1A). Clearly there are numerous levels of 
host-pathogen interaction which can influence the cells susceptibility and the virions 
infectivity.

Schistosoma mansoni infection
Typically helminthic infections induce a Th2 response [21]. In case of intestinal 
helminths this will promote worm expulsion, while for lymph and blood-populating 
helminths the protective role is less obvious [21-23]. Schistosoma mansoni, a 
digenetic blood fluke, is one of the better studied parasites (Fig. 2A) and unlike most 
helminths, the adult worms evade immune detection by clever mechanisms such as 
molecular mimicry [24], whereas their eggs will induce typical Th2 responses [21-
23;25]. Additionally, the eggs induce granuloma formation which is crucial for their 
migration to the intestinal lumen [21;26]. Once the eggs have reached the intestinal 
lumen or died the granuloma resolves leaving behind fibrotic plaques [23]. Since these 
plaques replace healthy tissue, this can eventually lead to clinical complications. The 
level of fibrosis is determined by a delicate balance of Th1 and Th2 cytokines [25]. 
Previous studies have associated elevated levels of TNF-α, IL-5, IL-10 and IL-13 (Th2-
associated cytokines) to severe fibroses while high levels of INF-γ (a Th1-associated 
cytokine) result in little fibrosis [25]. The chronic phase of infection, typically 12 weeks 
following infection, is initiated (Fig. 2A) and is marked by a downregulation of the 
immune responses induced by the eggs. This leads to smaller granulomas, less IL-4 
production and eosinophil recruitment [23;27*], however, the rate of egg secretion 
appears to be unaffected by this [27*]. 
 The mechanisms involved in the induction and consecutively downregulation of the 
immune response by S. mansoni remain to be elucidated. 

Host–Pathogen interactions
The ability of helminths to evade the immune system on the one hand and exploit it 
for their own survival on the other suggests they manipulate the immune system at 
the cellular level. Since the eggs elicit a dominant immune response in S. mansoni 
infections, many studies have focused on the effect of soluble egg antigens (SEA) 
on cells of the immune system. Previous studies have defined SEA as a mixture of 
glycoconjugates that contain among others Lewis X (LeX) structures [28]. Via this 
glycosylation motive, SEA can interact with DC-SIGN and block DC-SIGN mediated 
HIV-1 trans-infection [unpublished data, E.E.I.M. Mouser]. Unlike gp120, which binds 



36

2

DC-SIGN in a mannose dependent manner, LeX motifs binds in a fucose dependent 
manner and are unable to induce Raf-1 signaling [20] (Fig. 1B). SEA inhibits TLR3 
and TLR2/4 induced maturation of monocyte derived DCs (moDCs). Both cytokine 
production (IL-6, IL-10, IL-12 and TNF-α) and surface marker expression (CD80, 
83 and 86) is dampened in the presence of SEA [29]. Similarly the >50kD fraction 
of Hymenolepis diminuta, a rat tapeworm, also prevents lipopolysaccharide (LPS) 
induced cytokine production in a macrophage cell line [30]. Furthermore, SEA 
influences the Th response induced by LPS and poly I:C (a TLR3 ligand). Normally 
DCs exposed to LPS give rise to a Th1/Th2 mixture while DCs exposed to both LPS 
and SEA skew T cells towards Th2. Likewise, SEA is able to dampen the strong 
Th1 response induced by poly I:C [29]. SEA can also bind Dectin-2 and signaling 
via this receptor on bone marrow derived DC results in the activation of the Nlrp3 
inflammasome and leads to production of IL-1β [31]. Again, SEA is no exception in 
having multiple effects, likewise the >50kD fraction of H. diminuta has other properties 
such as preventing peripheral blood mononuclear cell proliferation [32]. Another well 
characterized parasitic glycoprotein is ES-62 from Acanthocheilonema viteae, a rodent 
filarial nematode. This glycoprotein is able to exert immune modulatory effects via its 
phosphorylcholine group [33;34]. 

Mycobacterium tuberculosis infection 
Upon inhalation, the alveolar macrophages are among the first cells to be encountered 
by Mtb. Despite the capacity of macrophages to kill pathogens, Mtb can escape this 
fate. In fact, resting macrophages allow efficient replication whereas activated cells 
will either suppress or kill the bacteria [35]. Upon infection the alveolar macrophages 
will migrate back into the endothelium and induce a local immune response. This 
results in the recruitment of various cell types, including monocytes, macrophages, 
neutrophils and dendritic cells [36-38], all of which can be infected with HIV-1. These 
cells will form a granuloma that will enable Mtb to grow exponentially until T-cells are 
recruited to the site. Unlike with other pathogens, it takes approximately three weeks 
to induce a good T-cell response [37;39] (Fig. 2B) and since the number of bacteria 
in latency is directly correlated to the chance of disease progression [37], this delay 
is a major benefit for Mtb. Studies have shown that antigen presentation in the lung 
is not sufficient for inducing strong CD4 Th responses and for this to happen bacteria 
must enter the lymph node, more precisely a threshold of ~1500 cfu must be reached 
before Mtb specific Th responses are induced [40]. A recent study indicated that DCs 
are crucial for the migration of Mtb to the draining lymph node, however, when DCs 
themselves are infected their migration is delayed. This could be circumvented when 
DCs take up infected neutrophils [41*], nevertheless, the precise mechanisms Mtb 
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employs to cause the delay in CD4 Th onset remain to be determined. 
 Once formed, the Mtb specific T cells migrate to the lungs where they will surround 
the granuloma and drive the infection into latency via the secretion of TNF-α and IFN-γ 
[42;43]. Very rarely Mtb can be cleared; a potential reason being improper activation 
of the induced T cells due to the lack of antigen in the lung. For instance, Ag85B 
is a highly secreted immunodominant antigen (not required for bacterial survival) 
which can be found during acute infection, however, its production is downregulated 

Figure 1. Mannose versus fucose-mediated dendritic cell-specific ICAM-3-grabbing nonintegrin 
signalling. In resting dendritic cells, LSP-1 is associated to the cytosolic tail of dendritic cell-specific 
ICAM-3-grabbing nonintegrin (DC-SIGN) and KSR1. KSR1 is part of a trimeric complex with CNK and 
inactive Raf-1. A. Binding of gp120, ManLAM or another mannose-based sugar leads to recruitment 
of Ras, LARG and Rho-A. LARG activates RhoA via phosphorylation and subsequently both LARG 
and RhoA phosphorylate and thereby active Raf-1. Ras is essential in steps preceding Raf-1 
phosphorylation [18-20]. B. Binding of SEA or another fucose-based sugar will lead to the dissociation 
of the KSR1-CNK-Raf-1 complex from LSP-1. Besides this, the signalling pathway remains to be 
elucidated [20].
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in chronic infection [44*]. This results in a decreased percentage of IFN-γ secreting 
Ag85B specific T cells in the lung during progressive disease.

Host–Pathogen interactions
Mtb expresses a large and complex array of antigens of which many are able to 
alter/skew pathogen induced immune responses. The unique wax like structure 
covering Mtb is composed of, amongst others, glycolipids and long-chain fatty acids 
[45]. Lipoglycan mannose capped lipoarabinomanan (ManLAM) is an important 
virulence factor and abundantly expressed [45]. However, the effect ManLAM has 
on moDCs is still under debate. Nigou and colleagues have shown that moDCs 
exposed to LPS in combination with ManLAM produce less IL-12, which they suggest 
is mediated through MR signaling [46]. Pathak and colleagues have confirmed this 
finding, although in macrophages [47]. In contrast, Gringhuis and colleagues observe 
increased IL-12 secretion when costimulating moDCs with LPS and ManLAM which 
they demonstrate is mediated predominantly via DC-SIGN signaling [20] (Fig. 1A). 
In addition to IL-12, Gringhuis et al. observed an increased level of IL-6 and IL-10. 
Besides altered cytokine production, ManLAM has also been postulated to play a 
role in modulating apoptosis in macrophages thereby potentially evading immune 
responses [48]. Additional components of Mtb’s shell are phosphatidyl-myo-inositol 
mannosides (PIMs), which have been shown to inhibit the responses of macrophages 
to LPS via both CD14 dependent and independent mechanisms [49]. Next to structural 
components, Mtb also secretes antigens such as early secreted antigen target 
protein 6 (ESAT-6) which can induce IL-6 and TGF-β production by DCs via TLR2 
signalling hence inducing Th17 cells [50*]. Only recently, Th17 cells were shown to be 
involved in Mtb infection although their precise role is unclear, and recently reviewed 
[51*]. Another mechanism of immune evasion employed by Mtb is the secretion of 
immunological decoys such as the above mentioned Ag85B [44*]. We have provided 
some examples of the complex interactions between MtB and the immune system but 
more in-depth reviews can be found [48;52].

Implications for HIV-1: location, location, location
Mtb and helminths have specific anatomical niches within the host where they 
preferentially reside, whereas HIV-1 is considered a systemic infection. Nevertheless, 
HIV-1 transmission occurs at specific sites, usually mucosal tissues, and viral 
replication has also been shown to occur preferentially in lymph nodes and the gut. 
Inevitably there will be some kind of overlap with significant consequences for either 
the pathogens replication and/or which immune responses are induced. 
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 The genital tract is the major site for HIV-1 transmission. Two recent studies 
describe the presence of Th17 cells (highly susceptible to HIV-1) [5**] in both the 
cervix and foreskin suggesting that these cells are initially targeted [53**;54**]. 
However for transmission to occur HIV-1 must reach these cells and which can occur 
via lesions. A parasitic infection associated with an enhanced risk for HIV-1 infection 
is Schistosoma haematobium, the causative agent of urogenital schistosomiasis, 
which resides in the veins surrounding the bladder and female genital tract [55]. Like 
the eggs of S. mansoni they induce granulomas to migrate through the tissue. This 
will leave lesions in the genital tract through which HIV-1 can enter the body [55;56]. 
Additionally, the granulomas are localized foci of activated immune cells which  
can be targeted by HIV-1 hence contributing to successful transmission as recently 
shown in [57].
 The gut is not only a site for HIV-1 transmission but the gut-associated lymphoid 
tissue (GALT) is regarded as the first and main site of HIV-1 replication, with up to 

Figure 2. The elicited T-cell responses at different stages of S. mansoni or Mycobacterium 
tuberculosis (Mtb) infection. A. Depicted is the CD4 Th response elicited in the different stages 
of a S. mansoni infection. B. Here the CD4 Th response relation to the bacterial load is depicted. 
(I) Infected alveolar macrophages migrate to the endothelium and recruit many immune cells. (II) 
Next Mtb-specific Th cells are recruited which surround the existing granuloma, induce fiberous 
cuff formation and activate the macrophages by cytokines secretion [e.g. interferon IFN-γ and 
TNFα]. Immunocompetent individuals can maintain this balance for years. (III) However, if disease 
progression occurs, the granuloma ruptures, spilling mycobacteria into the lumen of the lung. Figure 
2B adapted from [37;38]. 
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80% of all CD4+ T-cells being lost during acute infection [11;58;59]. In addition, the gut 
is home to many helminths which have the potential to influence HIV-1 susceptibility 
and disease course. An overview of epidemiological studies conducted on this matter 
is provided by Secor et al. within this issue as well as by Brown et al. [60]. 
 A recent study by Chenine and colleagues actually demonstrated that rhesus 
macaques suffering from acute S. mansoni infection (with egg secretion) are more 
susceptible to infection with clade C R5 simian-human immunodeficiency virus (SHIV) 
upon intra rectal exposure than uninfected controls [61]. A supplementary study by 
Siddappa and colleagues indicated that this effect was not seen upon intravenous 
exposure to the virus [62], suggesting that the mucosal changes induced by S. 
mansoni cause the enhanced susceptibility to SHIV. It has also been demonstrated 
that mice with a chronic S. mansoni infection, recruit CD4+FoxP3+ Tregs expressing 
both CD103 and CCR5 to the site of infection, in this case the colon. These cells can 
dampen the egg induced Th2 responses [27*] and are also a potential target for HIV-
1 [6]. Thus both during acute and chronic S. mansoni infection there is a population 
of HIV-1 susceptible cells in the colon which could potentially contribute to HIV-1 
transmission as well as early virus replication. 
 The lymph nodes are also a major site for HIV-1 replication. Furthermore, the 
lymph nodes are the place where immune responses against other pathogens are 
induced. Therefore, depending on the type of immune response induced, the CD4+ 
T-cells might be more or less susceptible to HIV-1. For example, Mtb specific T-cells 
are highly susceptible to HIV-1 (see below) [63**] hence the localized lymph nodes to 
the lung may provide for an environment promoting HIV-1 replication. Other pathogens 
that may influence the CD4 cellular milieu in the lymph node are lymphatic filarial 
parasites. These actually live in our lymphatic system and thus can easily target the 
lymph nodes. A recent study on Litomosoides sigmodontis in mice confirms that the 
immune suppressive cells (nematode-elicited macrophages (NeMφ) F4/80+) recruited 
to the pleural cavity spread to the draining lymph node when the infection becomes 
patent [64].
 Lung, Mtb is mainly localized within this site and early during the HIV-1 infection, 
immune control of Mtb is lost. Geldmacher and colleagues demonstrated that Mtb 
specific CD4 T cells from the periphery with the cytokine/chemokine profile high in 
IL-2 and low MIP-1β, were more susceptible to HIV-1 infection in vivo than CD4 T 
cells with the reversed profile [63**]. A recent study by Jambo et al. could not confirm 
a significant decrease in peripheral Mtb specific T cells found by Geldmacher in HIV-1 

infected individuals but did find a significant reduction of Mtb specific bronchoalveolar 
T cells [65*]. These data clearly confirm that being HIV-1 positive increases the risk 
of Mtb reactivation [66]. Fortunately, this risk can be reduced by antiretroviral therapy, 
(reviewed by [67]). Although, HIV-1 targets Mtb specific CD4 T cells, the lung is neither 
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a site of transmission nor a main site of HIV-1 replication; hence it seems unlikely that 
an Mtb-infected individual has an increased chance of contracting HIV-1. 

Conclusions
We emphasize the Th responses induced by three pathogens (HIV-1, schistosoma 
and Mtb) and described the modulatory effects these have on immune stimulation. 
We have described pathogen specific molecules which possess immunomodulatory 
activity and which can likely influence HIV-1 transmission and replication. It has 
been postulated that the high rate of HIV-1 infections in sub-Saharan Africa could be 
linked to the high prevalence of helminthic infections [68]. Deciphering copathogen 
interactions will provide a better understanding of the detrimental and/or beneficial 
effects. It should be possible to exploit the immune-dampening strategies utilized by 
various pathogens to modulate HIV-1 replication. 
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Abstract

Bodily secretions, including breast milk and semen, contain factors that modulate 
HIV-1 infection. Since anal intercourse caries one of the highest risks for HIV-
1 transmission, our aim was to determine whether colorectal mucus (CM) also 

contains factors interfering with HIV-1 infection and replication. CM from a number 
of individuals was collected and tested for the capacity to bind DC-SIGN and inhibit 
HIV-1 cis- or trans-infection of CD4+ T-lymphocytes. To this end, a DC-SIGN binding 
ELISA, a gp140 trimer competition ELISA and HIV-1 capture/ transfer assays were 

utilized. Subsequently we aimed to identify the DC-SIGN binding component through 
biochemical characterization and mass spectrometry analysis. CM was shown to 

bind DC-SIGN and competes with HIV-1 gp140 trimer for binding. Pre-incubation of 
Raji-DC-SIGN cells or immature dendritic cells (iDCs) with CM potently inhibits DC-
SIGN mediated trans-infection of CD4+ T-lymphocytes with CCR5 and CXCR4 using 
HIV-1 strains, while no effect on direct infection is observed. Preliminary biochemical 

characterization demonstrates that the component seems to be large (>100kDa), 
heat and proteinase K resistant, binds in a α1-3 mannose independent manner and 
is highly variant between individuals. Immunoprecipitation using DC-SIGN-Fc coated 
agarose beads followed by mass spectrometry indicated lactoferrin (fragments) and 

its receptor (intelectin-1) as candidates. Using ELISA we showed that lactoferrin levels 
within CM correlate with DC-SIGN binding capacity. In conclusion, CM can bind the 
C-type lectin DC-SIGN and block HIV-1 trans-infection of both CCR5 and CXCR4 
using HIV-1 strains. Furthermore, our data indicate that lactoferrin is a DC-SIGN 

binding component of CM. These results indicate that CM has the potential to interfere 
with pathogen transmission and modulate immune responses at the colorectal 

mucosa.
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Introduction 
Human immunodeficiency virus type 1 (HIV-1) affects millions of people worldwide 
despite relatively low transmission rates. Sexual contact is the major route of 
transmission, yet the risk of transmission is predicted to be 10 times higher when 
comparing receptive anal intercourse with vaginal intercourse [1]. This may be 
explained by differences of the epithelium as well as the high number of activated 
CD4+ T-lymphocytes typically found in the gut [2]. Additionally, bodily secretions 
present at the mucosal surfaces may also play an important role in HIV-1 transmission.
 In both routes, HIV-1 is introduced via semen and successful transmission requires 
the virus to cross a mucosal barrier, either through ruptures, transcytosis or dendritic 
cell (DC) uptake. Disruption of the mucosal layer can occur during intercourse or result 
from infections with pathogens such as Schistosomes, which have been associated 
with enhanced HIV-1 transmission [3,4]. However, much emphasis has been placed 
on trans-infection, a mechanism where DCs capture HIV-1 through C-type lectins, 
mainly Dendritic Cell-Specific Intracellular adhesion molecule-3-Grabbing Non-integrin 
(DC-SIGN), and transfer the virus to CD4+ T-lymphocytes. DCs found below mucosal 
surfaces can form dendrites which protrude through the epithelial barrier and thereby 
may facilitate HIV-1 trans-infection or where such cells can be exposed to virus 
through tears and breaches in the mucosal layer [5,6].
 DC-SIGN binds mannosylated as well as fucosylated glycans and is thus able 
to bind an array of pathogens [7,8]. The precise role of DC-SIGN in the infection by 
these pathogens is unknown. However, studies have indicated that DC-SIGN aids the 
formation of DC-T-cell synapses which may explain enhanced HIV-1 transmission. 
Furthermore, it has been shown that DC-SIGN can cross-talk with toll like receptors 
(TLRs), thereby influencing immune responses generated [8]. 
 Recently a number of host glycoproteins, bile-salt stimulated lipase (BSSL) and 
mucin (MUC) 1 from human milk as well as MUC6 and clusterin from seminal plasma 
have been shown to bind DC-SIGN and thereby interfere with HIV-1 capture and 
transfer to CD4+ T-lymphocytes [9-13]. Similarly, a still unidentified molecule in cervical 
vaginal lavage fluid (CVL) has been described with the same property [14]. Strikingly, 
the binding capacity of molecules that associate with DC-SIGN and inhibit HIV-1 trans-
infection, including BSSL, varies between individuals [15]. These studies suggest that 
the mucosal surface microenvironment may influence the risk of HIV-1 transmission. 
Furthermore, any strategy aimed at curtailing HIV-1 transmission, including vaccines 
and microbicides, will have to take into account the presence of such molecules and 
their activities. Our aim was to determine whether molecules in colorectal mucus 
(CM) interfere with HIV-1 infection. We found that CM does have a DC-SIGN binding 
component, which blocks HIV-1 trans-infection and identified human lactoferrin from 
CM as being a molecule with such binding activity. 
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Results 
CM binds DC-SIGN and blocks its interaction with HIV-1 envelope trimer
Using a DC-SIGN binding ELISA, the ability of CM to bind DC-SIGN was determined. 
As Ca2+ ions are required for specific DC-SIGN binding, incubation of DC-SIGN-Fc in 
the presence of the calcium chelator EGTA served as a negative control. We observed 
that CM bound DC-SIGN-Fc in comparison to the EGTA inactivated DC-SIGN-Fc 
(p<0.0001, Fig. 1A). Likewise, DC-SIGN-Fc also bound HIV-1 trimeric gp140 SOSIP 
Env, which is inhibited when DC-SIGN-Fc was pre-incubated with up to a 1000 fold 
diluted CM in the DC-SIGN blocking ELISA (Fig. 1B). Together, these results suggest 
that CM not only binds to DC-SIGN, but also inhibits DC-SIGN binding to the HIV-1 
envelope trimer. 

CM blocks DC-SIGN mediated trans-infection 
We initially investigated whether CM had the capacity to modulate direct infection 
of HIV-1. Infection of TZM-bl cells was not affected by either 1000 fold or 100 fold 
dilutions of CM  for either NSI-18 (R5) or LAI (X4) HIV-1 (Fig. 2A). Additionally, the 
same dilutions of CM had no effect on LAI infection and replication in enriched CD4+ 
T-lymphocytes (Fig. 2B). To determine the effect of CM on DC-SIGN mediated HIV-
1 capture and transfer, Raji DC-SIGN cells were incubated with different dilutions 

Figure 1. CM binds DC-SIGN thereby preventing gp140 binding. (A) DC-SIGN binding ELISA with 
300 fold diluted CM coated on an ELISA plate and DC-SIGN-Fc as detection antibody, demonstrates 
DC-SIGN-Fc binds CM compared to EGTA treated product (negative control) (p<0.0001). (B) DC-
SIGN-Fc was pre-incubated with mannan (positive control) and CM dilutions before being added to a 
gp140 coated plate. Depicted is the percentage by which DC-SIGN-Fc binding to gp140 is blocked, 
pre-incubation with mannan was set to 100% blocking and pre-incubation with medium to 0%. Pre-
incubating DC-SIGN-Fc with up to a 1000 fold diluted CM inhibits HIV-1 envelope gp140 trimer 
binding. Data points were performed in triplicate.
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of CM (300 and 100 fold), medium or mannan (controls) before addition of HIV-1. 
Subsequently, these cells were co-cultured with CD4+ T-lymphocytes and viral 
outgrowth was monitored. We observed a clear delay in outgrowth of both NSI-18 and 
LAI when Raji DC-SIGN cells were pre-treated with 100 fold diluted CM and a less 
pronounced delay when CM was diluted 300 fold (Fig. 2C). Since CM had no effect on 
direct infection of CD4+ T-lymphocytes the observed delay in viral outgrowth can be 
attributed to inefficient HIV-1 capture and transfer in the presence of CM. 
 Next, we repeated these experiments using the physiologically more relevant 
immature monocyte derived DCs (iDC). These were pre-incubated with CM or 

Figure 2. CM does not inhibit HIV-1 direct infection but does trans-infection. (A) NSI-18 (R5) 
or LAI (X4) (5ng/ml p24) was pre-incubated with medium (control) or 100 fold and 1000 fold diluted 
CM after which the mixture was added to TZM-bl cells. Two days post infection the cells were lysed 
and the luciferase activity was measured demonstrating that the level of infection was similar whether 
CM was present or not. (B) CD4+ T-lymphocytes were incubated with medium (control) or 100 fold 
and 1000 fold diluted CM prior to addition of LAI. Viral outgrowth, supernatant p24, was measured 
over several days, with no difference observed. (C) Raji DC-SIGN cells were incubated with medium 
(negative control) or 100 fold diluted CM or 300 fold diluted CM prior to addition of either NSI-18 or LAI 
virus, washed and added to CD4+ T-lymphocytes. Viral outgrowth, determined by capsid p24 ELISA, 
is depicted in Raji DC-SIGN cell - CD4+ T lymphocyte co-cultures. For both NSI-18 and LAI inhibition 
is observed with 100 fold diluted CM and less with 300 fold diluted CM. Data points were performed in 
triplicate.  
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medium, 20μg/ml DC-SIGN blocking antibody AZN or 50μg/ml mannan which served 
as controls. The result demonstrates that 100 fold diluted CM inhibits viral capture and 
transfer of LAI by iDCs and this effect was lost when CM was diluted 500 times (Fig. 
3A). A representation of the assay results obtained is shown (Fig. 3B). These results 
indicate that CM can efficiently inhibit trans-infection of HIV-1 by iDCs.

Biochemical characterization of the DC-SIGN binding component of CM
Initially CM was size-fractionated using 30- and 100-kDa centrifugal filter devices. 
Utilizing the DC-SIGN binding ELISA we found that the fraction above 100 kDa 
contained factor(s) with strong DC-SIGN binding properties whereas weak binding was 
observed in the 30-100 kDa fraction and the below 30 kDa fraction did not bind DC-
SIGN-Fc (Fig. 4A). Non-fractionated CM (input control) and negative (EGTA) controls 
were included in the DC-SIGN binding ELISA for all tested samples. Determined by 
the DC-SIGN blocking ELISA, CMs ability to prevent gp140 binding to DC-SIGN was 
not affected by either heat (96°C), proteinase K treatment (Fig. 4B) or the depletion of 
α1-3 linked mannose glycans (Fig. 4C). 

Figure 3. CM inhibits HIV-1 trans-infection by iDCs. (A) iDCs were pre-incubated with 100 fold 
diluted CM, 20μg/ml AZN-D1 (DC-SIGN blocking antibody), 50μg/ml mannan or medium (control) 
before addition of LAI. Using flow cytometry viral outgrowth in iDC – CD4 T-lymphocyte co-cultures 
was measured by intracellular staining for p24. Depicted is the number of p24+ cells per 1x105 CD3+ T 
cells. (B) Shown are representative dot plots of the data depict in (A). Data points were performed in 
triplicate. 
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DC-SIGN binding of CM varies between individuals 
To evaluate donor variation, 21 additional samples were analyzed using a serial 
dilution from 750μg/ml to 11.4ng/ml protein input in the DC-SIGN binding ELISA. Four 
samples did not bind DC-SIGN, whereas the remaining samples reached a binding 
plateau at 11.7μg/ml input. We observed clear differences in the DC-SIGN binding 
capacity of CM between individuals which could be divided in high, intermediate 
and low/no DC-SIGN binding (Fig. 5A). To determine whether the DC-SIGN binding 
capacity correlates to the ability to prevent gp140 binding, we plotted the DC-SIGN 
binding capacity versus the gp140 binding by DC-SIGN pre-incubated with 11.7μg/ml 
CM (Fig. 5B). Results show a clear correlation (p=0.01) and, interestingly, a few CM 
samples were comparable in their DC-SIGN binding and gp140 blocking capacity to 
the positive control mannan (open square, Fig. 5B). 

Figure 4. Biochemical analysis of the DC-SIGN binding component in CM. (A) Unfractionated 
CM (input) or <30, 30-100 or >100kDa CM fractions were coated to an ELISA plate and DC-SIGN-
Fc binding was determined. Binding of unfractionated CM is set to 100% and binding of the fractions 
is expressed as a relative percentage. The <30kDa fraction shows no DC-SIGN binding, between 
30 - 100kDa shows limited binding whilst >100kDa shows stronger binding. (B) DC-SIGN-Fc was 
incubated with untreated, heated (10 min at 95⁰C), proteinase K treated CM or medium (negative 
control) prior to addition to a gp140 coated plate. Compared to the media alone control incubating 
DC-SIGN-Fc with treated or untreated CM led to similar reductions in gp140 binding. (C) DC-SIGN-Fc 
was incubated with CM, BSA or mannan prior to addition to a gp140 coated plate. Untreated, both CM 
and mannan inhibit DC-SIGN-Fc from binding gp140 compared to BSA (negative control). Depletion of 
mannose structures from CM, BSA and mannan by a pull-down with Galanthus Nivalis lectin does not 
alter the DC-SIGN-Fc binding capacity of CM while mannan loses its ability to prevent gp140 binding 
by DC-SIGN-Fc. Data points were performed in triplicate.  
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Mass spectrometry identifies lactoferrin as a DC-SIGN binding component 
in CM
In order to identify the DC-SIGN binding component within CM we performed an 
immunoprecipitation on pooled CM from 6 samples showing high DC-SIGN binding 
and which had been depleted of antibodies, using DC-SIGN-Fc coated agarose beads. 
Subsequently, the DC-SIGN-Fc coated agarose beads with the component(s) of CM 
were ran on an SDS PAGE gel resulting in the identification of three bands (# 2, 3 
and 4, Fig. 6A). Following tryptic in gel digestion and mass analysis of the resulting 
peptides, using ion trap mass spectrometry, the proteins human lactoferrin (highly 
abundant in band #3) and immunoglobulin were identified in all bands, whereas 
intelectin-1 (lactoferrin receptor) was identified abundantly in band #4 (with trace 
amounts in the other bands). To confirm lactoferrin as a DC-SIGN binding component 
in CM, we coated CM from a high, an intermediate and a low/no DC-SIGN binder to 
an ELISA plate and determined binding of DC-SIGN-Fc, polyclonal anti-lactoferrin and 
anti-intelectin-1. We found high levels of lactoferrin in CM of a high DC-SIGN binder, 
intermediate levels in CM of an intermediate DC-SIGN binder and no lactoferrin in CM 
of a low/no DC- SIGN binder, whilst no intelectin-1 binding was observed (Fig. 6B). 
Taken together these results indicate that lactoferrin from CM potently binds DC-SIGN. 

Figure 5. DC-SIGN binding capacity of CM varies greatly between individuals. (A) Serial dilutions 
of the 21 CM samples were coated onto an ELISA plate and the end-point dilution showing binding 
of DC-SIGN-Fc is depicted. For all samples maximal binding was achieved when 11.7μg/ml CM was 
coated. A large variation between donors was observed ranging from high to no DC-SIGN binding 
and where the samples can be divided into three groups as indicated with dotted lines. (B) The ability 
of samples to prevent DC-SIGN-Fc binding to trimeric gp140 was determined with a blocking ELISA. 
11.7μg/ml CM was pre-incubated with DC-SIGN-Fc before addition to a gp140 coated plate. Next, 
DC-SIGN binding to gp140 was correlated with the OD found in the DC-SIGN binding ELISA where 
11.7μg/ml CM was coated (P<0.01). As a control 5μg/ml mannan was included, depicted as an open 
square.
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Figure 6. Mass spectrometry indicates that human CM lactoferrin binds DC-SIGN. (A) 4-12% 
SDS PAGE gel loaded (from left to right) with a 250kD protein marker, agarose beads, DC-SIGN-Fc, 
the supernatant from the first wash, supernatant from the second wash, and the DC-SIGN-Fc coated 
agarose beads loaded with the DC-SIGN binding component from CM. Band #2, 3 and 4 potentially 
contain the DC-SIGN binding component of CM. Ion trap mass spectrometry of in gel digests identified 
human lactoferrin fragments (highly abundant in band #3) and immunoglobulins in all three bands and 
intelectin-1 in band #4 (with trace amounts in the other bands). (B) CM representing a high DC-SIGN 
binder, an intermediate DC-SIGN binder and a low/no DC-SIGN binder were coated on an ELISA 
plate and were tested for DC-SIGN and lactoferrin binding. The first graph (left) confirms the DC-SIGN 
binding status while the second graph (right) shows the binding capacity of polyclonal anti-lactoferrin, 
which is high for CM from a DC-SIGN high binder, intermediate for an intermediate DC-SIGN binder 
and not present in CM from a low/no DC-SIGN binder. 
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Discussion 
To gain better insight into mechanisms involved in HIV-1 transmission deciphering 
the role specific bodily fluids can play in modulating infection is crucial. Here we 
demonstrate that although CM is unable to protect against direct infection it does 
block HIV-1 capture and subsequent transfer by both Raji-DC-SIGN cells and iDCs to 
CD4+ T-lymphocytes. Other bodily fluids, such as semen, contain factors able to either 
inhibit or enhance HIV-1 infection. For example, spermatozoa and Semen Derived 
Enhancer of Virus Infection (SEVI, small aggregates or fibrils) can bind HIV-1 and 
promote infection of target cells [21,22], whilst semenogelin-I inhibits direct infection of 
target cells and MUC6 and clusterin interfere with DC-SIGN mediated trans-infection 
[11,13,23]. Similarly, CVL contains several innate antimicrobials which offer protection 
against direct infection as well as a glycoprotein that prevents HIV-1 from binding 
DC-SIGN [14,24]. Thus an additional explanation for the enhanced probability of 
HIV-1 transmission via anal, as compared to vaginal, intercourse may be the lack of 
inhibitors in CM that are able to block direct infection. 
 Analysis of the DC-SIGN binding component in CM revealed it binds DC-SIGN in a 
α1-3 mannose independent manner, which implies that the factor is likely fucosylated 
as DC-SIGN recognizes either of these two carbohydrate structures [7]. Mass 
spectrometry analysis of a DC-SIGN pull down fraction from CM suggested lactoferrin 
fragment(s) as the (major) DC-SIGN binding component in CM, since they were 
identified in band 2, very abundantly in 3 (containing 10 peptides, all from the carboxy-
terminal half of the protein) and in band 4 of our SDS PAGE gel. Indeed, we find high 
levels of lactoferrin in CM with high DC-SIGN binding capacity, intermediate levels in 
CM with intermediate DC-SIGN binding and no lactoferrin when there is low/no DC-
SIGN binding, indicating human lactoferrin in CM is able to bind DC-SIGN. Previous 
studies have indicated that human lactoferrin does not, or only weakly, binds DC-SIGN 
[25, 26]. However, these studies have been conducted with recombinant lactoferrin. 
The strength of binding observed with CM may be explained by differences in post-
translational modifications, such as glycosylation, or processing which could modulate 
binding to DC-SIGN. Interestingly, the DC-SIGN binding molecule in CM ended up in 
the larger than 100kDa fraction upon size fractionation, while the molecular weight of 
human lactoferrin from milk is approximately 80kDa in size. The actual sizes of the 
lactoferrin fragments found on the SDS PAGE gel were all well below 75kDa. The 
sample was however boiled and treated with DTT which destroys any complexes and 
since intelectin-1, a gut specific lactoferrin receptor, was also identified in the DC-
SIGN pull down fraction it is likely lactoferrin and intelectin-1 form a complex which 
could explain the higher predicted molecular weight. Our results imply that intelectin-1 
binding to lactoferrin does not interfere with DC-SIGN binding, as high DC-SIGN 
binding activity is found in the fraction most likely containing complexes. However, 



59

  3

lactoferrin (fragment)-intelectin-1 complex formation does abolish recognition of 
intelectin-1 by a polyclonal antibody. The fact that we identified DC-SIGN binding 
of lactoferrin while earlier studies did not [25,26] could also be explained by the fact 
that the carboxy-terminal fragment of the molecule is involved. This could result from 
mechanisms such as changes in exposition of the binding site(s) upon fragmentation 
or intelectin-1 binding leading to improved DC-SIGN binding.  
 Mass spectrometric analysis revealed no indication for MUC proteins binding 
DC-SIGN. Given that MUC1 from human milk and MUC6 from seminal plasma are 
known to inhibit DC-SIGN mediated HIV-1 trans-infection one might have expected 
another member of this family to be expressed in CM and binding DC-SIGN [12,27]. 
Previously, BSSL from human milk has been demonstrated to bind DC-SIGN and 
inhibit trans-infection, while certain allele combinations are correlated with a lower risk 
of HIV-1 infection, indicating BSSL potentially protects against transmission [9,10,28]. 
Furthermore, this molecule is produced in the pancreas and can be released into the 
duodenum, making it likely that BSSL or smaller digested fragments could be present 
in CM [29]. However, neither MUC proteins nor BSSL were identified in the DC-SIGN 
pull-down assay indicating that if these glycoproteins are present, they are only so in 
limited amounts. Of course we cannot exclude the possibility that the pull down assay 
preferentially allowed for the capture of human lactoferrin, whereby other DC-SIGN 
binding molecules were missed.
 In conclusion, as with other bodily fluids, CM contains a DC-SIGN binding 
component with the ability to block HIV-1 trans-infection, with human lactoferrin 
contributing to the binding. These results indicate that CM has the potential to interfere 
with HIV-1 transmission whilst simultaneously restricting antigen capture at the anal 
mucosa and potentially skewing mucosal immune responses in the rectum. 

Materials and Methods 
CM collection and processing. Mucus was collected by gentle washing with small 
volumes of PBS of surgically-resected colorectal tissue from HIV-1 negative patients 
undergoing rectocele repair and colectomy for colorectal cancer (n=2). CM was collected 
from healthy tissue located approximately 10 to 15 cm from the tumour. The procedure 
was performed at St George’s Hospital, London, UK with signed informed consent from the 
patients [16]. Cells in CM were removed by centrifugation, 30min at 16,000xg. The cell-free 
supernatant was partially sterilized by passing through a 0.2μm filter. Additional CM samples 
were collected from male visitors of a STI outpatient clinic (n=21). They were screened on 
anal STIs under anoscopic vision and simultaneously, using Dacron swabs, CM was collected 
from the mucosa. The mean age was 36 years (range 21-63), all subjects tested negative 
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for HIV-1 and showed no signs of sexually transmitted infections. The Ethical committee 
of the Academic Medical Centre exempted the collection from full review because the 
lack of additional discomfort. These samples were incubated for 2h at 37oC 1000rpm and 
subsequently centrifuged 5min at 13,000xg. Next, the Q-tip was inverted and the sample was 
centrifuged for 1h at 20,000rpm. The collection and research with human colorectal mucus 
complied with all relevant federal guidelines and institutional board policies.

ELISA. The DC-SIGN binding ELISA was performed as described [13]. In short, the 
component of interest was coated on an ELISA plate in 0.2M NaHCO

3
 (pH9.2). After o/n 

incubation at 4⁰C the plate was blocked with TSM 5% BSA after which 333ng/ml DC-SIGN-
Fc (R&D systems) was added. Subsequently, DC-SIGN was detected by a secondary goat-
anti-human-Fc HRP labelled antibody (Jackson Immunology) (1:1000) using standard ELISA 
procedures. The same set up was used for detecting lactoferrin and intelectin-1 in CM, only 
instead of DC-SIGN-Fc, 333ng/ml polyclonal anti-lactoferrin (ab15811, Abcam) and 333ng/
ml anti-intelectin-1 (ab118232, Abcam) was used. In the DC-SIGN blocking ELISA, 10μg/
ml anti-HIV-1 gp120 antibody, D7324 (Aalto BioReagents Ltd) in 0.1M NaHCO

3
 (pH8.6) was 

coated on an ELISA plate. After overnight incubation at 4⁰C the plate was blocked with TSM 
5%BSA after which trimeric HIV-1 gp140 (JR-FL SOSIP.R6-IZ-D7324) was added to the 
plate and which has been previously described [17,18]. Meanwhile 333ng/ml DC-SIGN-Fc 
(R&D systems) was pre-incubated with the component of interest. Subsequently this mixture 
was added to the gp140 coated plate and DC-SIGN binding was detected by a secondary 
HRP labelled goat-anti-human-Fc antibody (Jackson Immunology) (1:1000) using standard 
ELISA procedures. A more detailed description can be found [17]. The Capsid p24 ELISA 
was performed as standard [10]. Briefly, culture supernatant was added to a sheep anti-p24-
specific antibody (Aalto Bio Reagents Ltd.) (10μg/ml) coated ELISA plate. Subsequently, 
mouse anti-HIV-1-p24 alkaline phosphatase conjugate antibody (Aalto Bio Reagents Ltd.) 
(4ng/ml) was used as the secondary antibody. For development, Lumi-phos plus (Lumigen 
Inc.) was used according to the manufacturer’s protocol and as a standard curve a serial 
dilution of Escherichia coli-expressed recombinant HIV-1-p24 (Aalto Bio Reagents Ltd.) was 
analyzed. 

Cells. TZM-bl cells were cultured in DMEM (Invitrogen) containing 10% FCS, MEM non-
essential amino acids (0.1mM, Invitrogen), penicillin and streptavidin (pen/strep), both 100U/
ml. Raji DC-SIGN cells were cultured in RPMI 1640 (Invitrogen) supplemented with 10% FCS, 
100U/ml pen/ strep. The peripheral blood mononuclear cells (PBMC) were isolated from buffy 
coats (Sanquin) of three healthy CCR5 wild-type homozygous donors using ficoll-hypaque 
density centrifugation. The cells were pooled and kept at -150⁰C until required. After thawing 
PBMCs were cultured in RPMI supplemented with 10% FCS, 100U/ml pen/strep and 100U/ml 
IL-2. 3μg/ml phytohemaglutinin was used to activate the cells and CD4+ T-lymphocytes were 
enriched by removing the CD8+ cells using CD8 dynabeads (Life Technologies) according to 
manufacturer’s protocol. Monocytes were isolated from buffy coats by ficoll-hypaque density 
centrifugation followed by selection for CD14+ cells via MACS (Miltenyi Biotec). Monocytes 
were cultured in RPMI containing 10% FCS supplemented with 500U/ml IL-4 and 800U/ml 
GM-CSF (Schering-Plough) for 6 days which differentiated them into iDCs [19]. 
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Viruses. Replication-competent HIV-1 subtype B NSI-18 (R5) and subtype B LAI (X4) were 
passaged on CD4+ T-lymphocytes [9]. NSI-18 is a primary isolate obtained from an individual 
from the Amsterdam cohort studies of Gay men and which utilises CCR5 as its coreceptor 
and LAI represents a molecular clone isolated from an HIV-1 patient and which utilises 
CXCR4. For each batch the tissue culture infectious dose (TCID

50
) was determined by limiting 

dilutions on CD4+ T-lymphocytes according to the Reed and Muench method, previously 
described [20] 

Direct infection. Different CM dilutions were pre-incubated, 30min. on ice, with NSI-18 
or LAI (5ng/ml p24) in DMEM supplemented with 10% FCS, 100U/ml pen/strep and 40μg/
ml (end concentration) DEAE-dextran (Sigma). Subsequently, this mixture was added 
to TZM-bl cells (70-80% confluent) that were washed with PBS. Two days post infection 
the cells were washed again with PBS after which they were lysed with Reporter Lysis 
Buffer (Promega). After at least 30min. at -80⁰C the luciferase activity was measured on 
the Glomax luminometer (Turner BioSystems) using the Luciferase Assay kit (Promega) 
according to manufacturer’s protocol. Direct infection of CD4+ T-lymphocytes was determined 
by pre-incubating these cells with different dilutions of CM for 30min after which LAI (1000 
TCID

50
) was added. Viral growth was monitored by measuring capsid p24 levels in culture 

supernatants using ELISA.

DC-SIGN mediated trans-infection and FACS analysis. In Raji DC-SIGN mediated 
capture/transfer experiments Raji DC-SIGN cells (5x104 cells/well) were pre-incubated with 
CM for 30min after which 500 TCID

50
/ml HIV-1 isolate NSI-18 or LAI was added. After 1h 

the cells were washed thoroughly and co-cultured with 2x105 CD4+ T-lymphocytes/well. Viral 
outgrowth was measured by capsid p24 ELISA. HIV-1 capture/transfer by iDCs and FACS 
analysis of the infection was performed as described [27] with minor alterations. Briefly, 
1x105 iDCs were pre-incubated with CM for 30min, 1x103 TCID

50
/ml virus (end concentration) 

was added, and after 2h the iDCs were washed and co-cultured with 2x105 CD4+ 
T-lymphocytes. After 48h the medium was replaced by fresh RPMI containing rIL-2 (2μg/ml) 
and indinavir (1μM; NIBSC). For FACS analysis the cells were fixed in 3.7% formaldehyde 
and subsequently permeabilized in PBS containing 1% BSA, 50mM NH

4
Cl and 0.1% 

saponin (Riedel-deHaën, S060905). Using anti-human CD3-APC (1:100, BD Pharmingen) 
and anti-CA-p24-FITC (1:200, Coulter Clone) the number of infected cells per 1x105 CD3+ 
T-lymphocytes was determined. 

Biochemical characterization. Size fractionation of CM was performed with YM-30 and 
YM-100 Microcon centrifugal filter devices (Millipore) according to manufacturer instructions. 
Heat treated samples were placed in a heat block for 10min at 95⁰C and proteinase K 
(Promega) treated samples were incubated for 30-60min at 56⁰C after which the enzyme 
was inactivated (10 min at 95⁰C). The depletion of (α1-3) mannose containing glycans 
was performed with Galanthus Nivalis lectin coated agarose beads (Vector Laboratories) 
according to the manufacturer’s protocol. In short, the samples were incubated with the beads 
for 1h at RT after which the beads were removed from the sample via centrifugation.
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Mass spectrometry analysis. To prepare samples for mass spectrometry analysis, CM 
of 6 DC-SIGN high binding individuals were pooled and incubated on a Protein A/G (Pierce 
Biotechnology) column overnight. An immunoprecipitationcarboxy using DC-SIGN-Fc (R&D 
systems) coated agarose beads (Sigma) was performed on the throughput, beads and 
CM were incubated together O/N. After two wash steps the beads were taken up in DTT 
containing sample buffer, placed at 99⁰C for 10min and run on a 4-12% SDS PAGE gel 
(Novex, Life Technologies). Protein bands of interest were excised, alkylated and subjected 
to tryptic digestion according to standard protocols. Digests were analysed using a Bruker Ion 
Trap (Amazon Speed) upon separation by a 30min LC run using a C-18 column controlled 
by an EasyLC system (Bruker-Protana). Acquired data files were processed by the Bruker 
Compass DataAnalysis software (version 4.1, build 359) and exported MGF files (Mascot 
generic) were used to search with Mascot. Search parameters for Mascot were: ESI-trap; 
charge states: 1+, 2+, 3+; tolerance: 0.3; ms/ms tolerance: 0.4; trypsin; one missed cleavage; 
fixed modification: carbamidomethylcysteine; variable modification: oxidation of methionine. 
Probabilistic Mascot scoring evaluates peptide identifications and p values of less than 0.05 
are considered significant. 
This approach resulted in identification of human lactoferrin with a total score of 211 -15% 
sequence coverage- (in band 2), and 302 -16% coverage- (in band 3), as well as human 
intelectin-1 (band 4) with a total score of 148 and 18% coverage. Band 2 does not contain 
higher scoring human proteins than lactoferrin (apart from some immunoglobulin and keratin 
contaminants); at much lower confidence levels we find the polymeric immunoglobulin 
receptor (score 66), intelectin-1 (score 46), IgGFc-binding protein (score 39), and Mucin-2 
(score 30). Band 3 does not contain higher scoring human proteins than lactoferrin (apart 
from some immunoglobulin and keratin contaminants); at much lower confidence levels we 
find IgGFc-binding protein (score 98), Krev interaction trapped protein I (score 48), and the 
polymeric immunoglobulin receptor (score 43). Band 4 does not contain higher scoring human 
proteins than intelectin-1 (apart from some immunoglobulin and keratin contaminants); at 
lower confidence levels we find lactoferrin (score 102), serum albumin (score 44), and IgGFc-
binding protein (score 31).

Statistical analysis. Two tailed unpaired t-tests were performed for data sets except 
when comparing DC-SIGN binding to CM (OD450) with DC-SIGN binding to gp140 (OD450) 
where a Spearman’s rank correlation was used. P values <0.05 were considered statistically 
significant.

Acknowledgments
We thank Mr. Haggar, Mr. Melville and the Colorectal Surgery Team, St. George’s 
Hospital, London, for their assistance in obtaining human colorectal tissue.



63

  3

References
1.  Hladik F, McElrath MJ. Setting the stage: host invasion by HIV. Nat Rev Immunol. 2008;8: 447-

457. 
2.  Grivel JC, Shattock RJ, Margolis LB. Selective transmission of R5 HIV-1 variants: where is the 

gatekeeper? J Transl Med. 2011;9 Suppl 1: S6. 
3.   Downs JA, Mguta C, Kaatano GM, Mitchell KB, Bang H, Simplice H, et al. Urogenital 

schistosomiasis in women of reproductive age in Tanzania’s Lake Victoria region. Am J Trop 
Med Hyg. 2011;84: 364-369. 

4.  Anand Kumar BH, Vijaya D, Ravi R, Reddy RR. Study of genital lesions. Indian J Dermatol 
Venereol Leprol. 2003;69: 126-128.

5. Rescigno M, Urbano M, Valzasina B, Francolini M, Rotta G, Bonasio R, et al. Dendritic cells 
express tight junction proteins and penetrate gut epithelial monolayers to sample bacteria. Nat 
Immunol. 2001;2: 361-367. 

6.  Geijtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van Duijnhoven GC, Middel J, et al. DC-
SIGN, a dendritic cell-specific HIV-1-binding protein that enhances trans-infection of T cells. Cell. 
2000;100: 587-597. 

7.  Guo Y, Feinberg H, Conroy E, Mitchell DA, Alvarez R, Blixt O, et al. (2004) Structural basis for 
distinct ligand-binding and targeting properties of the receptors DC-SIGN and DC-SIGNR. Nat 
Struct Mol Biol. 2004;11: 591-598.  

8.  van Kooyk Y, Geijtenbeek TB. DC-SIGN: escape mechanism for pathogens. Nat Rev Immunol. 
2003;3: 697-709. 

9. Naarding MA, Ludwig IS, Groot F, Berkhout B, Geijtenbeek TB, Pollakis G, et al. Lewis X 
component in human milk binds DC-SIGN and inhibits HIV-1 transfer to CD4+ T lymphocytes. J 
Clin Invest. 2005;115: 3256-3264. 

10. Naarding MA, Dirac AM, Ludwig IS, Speijer D, Lindquist S, Vestman EL, et al. Bile salt-stimulated 
lipase from human milk binds DC-SIGN and inhibits human immunodeficiency virus type 1 
transfer to CD4+ T cells. Antimicrob Agents Chemother. 2006;50: 3367-3374. 

11. Sabatte J, Faigle W, Ceballos A, Morelle W, Rodriguez RC, Remes LF, et al. Semen clusterin is a 
novel DC-SIGN ligand. J Immunol. 2011;187: 5299-5309. 

12. Saeland E, de Jong MA, Nabatov AA, Kalay H, Geijtenbeek TB, van KY. MUC1 in human 
milk blocks transmission of human immunodeficiency virus from dendritic cells to T cells. Mol 
Immunol. 2009;46: 2309-2316. 

13. Stax MJ, van Montfort T, Sprenger RR, Melchers M, Sanders RW, van Leeuwen E, et al. Mucin 6 
in seminal plasma binds DC-SIGN and potently blocks dendritic cell mediated transfer of HIV-1 
to CD4(+) T-lymphocytes. Virology. 2009;391: 203-211.

14. Jendrysik MA, Ghassemi M, Graham PJ, Boksa LA, Williamson PR, Novak RM. Human 
cervicovaginal lavage fluid contains an inhibitor of HIV binding to dendritic cell-specific 
intercellular adhesion molecule 3-grabbing nonintegrin. J Infect Dis. 2005;192: 630-639. 

15. Stax MJ, Naarding MA, Tanck MW, Lindquist S, Hernell O, Lyle R, et al. Binding of human milk to 
pathogen receptor DC-SIGN varies with bile salt-stimulated lipase (BSSL) gene polymorphism. 
PLoS One. 2011;6: e17316. 



64

3

16. Herrera C, Cranage M, McGowan I, Anton P, Shattock RJ. Reverse transcriptase inhibitors as 
potential colorectal microbicides. Antimicrob Agents Chemother. 2009;53: 1797-1807.

17. Binley JM, Sanders RW, Clas B, Schuelke N, Master A, Guo Y, et al. A recombinant human 
immunodeficiency virus type 1 envelope glycoprotein complex stabilized by an intermolecular 
disulfide bond between the gp120 and gp41 subunits is an antigenic mimic of the trimeric virion-
associated structure. J Virology. 2000;74: 627-643.

18. Eggink D, Melchers M, Wuhrer M, van Montfort T, Dey AK, Naaijkens BA, et al. Lack of complex 
N-glycans on HIV-1 envelope glycoproteins preserves protein conformation and entry function. 
Virology. 2010;401: 236-247.

19. van Montfort T, Nabatov AA, Geijtenbeek TB, Pollakis G, Paxton WA. Efficient Capture of 
Antibody Neutralized HIV-1 by Cells Expressing DC-SIGN and Transfer to CD4+ T Lymphocytes. 
J Immunol. 2007;178: 3177-3185.

20. Pollakis G, Kang S, Kliphuis A, Chalaby MIM, Goudsmit J, Paxton WA. N-linked glycosylation of 
the HIV-1 gp120 envelope glycoprotein as a major determinant of CCR5 and CXCR4 co-receptor 
utilization. J Biol Chem. 2001;276: 13433-13441.

21. Ceballos A, Remes LF, Sabatte J, Rodriguez RC, Cabrini M, Jancic C, et al. Spermatozoa capture 
HIV-1 through heparan sulfate and efficiently transmit the virus to dendritic cells. J Exp Med. 
2009;206: 2717-2733. 

22. Munch J, Rucker E, Standker L, Adermann K, Goffinet C, Schindler M, et al. Semen-derived 
amyloid fibrils drastically enhance HIV infection. Cell. 2007;131: 1059-1071. 

23. Martellini JA, Cole AL, Venkataraman N, Quinn GA, Svoboda P, Gangrade BK, et al. Cationic 
polypeptides contribute to the anti-HIV-1 activity of human seminal plasma. FASEB J. 2009;23: 
3609-3618. 

24. Ghosh M, Fahey JV, Shen Z, Lahey T, Cu-Uvin S, Wu Z, et al. Anti-HIV activity in cervical-vaginal 
secretions from HIV-positive and -negative women correlate with innate antimicrobial levels and 
IgG antibodies. PLoS One. 2010;5: e11366. 

25. Groot F, Geijtenbeek TB, Sanders RW, Baldwin CE, Sanchez-Hernandez M, Floris R, et al. 
Lactoferrin prevents dendritic cell-mediated human immunodeficiency virus type 1 transmission 
by blocking the DC-SIGN--gp120 interaction. J Virol. 2005;79: 3009-3015. 

26. Carthagena L, Becquart P, Hocini H, Kazatchkine MD, Bouhlal H, Belec L. Modulation of 
HIV Binding to Epithelial Cells and HIV Transfer from Immature Dendritic Cells to CD4 T 
Lymphocytes by Human Lactoferrin and its Major Exposed LF-33 Peptide. Open Virol J. 2011;5: 
27-34. 

27. Buisine MP, Desreumaux P, Leteurtre E, Copin MC, Colombel JF, Porchet N, et al. Mucin gene 
expression in intestinal epithelial cells in Crohn’s disease. Gut. 2001;49: 544-551.

28. Stax MJ, Kootstra NA, van ‘t Wout AB, Tanck MW, Bakker M, Pollakis G, et al. HIV-1 disease 
progression is associated with bile-salt stimulated lipase (BSSL) gene polymorphism. PLoS One. 
2012;7: e32534. 

29.  Nilsson J, Blackberg L, Carlsson P, Enerback S, Hernell O, Bjursell G. cDNA cloning of human-
milk bile-salt-stimulated lipase and evidence for its identity to pancreatic carboxylic ester 
hydrolase. Eur J Biochem. 1990;192: 543-550.







Schistosoma mansoni soluble egg antigen 
and omega-1 modulate induced T-cell 

responses and reduce HIV-1 susceptibility

Emily E.I.M. Mouser, Georgios Pollakis, Hermelijn H. Smits, Maria Yazdanbakhsh,
Esther C. de Jong*, William A. Paxton*

*these authors contributed equally to this work

To be submitted

Chapter 4



Abstract

Parasitic helminths evade, skew and dampen human immune responses through 
numerous mechanisms. Such effects will likely have consequences for HIV-1 

transmission and disease progression. Here we analyzed the effect of soluble egg 
antigen (SEA) from Schistosoma mansoni on HIV-1 infection in vitro. We determined 

that SEA, through kappa-5, can potently block DC-SIGN mediated HIV-1 trans-
infection of CD4+ T-lymphocytes, but not block cis-infection. Dendritic cells (DC) 

exposed to SEA induce Th2 skewed Th-cells less susceptible to HIV-1 R5 infection 
compared to Th-cells induced by unexposed DCs whilst HIV-1 X4 infection was 

unaffected. This restricted infection profile was not associated with downmodulation of 
CCR5 surface expression or observed differences in cytokine/chemokine production. 

Using recombinant omega-1, component of SEA, HIV-1 R5 infection could be 
restricted further in which downmodulation of CCR5 does play a role. SEA possesses 
antigens that can modulate HIV-1 infection and potentially influence disease course. 
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Introduction 
We encounter numerous pathogens throughout our life-time, encompassing bacteria, 
fungi, parasites and viruses with many infections occurring concomitantly. Since CD4+ 
T-lymphocytes are the main cell-type infected with HIV-1, the immune responses 
mounted against the array of co-infecting pathogens will likely influence HIV-1 
transmission and disease progression. Helminthic parasites such as Schistosoma 
mansoni are pertinent in this context, due to their ability to evade, dampen and skew 
the human immune system including CD4+ T-lymphocyte responses. Moreover, many 
areas endemic for S. mansoni infection have high HIV-1 prevalence rates where co-
infection will be likely.
 Cells are infected with HIV-1 through the initial binding of its trimeric gp120 
envelope protein to CD4, after which it interacts with numerous chemokine receptors, 
typically CCR5 or CXCR4, and undergoes entry 1. CCR5 using viruses (R5) are 
those predominantly transmitted and later in disease the virus switches to using 
CXCR4 (X4) in approximately 50% of individuals 2. Following transmission the virus 
rapidly disseminates to lymph nodes and especially to the gut associated lymphoid 
tissue (GALT). The GALT is a major reservoir for CD4+CCR5+ memory T-cells and 
approximately 80% of these cells are lost in the first weeks following HIV-1 infection 
3, 4. Direct infection of cells via the CD4 molecule and co-receptors is termed cis-
infection. An array of C-type lectins (CLR) expressed on myeloid cell lineages have 
been shown to successfully capture HIV-1 and pass the virus to activated CD4+ 
T-cells, referred to as trans-infection 5. One such lectin known to strongly support 
trans-infection is dendritic cell specific ICAM3-grabbing non-integrin (DC-SIGN) which 
is expressed to high levels on dendritic cells (DCs). This molecule has been implicated 
in supporting HIV-1 transmission as well as virus dissemination 5, 6. DC-SIGN is known 
to bind many glycosylated structures including a large array of pathogen antigens as 
well as numerous host proteins found in bodily secretions 7-10. Indeed, these molecules 
have the capacity to interfere with HIV-1 trans-infection. 
 CD4+ effector memory T-cells, better known as the T helper (Th) cells, consist 
of three major subsets; Th1 cells induced by viral infections, Th2 cells induced by 
parasitic infections and Th17 cells induced by bacterial and fungal infections 11. 
Remarkably, expression of HIV-1 co-receptors is not directly linked to the HIV-1 
susceptibility of these cells. For instance, Th1 cells express high levels of CCR5 but 
also produce MIP-1α, MIP-1β and RANTES, the natural ligands for CCR5, thereby 
limiting R5 infection in these cultures 12, 13. Contrary, Th2 cells express lower levels 
of CCR5 but due to the limited production of MIP-1α, MIP-1β and RANTES these 
cultures have been shown to be infected more easily 12, 13. This generalized view 
that Th2 cells are more susceptible to HIV-1 infection than Th1 cells is no longer 
supported. In a review by Mariana et al. it was stated that HIV-1 susceptibility of 



70

4

CD4+ T-cells greatly varied depended on the in vitro stimulation of these cells 14. 
More recent studies have correlated pathogen specific CD4+ T-cell phenotypes to 
HIV-1 susceptibility. Cytomegalovirus (CMV) and Mycobacterium tuberculosis (Mtb) 
infections both result in the induction of Th1 cells 15, 16. However, the Mtb specific 
T-cells are lost early during HIV-1 infection while the CMV specific T-cells are lost later 
in disease 17. This discrepancy was explained by differences in cytokine profile, where 
Mtb specific cells possess a high IL-2 and low MIP-1β expression profile while the 
reverse phenotype was observed in CMV specific CD4+ T-cells 17. Human papilloma 
virus specific CD4+ T-lymphocytes have also been shown to be lost early after HIV-1 
infection 18, 19. 
 Helminths, including S. mansoni, are known to skew immune responses towards 
a Th2 phenotype, which according to the above hypothesis would be detrimental 
to those individuals co-infected with HIV-1 20, 21. This has led to the assumption that 
treating S. mansoni in co-infected individuals would be beneficial for their HIV-1 
disease. Clear epidemiological evidence to-date is lacking, as treatment studies have 
been reporting contradictory findings 22. A treatment program in Ethiopia found that 
deworming S. mansoni infected HIV-1 patients led to a decrease in viral loads 23, whilst 
another study in Uganda reported the opposite 24. Similar inconsistencies have been 
found for other markers associated with HIV-1 disease progression reviewed in 21 with 
only one exception. Women infected with S. haematobium and who have egg induced 
lesions in their genital tract were found to be at higher risk of HIV-1 infection 25, 26.
 In S. mansoni infections the eggs play a crucial role in disease as they induce 
lesions and skew CD4+ T-lymphocyte responses. An adult S. mansoni pair typically 
lay up to 300 eggs a day which migrate to the gut lumen in order to be expelled 27. 
One of the best studied antigen mixtures of S. manoni is soluble egg antigen (SEA) 
which is an extract derived from homogenized eggs and consists of hundreds of 
proteins of which many are glycosylated 28. SEA has accordingly been shown to bind 
many glycan receptors including DC-SIGN, mannose receptor (MR) and macrophage 
galactose type-lectin (MGL) 28, 29. Through binding to these receptors SEA alters 
the DCs response to TLR4 ligand, LPS and TLR3 ligand PolyI:C 30. Albeit, SEA 
itself cannot fully mature immature DC (iDCs), while antigen processing is similar to 
LPS matured DCs 31. Furthermore, SEA exposed DCs are known to induce Th-cell 
responses that are skewed towards a Th2 phenotype, even when a Th1 cell response 
is required 32. Recently it has been demonstrated that omega-1 (ω-1), one of SEA’s 
main components, is able to drive Th2 cell responses 33-35. Omega-1 is a member of 
the T2 RNase family which enters the cell through binding the MR and subsequently 
degrades cellular mRNA and rRNA products. Both the RNase activity and the glycan 
group are essential for Th2 skewing 33. 
 Infection with either S. mansoni or HIV-1 has major implications on the host, 
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due to the longevity of infection and extent of damage these pathogens cause to 
the immune system. The complex pathogen interactions encountered in co-infected 
individuals makes it difficult to determine the effect of S. mansoni on HIV-1 infection. 
Consequently, our study focused on studying the effects of SEA on HIV-1 infection, we 
address whether SEA can interfere with cis- or trans-infection of CD4+ T-lymphocytes 
as well as whether skewing of T-cell responses towards a Th2 phenotype results in 
cells with an altered susceptibility for HIV-1 infection. 

Results
SEA inhibits HIV-1 trans-infection but not cis-infection of CD4+ 
T-lymphocytes
It has been reported that SEA binds several C-type lectin receptors and competes 
with monomeric HIV-1 gp120 for binding 28, 36. We confirmed that SEA binds DC-SIGN 
using a DC-SIGN binding ELISA, where increasing concentrations of SEA results in 
a dose-dependent increase of DC-SIGN-Fc binding (Fig. 1A). To determine whether 
this interaction could interfere with HIV-1 binding to DC-SIGN we performed a gp140 
competition ELISA. Here DC-SIGN-Fc is incubated with SEA before addition to an 
ELISA plate coated with trimeric gp140. We found that concentrations as low as 0.2μg/
ml SEA resulted in a 50% reduction of DC-SIGN-Fc binding to gp140 (Fig. 1B). Since 
the trimeric gp140 protein closely resembles the functional HIV-1 envelope protein, 
this data suggests that SEA can prevent HIV-1 from interacting with DC-SIGN.
We next tested whether SEA could interfere with HIV-1 cis-infection (direct infection). 
Therefore, CD4+ enriched (CD8+ depleted) T-cell blasts were incubated with SEA 
(1, 5 or 25μg/ml) before HIV-1 SF162 (CCR5 using virus) or LAI (CXCR4 using 
virus) was added. Neither SF162 (R5) nor LAI (X4) viral outgrowth, measured as 
the concentration of HIV-1 capsid protein (CA-p24) in the culture supernatant, was 
affected by the presence of SEA (Fig. 1C). This indicates that SEA does not interfere 
with HIV-1 binding to CD4, CCR5 or CXCR4. Additionally, the presence of SEA had 
no effect on cell counts and/or cell viability of the CD4+ enriched T-cell blasts (data not 
shown). 
 Since incubating DC-SIGN-Fc with 1μg/ml SEA provided a 70% reduction in its 
capacity to bind gp140 (Fig. 1B), we pre-incubate Raji DC-SIGN cells with the same 
concentration to identify whether SEA can block HIV-1 trans-infection of CD4+ enriched 
T-cell blasts. Viral outgrowth of both SF162 (R5) and LAI (X4) was approximately 
80% reduced in co-cultures where the Raji DC-SIGN cells were pre-incubated with 
SEA (p<0.01 and p<0.05, respectively) (Fig. 1D). Similarly, we tested the effect of 
SEA on the physiologically more relevant immature monocyte derived DCs (iDCs) 



72

4

    













 








 





  




     














 


 







 





 




 










 


 


 







 








 



 


 









   













 


 







   













 


 













 

  




















 







 





 






Figure 1. SEA binds DC-SIGN and can block trans-infection of CD4+  T-lymphocytes but not 
cis-infection. (A) DC-SIGN binding ELISA where DC-SIGN-Fc was added to a SEA coated plate, 
the highest OD450 was set to 100% binding. (B) Gp140 competition ELISA where DC-SIGN-Fc was 
incubated with SEA prior to addition to a trimeric gp140 coated plate. The highest OD450 was set to 
100%, implying that 0.01μg/ml SEA will not block DC-SIGN-Fc binding to gp140. (C) Effect of SEA 
on cis-infection was determined by adding SEA 2h prior to SF162 (R5) or LAI (X4) to CD4+ enriched 
T-cell blasts. Viral outgrowth was monitored through measuring p24 levels in culture supernatant. 
(D) SEA’s effect on trans-infection was determined by pre-incubating Raji DC-SIGN cells with 1μg/
ml SEA and subsequently adding SF162 (TCID50 5000) or LAI (TCID50 500). Viral outgrowth in Raji 
DC-SIGN-CD4+ T-lymphocyte co-cultures was monitored through measuring p24 levels in culture 
supernatant. (E) Similarly, iDC were incubated with SEA or mannan (positive control) prior to addition 
of SF162 (TCID50 200). Viral outgrowth in iDC-CD4+ T-lymphocyte co-cultures was monitored through 
measuring p24 levels in culture supernatant. (F) 1.6-2μg/ml of SEA fractions were examined in the 
gp140 competition ELISA. The OD450

 
of DC-SIGN-Fc binding to gp140 is set to 100% and binding of 

SEA pre-incubated DC-SIGN-Fc is plotted as a percentage of this 100%. Pre-incubating DC-SIGN-Fc 
with any of the SEA fractions or mannan resulted in a significant decrease (p<0.05) in gp140 binding. 
(A-F) Experiments were performed in triplicate. *p< 0.05,**p<0.01, ***p<0.001
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and observed a significant reduction (p<0.01) in SF162 (R5) outgrowth but only when 
iDCs were pre-incubated with 100μg/ml SEA. This higher SEA concentration was 
likely required because iDCs express higher levels of DC-SIGN than Raji DC-SIGN 
cells, having multiple other CLRs capable of binding HIV-1 and having a rapid receptor 
turnover. As a positive control mannan, known to bind DC-SIGN and block HIV-1 
trans-infection, was tested and provided similar inhibitions.
 SEA consists of many molecules of which IPSE/α-1, kappa-5 (κ5) and omega-1 (ω-
1) are the major components. To determine which of these is responsible for blocking 
HIV-1 trans-infection, SEA depleted of each product was evaluated using the gp140 
competition ELISA. Depletion of κ5 from SEA partially restored the binding capacity of 
DC-SIGN to gp140 whereas depletion of IPSE/α-1 or ω-1 did not abrogate the effect 
(Fig. 1E). 
 In conclusion, SEA potently binds DC-SIGN, via κ5, and prevents DC-SIGN 
mediated capture and transfer of HIV-1 to CD4+ T-lymphocytes, whilst having no effect 
on direct infection.  

SEA exposed DCs induce T-cell cultures with an altered susceptibility to 
SF162 (R5) infection 
Besides the direct effect of blocking HIV-1 trans-infection, SEA may also affect HIV-1 
infection indirectly. SEA exposed DCs have been shown to promote the development 
of effector memory T-cells with a pronounced Th2 phenotype, which may have an 
altered susceptibility to HIV-1 infection 32. Here we established an in vitro model 
system where iDCs (donor A) were matured in Th1/Th2 mixed-, Th1- or Th2-promoting 
conditions (LPS, LPS+IFN-γ or LPS+PgE2) either in the absence or presence of 
SEA. Co-culturing these DCs with Staphylococcus Enterotoxin B (SEB) and naïve 
CD4+CD45RA+ T-cells (donor B) for 8 days resulted in Th1/Th2 mixed (Tmix), Th1 or 
Th2 polarized memory T-cell cultures, respectively. The cells were infected with HIV-
1 SF162 (R5) or LAI (X4) and monitored for infection over time (Fig. 2A and suppl. 
Fig 1). In our model, Tmix and Th2 cell cultures have on average 4.4% ±0.4 and 4.6% 
±0.6 SF162+ cells, respectively, whilst Th1 cell cultures tend to have a lower level of 
infection, 3.1% ±0.7 (p=0.09, compared to Tmix cell culture) (Fig. 2B, filled symbols). 
When SEA was present during DC maturation the percentage of SF162+ T-cells was 
found to be similar in Tmix, Th1 and Th2 cell cultures, 3.5% ±0.6, 4.6% ±0.9 and 2.8% 
±0.5, respectively (Fig. 2B, open symbols). A 2-way ANOVA revealed that there is 
a significant interaction (p=0.041) between SEA and the T-cell subset infected with 
SF162, meaning that SEA affects SF162 infection depended on the T-cell subset. 
More in depth analysis of the different groups demonstrated that Th2 cells induced by 
SEA exposed DCs have a significantly lower percentage of SF162+ T-cells than Th2 
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Figure 2. HIV-1 
SF162 (R5) infection 
is altered in T-cell 
cultures induced by 
SEA exposed DCs. 
(A) Schematic overview 
of our in vitro model 
system. (B) Percentage 
of SF162+ cells in Tmix 
(rounds), Th1 (triangles) 
and Th2 (squares) cell 
cultures induced by DCs 
unexposed (filled) or 
exposed to SEA (open). 
(C) Percentage of LAI+ 
cells in Tmix (rounds), 
Th1 (triangles) and 

Th2 (squares) cell cultures induced by DCs unexposed (filled) or exposed to SEA (open). (B and C) 
Results of 6 to 8 independent experiments using at least 5 different donor combinations combined, 
depicted are the mean value and SEM.
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cells induced by SEA unexposed DCs (p=0.044). In contrast, SEA exposure of DCs 
inducing Tmix or Th1 populations did not affect the percentage of SF162+ T-cells. 
 Surprisingly, no such effects were observed in LAI (X4) infected cultures. The 
percentage of LAI+ cells in Tmix, Th1 and Th2 cell cultures was found to be similar, 
14.4% ±2.2, 16.7% ±4.1 and 12.8% ±1.4, respectively, when induced by unexposed 
DCs or 13.5% ±2.1, 17.8% ±2.5 and 10.6% ±2.4, respectively, when induced by SEA 
exposed DC (Fig. 2C). Analysing the effect of SEA on the infection of the different cell 
types using a 2 way ANOVA demonstrated no significant differences.
 Thus our data demonstrate that the addition of SEA to DCs maturing under Th2 
promoting conditions result in the induction of T-cells with a reduced susceptibility to 
CCR5 HIV-1 infection.

Reduced susceptibility of CD4+ T-lymphocytes to SF162 (R5) via SEA 
exposed DCs does not correlate to altered cytokine/chemokine expression 
levels 
In order to explain the reduced SF162 (R5) infection in Th2 cell cultures induced by 
SEA exposed DCs we characterized the cytokine/chemokine (IFN-γ, IL-4, IL-2, TNF-α, 
MIP-1β) expression profiles of the different T-cell populations. Since all cells under all 
circumstances were IL-2+ and TNF-α+, this data is not shown. First we demonstrated 
that neither SF162 (R5) nor LAI (X4) infection alters the potential of the T-cells to 
produce cytokines in all three T-cell populations (Fig. 3A). Next, we determined the 
effect of exposing DCs to SEA, which is known to skew T-cell responses towards 
a Th2 phenotype. Indeed, in our system we found a significant reduction of IFN-γ 
producing T-cells in all three T-cell cultures irrespective of HIV-1 infection (Fig. 3B). 
Besides IFN-γ, the percentage of MIP-1β+ cells was also significantly reduced in 
all three T-cell populations when SEA was present during DC maturation (Fig. 3C). 
Interestingly, when comparing the cytokine profile of the SF162 infected (p24+) T-cells 
to the profile of the total population we found a higher percentage of IFN-γ and MIP-
1β producing T-cells in the infected fraction of all three T-cell populations (Fig. 3D 
and E). Analysing the FACS plots revealed it is mainly the percentage of MIP-1β+ and 
IFN-γ+MIP-1β+ cells that is enhanced (Fig. 3D). Combing data from several donors 
shows the increase in MIP-1β+ and IFN-γ+ cells in the p24 fraction is a significant 
increase (Fig. 3F).This increase was not observed for IL-4 nor for any cytokine in the 
LAI infected fractions (Fig. 3E). However, since this increase in MIP-1β+ and IFN-γ+ 

cells in the SF162 infected fraction is also found in all three T-cell populations induced 
by SEA exposed DCs (data not shown), it is unlikely that this phenomena contributes 
to the altered SF162 (R5) susceptibility of Th2 cell cultures induced by SEA exposed 
DCs. Hence, the cytokine/chemokine production of the T-cells doesn’t explain for the 
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Figure 3. DCs exposed to SEA induce T-cell cultures with less IFN-γ and MIP-1β producing 
T cells. (A) Percentage of T-cells producing IFN-γ, MIP-1β and IL-4 in a uninfected (bar 1), SF162 
(bar 2) or LAI (bar 3) infected T-cell population. Representative for Tmix, Th1 and Th2 cell cultures 
induced by SEA exposed or unexposed DCs. (B) Plotted is the average percentage of IL-4 and IFN-γ 
producing T-cells in Tmix, Th1 and Th2 cell cultures induced by unexposed and SEA exposed DCs. (C) 
Average percentage of MIP-1β producing T-cells in the three T-cell populations induced by unexposed 
versus SEA exposed DCs. (D) Dotplot of IFN-γ (y-axis) and MIP-1β (x-axis) producing T-cells in 
the SF162 population (left) and the p24+ fraction of that population (right) shown in the next figure 
(E). (E) Percentage of IFN-γ, MIP-1β and IL-4 producing T-cells in a SF162 or LAI infected Th1 cell 
population (bar 1 and 3) versus the percentage found in the p24+ fractions (bar 2 and 4). (F) Data of 7 
independent experiments combined depicting the percentage of IFN-γ and MIP-1β producing T-cells 
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significant reduction in SF162 (R5) infection found in Th2 cell cultures induced by 
SEA exposed DCs. Nevertheless, the high percentage of MIP-1β producing T-cells in 
Th1 cell cultures induced by unexposed DCs may explain for the trend of reduced of 
SF162 infection levels in this population (p=0.09) (Fig. 2B).

Reduced susceptibility of CD4+ T-lymphocytes to SF162 (R5) does not 
correlate with altered CCR5 expression 
The reduced HIV-1 infection was only observed for SF162 (R5) and not for LAI (X4), 
suggesting that CCR5 expression levels may be altered in the T-cell populations 
induced by SEA exposed DCs. We determined the percentage of cells expressing 
CCR5 on their surface as well as the quantity of CCR5 per cell. When comparing Th2 
cell cultures induced by unexposed DC to SEA exposed DC we found no difference 
in the percentage of cells expressing CCR5, 72% versus 76.6% respectively, or the 
amount of CCR5 on each cell, geometric mean of 1365 and 1705, respectively (Fig. 
4A). The interesting finding that the SF162- but not the LAI-infected fraction had a 
significantly higher percentage IFN-γ+ and MIP-1β+ cells than the population (Fig. 
3D) led us to speculate that SF162 (R5) infection resulted in upregulation of these 
cytokines through CCR5 engagement rather than the specific cell phenotype being 
targeted by SF162 (R5). To examine this possibility we added either monomeric 
SF162 gp120 or RANTES (a CCR5 ligand) to LAI (X4) infected cultures and 
determined the percentage of IFN-γ and MIP-1β producing T-cells. Addition of 
monomeric SF162 gp120 (1 and 3μg/ml), or RANTES (0.7 and 5μg/ml), did not result 
in an increased percentage of IFN-γ+ or MIP-1β+ T-cells compared to the 9.3% and 
12.8% found in the infected fraction in the absence of these compounds (Fig. 4B and 
4C). Furthermore, neither the addition of gp120 nor RANTES resulted in an increased 
percentage of IFN-γ+ or MIP-1β+ T-cells at the cell population level (data not shown). 
Our data indicates that CCR5 signalling is not the cause of the higher IFN-γ+ and 
MIP-1β+ expression levels in the SF162+ fraction in comparison to the population. To 
conclude, there are no differences in CCR5 expression between Th2 cell cultures 
induced by unexposed or SEA exposed DCs. Furthermore, it is unlikely that signalling 
through CCR5 causes the increased percentage of IFN-γ and MIP-1β producing 
T-cells in the SF162 infected fraction compared to the total population. 

in a SF162 infected Th1 population versus the percentage found in the p24+ fraction of that population. 
Both figures are representative for all three T-cell populations induced by SEA exposed or unexposed 
DCs. (A, D, E) Representative figures from at least 5 independent experiments (conditions with virus 
were done in duplo) while (B, C, F) are the result of 6 to 8 independent experiments using at least 5 
donor combinations combined, depicted are the mean value and SD. *p<0.05 **p<0.01 ***p<0.001.
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Sample G.M.

▬ Th2 +SEA 1705

▬ Th2 -SEA 1365

Figure 4. CCR5 expression does not correlate with altered SF162 infection. (A) Th2 cell cultures 
induced by SEA exposed or unexposed DCs analysed for the percentage of cells expressing CCR5 
on their surface as well as the quantity of CCR5 on the surface of each cell (geometric mean). (B) 
Dotplots showing the percentage of IFN-γ (y-axis) and MIP-1β (x-axis) producing T-cells in the LAI+ 
fraction of LAI infected cultures (left), LAI infected cultures with 1μg/ml (middle) or 3μg/ml (right) 
monomeric SF162 gp120 added 24h after LAI infection. (C) Dotplots showing percentage of IFN-γ 
(y-axis) and MIP-1β (x-axis) producing T-cells in the LAI+ fraction of LAI infected cultures (left), LAI 
infected cultures with 0.7μg/ml (middle) or 5μg/ml (right) RANTES added 24h after LAI infection. (A-C) 
Representative figures of experiments performed at least 3 times.
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Recombinant ω-1 exposed DC induce Tmix cell cultures with a reduced 
SF162 (R5) susceptibility 
Above we demonstrated that additional skewing towards Th2 by exposing DCs, which 
are maturing under Th2 promoting conditions, to SEA resulted in significantly reduced 
SF162 infection levels. In contrast, the level of SF162 (R5) infection was reduced in 
Tmix cell cultures induced by SEA exposed DCs but this was not significant. Thus, 
since ω-1 is the main Th2 skewing component in SEA we exposed maturing DC to 
different dosages of recombinant ω-1 (rω-1) to determine whether enhanced Th2 
skewing could result in a significantly reduced infection of Tmix cell cultures with SF162 
(R5). 
 The presence of 1μg/ml rω-1 during DC maturation did not alter the Tmix cell culture 
susceptibility for SF162 (R5), whereas exposure to 2 or 4μg/ml rω-1 dose-dependently 
reduced the percentage of infected T-cells by 40% and 60%, respectively (Fig. 5A). 
Contrary, the presence of rω-1 during DC maturation did not affect T-cell population 
susceptibility to LAI (X4) virus. Plotting data from several experiments confirms that 
there is a significant reduction in the percentage of SF162 (R5) infected T-cells in Tmix

 

cultures induced by rω-1 exposed DCs while this is not seen for LAI (X4) infection 
(Fig. 5B). Analysing the cytokine/chemokine profile of these T-cell populations resulted 
in a similar pattern as observed for T-cells induced by SEA exposed DCs. There 
was a significant reduction in the percentage of IFN-γ and MIP-1β producing T-cells 
whilst the percentage of IL-4 producing cells remained unaltered (Fig. 5C). Based 
on the cytokine/chemokine profile of these cells it does not appear that rω-1 leads 
to enhanced Th2 skewing. What we did find was a modest, 10%, reduction in the 
percentage of CCR5+ T-cells in Tmix cell cultures induced by rω-1 exposed DCs as 
well as a reduced level of CCR5 surface expression per cell, geometric mean of 1209 
versus 2063, respectively which potentially plays a role (Fig. 4D). 
 Collectively, these results indicate that ω-1 contributes to the reduced SF162 (R5) 
infection observed in T-cells induced by SEA exposed DCs.

Discussion 
Helminthic parasites are known to possess immunomodulatory properties and 
specifically skew immune responses towards a Th2 phenotype 32. Here we studied 
whether SEA from S. mansoni eggs had the potential to modulate HIV-1 infection in 
vitro. First, we demonstrated that SEA had no effect on influencing cis-infection of 
CD4+ enriched T-cell blasts but does efficiently block DC-SIGN mediated HIV-1 trans-
infection by competing for DC-SIGN binding. Kappa-5 was identified as the major 
DC-SIGN binding component of SEA through examining SEA depleted of various 



80

4

       
















 







 


 








       
















 







 


 









Figure 5. Rω-1 exposed DCs induce a Tmix cell population 
less susceptible for SF162 (R5) but not LAI (X4) infection. (A) 
Percentage of SF162 or LAI infected cells in Tmix cell populations 
induced by unexposed DCs was set to 100% and the level of 
infection found in Tmix cell cultures induced by rω-1 exposed DCs 
was expressed as a percentage of this 100%. (B) The percentage 

of SF162+ cells found in Tmix cell populations induced by unexposed DCs versus the percentage 
found Tmix cell populations induced by SEA exposed DCs (left). Same for LAI in the right figure. 
(C) Average percentage of IL-4, IFN-γ and MIP-1β producing T-cells in Tmix cell cultures induced 
by unexposed or rω-1 exposed DCs. (D) Percentage of cells expressing CCR5 on their surface as 
well as the quantity of CCR5 per cell (geometric mean) for Tmix cell cultures induced by unexposed 
or rω-1 exposed DCs. Representative figure of 3 independent experiments. (B, C) Data from 4 
independent experiments using 4 different donor combinations where DCs were exposed to 2-4μg/ml 
rω-1. 

Sample G.M.

▬ Tmix +rω-1 1209

▬ Tmix -rω-1 2063

 
























 




  




 





















 







10%             0          10        20         30% 
IL4+ IFNγ+ 

-  Tmix 

 
+  Tmix 

rω
-1

: 

C. 

   





















 












81

  4

molecules. Furthermore, we demonstrated that exposing DCs that are maturing 
under Th2 promoting conditions to SEA resulted in Th cells that were less susceptible 
to SF162 (R5) infection while being equally susceptible to LAI (X4) infection. This 
reduced infection of R5 virus was not associated with lowered CCR5 expression or 
heightened expression of the CC-chemokine MIP-1β as would be expected. Moreover, 
we demonstrate that the rω-1 possessed the same capacity in reducing R5 HIV-1 
infectivity but not that of X4 virus, suggesting that ω-1 was responsible for inducing 
the observed HIV-1 infection profile. Collectively our data demonstrates that SEA has 
the capacity to influence numerous mechanisms associated with HIV-1 transmission 
and pathogenesis, suggesting that the S. mansoni may modulate HIV-1 infection and 
disease course.
 Receptive anal intercourse carries the highest risk for HIV-1 transmission which 
is believed to be due to the delicate nature of the gut wall and the high numbers of 
immune cells residing at this site 2, 37. Upon crossing the mucosal barrier DCs are 
amongst the first cells HIV-1 encounters and since trans-infection is far more efficient 
than cis-infection, especially with a limited number of virions present, these DCs are 
thought to be crucial in establishing infection, either in adjacent CD4+ T-lymphocytes 
or in localised lymph nodes 5. Consequently, the presence of SEA in the gut wall 
which can prevent HIV-1 trans-infection potentially hinders HIV-1 transmission. 
Furthermore, iDCs will encounter pathogens in the context of SEA, including ω-1, 
thus the T-cell responses induced in the lymph nodes will be skewed towards a Th2 
phenotype 38. These T-cells will home to the gut and since they are less susceptible 
to HIV-1 R5 infection may also limit transmission. Moreover, regardless of the route 
of HIV-1 infection a massive loss of CD4+ memory T-lymphocytes in the GALT is 
observed within the first few weeks of infection 4. The cells lost in this reservoir are 
not replenished after peak viremia and although the initial cell loss is not correlated 
with HIV-1 disease progression, microbial translocation caused by loss of the GALTs 
function is 4, 39. If CD4+ T-lymphocytes in the gut are less susceptible for HIV-1 R5 
virus infection, more cells may survive the initial peak viremia, thereby maintaining the 
GALT function and providing for reduced bacterial translocation across the gut mucosa 
and resultant immune activation. Given these findings, S. mansoni infected individuals 
may be predicted to be less susceptible to HIV-1 transmission or upon infection may 
have a better prognosis. Our study does not take into account the lesions formed by S. 
mansoni eggs which may enable HIV-1 to cross the mucosal barrier more easily and 
thereby may counteract any protective effects provided by SEA as described above. 
Infection with S. haematobium has indeed been associated with increased vaginal 
transmission of HIV-1 though the lesions induced by the presence of egg antigens in 
the female genital tract 25, 26.   
 Several cytokines and CC-chemokines have been associated with alterations in 
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HIV-1 infection and disease progression. The CC-chemokines MIP-1α, MIP-1β and 
RANTES are the natural ligands for CCR5, hence in vitro T-cell cultures containing 
high levels of these chemokines have lower levels of HIV-1 R5 infection 40, 41. A study 
by Geldmacher et al. demonstrated that CD4+ T-lymphocytes in vivo expressing 
high levels of MIP-1β, in conjunction with lower levels of IL-2 expression, were 
more resistant to HIV-1 than cells expressing low levels of MIP-1β and high levels 
IL-2 17. However, MIP-1α, MIP-1β and RANTES are all Th1 associated chemokines 
and because SEA and rω-1 skew T-cell responses to a Th2 phenotype we actually 
observed a significant reduction in the percentage of CD4+ T-lymphocytes capable 
of producing MIP-1β in Tmix, Th1 and Th2 cell cultures (Fig. 3C and 5C) 42. The 
SF162+ fraction did show a higher percentage of IFN-γ and MIP-1β producing CD4+ 
T-lymphocytes than the total population, suggesting that either these cells were 
targeted or IFN-γ and MIP-1β were induced upon R5 infection. This effect was not 
observed for LAI infected cultures when SF162 monomeric gp120 or RANTES was 
added to the culture, indicating that the increased percentage of MIP-1β and IFN-γ 
in SF162+ cells is not associated with CCR5 signalling during the infection process. 
Targeting of these cells seems equally unlikely since MIP-1β competes with SF162 
for CCR5 binding 12, 41, 43. Probably SF162 induces IFN-γ and MIP-1β via another 
mechanism, for example some forms of the viral protein nef induce MIP-1β production 
in macrophages 44, 45 while another study identified that the viral protein Tat can induce 
MIP-1β secretion by neural progenitor cells 46. Although it may seem counter intuitive 
that infection with HIV-1 stimulates expression of MIP-1β the main function of MIP-
1β is it to attract CD4+ T-lymphocytes to sites of infection and thereby enhancing 
the number of target cells for HIV-1 47. The observation that IL-2+ cells were rapidly 
lost as a consequence of HIV-1 infection is supported by Tanaka et al. who found a 
significantly reduced percentage of IL-2 producing CD4+ T-cells in the blood of HIV-1 
infected versus uninfected patients 17, 48. However, these were in vivo studies and here 
we add IL-2 to our culture system to maintain T-cell survival and proliferation making it 
difficult to draw conclusions from our IL-2 data. 
 Besides cytokines and chemokines, we explored whether differences in surface 
expression levels of CCR5 could explain the reduced infection with R5 but not X4 
virus. In Th2 cell cultures induced by SEA exposed DCs we found similar percentages 
of cells expressing CCR5 on their surface and similar levels of CCR5 on the surface 
of each cell (geometric mean) as Th2 cell cultures induced by unexposed DCs. As 
observed with SEA, rω-1 also reduced the DCs capacity to produces cytokines and 
co-stimulatory molecules in response to stimulus 33-35. The mechanism via which the 
Th2 response is induced is still unknown, with one hypothesis being that the lack of 
stimuli the DCs provide to the naïve T cells pushes them into default mode, namely 
Th2 cells 35, 49, 50. Yet, rω-1 exposed DCs induced T-cells which had even lower levels 
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of R5 infection and which had a reduced percentage of cells expressing CCR5 as 
well as a reduced level of CCR5 per cell. Consequently, although CCR5 is not the 
main mechanism responsible for reduction in R5 infection it will likely contribute to the 
overall reduction of infection observed in Tmix cell cultures induced by rω-1 exposed 
DCs.
 There are several hypotheses to explain for the reduced infection of CD4+ 
T-lymphocytes, one of which is the capacity of SEA and rω-1 exposed DCs to induce 
regulatory T (Treg) cells 51, 52. Treg cells are susceptible to HIV-1 although several 
studies demonstrate that infection is restricted. Moreno-Fernandez et al. demonstrated 
that Treg cells were less susceptible to R5 HIV-1 than effector memory T-lymphocytes 
while X4 viruses gave higher or similar levels of infection 53. Further comparisons 
revealed these cells expressed similar levels of CD4, CCR5 and CXCR4 on their 
surface and produced similar levels of MIP-1α, MIP-1β and RANTES. Although no 
explanation was provided the cellular activation status as well as FoxP3 interference 
pattern were thought to play a role. Some studies support the notion that FoxP3 
inhibits HIV-1 infection by interfering with HIV-1’s LTR transcription activation 54, 55 
while others demonstrate enhanced HIV-1 production in FoxP3 positive cells 56, 57. The 
role of FoxP3 seems to be dependent on the viral strain as well as the culture protocol 
used for the cells. Another hypothesis based on a similar principle is demonstrated 
by O’Connel et al 58. They compared the susceptibility and viral outgrowth of CD4+ 
T-lymphocytes isolated from HIV-1 elite controllers versus chronic progressors. The 
CD4+ T-lymphocytes from elite controllers were highly susceptible to both R5 and X4 
virus infection, however, these cells produced less virions than cells isolated from 
chronic progressors, which resulted in limited outgrowth of HIV-1. Another possibility 
is the presence of a viral restriction factor that reduces virion infectivity, such as 
APOBEC3G demonstrated by Vetter et al. 59. Collectively, numerous host factors may 
be at play which can restrict viral outgrowth. Discrepancies in the promoter region or 
RNA sequences encoding for other viral proteins could explain why R5 infection is 
reduced while X4 infection remains unaltered.
 In conclusion, S. mansoni eggs have the capacity to modulate HIV-1 infection in 
co-infected individuals. Reduced infection of CD4+ T-lymphocytes with R5 but not X4 
HIV-1 may restrict initial viral replication or slow the rate at which HIV-1 switches its 
co-receptor phenotype in infected individuals. Large scale monitoring of study cohorts 
would need to be performed to identify whether such effects indeed do exist and which 
would undoubtedly be limited by factors such as parasite loads and corresponding egg 
counts. This complexity is confirmed by the discrepancies found in epidemiological 
studies of co-infected individuals 21, 22. It will be interesting to determine whether all 
HIV-1 co-receptor phenotypes as well as subtypes behave similarly to the two HIV-
1 subtype B virus strains studied here. This will be pertinent given the geographical 
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restrictions found in subtypes worldwide and pertaining to regions where parasitic co-
infections are endemic.  
 The findings that HIV-1 R5 viruses replicated better in Th2 than Th1 cells resulted 
in the interpretation that treating S. mansoni infection may benefit co-infected patients 
20, 21. However, we provide evidence here that Th-cells induced by SEA or rω-1 
exposed DCs are less susceptible to R5 HIV-1 infection, suggesting that helminthic 
infections may be beneficial when considering HIV-1 infection. Deciphering the exact 
mechanism or mechanisms contributing to this reduced infection with R5 viruses 
may provide a means towards modulating immune responses that are beneficial for 
reducing HIV-1 viral loads in infected individuals. Finally, these results should be 
considered when conducting HIV-1 vaccine trials, either prophylactic or therapeutic, in 
regions of the world where S. mansoni infections are endemic.    

Materials and Methods 
Parasitic products. SEA was prepared and isolated as described previously 32. Kappa-5 
was isolated by soybean agglutinin (SBA; Sigma, Zwijndrecht, the Netherlands) affinity 
chromatography as described previously 60. The remaining SEA fraction was labeled as 
kappa-5 depleted SEA. Omega-1 and IPSE/alpha-1 were purified from SEA via cation 
exchange chromatography as previously described 33, 34, 61. Omega-1 was then separated 
from IPSE/alpha-1 by affinity chromatography using specific anti-IPSE/alpha-1 monoclonal 
antibodies coupled to an NHS-HiTrap Sepharose column according to the manufacturer’s 
instructions (GE Healthcare). Purified components were concentrated and dialyzed. 
Omega-1-depleted SEA or IPSE-depleted SEA were prepared by adding back purified 
IPSE/alpha-1 or omega-1, respectively, to the remaining SEA fraction left from the cation 
exchange chromatography. The purity of the preparations was controlled by SDS-PAGE 
and silver staining. Protein concentrations were tested using the Bradford or BCA procedure 
62. Recombinant ω-1 was a kind gift from Prof. Dr. Yazdanbakhsh’s group (manuscript in 
preparation).

Viruses. SF162 (R5) and LAI (X4) are replication competent HIV-1 subtype B viruses. SF162 
is a molecular cloned isolate obtained from an HIV-1 infected patient and utilises CCR5 as its 
co-receptor. LAI represents a molecular cloned virus isolated from an HIV-1 infected patient 
and utilises the CXCR4 co-receptor. Viruses were passaged on CD4+ enriched T-lymphocytes 
and tissue culture infectious dose (TCID50) values were determined by limiting dilutions on 
CD4+ enriched T-lymphocytes according to the Reed and Muench method, as previously 
described 63. 

ELISA’s. The DC-SIGN binding ELISA was performed as described 10. Briefly, the 
component of interest was coated on an ELISA plate after which 333ng/ml DC-SIGN-Fc 
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(R&D systems) was added. Subsequently, DC-SIGN-Fc was detected by a secondary goat-
anti-human-Fc HRP labelled antibody (Jackson Immunology) (1:1000) using standard ELISA 
procedures. In the gp140 competition ELISA, 10μg/ml anti-HIV-1 gp120 antibody D7324 
(Aalto BioReagents Ltd) after which trimeric HIV-1 gp140 (JR-FL SOSIP.R6-IZ-D7324) was 
added to the plate as previously described 64, 65. Meanwhile 333ng/ml DC-SIGN-Fc (R&D 
systems) was incubated with the component of interest. Next, the mixture was added to 
the gp140 coated plate and using a secondary HRP labelled goat-anti-human-Fc antibody 
(Jackson Immunology) (1:1000), DC-SIGN-Fc binding to the gp140 plate was determined. A 
more detailed description can be found 65. The Capsid p24 ELISA was performed as standard 
8. In short, an ELISA plate was coated with 10μg/ml sheep anti-p24-specific antibody (Aalto 
Bio Reagents Ltd.). Culture supernatant was added, followed by 4ng/ml mouse anti-HIV-
1-p24 alkaline phosphatase conjugate antibody (Aalto Bio Reagents Ltd.). As development 
solution Lumi-phos plus (Lumigen Inc.) was used according to the manufacturer’s protocol. 
The standard curve consists of a serial dilution of Escherichia coli-expressed recombinant 
HIV-1-p24 (Aalto Bio Reagents Ltd.). 

Cell lines and primary cell isolation. Raji DC-SIGN cells, an immortalized B cell line 
stably transfected with DC-SIGN 10 was cultured in RPMI 1640 (Invitrogen) supplemented with 
10% FCS, 100U/ml penicillin and 100U/ml streptomycin. Peripheral blood mononuclear cells 
(PBMCs) were isolated from buffy coats (Sanquin) of healthy volunteers using ficoll-hypaque 
density centrifugation. PBMCs of 3 CCR5 wild-type homozygous donors were pooled and 
cultured in RPMI 1640 containing 10% FCS, 100U/ml penicillin, 100U/ml streptomycin, 100U/
ml recombinant IL-2 and cells were activated with 2μg/ml phytohemagglutinin (PHA). To 
enrich for CD4+ T-lymphocytes, the CD8+ T-lymphocyte population was removed using CD8 
dynabeads (Life Technologies) according to manufacturer’s protocol at day 5. These cells 
were used for the experiments depicted in Figure 1, as for the remaining experiments cells 
were isolated from fresh blood. 
The monocytes and peripheral blood lymphocytes (PBL) were isolated from fresh blood 
using lymphoprep (Nycomed) and subsequent percoll (GE Healthcare) density gradient 
centrifugation. For 6 days, monocytes were cultured in IMDM (Gibco) containing 5% FCS, 
86μg/ml gentamycin (Duchefa), 500U/ml GM-CSF (Schering-Plough) and 10U/ml IL-4 
(Miltenyi) differentiating them into immature DCs (iDCs). From the PBL fraction the CD4+ 
T-cells were isolated using the CD4 T-cell isolation MACS kit (Miltenyi Biotec., 130-091-155) 
according to manufacturer’s protocol. Subsequently, the CD4+CD45RA+CD45RO- naïve 
T-cells were isolated from the CD4+ T-lymphocytes using anti-CD45RO-PE (DAKO, R084301) 
and anti-PE beads (Miltenyi-Biotec, 130-048-801), described in detail 66.

HIV-1 cis-infection. CD4+ enriched T-lymphocytes (2x105 cells/well) were incubated with 
25, 5 or 1 μg/ml SEA or medium (control) for 2h, subsequently medium, SF-162 (TCID50/ml 
of 200) or LAI (TCID50/ml of 200) was added to the well. At day 4, 7 and 12 HIV-1 capsid p24 
was determined in the supernatant by ELISA.
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HIV-1 trans-infection assay. Raji DC-SIGN cells (5x104 cells/well) were pre-incubated with 
1μg/ml SEA for 2h after which SF162 (R5) or LAI (X4) at an end concentration of 200 TCID50/
ml was added. After 2h the cells were washed 3 times and co-cultured with enriched CD4+ 
T-lymphocytes (2x105 cells/well). Viral outgrowth was measured by monitoring capsid p24 at 
day 4, 7 and 12. HIV-1 capture/transfer by iDCs was conducted with minor modifications with 
20 or 100μg/ml SEA utilized and incubation steps shortened to 30min. 

T-lymphocyte outgrowth model system. Here iDCs from donor A were matured with 
100ng/ml LPS (Sigma-Aldrich), 100ng/ml LPS and 100U/ml IFN-γ (UCytech) or 100ng/ml LPS 
and 10μM PgE2 (Sigma-Aldrich) either in the absence or presence of 25μg/ml SEA or 1- 4μg/
ml rω-1. After thoroughly washing the matured DCs 3 times, 5x103 cells were co-cultured with 
2x104 CD4+CD45RA+CD45RO- T-cells from donor B and 10pg/ml Staphylococcus enterotoxin 
B (Sigma-Aldrich) in IMDM, 10% FCS, 86μg/ml gentamycin (Duchefa). Cells were split at 
day 5 (at which point 20U/ml IL-2 was added to the medium) and 7. At day 8 5x104 cells/well 
were and infected with SF162 (TCID50/ml 1000) or LAI (TCID50/ml 200). Since DCs don’t 
survive such a long culture period under these conditions the measured levels of infection 
represent direct infection of Th-cells. Day 5 and 7 post-infection cells were re-stimulated for 
6h with 10ng/ml PMA (Sigma-Aldrich), 1μg/ml ionomycin (Sigma-Aldrich), 10μg/ml brefeldin 
A (Sigma-Aldrich) supplemented with 0.1μg/ml T1294 (Pepscan Therapeutics BV) to prevent 
new infections during this period. Subsequently, cells were fixed in 3.7% formaldehyde and 
stored for no more than 1 week at 4⁰C in FACS buffer (PBS+ 2%FCS) for flow cytometry 
analysis. Experiments where monomeric gp120 (SF162) (Immune Technology Corp.) 
or RANTES (Sigma-Aldrich) were added were conducted similarly. These compounds 
(concentrations in text) were added to the T-cell culture 24h after LAI and 4 days later these 
cells were restimulated. Figures for several SEA experiments show the results of at least 5 
different donor combinations and for rω-1 4 different donor combinations are depicted (see 
figure legends).

Flow cytometry. To measure intracellular markers cells were permeabilized with 
PermWash (BD Pharmingen) and were subsequently stained with p24-RD1 (Beckman 
Coulter) and IFN-γ-FitC, IL2-PerCp-Cy5.5, IL-4-APC, TNF-α-PE-CF594, Mip-1β-
AlexaFluor700 (all from BD Bioscience) for 30min at 4⁰C. Next, these cells were washed 
once with PermWash and taken up in FACS buffer (PBS+ 2%FCS) after which they were 
measured on a FACS Canto II apparatus. For determining CCR5 surface expression, T-cells 
obtained from our T-cell outgrowth model were fixed in 3.7% formaldehyde before HIV-1 
infection and stored for no more than 1 week at 4⁰C in FACS buffer. These cells were stained 
in FACS buffer with CCR5 PE-Cy7 (Biolegend) for 30min at RT. Subsequently these cells 
were washed with FACS buffer and measured.
 Depicted in the histograms are cytokine producing T-cells at the optimal time point. 
Samples were taken 5 and 7 days after HIV-1 infection and the optimal time point was 
determined by the percentage of live cells (>50%) and the level of HIV-1 infection, which 
varied per donor and per virus. 
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Statistics. Data in figure 1 was analysed by an unpaired t-test when comparing two 
groups and a 1-way ANOVA when comparing several groups. For the remaining figures the 
data is corrected for the systematic differences between donors using factor correction 67. 
Subsequently, within each specific T-cell population the effect of induction with SEA/rω-1 
exposed or unexposed DCs was compared using a paired T-test whereas data between two 
T-cell populations was compared using an unpaired T-test. Additionally for figure 2, a 2-way 
ANOVA was performed to determine whether there was an interaction between the T-cell 
population infected and the usage of SEA.
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Supplementary data

Figure 1. Th1/Th2 ratio in the different T-cell cultures. Depicted are dotplots showing the 
percentages of IL-4 (y-axis) and IFN-γ (x-axis) producing T-cells in the Tmix (left), Th1 (middle) and 
Th2 (right) cell cultures of a typical experiment .
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Chapter 5



Abstract

One of the hallmarks of HIV-1 disease is the association of heightened CD4+ T-cell 
activation with HIV-1 replication. Parasitic helminths including filarial nematodes have 

evolved numerous and complex mechanisms to skew, dampen and evade human 
immune responses suggesting that HIV-1 infection may be modulated in co-infected 

individuals. Here we studied the effects of two filarial nematode products, adult 
worm antigen from Brugia malayi (BmA) and excretory-secretory product 62 (ES-62) 
from Acanthocheilonema viteae on HIV-1 infection in vitro. Neither BmA nor ES-62 

influenced HIV-1 replication in CD4+ enriched T-cells, with either a CCR5- or CXCR4-
using virus. BmA, but not ES-62, had the capacity to bind the C-type lectin dendritic 

cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) 
thereby inhibiting HIV-1 trans-infection of CD4+ enriched T-cells. As for their effect on 
DCs, neither BmA nor ES-62 could enhance or inhibit DC maturation as determined 
by CD83, CD86 and HLA-DR expression, or the production of IL-6, IL-10, IL-12 and 
TNF-α. As expected, due to the unaltered DC phenotype, no differences were found 

in CD4+ T-helper (Th) cell phenotypes induced by DCs treated with either BmA or 
ES-62. Moreover, the HIV-1 susceptibility of the Th-cell populations induced by BmA 

or ES-62 exposed DCs was unaffected for both CCR5- and CXCR4-using HIV-1 
viruses. In conclusion, although BmA has the potential capacity to interfere with HIV-1 
transmission or initial viral dissemination through preventing the virus from interacting 
with DCs, no differences in the Th-cell polarizing capacity of DCs exposed to BmA or 

ES-62 were observed. Neither antigenic source demonstrated beneficial or detrimental 
effects on the HIV-1 susceptibility of CD4+ Th-cells induced by exposed DCs.     
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Introduction
Human immunodeficiency virus type 1 (HIV-1) is endemic in many regions of the world 
where individuals are infected with an array of pathogens (1). Parasitic helminths infect 
large numbers of the population and are known to evade, skew and dampen immune 
responses thereby potentially having consequences for HIV-1 disease, as continuous 
immune system activation is one of the driving factors in HIV-1 infection and disease 
course (2). Worldwide over 120 million people are infected with filarial nematodes, 
which can survive for decades within locations such as our lymphatic system and can 
cause high levels of morbidity (3, 4). How parasites and parasite antigens modulate 
HIV-1 infection, and vice versa, is relatively unknown but will have significance in 
regions where co-infection rates are high. 
 HIV-1 cell entry is facilitated by the gp120 envelope protein, which binds to its 
primary receptor CD4 and subsequently to a co-receptor, usually CCR5 or CXCR4 
(5, 6). Direct infection of cells via these receptors is termed cis-infection. Additionally, 
gp120 can bind several C-type lectin receptors (CLR) on cells derived from the 
myeloid cell lineage. These cells can subsequently pass the virion to activated CD4+ 
T-lymphocytes, a process termed trans-infection (7). Dendritic cell-specific intercellular 
adhesion molecule-3-grabbing non-integrin (DC-SIGN) is a CLR expressed on 
dendritic cells (DCs) known to support HIV-1 trans-infection and has been implicated 
in HIV-1 transmission and dissemination (7, 8). In addition to gp120, DC-SIGN 
can bind many glycosylated structures including a large array of pathogen-derived 
glycoproteins as well as numerous host proteins found in bodily secretions. Binding of 
these glycoproteins to DC-SIGN can actually block its ability to capture and transfer 
HIV-1 (9-12). 
 The main target cells for HIV-1 are CD4+ effector memory T-cells, also known as 
the T helper (Th) cells. Th-cells are subdivided based on their cytokine expression 
profile into three main types of effector Th-cells namely Th1, Th2 and Th17 cells which 
are induced by intracellular pathogens (e.g. viruses), parasites and bacterial or fungal 
infections, respectively (13). The balance between HIV-1 co-receptor expression and 
production of their natural ligands, MIP-1α, MIP-1β and RANTES for CCR5, and SDF-
1 for CXCR4 has been shown to be important in determining T-cell susceptibility to 
HIV-1 infection (14-16). More recent studies have correlated pathogen-specific CD4+ 
T-cells to HIV-1 susceptibility (17-19). Geldmacher et al. correlated variation in HIV-1 
susceptibility with a difference in the cytokine/chemokine profile of CD4+ T-cells. They 
demonstrated that Mycobacterium tuberculosis specific-CD4+ T-cells, lost rapidly after 
HIV-1 infection, express high levels of IL-2 and low levels of MIP-1β contrary to the 
CMV specific CD4+ T-cells, which possess the reverse profile and typically survive until 
end stage AIDS (17). Besides cytokines, heightened levels of T-cell activation have 
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been associated with the up regulation of numerous HIV-1 restriction factors thereby 
potentially modulating cellular infection profiles (20).
 Parasitic helminths are known for their capacity to induce T-cell responses with a 
Th2 phenotype. In previous studies soluble egg antigen from Schistosoma mansoni 
has been shown to skew CD4+ T-cell responses in such a direction, potentially through 
its capacity to bind CLRs present on the surface of DCs (21-23). Whereas S. mansoni 
is quite well studied, far less is known about the effect of filarial nematodes on cells 
of the human immune system. Lymphatic filariasis is caused by Wuchereria bancrofti, 
Brugia malayi and Brugia timori (3). B. malayi is found in South East Asia and has 
several life-cycle stages in the human host, L3 larvae, L4 larvae, adult worms and 
their offspring microfilaria (mf) L1 larvae (3). Each of the developmental stages has 
a unique set of immunological characteristics (3, 24, 25) and it is the adult worm, 
especially the female, which is capable of skewing T-cell responses towards a Th2 
phenotype (26). The exact mechanism by which B. malayi skews the immune system 
is still unknown although the presence of phosphorylcholine (PC) groups on molecules 
derived from filarial nematodes seems to play an important role.
 The most studied PC-containing component from a filarial nematode is 
the excretory secretory protein 62 (ES-62) from the rodent filarial nematode 
Acanthocheilonema viteae. A 77% homologous molecule has been shown to 
be secreted by adult B. malayi parasites (27, 28). ES-62, alternatively known as 
leucylamino peptidates (LAP), possesses a range of immunomodulatory activities 
(29, 30). Firstly, it has been shown to interfere with signaling through the T-cell and 
B-cell receptors rendering cells unresponsive to subsequent antigen activation (29, 
31, 32). Secondly, ES-62 can also interact with TLR4 thereby inhibiting MyD88-
mediated signaling and prevent subsequent TLR4 signaling (33). Thirdly, ES-62 has 
been shown to promote a Th2 cell-inducing phenotype in murine macrophages and 
DCs (34, 35). Fourthly, ES-62 has been demonstrated to induce Th2 rather than Th1 
cell responses in vivo based on the antibody responses that were skewed towards 
IgG1 (36, 37). And lastly, ES-62 has been shown to have beneficial effects on the 
outcome of autoimmune diseases such as asthma, arthritis and lupus in mouse model 
systems (38-40). Although there is very limited data on the effect of ES-62 on human 
cells, mast cells and Jurkat T-cells have been studied, ES-62 clearly modulated 
their responses to certain stimuli (29, 41). The active component of ES-62 has been 
identified as PC which is covalently attached to a N-linked glycan (36, 42-44). The 
ES-62 homologue secreted by adult B. malayi is however not the main PC-carrying 
molecule, here N-acetyl glycosaminyltransferase also secreted by the adult worm has 
the highest PC content (28). 
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 Here we studied the effect of BmA and ES-62 on HIV-1 cis- and trans-infection. 
Additionally, we examined whether exposing DCs to BmA and ES-62 resulted in 
modulated maturation, Th-cell induction or the susceptibility of the induced Th-cells to 
HIV-1 infection.  

Results 
BmA but not ES-62 blocks HIV-1 trans-infection of CD4+ T-lymphocytes.
Previous studies have shown that an array of pathogen-derived glycoproteins bind 
DC-SIGN (9). Here we assessed whether the filarial nematode derived products BmA 
and ES-62 had similar properties in binding this specific CLR. First we examined their 
potential to modulate HIV-1 cis-infection of CD4+ enriched T-cell blasts (CD8+ depleted 
T-cell blasts). These cells were incubated with 1, 5 or 25μg/ml BmA after which the 
CCR5-using HIV-1 virus SF162 or the CXCR4-using virus LAI was added. Viral 
outgrowth of SF162 (R5) and LAI (X4), determined by the presence of HIV-1 capsid 
protein (p24) in the supernatant, was unaffected by the presence of BmA (Fig. 1A). 
Similarly, SF162 (R5) and LAI (X4) outgrowth in CD4+ enriched T-cells exposed to 1, 
2 or 4μg/ml ES-62 was also unaffected (Fig. 1B). This demonstrates that neither BmA 
nor ES-62 has the capacity to prevent HIV-1 binding to CD4, CCR5 or CXCR4. 
 Next we assessed the capacity of BmA and ES-62 to bind DC-SIGN, which plays 
a prominent role in HIV-1 trans-infection. Utilizing a DC-SIGN binding ELISA we found 
that DC-SIGN-Fc bound dose-dependently to increasing concentrations of BmA (Fig. 
1C) whilst DC-SIGN-Fc did not bind to ES-62 (data not shown). To gain insight into the 
potential of BmA to prevent HIV-1 trans-infection we performed a gp140 competition 
ELISA in which trimeric gp140, mimicking HIV-1’s natural envelope protein, is coated 
to a plate after which DC-SIGN-Fc pre-incubated with BmA was added. Limiting 
dilutions of BmA demonstrated a dose-dependent inhibition of DC-SIGN-Fc binding to 
the gp140 coated plate, although to a lesser extent than mannan which potently binds 
DC-SIGN and inhibit HIV-1 capture (Fig. 1D).
 To address whether BmA is capable of preventing HIV-1 trans-infection at the 
cellular level Raji DC-SIGN cells were incubated with BmA prior to addition of HIV-
1 SF162 (R5) or LAI (X4). Viral outgrowth of both viruses in Raji DC-SIGN-CD4+-
enriched T-cell blast co-cultures was significantly reduced (p=0.033 and p=0.012, 
respectively) when Raji DC-SIGN cells were pre-incubated with 5μg/ml BmA, 
indicating that BmA can block HIV-1 trans-infection (Fig. 1E). Similarly, when testing 
iDCs from three different donors with a high concentration of BmA (500μg/ml) we 
found 100% inhibition in all three donors of HIV-1 capture and transfer (Fig. 1F). In 
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Fig. 1. BmA inhibits HIV-1 trans-infection but not cis-infection whereas ES-62 does not affect 
either. The effect of 1, 5 and 25μg/ml BmA (A) and 1, 2 and 4μg/ml ES-62 (B) on HIV-1 SF162 (R5) 
and LAI (X4) cis-infection of CD4+ enriched T-cells determined by viral outgrowth (supernatant p24 
levels). (C) BmA (max. 25μg/ml) was coated on to an ELISA plate after which DC-SIGN-Fc binding 
was determined (DC-SIGN binding ELISA). The highest OD was set to 100% binding demonstrating 
a dose-response curve. (D) The capacity of DC-SIGN-Fc, pre-incubated with BmA (max. 50μg/ml) 
or mannan (max. 50μg/ml), to bind a gp140 coated ELISA plate was determined (gp140 competition 
ELISA). The highest OD was set to 100% implying that 0.001μg/ml of BmA and mannan do not 
block DC-SIGN-Fc binding to gp140. (E) Raji-DC-SIGN cells were incubated with 5μg/ml BmA 
before addition of SF162 (R5) or LAI (X4). Subsequently viral outgrowth (supernatant p24 levels) 
was monitored in Raji DC-SIGN-CD4+ enriched T-cells co-cultures. (A-E) Representative experiment 
shown where all data points were performed in triplicate and with each experiment performed at least 
3 times (* p<0.05). (F) iDCs were incubated with medium or 500μg/ml BmA before washing and the 
addition of SF162 (R5). Viral outgrowth (supernatant p24 levels) was monitored in iDC-CD4+ enriched 
T-cell co-cultures. Three donors were tested in duplicate and all results were combined (***p<0.001). 
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conclusion, neither BmA nor ES-62 can block cis-infection of CD4 enriched T-cells 
while BmA can bind DC-SIGN and block HIV-1 capture and transfer.

BmA and ES-62 do not alter DC maturation. 
In previous studies both BmA (50) and ES-62 (34, 35) have been shown to modulate 
murine macrophage and/or DC responses. Here we examined whether BmA or ES-62 
were capable of inducing, facilitating or altering human DC maturation in the context 
of co-stimulatory molecules as well as cytokine production. To this end, DCs were 
matured under optimal conditions (100ng/ml LPS) and suboptimal conditions (1ng/ml 
LPS) in the presence of 10, 25 or 75μg/ml BmA. We demonstrate that the addition of 
BmA does not alter the cells capacity to upregulate co-stimulatory molecules CD86, 
CD83 and HLA-DR, whether the cells are matured under suboptimal or optimal 
conditions by expressing the geometric mean found in conditions with BmA as a 
relative in- or de-crease compared to the LPS control condition (Fig. 2A-C). Similarly, 
when maturing iDCs in the presence of 100ng/ml LPS and 1, 2 or 4μg/ml ES-62 we 
also did not observe differences in the level of CD86, CD83 or HLA-DR compared to 
the LPS control condition (Fig. 2D and E). Furthermore, BmA and ES-62 could not 
upregulate CD86, CD83 or HLA-DR on iDCs (Supporting Information Fig. S2).
 To determine effects on cytokine production, iDC were exposed to 10, 25 or 75μg/
ml BmA in absence or presence of 100ng/ml LPS. The supernatant was analyzed for 
IL-6, IL-10, IL-12 and TNF-α. IL-6, IL-10 and TNF-α were only produced when cells 
were stimulated with 100ng/ml LPS and the amount produced, 1.5ng/ml, 0.6ng/ml and 
0.9ng/ml respectively was not affected by the presence of 10, 25 or 75μg/ml BmA (Fig. 
2G). Similarly, 1, 2 or 4μg/ml ES-62 did not affect the amount of IL-6, IL-10 and TNF-α 
that was produced (Fig. 2F). IL-12 was not produced to detectable amounts in any 
condition (data not shown). Collectively our data suggest that neither BmA nor ES-
62 can alter LPS induced up-regulation of co-stimulatory molecules or alter cytokine 
production. 

BmA-exposed DCs do not induce Th-cells with an altered susceptibility to 
HIV-1.
Although BmA and ES-62 do not alter DC maturation described above there are 
other factors that can influence the T-cell outgrowth in DC-T-cell co-cultures which 
potentially alters the T-cell’s HIV-1 susceptibility. For instance, the level of T-cell 
activation has been associated with the number of HIV-1 restriction factors that 
are up regulated (20). In order to determine whether the HIV-1 susceptibility of Th-



102

5

cells induced by DCs exposed to BmA or ES-62 is altered, we established an in 
vitro cell system. Here iDCs were matured in Th1/Th2 mixed (LPS) or Th2 (LPS+ 
PgE2) promoting conditions in the absence or presence of BmA or ES-62. Co-
culturing mature Staphylococcus Enterotoxin B-loaded DCs from donor A with naïve 
CD4+CD45RA+ T-cells from donor B for 8 days resulted in the respective Th-cell 
cultures, which were subsequently infected with HIV-1 SF162 (R5) or LAI (X4). Here 
we focussed on the effect of BmA on Th1/Th2 mixed (Tmix) and Th2 cell cultures as 

G.M.
Sample CD86 CD83 HLA-DR

־ ־ LPS (+BmA) 5108 1320 2126

▬ LPS (-BmA) 5964 1429 2283

▬ iDC 1570 497 1277

Fig. 2. BmA and ES-62 do not alter surface 
expression of co-stimulatory molecules 
or cytokine production. (A) The geometric 
mean of CD86 (white), HLA-DR (grey) 
and CD83 (dark grey) on DCs exposed to 
100ng/ml LPS and 10, 25 or 75μg/ml BmA 
expressed relative to the geometric mean 
found on cells exposed to 100ng/ml LPS 

only. (B) A representative FACS plot demonstrating the expression of CD86 (left), CD83 (middle) and 
HLA-DR (right) on iDC (grey), DC exposed to 100ng/ml LPS (black) and DC exposed to 100ng/ml LPS 
+ 25μg/ml BmA (dashed). (C) The geometric mean of CD86 (white), HLA-DR (grey) and CD83 (dark 
grey) on DCs exposed to 1ng/ml LPS and 10, 25 or 75μg/ml BmA expressed relative to the geometric 
mean found on cells exposed to 1ng/ml LPS only. (D) The geometric mean of CD86 (white), HLA-DR 
(grey) and CD83 (dark grey) on DCs exposed to 100ng/ml LPS and 1, 2 or 4μg/ml ES-62 expressed 
relative to the geometric mean found on cells exposed to 100ng/ml LPS only. (E) The geometric 
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these are expected to be preferentially modulated by parasite extracts. In the Tmix 

and Th2 cell cultures induced by unexposed DCs we found on average 3.8% ±0.82 
and 6.1% ±2.3 SF162 (R5) infected T-cells respectively (p=0.36) (Fig. 3A). Similar 
percentages of SF162 (R5) infected cells were observed in Tmix

 
and Th2 cell cultures 

induced by BmA exposed DCs, 4.4% ±1.0 and 5.4% ±1.9 respectively (p=0.66) (Fig. 
3B). To determine whether BmA affected SF162 (R5) susceptibility of T-cell cultures, 
we expressed the percentage of SF162+ T-cells induced by BmA exposed DCs relative 

mean of CD86 (white), HLA-DR (grey) and CD83 (dark grey) on DCs exposed to 1ng/ml LPS and 1, 
2 or 4μg/ml ES-62 expressed relative to the geometric mean found on cells exposed to 1ng/ml LPS 
only. IL6 (left), IL10 (middle) and TNF-α (right) cytokine production by DCs exposed to 100ng/ml LPS 
and 4μg/ml ES-62 (F) or 100ng/ml LPS and 75μg/ml BmA (G). (A, C-E) Data of three independent 
experiments combined (mean and SD), (F and G) representative of 2 independent experiments 
performed in triplicate.

   










 






 


   












 




 




   








 




 





   










 






 


   












 




 




   








 




 





                    








 



     







 






 




                    








 



    







 







 






104

5

to the percentage of SF162+ T-cells in cultures induced by unexposed DCs (set at 1.0). 
This revealed that both in Tmix and Th2 cell cultures the level of SF162 (R5) infection 
is similar, p=0.39 and p=0.63, respectively (Fig. 3C). 
 In LAI (X4) infected Tmix and Th2 cell cultures we find on average similar 
percentages of LAI+ cells 23.1% ±7.1 and 23.5% ±6.7, respectively (p=0.97), when 
these cultures were induced by unexposed DCs and 26.0% ±5.8 and 22.7 ±8.8 LAI+ 
cells, respectively (p=0.77), when induced by BmA-exposed DCs (Fig. 3D and E). 
Again, when we express the level of infection found in T-cell cultures induced by BmA-
exposed DCs relative to the level of infection in T-cell cultures induced by unexposed 
DCs we found that the level of infection is similar in Tmix and Th2 cell population, 
p=0.08 and p=0.31, respectively (Fig. 3F). The difference in the level of infection 
obtained by SF162 (R5) and LAI (X4) can be explained by the difference in efficiency 

Fig. 3. Exposing DCs to BmA does not alter the HIV-1 susceptibility of the induced Th-cell 
population. (A, D) Percentage SF162+ (A) or LAI+ (D) cells in Tmix and Th2 cell cultures induced by 
unexposed DCs. (B, E) Percentage SF162+ (B) or LAI+ (E) cells in Tmix and Th2 cell cultures induced 
by BmA exposed DCs. (C, F) The relative expression of SF162+ (C) and LAI+ (F) in Tmix and Th2 
cell cultures induced by BmA exposed DCs compared to the expression in Th-cell cultures induced 
unexposed DC. (A-F) Depicted are mean values and SEM of 5 independent experiments using 5 
different DC-T cell donor combinations.
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by which R5 and X4 HIV-1 viruses infect CD4+ T-cells in vitro (51). Collectively, our 
data demonstrate that exposing DCs to BmA does not result in T-cell cultures with an 
altered susceptibility to HIV-1 infection. 

Th-cell cultures induced by BmA- or ES-62 exposed DCs do not have a 
more pronounced Th2 phenotype.
As B. malayi infection has been previously shown to skew T-cell responses towards a 
Th2 cell profile in a murine model, we evaluated the cytokine/chemokine (IFN-γ, IL-4, 
IL-2, TNF-α, MIP-1β) profile of the Th-cell cultures induced by BmA exposed DCs (52). 
All cells produced IL-2 and TNF-α under all circumstances (data not shown).
 First we demonstrated that HIV-1 SF162 (R5) or LAI (X4) infection did not influence 
the capacity of the Th-cells to produce IFN-γ, MIP-1β or IL-4 (Fig. 4A). Subsequently, 
we determined the effect of exposing DCs to 25μg/ml BmA on the capacity of the 
induced Th-cell cultures to produce IFN-γ, IL-4 and MIP-1β. Both in Tmix and Th2 
cultures we did not find differences in the level of IFN-γ, IL-4 and MIP-1β when BmA 
was added to maturing DCs (Fig. 4B). Even when the BmA concentration that DCs 
were exposed to was increased to 75μg/ml no effect on the percentage of cells 
producing IFN-γ, IL-4 and MIP-1β in the induced Tmix cell cultures was observed (Fig. 
4C).

Similarly, DCs exposed to ES-62 did not induce T-cell cultures that have an altered 
cytokine/chemokine profile (Fig. 5A). Moreover, as with BmA, ES-62 exposed DCs 
do not alter the T-cells capacity to support HIV-1 infection. The average percentage 
of SF162+ T-cells were very similar in cultures induced by unexposed or ES-62 
exposed DCs, 5.7% ± 2.8 and 5.8% ±2.9 respectively (Fig. 5B) and no effect of ES-
62 on the percentage of infected T-cells was observed (p=0.97, Fig. 5D left). The 
average percentage of LAI+ T-cells in Th2 cultures induced by unexposed DCs was 
slightly higher, 30% ±4.3 than the percentage found in Th2 cultures induced by ES-
62-exposed DCs, 22.2% ±7.6 (p=0.39) (Fig. 5C). However, even when determining 
the relative difference between the percentage of LAI+ cells in cultures induced by 
unexposed versus ES-62 exposed DCs no significance was found (p=0.22) (Fig. 5D 
right). In summary, both BmA and ES-62 exposed DCs do not induce Th2 skewing in 
our model system, potentially explaining why HIV-1 infection is unaffected in the T-cell 
cultures induced by DCs exposed to the parasite extract.
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Discussion 
Parasitic helminths have co-evolved with the human host for millions of years during 
which they have acquired immunomodulatory properties. Here we aimed to determine 
whether BmA from adult B. malayi and ES-62 from A. viteae had immunomodulatory 
properties that influence HIV-1 infection. We demonstrate that BmA, but not ES-
62, can potently bind DC-SIGN and inhibit HIV-1 trans-infection of CD4+ enriched 
T-cells, whilst neither antigen can block cis-infection. We identified using an in 
vitro DC-T-cell outgrowth assay that neither BmA nor ES-62 had the capacity to 

Fig. 4. Exposure of DCs to BmA does not alter Th-cell cytokine/chemokine expression profiles. 
(A) Percentage of IFNγ, MIP-1β and IL-4 producing T-cells in uninfected (1st bar), SF162 (R5) (2nd 
bar) or LAI (X4) (3rd bar) infected Th-cell cultures. The figure is representative for both Tmix and Th2 
cell cultures. (B) Percentage of IFNγ, MIP-1β and IL-4 producing T-cells in a Tmix (upper figure) and a 
Th2 (lower figure) cell culture induced by DCs unexposed (1st, 3rd, 5th bar) or exposed to 25μg/ml BmA 
(2nd, 4th, 6th bar). (C) IFNγ, MIP-1β and IL-4 producing T-cells in a Tmix cell culture induced by DCs 
unexposed or exposed to 75μg/ml BmA. (A-C) Representative figure of an experiment performed at 
least 3 times in (A) the conditions where virus was added were performed in duplicate.
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modulate DC maturation (CD86, CD83, HLA-DR, IL-6, IL-10, IL-12 and TNF-α) or the 
phenotype of the induced of Th-cells (IFN-γ, IL-4 and MIP-1β). In addition, the HIV-
1 susceptibility of the Th-cells induced by DCs exposed to either BmA or ES-62 
remained unaltered. 
 The major studies performed to date regarding altered responses of antigen 
presenting cells and subsequent Th2 skewing by BmA have been performed in mouse 
model systems. One study demonstrates that adherent peritoneal exudate cells 
(PEC), isolated from mice that had 6 adult female B. malayi worms intra-peritoneally 

Fig. 5. Exposing DCs to ES-62 does not alter the HIV-1 susceptibility of the induced Th-cell 
population nor their cytokine/chemokine profiles. (A) Percentage of IFN-γ, IL-4 and MIP-1β 
producing T cells in Th2 cell cultures induced by DCs unexposed or exposed to 2-4μg/ml ES-62. 
(B) Percentage SF162+ T-cells found in Th2 cell cultures induced by unexposed DCs (left) or DCs 
exposed to 2-4μg/ml ES-62 (right). (C) Percentage LAI+ T-cells found in Th2 cell cultures induced 
by unexposed DCs (left) or DCs exposed to 2-4μg/ml ES-62 (right). (D) The relative level of SF162 
(R5) (left) and LAI (X4) infection (right) in Th2 cultures induced by DCs exposed to 2-4μg/ml ES-62 
compared to the level found in Th2 cell cultures induced by unexposed DCs. (A) A representative 
figure of an experiment performed at least 3 times; (B-D) mean values and SEM of 4 independent 

experiments using 4 different DC-T cell donor combinations.
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implanted, have the capacity to induce Th2 cell responses when co-cultured with naïve 
T-cells (52). Approximately 80% of PEC is composed of macrophages suggesting 
that they are the cell type responsible for Th2 skewing in this system whereas we 
used DCs (52, 53). Another study demonstrates the capacity of BmA to induce 
TNF-α, IL-1β and nitric oxide (NO) production by murine macrophages in a TLR4 
dependent manner (50). These effects were attributed to the presence of a LPS-like 
molecule derived from the intracellular bacterium Wolbachia that plays an essential 
role in the survival and fertility of filarial nematodes. Human filarial nematodes are 
infected with Wolbachia whilst A. viteae is not. Indeed A. viteae lysates could not 
induce cytokine or NO production by murine macrophages (3, 50, 54). The potency 
of Wolbachia in altering human immune responses was emphasized by a recent 
study which demonstrated that the major surface component of Wolbachia in filarial 
nematodes can signal through TLR2 and TLR4 thereby inducing cytokine production 
in human embryonic kidney cells, primary murine macrophages and DCs as well as 
human PBMCs (55). When we examined our BmA batch for the presence of LPS or 
an LPS-like molecule using a Limulus amebocyte lysate (LAL) assay we found it did 
not contain such a molecule (data not shown), thereby contributing to an explanation 
for the lack of changes to iDC, maturing DCs and the subsequently induced Th-
cell populations. It should be noted that mice do not express DC-SIGN but eight 
homologues of which the SIGNR family resembles DC-SIGN most closely. However, 
thus far no homologue with similar glycan recognition, signaling and cell distribution 
as DC-SIGN has been identified in mice, providing another potential explanation for 
the discrepancy between our human data and reported mouse data (56). It has also 
been demonstrated that PBMCs from patients with pathological lymphedema show 
enhanced transendothelial migration when stimulated with BmA compared to PBMCs 
from patients with an asymptomatic filarial nematode infection indicating another 
potential BmA mediated mechanism of immune-pathology (57).
 A less complex explanation for the inability of BmA to alter DC maturation is 
that the components involved in these processes are present in different stages of 
the B. malayi life cycle. Although it has been shown that the female adult worm in 
particular was involved in inducing Th2 cell responses (26), a study by Semnani et 
al. revealed that the microfilaria (mf) L1 larvae can induce IL-6 and TNF-α production 
while impairing IL-10 and IL-12 production by human DCs (58). Additionally, recent 
studies on the secretome of B. malayi compared the excretory secretory (ES) 
fractions with homogenized adult worm (BmA) and found that the ES fractions 
contained much higher levels of the PC-containing components which are known to 
have many immunomodulatory properties (28). Therefore, the concentration of the 
immunomodulatory components in BmA may be too low rather than that the adult 
worm is not capable of altering DC maturation and subsequent Th-cell induction. 
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Nevertheless, ES-62 is a purified glycoprotein containing PC groups and this molecule 
neither altered DC maturation nor Th-cell induction in our DC-T-cell outgrowth model. 
 ES-62 derived from the rodent filarial nematode A. viteae has been well studied. 
In mouse model systems it has been shown to alter DC maturation, induce Th2 cell 
responses and reduce the severity of numerous auto-immune diseases (29, 31-39). 
However, one study on human primary mast cells demonstrated that FcεRI receptor 
responses were inhibited by ES-62 following its complexing with TLR4, which resulted 
in protein kinase C-α sequestration and degradation (41). Additionally, ES-62 can 
inhibit pro-inflammatory cytokine production in synovial membranes and fluid from 
patients with rheumatoid arthritis (ex vivo) which is driven by macrophages (45). Our 
data indicate that ES-62 has no effect on modulating human DC responses nor the 
Th-cell phenotype they induce which suggests that the product can be used for other 
immunomodulatory activities without affecting T-cell skewing or modulating viral 
replication in HIV-1 infected individuals. Albeit, we cannot exclude the possibility that 
our experimental set up may not have been optimal to detect the effect of ES-62. 
Previous studies have demonstrated that the effect of ES-62 is biphasic with initially 
a small activating effect observed followed by inertia for subsequent stimuli (59). In 
our system, ES-62 was added simultaneous with the LPS stimulus, which potentially 
prevented ES-62 from inducing inertia despite the long incubation period (48 hours).
 The active components of the glycoprotein ES-62 are the attached PC groups. 
Some studies in mice have demonstrated that proteins with coupled PC mimicked 
the results obtained by addition of ES-62 (42, 43, 60). PC is not unique to parasitic 
helminths and is present on many different pathogens where it appears to play 
an important role in their survival (61). As for the interaction of PC with the human 
immune system there is very limited evidence that the extensive effects found in 
rodents can be directly translated to humans. There are some examples described in 
the literature where molecules containing PC groups, which have immunomodulatory 
properties similar to those seen with ES-62. However, it is still unclear as to whether 
these effects can be attributed to the presence of the PC group. For example, the lyso-
sphingolipid sphingosylphosphorylcholine (SPC) found in high density lipoproteins is 
capable of up-regulating CD86, CD83 and HLA-DR on human DCs as well as inducing 
the production of IL-12 and IL-18 (62). Secondly, oxidized 1-palmitoyl-2-arachidoyl-
sn-glycero-3-phosphorylcholine (OxPAPC) has been shown to bind TLR4 thereby 
inhibiting DC maturation with LPS, as measured by up-regulation of co-stimulatory 
molecules CD86, CD83, HLA-DR and several others (63). Remarkably only the 
oxidized form of PAPC possessed this capacity indicating that potentially not all 
effects are due to the PC group (63). Lastly, miltefosin, a phosphorylcholine esther 
of hexadecanol is a medicine used for the treatment of visceral leishmaniasis in HIV-
1 co-infected individuals which has been shown to reduce HIV-1 replication in CD4+ 
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T-cells that was, in part, caused by the onset of IFN type I production by DCs (64). 
These divergent results suggest that in humans probably the context in which the PC 
group is present is important for the subsequent elicited immune responses. 
 From epidemiological data and studies using human material it is still relatively 
unknown what effects filarial nematodes will have on HIV-1 infection in vivo. One 
study demonstrates that the prevalence of W. bancrofti in HIV-1-infected and 
uninfected individuals is similar (65) while another study by Gallagher et al. found 
that HIV-1+ women were more likely to be co-infected with a filarial nematode. 
Since HIV-1 infection via sexual transmission is acquired later in life than lymphatic 
filariasis Gallagher et al. speculated that filarial nematode infections result in an 
increased susceptibility to HIV-1 infection (66). Additionally, a study by Nielsen et 
al. demonstrated that the HIV-1 viral load, CD4+ cell percentage and CD4+/CD8+ cell 
ratio was similar in HIV-1+ and HIV-1+ W. bancrofti + individuals (67) while a study by 
Gopinath et al. found that CD8+-depleted PBMCs from patients treated for lymphatic 
filariasis had a reduced susceptibility to HIV-1 R5 viruses compared to CD8+-depleted 
PBMCs from the same patients when they were untreated (68). However, they also 
observed that the level of HIV-1 infection in CD8+-depleted PBMCs from healthy 
controls was similar to the level of infection in cells from filarial nematode infected 
patients suggesting that the reduced level of infection is induced by the treatment 
regimen rather than the death of the filarial nematodes (68). Good in vitro model 
systems using human cells are therefore required to identify what role parasites and 
their antigens have on modulating HIV-1 infection. 
 We have shown here that BmA can potently bind DC-SIGN and block HIV-1 trans-
infection of CD4+ enriched T-cells and thereby potentially play a role in modulating 
HIV-1 infection or replication in exposed or infected individuals, respectively. This 
could be pertinent given the presence of filarial nematodes within the afferent lymph 
vessels close to lymph nodes. Once the DC-SIGN binding product has been identified 
it may be possible to speculate on the physiological relevance of the concentrations 
we have used. Additionally, the patient’s worm load, which is highly variable, will 
likely be a major determinant in the concentration the DC-SIGN binding component 
will reach in vivo. From the results obtained in our in vitro DC-T-cell model system it 
seems that BmA and ES-62 do not induce beneficial, or more importantly, undesirable 
effects on HIV-1 infection or replication of/in Th-cells induced by DCs exposed to these 
parasite components. Determining the effects of other pathogen antigen sources or 
antigens from other stages of B. malayi’s life-cycle on modulating immune responses 
and affecting HIV-1 infection will provide a more complete picture in indicating what 
consequences parasite co-infections have on modulating HIV-1 infection. 



111

  5

Materials and methods
Parasitic products. Adult Brugia malayi worms were purchased from TRS labs (Athens, 
Georgia, USA). B. malayi adult worm extract (BmA) was prepared by homogenization of adult 
male and female worms on ice in PBS containing 0.5% n-octyl glucoside (PBS-nOG). The 
homogenates were centrifuged at 12,000 g, and the insoluble pellet was extracted once more 
with PBS-nOG to remove any remaining soluble antigen. The supernatants were pooled and 
passed through a 0.45 mm filter with the protein concentration determined using the Bradford 
method. The BmA total protein extract was aliquoted and stored at -70°C until use at the 
desired concentration. Highly purified, endotoxin-free ES-62 was prepared essentially as 
previously described (45).

Viruses. The HIV-1 subtype B replication competent viruses SF162 (R5) and LAI (X4) were 
used. SF162 is a CCR5 using virus which is a molecular cloned isolate obtained from an 
HIV-1 infected patient. The CXCR4 using virus LAI also represents a molecular cloned virus 
isolated from an HIV-1 infected patient. Viruses were passaged on CD4 enriched T-cells and 
tissue culture infectious dose (TCID50) values were determined by limiting dilutions on these 
cells according to the Reed and Muench method (46).

ELISA’s. The DC-SIGN binding ELISA was performed as described (12). In short, BmA 
(25μg/ml) or ES-62 (8μg/ml) were coated on an ELISA plate followed by addition of 333ng/ml 
DC-SIGN-Fc (R&D systems). Next, a secondary goat-anti-human-Fc HRP labelled antibody 
(1:1000, Jackson Immunology) was used to detect DC-SIGN-Fc bound to the plate. In the 
gp140 competition ELISA, 10μg/ml anti-HIV-1 gp120 antibody D7324 (Aalto BioReagents Ltd) 
was coated on an ELISA plate after which trimeric HIV-1 gp140 (JR-FL SOSIP.R6-IZ-D7324) 
was added, as previously described (47, 48). Meanwhile 333ng/ml DC-SIGN-Fc (R&D 
systems) was incubated with BmA (50μg/ml), subsequently the mixture was added to the 
gp140 coated plate. Using a secondary HRP labelled goat-anti-human-Fc antibody (Jackson 
Immunology) (1:1000), DC-SIGN-Fc - gp140 binding was determined (48). The Capsid p24 
ELISA was performed as standard (10). In short, culture supernatant was added to an ELISA 
plate coated with 10μg/ml sheep anti-p24-specific antibody (Aalto Bio Reagents Ltd.). Next, 
4ng/ml mouse anti-HIV-1-p24 alkaline phosphatase conjugate antibody (Aalto Bio Reagents 
Ltd.) was added followed by Lumi-phos plus (Lumigen Inc.) (development solution) according 
to the manufacturer’s protocol. A serial dilution of Escherichia coli-expressed recombinant 
HIV-1-p24 (Aalto Bio Reagents Ltd.) functioned as the standard curve. 
 Cytokine concentrations were determined using a standard ELISA protocol and the 
following antibody pairs IL6 (CD205-c 1:200 and CD205-d 1:200, U-CyTech), IL10 (JES3-9D7 
1:1000 and JES3-12G8 1:1000, BD Pharmingen), IL12 (20C2 1: 500 and C8.6 1:2000, own 
cultures) and TNF-α (MAb1 1:500 and MAb11 1:250, eBioscience). 

Cell lines and primary cell isolation. Raji DC-SIGN cells were cultured in RPMI 1640 
(Invitrogen) supplemented with 10% FCS, 100U/ml penicillin and 100U/ml streptomycin 
(100U/ml Pen/ Strep). Peripheral blood mononuclear cells (PBMCs) were isolated from buffy 
coats (purchased Sanquin) obtained from healthy volunteers using ficoll-hypaque density 
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centrifugation. PBMCs of 3 CCR5 wild-type homozygous donors were pooled and cultured 
in RPMI 1640 containing 10% FCS, 100U/ml Pen/ Strep, 100U/ml recombinant IL-2 (Chiron), 
and 2μg/ml phytohemagglutinin (PHA, Remel) was used to activate the cells. After 5 days 
of culture PBMCs were enriched for CD4+ T-cells by depleting the CD8+ T-cell population 
using CD8 dynabeads (Life Technologies) according to manufacturer’s protocol. Monocytes 
were isolated from PBMC as previously described (49). Monocytes cultured in IMDM 
(Gibco) containing 5% FCS, 86μg/ml gentamycin (Duchefa), 500U/ml GM-CSF (Schering-
Plough) and 10U/ml IL-4 (Miltenyi Biotec) for 6 days differentiated into immature DCs (iDCs). 
The CD4+ T-cell isolation MACS kit (Miltenyi Biotec, 130-091-155) was used according 
to manufacturer’s protocol to isolate CD4+ T-cells from the PBL fraction. Subsequently, 
the CD4+CD45RA+CD45RO- naïve T-cells were isolated from the CD4+ T-cells using anti-
CD45RO-PE (DAKO, R084301) and anti-PE beads (Miltenyi-Biotec, 130-048-801), described 
in detail (49).

HIV-1 cis- infection. CD4+ enriched T-cells (2x105 cells/well) were incubated with 25, 5 or 
1μg/ml BmA, 4, 2, 1μg/ml ES-62 or medium (control) 2h prior to and during HIV-1 infection. 
HIV-1 SF-162 (TCID50/ml 1000) or LAI (X4) (TCID50/ml 200) was added and 4, 7 and 12 days 
post-infection HIV-1 Capsid p24 was determined in the supernatant by ELISA. Neither antigen 
source was shown to be toxic for iDCs (Supporting Information Fig. S1). 

HIV-1 trans-infection assay. Raji DC-SIGN cells (2x104 cells/well) were pre-incubated for 
2h with 5μg/ml BmA after which SF162 (R5) (TCID50/ml 5000) or LAI (X4) (TCID50/ml 2500) 
was added for an additional 2h. Subsequently, the cells were washed 3 times and co-cultured 
with 2x105 cells/well CD4+-enriched T-cells. 4, 7 and 12 days post-infection viral outgrowth 
was measured by determining the supernatant Capsid p24 levels (using the p24 ELISA). 
HIV-1 capture/transfer by iDCs was conducted with minor modifications as to the protocol 
described above, where BmA antigen was tested at 500μg/ml and where the incubation 
period was shortened to 0.5h. These adaptations were made due to the high expression 
levels of DC-SIGN on iDCs and rapid receptor turnover at the cell surface. 

Assessment of DC maturation. Between 25-40x103 iDCs were cultured in a 96 well 
plate with 1, 2 or 4μg/ml ES-62 or 10, 25 or 75μg/ml BmA in the presence of 1 or 100ng/
ml LPS for 24h. The supernatant was stored at -20⁰C and the IL-6, IL-10, IL-12 and TNF-α 
concentrations determined by ELISA. 40x104 monocytes were cultured (24 well plate) in 
IMDM containing 5% FCS, 86μg/ml gentamycin (Duchefa), 500U/ml GM-CSF (Schering-
Plough) and 10U/ml IL-4 (Miltenyi Biotec). After 6 days monocytes had differentiated into iDCs 
and half of the medium was replaced with medium containing 1, 2 or 4μg/ml ES-62 or 10, 25 
or 75μg/ml BmA in the presence of 1 or 100ng/ml LPS and where 48h later the cells were 
FACS-analysed for CD86, CD83 and HLA-DR expression.

DC-T-cell outgrowth model system. Donor A iDCs were matured with 100ng/ml LPS 
(Sigma Aldrich) or 100ng/ml LPS and 10μM PgE2 (Sigma Aldrich) in the absence or presence 
of 25μg/ml BmA or 2- 4μg/ml ES-62. Matured DCs were washed 3 times, subsequently 5x103 
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cells were co-cultured with 2x104 CD4+CD45RA+CD45RO- T-cells from donor B and 10pg/
ml Staphylococcus enterotoxin B (Sigma-Aldrich) in IMDM, 10% FCS, 86μg/ml gentamycin 
(Duchefa). At day 5 and 7 the cells were split and the medium was supplemented with 20U/
ml IL-2. At day 8, 5x104 cells/well were plated and infected with SF162 (R5) (TCID50/ml 1000) 
or LAI (X4) (TCID50/ml 200). Cells were re-stimulated with 10ng/ml PMA (Sigma-Aldrich), 
1μg/ml ionomycin (Sigma-Aldrich), 10μg/ml  brefeldin A (Sigma-Aldrich) and 0.1μg/ml T1294 
(Pepscan Therapeutics BV) for 6h day 5 and 7 post-infection. Subsequently, the cells were 
fixed in 3.7% formaldehyde and stored for no more than 1 week at 4⁰C in FACS buffer (PBS+ 
2% FCS) for flow cytometry analysis. CD4+ T-cells are the major cell type being analysed 
here since the culture conditions used are non-permissive for iDC survival.  HIV-1 infection 
is determined at the optimal time-point which varies between donor and virus and where cell 
viability is high (>50%).

Flow cytometry. To determine CD86, CD83 and HLA-DR on DCs the cells were washed 
twice using FACS buffer and were subsequently stained using CD86-PE (IT2.2, BD 
Biosciences), CD83-APC (HB15e, Biolegend) and HLA-DR-PerCp (L243, BD Biosciences) 
for 30min at 4⁰C in FACS buffer. Cells were washed once more with FACS buffer and 
were analysed on a FACS Canto II apparatus. To assess the capacity of T-cells to produce 
cytokines/ chemokines, cells were permeabilized with PermWash (BD Pharmingen) according 
to manufacturer’s protocol to stain for intracellular markers. Cells were stained for p24-RD1 
(Beckman Coulter, KC57-RD1) and IFN-γ-FitC (4S.B3), IL2-PerCp-Cy5.5 (MQ1-17H12), 
IL-4-APC (MP4-25D2), TNF-α-PE-CF594 (MAb11), Mip-1β-AlexaFluor700 (D21-1351) 
(all from BD Bioscience) for 30min at 4⁰C in PermWash. Next, these cells were washed 
once with PermWash, resuspended in FACS buffer (PBS+ 2% FCS) and measured on a 
FACS Canto II apparatus. The histograms depict all T-cells capable of producing a certain 
cytokine/ chemokine at the optimal time point. The optimal time point was determined by the 
percentage of live cells (>50%) and the level of HIV-1 infection, which varied per donor and 
per virus between day 5 and 7. 

Statistics. The unpaired student T tests were used except in figures demonstrating relative 
levels of infection. Here the paired student T test was utilized.
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Fig. S1. Both BmA and ES-62 are not toxic for cells. Immature dendritic cells were exposed to 
100ng/ml LPS in combination with various concentrations of BmA (A) or ES62 (B) for 48h.  
Subsequently the cells were analysed by FACS. Depicted is the percentage of cells in the lifegate.  
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G.M.
Sample CD86 CD83 HLA-DR

▬ 4μg/ml ES62 2786 576 3224

־ ־ 2μg/ml ES62 2424 449 2545

••• 1μg/ml ES62 2585 498 2871

▬ iDC 2446 475 2627

Fig. S2. Neither BmA nor ES-62 induces co-stimulatory molecules on iDCs.  
(A) Depicted is the expression of CD86 (left), CD83 (middle) and HLA-DR (right) on iDC (grey filled) 
and iDC exposed to 10μg/ml (blue, dotted), 25μg/ml (red, dashed) or 75μg/ml BmA (black, solid). (B) 
Depicted is the expression of CD86 (left), CD83 (middle) and HLA-DR (right) on iDC (grey filled) and 
iDC exposed to 1μg/ml (blue, dotted), 2μg/ml (red, dashed) or 4μg/ml BmA (black, solid).

G.M.
Sample CD86 CD83 HLA-DR

▬ 75μg/ml BmA 3837 716 4124

־ ־ 25μg/ml BmA 3436 531 3378

••• 10μg/ml BmA 3549 618 4039

▬ iDC 3782 576 3546
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Summarizing discussion
This chapter contains the summary of the thesis titled: “Parasitic helminths and HIV-1 
infection: the effect of immunomodulatory antigens”.
 In our life-time we will encounter many pathogens and these infections may occur 
concomitantly. For one pathogen to influence another’s disease process there must 
be some cross over. In the case of HIV-1 and parasitic helminths the immune system 
forms such an overlap. Parasitic helminths possess numerous immunomodulatory 
properties that skew and dampen immune responses whilst HIV-1 aims to drive the 
immune system into a state of chronic activation. Although it seems highly likely for 
these pathogens to influence each other’s disease course, little is known about the 
effect of immunomodulatory antigens from parasitic helminths on HIV-1 infection. To 
gain more insight, we analyzed the effect of helminth products in a number of human 
HIV-1 in vitro model systems.  

Throughout the course of this thesis three helminth products were analyzed for their 
effect on HIV-1; soluble egg antigen (SEA) derived from homogenized Schistosoma 
mansoni eggs, Brugia malayi antigen (BmA) derived from homogenized adult B. 
malayi worms and Excretory Secretory molecule 62 (ES-62) a purified molecule 
derived from adult Acanthocheilonema viteae (the phosphorylcholine group is 
responsible for the molecules activity 1). The main questions were: 
   1. Can helminth products interfere with HIV-1 cis- and/or trans-infection?
   2. Do T-cell responses induced under the influence of parasite antigens have an 

altered susceptibility to HIV-1 infection?
   3. Can helminth products affect HIV-1 transcription in antigen presenting cells?

1. Can helminth products interfere with HIV-1 cis- and/or trans-infection?
HIV-1 can target cells expressing its primary receptor CD4 and its main co-receptors 
CCR5/CXCR4 2. Nevertheless, CD4+ effector memory T-cells are considered to be 
the main target cells for productive infection, whereas DCs and macrophages are 
understood to serve as a reservoir 3-5. We therefore determined the effect of SEA, 
BmA and ES-62 on HIV-1 cis-infection of CD4+ T-cells (chapter 4 and 5). None of the 
helminth products was capable of altering viral outgrowth of either CCR5- or CXCR4-
using HIV-1 in CD4+ T-cell blasts, determined by capsid p24 production. This indicates 
that SEA, BmA and ES-62 are unable to interfere with HIV-1 binding to CD4 or CCR5/
CXCR4, nor with the subsequent steps, e.g. conformational changes in the viral 
envelope protein required for membrane fusion and cell entry.
 Besides a reservoir function, DCs are also well known for their role in supporting 
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HIV-1 trans-infection. Here virions bind to C-type lectin receptors (CLRs) on the cell 
surface after which the DC presents the virus to a susceptible CD4+ T-cell. Trans-
infection is potently mediated by DC-SIGN, a CLR that recognizes both mannosylated 
and fucosylated glycan structures found on a large array of pathogen- and host-
derived glycoproteins including SEA and BmA but not ES-62 6-12. In capture/transfer 
assays where Raji DC-SIGN cells were pre-exposed to SEA or BmA, significantly less 
HIV-1 R5 and X4 viral outgrowth was detected in the Raji DC-SIGN-CD4+ T-cell co-
cultures (chapter 4 and 5). Although both SEA and BmA interfere with HIV-1 capture, 
SEA was more potent. Whether this results from differences in the concentration, 
the number or binding strength of DC-SIGN binding component(s) remains to 
be elucidated. The capacity of SEA and BmA to block HIV-1 trans-infection was 
confirmed with immature DCs (iDCs). However, as these cells express higher levels 
of DC-SIGN, multiple other CLRs capable of mediating HIV-1 trans-infection and 
have a rapid receptor turnover rate, a higher concentration of SEA/BmA was required 
for inhibition. A more in-depth analysis revealed that kappa-5 is the likely DC-SIGN 
binding component of SEA (chapter 4).
 In conclusion, of the three parasitic products examined none affected HIV-1 
cis-infection whilst SEA and BmA inhibited HIV-1 trans-infection. As trans-infection 
has been postulated to be associated with HIV-1 transmission as well as early viral 
dissemination within lymph nodes both these parasite products will likely have the 
capacity to influence the early stages of HIV-1 disease. 

2. Do T-cell responses induced under the influence of parasitic helminths 
have an altered susceptibility to HIV-1 infection?
A number of studies have suggested that Th2 cells were more susceptible to HIV-
1 infection than Th1 cells 13-17. Although this hypothesis is no longer supported 5, 18, 
parasitic helminth infections are still considered a risk factor in HIV-1 infection and 
transmission due to their Th2 skewing properties. Epidemiological studies addressing 
the effect of helminths on HIV-1 infection and transmission have reported contradictory 
findings 19. Hence, to shed more light on the matter, we set up an in vitro model to 
study the HIV-1 susceptibility of Th-cells induced by DCs matured under either Th1/
Th2 (Tmix), Th1 or Th2 promoting conditions in absence (unexposed DCs) or presence 
(exposed DCs) of helminth products.
 Strikingly, Th2 cells induced by SEA exposed DCs (matured in Th2 promoting 
conditions) harbored significantly less HIV-1 R5 infection compared to Th2 cells 
induced by unexposed DCs (chapter 4). This reduced level of infection could not be 
correlated with a downmodulation of CCR5 surface expression. Additionally, except for 
a reduced level of IFN-γ and MIP-1β producing T-cells associated with SEA’s capacity 
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to skew towards a more pronounced Th2 phenotype, no changes in the cytokine/
chemokine profile of these T-cells was observed. In Tmix cell cultures the level of 
HIV-1 R5 infection was slightly reduced (not statistically significant) when DCs were 
exposed to SEA during maturation. This slight reduction motivated us to examine 
whether more pronounced Th2 skewing could induce protection of Tmix cell cultures 
for HIV-1 R5. Exposing DCs to increasing concentrations of recombinant omega-1 
(rω-1), the Th2 driving component of SEA 20-22, during maturation resulted in Tmix cell 
cultures with significantly reduced HIV-1 R5 infection levels. Although we did not find 
more pronounced Th2 skewing based on the cytokine/chemokine profile of the cells 
we did observe a modest downmodulation of CCR5 which potentially contributes to the 
overall reduction in HIV-1 R5 infection levels. The mechanism(s) responsible for the 
reduction of R5 but not X4 infection remains to be elucidated. Potentially, not only Th2 
but also regulatory T-cells could be induced in the presence of SEA and rω-1, which 
have been shown to be less susceptible to R5 but not X4 HIV-1 infection 23-25.
In addition to the reduced levels of infection when SEA or rω-1 was added to maturing 
DCs, we found that Th1 cell cultures tend (p=0.09) to have lower levels of HIV-1 R5 
infection than Tmix cell cultures induced by unexposed DCs. This was not observed 
for Th1 cell cultures induced by SEA exposed DCs and can potentially be explained 
by the level of MIP-1β. MIP-1β is a chemokine associated with Th1 cell responses 
26. Indeed, the highest percentage of MIP-1β producing cells was found in Th1 cell 
cultures induced by unexposed DCs which was significantly reduced in Th1 cell 
cultures generated by SEA exposed DCs. As MIP-1β is the natural ligand for CCR5 
it can compete with HIV-1 for binding when present at sufficient concentrations. This 
seems to be the case in Th1 cell cultures induced by unexposed DCs. However, in 
vivo MIP-1β may diffuse rapidly, making it unlikely that MIP-1β can reach such high 
concentrations in vivo, suggesting that this may be an in vitro artifact. The finding that 
Tmix cell cultures have higher percentages of MIP-1β+ cells than Th2 cell cultures, 
though the level of HIV-1 infection is similar, supports the notion that MIP-1β only 
interferes with infection when high levels are present.
 Unlike SEA, BmA and ES-62 were unable to alter HIV-1 susceptibility of Th-cells 
induced by exposed DCs (chapter 5). Furthermore, DCs exposed to BmA or ES-62 did 
not skew the induced Th-cell responses towards a more pronounced Th2 phenotype. 
This does not necessarily indicate that B. malayi is unable to skew induced Th-cell 
responses or alter HIV-1 susceptibility of Th-cells, but does suggest that the antigens 
from adult worms and the phosphorylcholine (PC) group are not involved in such 
mechanisms.
 In conclusion, of the helminthic products analyzed only SEA and rω-1 were capable 
of altering the HIV-1 susceptibility of Th-cells. This effect was limited to CCR5 using 
HIV-1. However, as R5 viruses are the types predominantly transmitted the presence 
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of SEA may have major consequences on HIV-1 transmission and disease progression 
in individuals infected with S. mansoni.

3. Can helminth products affect HIV-1 transcription in antigen presenting 
cells?
Antigen presenting cells are among the first cells HIV-1 encounters upon entering the 
human body. These cells can act as a viral reservoir due to their insensitivity to HIV-1’s 
cytotoxic effects, their relatively long lifespan and ability to induce viral latency 3, 4, 27. 
 S. mansoni eggs induce granuloma’s consisting of alternatively activated 
macrophages (M2 cells), eosinophils, CD4+ and CD8+ T-cells which facilitate the egg’s 
migration to the gut lumen 28. Hence the lesions in the gut wall formed by the eggs are 
surrounded by these cells. In chapter 4 we already demonstrated that CD4+ Th-cells 
induced by DCs matured in the presence of SEA have an reduced susceptibility to HIV-
1 R5 infection. Additionally we set up a small pilot experiment to determine whether 
SEA has the potential to alter HIV-1 infection in macrophages. As components in SEA 
are known to bind and signal through the pathogen recognition receptors, we analyzed 
the effect of SEA on HIV-1 transcription. The level of unspliced (us) and multiple 
spliced (ms) HIV-1 RNA transcripts were compared between unexposed macrophages 
and those exposed to 25μg/ml SEA 2h prior and during HIV-1 R5 infection (SF162, 
TCID50 1000). Strikingly, the level of usRNA was 45 fold lower and msRNA 440 fold 
lower in M2 cells exposed to SEA compared to unexposed cells 72h after infection 
(data not shown). In a second donor the level of HIV-1 usRNA was reduced by 9 fold 
and msRNA by 24 fold in SEA exposed M2 cells. Similarly, HIV-1 R5 RNA transcription 
was reduced in classically activated macrophages (M1 cells) from two donors (6 and 
25 fold less usRNA and 6 and 21 fold less msRNA 48h after infection; data not shown). 
Although the data is preliminary, it does indicate that SEA has the potential to limit HIV-
1 R5 viral outgrowth in macrophages. 
 There are several mechanisms that can potentially explain the above finding. It 
has been shown that signaling via DC-SIGN with a mannosylated ligand results in 
enhanced viral RNA transcription in iDCs 29. Macrophages do not express DC-SIGN 
(data not shown) but signaling via other pathogen recognition receptors such as 
the mannose receptor (MR) could result in similar downstream modifications which 
reduce viral RNA transcription. Another possibility is that omega-1, one of SEA’s 
main components known to possess RNase activity after entering the cell via the MR, 
degrades HIV-1 RNA upon entering the cell or after transcription 20. It is also feasible 
that SEA can modulate expression levels of HIV-1 restriction factors known to be 
expressed in macrophages such as APOBEC3G or miRNA-198 30-32.
 In conclusion, our data suggests that SEA may have the capacity to reduce HIV-1 
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R5 viral outgrowth in macrophages which would imply that despite S. mansoni eggs 
create lesions, the cells surrounding these lesions are less susceptible to HIV-1 R5 
infection. Additional studies are required to confirm this data and to address the 
underlying mechanism(s) responsible.
 We have not yet analyzed whether BmA or ES-62 can alter the early stages of 
HIV-1 infection in antigen presenting cells. In chapter 5 we have demonstrated that 
both BmA and ES-62 are unable to mature iDCs or alter LPS induced maturation 
(measured by cell surface marker expression and cytokine production) although BmA 
is capable of binding DC-SIGN, suggesting it may alter HIV-1 transcription in iDCs. 

Our findings in an in vivo context 
Utilizing relevant in vitro model systems we have been able to study the modulating 
effects that helminth products have on HIV-1 infection. However, for these effects to 
take place in vivo there must be an overlap in terms of helminth antigen location, the 
modulated immune cells and HIV-1.
 S. mansoni eggs are secreted by adult worm pairs, which reside in the mesenteric 
veins. The eggs migrate to the gut lumen where they typically enter at the large bowel 
or rectum 33, 34. This implies that SEA is abundantly present within the gut wall including 
the gut-associated lymphoid tissue (GALT). Irrespective of the route of transmission, 
HIV-1 rapidly disseminates through the body and especially affects the GALT. Here 
approximately 80% of the CD4+ T-cells are lost within the first two weeks of infection 
35, 36. Thereby, SEA residing within this tissue may be beneficial as it can inhibit trans-
infection, reduce transcription and alter DC maturation to induce CD4+ T-cells less 
susceptible for CCR5 using HIV-1.
 S. manoni eggs create lesions in the gut wall where they enter the lumen 33, 34. This 
may increase the risk of HIV-1 transmission in individuals participating in receptive 
anal intercourse. Such an enhanced risk has been demonstrated for lesions in the 
female genital tract created by Schistosoma haematobium eggs 37, 38. On the other 
hand, the cells in the granuloma surrounding the lesions are potentially less sensitive 
to HIV-1 R5 infection and HIV-1 trans-infection is being inhibited. Because of these 
multiple mechanisms, with sometimes opposing effects, it is difficult to determine 
whether helminth infections can influence HIV-1 transmission and/or disease. These 
complexities may help explain the contradictory findings reported in epidemiological 
studies addressing the clinical effects of co-infections 19.
 Host factors residing at sites of helminth egg expulsion need to be taken into 
consideration. These factors may influence HIV-1 transmission mechanisms or 
the induction of localized immune responses. In this thesis we demonstrated that 
colorectal mucus (CM) does not alter HIV-1 cis-infection of CD4+ T-cells but does 
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possess the capacity to block HIV-1 trans-infection (chapter 3). Through biochemical 
analysis of CM’s DC-SIGN binding fractions we identified the component responsible 
as human lactoferrin. CM from different individuals varied greatly for their DC-SIGN 
binding capacity, which was correlated with the levels of lactoferrin expressed in 
the sample. More in-depth analysis revealed that lactoferrin is likely in complex with 
its receptor intelectin-1 and that the C-terminal fraction of lactoferrin is involved in 
DC-SIGN binding. Thus, both SEA and CM can hinder HIV-1 transmission through 
receptive anal intercourse by blocking trans-infection. 
 It remains unclear if B. malayi infection can affect HIV-1 infection. Adult B. malayi 
worms reside preferentially in the afferent lymphatics close to the lymph nodes 39, 40. 
Hence, products secreted by these parasites will directly enter lymph nodes where it 
can interfere with the induction of adaptive immune responses. DCs present in lymph 
nodes are in close proximity with CD4+ T-cells, indicating that BmA has the potential to 
limit trans-infection within this compartment. However, asides from the fact that BmA 
can block HIV-1 trans-infection we did not identify any immunomodulatory properties 
of BmA or ES-62. Our data does not imply that these worms have no effect on HIV-1 
transmission or disease progression, but does suggest that the adult worm and the 
phosphorylcholine-containing molecules studied are not involved. For future studies 
it would be pertinent to focus on the microfilariae offspring which circulate in the 
peripheral blood vessels. 

Conclusions & future perspectives
Infections with parasitic helminths and HIV-1 have major implications for their host, 
due to the longevity of the infection as well as the extensive damage these pathogens 
cause to the immune system. Epidemiological studies attempting to unravel the effects 
parasitic helminths have on HIV-1 infection have resulted in contradictory findings. 
Moreover, in helminth infections the worm load and how a person’s immune system 
responds can vary between individuals. It is these complexities that motivated us to 
focus on studying specific helminth products and their effect on HIV-1 infection in 
simplified in vitro model systems using human cells. This has allowed us to determine 
a number of immunomodulatory properties that can associate with alterations to HIV-1 
infection and/or replication.
 Based on our findings, there is no indication that high HIV-1 prevalence in 
areas endemic for helminths results from individuals being more vulnerable to 
HIV-1 infection due to immune alterations induced by these parasites. If anything, 
the immunomodulatory properties of SEA appear to protect cells from HIV-1 
infection through a number of mechanisms. Although this is only one aspect of S. 
mansoni infection, it does imply that a patient’s parasite status can influence HIV-1 
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transmission and disease progression. When conducting HIV-1 vaccine or treatment 
trials a patient’s helminth profile may therefore need to be taken into consideration. 
Furthermore, the immunomodulatory properties of parasitic helminths have been 
acquired as a result of co-evolution with the human immune system over millions of 
years. Therefore, studying these properties may result in the development of new 
strategies aimed at curtailing HIV-1 transmission or disease progression. For instance, 
one of the difficulties with HIV-1 vaccines is that the induced immune cells can be 
targeted by HIV-1. Hence, the addition of a molecule mimicking the protective effects 
observed with SEA may be highly beneficial in vaccine recipients. The potential of 
helminthic products in treatment of diseases is not limited to HIV-1 infection. There are 
indications that parasitic helminths can impose a beneficial influence on autoimmune 
diseases as well as allergies, emphasizing the importance of helminth studies. 
Furthermore, the knowledge we can obtain from studying helminthic infections, 
specifically with regards to mechanisms controlling and directing immune responses, 
will be invaluable and is worth pursuing.  
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Samenvatting en Discussie
Dit hoofdstuk bevat de Nederlandse samenvatting en discussie van het proefschrift 
getiteld: “Parasitic helminths and HIV-1 infection: the effect of immunomodulatory 
antigens”. 
 In de loop van ons leven kunnen wij geïnfecteerd raken met verschillende 
ziekteverwekkers, zoals bacteriën, schimmels, virussen en parasieten. Sommige 
van deze infecties kunnen tegelijkertijd plaatsvinden waardoor het mogelijk is dat 
een microbe, op een directe of indirecte manier, de infectie van een ander microbe 
beïnvloedt. Het humaan immunodeficiëntie virus type 1 (HIV-1) en parasitaire 
helminthen (wormen) komen in dezelfde gebieden voor waardoor co-infecties mogelijk 
zijn. Beide ziekteverwekkers hebben een grote invloed op het immuunsysteem. HIV-
1 heeft de eigenschap het immuunsysteem continu te activeren terwijl parasitaire 
wormen immuunreacties juist kunnen verstoren (skewen) of onderdrukken. Hierdoor 
is het aannemelijk dat deze ziekteverwekkers elkaars infectie kunnen beïnvloeden, 
hier is echter nog weinig over bekend. Door middel van ons onderzoek hebben wij 
getracht meer inzicht te krijgen in deze co-infectie door het effect van wormproducten 
in verschillende in vitro HIV-1 modellen te bestuderen. Concreet hebben we gezocht 
naar een antwoord op de volgende vragen.

1. Beïnvloeden wormproducten de HIV-1 infectie?
2. Is de gevoeligheid van T-cellen voor HIV-1 te beïnvloeden door wormproducten 

toe te voegen tijdens de inductie van deze T-cel types? 
3. Kunnen wormproducten HIV-1 transcriptie in antigeen-presenterende cellen 

beïnvloeden?

De volgende wormproducten zijn getest:
- Soluble egg antigen (SEA) geïsoleerd uit gehomogeniseerde  

Schistosoma mansoni eitjes.
- Brugia malayi antigen (BmA) geïsoleerd uit gehomogeniseerde volwassen  

B. malayi wormen. 
- Excretory Secretory molecule 62 (ES-62), een opgezuiverd molecuul dat door 

volwassen Acanthocheilonema viteae wormen uitgescheiden wordt en waarvan 
het actieve onderdeel de fosforylcholine-groep is 1.

1. Beïnvloeden wormproducten de HIV-1 infectie?
Om een cel te infecteren maakt HIV-1 gebruik van de CD4 receptor en de co-receptor 
CCR5 (R5 variant) of CXCR4 (X4 variant). CD4+ T-cellen zijn de voornaamste target 
cellen voor HIV-1 infectie. HIV-1 kan deze cellen direct infecteren (cis-infectie) of 
indirect infecteren (trans-infectie). In het laatste geval bindt het virus eerst aan een 
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C-type lectin receptor (CLR) op een dendritische cel (DC) en wordt vervolgens door de 
DC gepresenteerd aan een CD4+ T-cel die geïnfecteerd wordt.
 Uit ons onderzoek blijkt dat SEA, BmA en ES-62 de directe HIV-1 infectie van CD4+ 
T-cellen niet beïnvloeden. SEA en BmA waren daarentegen wel in staat DC-SIGN 
te binden, één van de best bestudeerde CLRs die nauw bij de HIV-1 trans-infectie 
betrokken is. In experimenten met cellen hebben wij aangetoond dat SEA en BmA in 
competitie kunnen treden met HIV-1 voor DC-SIGN binding, waardoor de HIV-1 trans-
infectie geremd wordt. Dit in tegenstelling tot ES-62 dat niet aan DC-SIGN bindt.
 Wij concluderen dat geen van de drie onderzochte wormproducten in staat is 
de HIV-1 cis-infectie te beïnvloeden, terwijl zowel SEA als BmA in staat zijn de 
HIV-1 trans-infectie te remmen. Aangezien trans-infectie geassocieerd is met de 
virus besmetting en de initiële verspreiding van HIV-1 door het lichaam, kan een 
worminfectie wel degelijk gevolgen hebben voor het verloop van de HIV-1 infectie. 

2. Is de gevoeligheid van T-cellen voor HIV-1 te beïnvloeden door 
wormproducten toe te voegen tijdens de inductie van deze T-cel types?
Er zijn drie typen CD4+ T helper (Th) cellen: Th1, Th2 en Th17 cellen, elk met hun 
eigen specialiteit. Inductie van deze Th-cellen vindt plaats door DCs die in aanraking 
zijn gekomen (gematureerd) met virussen (Th1), parasieten (Th2) of bacteriën/
schimmels (Th17). Parasitaire wormen beïnvloeden echter de inductie van al deze 
Th-cellen en sturen de geïnduceerde Th-cellen naar het Th2 fenotype. Eerdere 
onderzoeken suggereerden dat Th2 cellen gevoeliger zijn voor HIV-1 infectie dan Th1 
cellen 2-6. Hoewel deze hypothese reeds is verworpen 7, 8, worden worminfecties nog 
steeds beschouwd als een risicofactor voor HIV-1 infectie en transmissie vanwege 
hun capaciteit om Th-cellen naar het Th2 fenotype te sturen. Epidemiologisch 
onderzoek naar co-infecties rapporteren tegenstrijdige bevindingen over het effect 
van parasitaire wormen op HIV-1 infectie 9. Daarom hebben wij door middel van 
laboratorium onderzoek geprobeerd meer duidelijkheid te verschaffen over het effect 
van wormen door de HIV-1 infectie van Th-cellen te bestuderen. Deze T-cellen zijn 
geïnduceerd door verschillende type DCs (gematureerd onder Th1/Th2 (Tmix), Th1 of 
Th2 stimulerende condities) in aanwezigheid of afwezigheid van wormproducten. 
 Opvallend genoeg vonden we een lager percentage HIV-1 R5 geïnfecteerde cellen 
in Th2 celkweken die geïnduceerd waren met aan SEA blootgestelde DCs, dan in 
de controle kweken geïnduceerd door normaal gematureerde DCs (in afwezigheid 
van SEA). Deze afname kon niet worden verklaard door verschillen in de expressie 
van de CCR5 receptor of cytokines/chemokines. In de Tmix celkweken waren de 
effecten van SEA wisselend. Gemiddeld was er echter geen verschil in het percentage 
HIV-1 R5 geïnfecteerde cellen tussen kweken geïnduceerd met normale of aan 
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SEA blootgestelde DCs. Vervolgens is bepaald of een sterkere Th2-sturing door 
recombinant omega-1 (rω-1, de Th2 inducerende component van SEA 10-12) leidt tot 
een afname in het percentage HIV-1 R5 geïnfecteerd cellen. Toevoeging van rω-1 
aan DCs resulteerde inderdaad in een significante daling van het percentage HIV-1 
R5 geïnfecteerde cellen in Tmix

 
 celkweken. De Tmix cellen geïnduceerd door rω-1 

blootgestelde DCs brachten minder CCR5 (co-receptor) tot expressie dan de controle 
cellen, wat de verminderde HIV-1 infectie deels kan verklaren. Meerdere vragen 
blijven vooralsnog onbeantwoord, bijvoorbeeld waarom HIV-1 X4 infectie niet wordt 
beïnvloed. Een mogelijke verklaring hiervoor is dat niet alleen Th2 cellen, maar ook 
regulatoire T-cellen worden geïnduceerd door DCs gematureerd in de aanwezigheid 
van SEA/rω-1 13, 14. Van deze regulatoire T-cellen is aangetoond dat ze minder vatbaar 
zijn voor infectie door HIV-1 R5, maar niet door X4 varianten 15.
 Naast het effect van de wormproducten op Th2 celkweken, zagen we dat de mate 
van HIV-1 R5 infectie in de Th1 cellen lager was dan in de Tmix kweken wanneer 
deze geïnduceerd waren door DCs gematureerd in afwezigheid van wormproducten. 
Dit verschil kan mogelijk verklaard worden door de productie van MIP-1β 16. MIP-1β is 
een Th1 geassocieerd chemokine en bindt net als HIV-1 R5 aan de CCR5 receptor, 
waardoor hoge concentraties MIP-1β in de Th1 celkweken de HIV-1 R5 infectie zou 
kunnen hinderen. Echter, in vivo zal er snelle diffusie van het lokaal geproduceerde 
MIP-1β plaatsvinden, zodat het onwaarschijnlijk is dat de lokale concentratie hoog 
genoeg kan worden om de HIV-1 R5 infectie te blokkeren. We moeten er dus rekening 
mee houden dat deze in vitro observatie mogelijk niet relevant is voor de patiënt. 
 In tegenstelling tot SEA hebben BmA en ES-62 geen effect op de gevoeligheid 
van T-cellen voor HIV-1 infectie en zijn ze niet in staat immuunreacties naar een Th2 
fenotype te sturen. Dit houdt in dat de volwassen worm (BmA) en fosforylcholine (het 
actieve bestanddeel van ES-62) geen effect hebben op de HIV-1 R5 infectie. Het kan 
echter niet worden uitgesloten dat andere wormproducten, bijvoorbeeld producten van 
het nageslacht van B. malayi, wel een rol spelen in deze processen.
 We concluderen dat slechts enkele wormproducten, SEA en rω-1, in staat zijn 
de HIV-1 gevoeligheid van Th-cellen te veranderen. Dit effect is beperkt tot HIV-1 
R5 virussen, maar deze virus varianten zijn verantwoordelijk voor de besmetting 
van nieuwe personen. Dit resultaat suggereert dat de aanwezigheid van SEA grote 
gevolgen kan hebben op zowel de HIV-1 besmetting als het ziekteverloop. 

3. Kunnen wormproducten HIV-1 transcriptie in antigeen-presenterende 
cellen beïnvloeden?
De eerste antigeen-presenterende cellen die HIV-1 tegenkomt na besmetting van een 
persoon zijn de macrofagen en DCs. In het geval van een S. mansoni infectie zullen 
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de eitjes naar het darmlumen migreren waarbij ze gaatjes maken in de darmwand. 
Via deze gaatjes kan HIV-1 R5 het lichaam binnen dringen en omdat S. mansoni 
eitjes granulomas vormen - bestaande uit alternatief geactiveerde macrofagen (M2 
cellen), eosinofielen, CD4+ en CD8+ T-cellen - zullen dit de eerste cellen zijn die 
HIV-1 tegenkomt. In hoofdstuk 4 hebben we aangetoond dat DC maturatie in de 
aanwezigheid van SEA leidt tot Th cellen die minder gevoelig zijn voor HIV-1 R5 
infectie. Daarbij hebben we ook een beperkte pilot studie gedaan naar het effect van 
SEA op HIV-1 R5 infectie van macrofagen, zowel M2 cellen als klassiek geactiveerde 
macrofagen (M1 cellen). Omdat SEA componenten kunnen binden aan receptoren op 
macrofagen en zodoende signalen in de cel kunnen activeren, hebben we gekeken 
naar het effect van SEA op de hoeveelheid viraal RNA in de cellen. We vergeleken 
de hoeveelheid HIV-1 R5 RNA in macrofagen geïnfecteerd in afwezigheid van SEA 
met de hoeveelheid in macrofagen blootgesteld aan 25μg/ml SEA vanaf 2 uur voor en 
tijdens de HIV-1 R5 infectie. In aanwezigheid van SEA zagen we beduidend minder 
viraal RNA in de M1 en M2 cellen. Er zijn meerdere verklaringen mogelijk voor deze 
observatie. Ten eerste, in DCs is aangetoond dat signalering via DC-SIGN (met 
een ligand dat mannose structuren bevat) leidt tot een verhoging van de HIV-1 R5 
RNA productie 17. Hoewel macrofagen geen DC-SIGN op het celoppervlak hebben, 
brengen ze wel andere receptoren tot expressie die mogelijk op een zelfde wijze tot 
een reductie van viraal RNA kunnen leiden. Een andere mogelijkheid is dat omega-1, 
een van de SEA hoofdcomponenten, leidt tot afbraak van het viraal RNA. Eerdere 
studies hebben namelijk al aangetoond dat omega-1 via de mannose receptor in 
de cel kan komen en vervolgens cellulair RNA afbreekt 18. Ook is het mogelijk dat 
SEA de productie van anti-HIV restrictiefactoren stimuleert in macrofagen. Hoewel 
er meer onderzoek nodig is om deze resultaten te bevestigen en het onderliggende 
mechanisme te bepalen, suggereren onze bevindingen dat SEA de HIV-1 R5 uitgroei 
in macrofagen kan reduceren. Omdat HIV-1 deze cellen als eerste tegenkomt na 
transmissie, impliceert dit dat de kans op HIV-1 transmissie mogelijk niet is verhoogd 
in S. mansoni geïnfecteerde individuen, ondanks de gaatjes die de eitjes in de 
darmwand creëren. 

Onze bevindingen in een in vivo context
Met behulp van in vitro modellen hebben we kunnen aantonen dat bepaalde producten 
van parasitaire wormen de HIV-1 infectie beïnvloeden. Of deze effecten ook in de 
geïnfecteerde patiënt (in vivo) zullen plaatsvinden is onder andere afhankelijk van de 
locatie van alle spelers: de wormproducten, de betrokken immuuncellen en HIV-1.
 De eitjes die S. mansoni wormen leggen migreren van de mesenterische 
bloedvaten (deze liggen rondom de darm) naar het darmlumen om zo met de 
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ontlasting uitgescheiden te worden. De meeste eitjes verlaten de darmwand ter hoogte 
van de dikke darm of rectum. Dit betekent dat SEA aanwezig is zowel in de darmwand 
als in het darm-geassocieerd lymfeweefsel (GALT), wat mogelijk gevolgen heeft voor 
de lokale HIV-1 infectie. We weten dat HIV-1 infectie van het GALT erg belangrijk is. 
Onafhankelijk van de wijze waarop een persoon met HIV-1 geïnfecteerd geraakt is, zal 
in de eerste twee weken na infectie ongeveer 80% van de CD4+ T-cellen in het GALT 
verloren gaan 19, 20. De aanwezigheid van SEA kan een gunstig effect hebben voor de 
patiënt omdat het de trans-infectie van HIV-1 remt, de HIV-1 transcriptie vermindert en 
de DC maturatie zodanig beïnvloedt dat de geïnduceerde Th-cellen minder gevoelig 
zijn voor HIV-1 R5 infectie. Tevens is SEA aanwezig daar waar HIV-1 het lichaam 
binnendringt tijdens anale seks en het is daarom mogelijk dat SEA hier de HIV-1 trans-
infectie remt. 
 S. mansoni eitjes maken gaatjes in de darmwand tijdens hun migratie, wat 
het risico op HIV-1 transmissie mogelijk kan verhogen. Het is bekend dat laesies 
veroorzaakt door Schistosoma haematobium eitjes in het vrouwelijke urogenitale 
stelsel gecorreleerd zijn met een verhoogd risico op HIV-1 besmetting. Maar door 
de lokale aanwezigheid van SEA zijn de immuuncellen rondom deze laesies 
waarschijnlijk minder gevoelig voor HIV-1 R5 infectie. Dit alles maakt het moeilijk te 
voorspellen wat de gevolgen zijn van een S. mansoni infectie voor de kans op HIV-1 
besmetting. Wellicht verklaren deze tegengestelde mechanismen de tegenstrijdige 
bevindingen van epidemiologische onderzoeken omtrent de klinische effecten van 
deze co-infectie.
 Een andere belangrijke factor die een rol speelt bij HIV-1 transmissie via anale seks 
is het colorectale darmslijm (CM). We hebben aangetoond dat CM geen componenten 
bevat die de HIV-1 cis-infectie beïnvloeden, maar het in het slijm aanwezige humane 
lactoferrine kan de HIV-1 trans-infectie remmen (hoofdstuk 3). De mate van remming 
correleert met de concentratie van dit specifieke eiwit in CM. Dus zowel SEA als CM 
kunnen HIV-1 trans-infectie blokkeren bij anale seks.
 Voor de B. malayi infectie blijft het vooralsnog onduidelijk of het de HIV-1 infectie 
kan beïnvloeden. Volwassen wormen leven bij voorkeur in de lymfevaten die leiden 
naar de lymfeknoop, zodat uitgescheiden wormproducten de inductie van T-cel 
immuunreacties kunnen beïnvloeden. Echter, we hebben voor zowel BmA als ES-
62 geen immuunmodulerende eigenschappen kunnen aantonen. Wel bleek BmA 
in staat trans-infectie te remmen, wat de HIV-1 verspreiding in de lymfeknoop kan 
belemmeren. Onze resultaten tonen aan dat de volwassen worm en fosforylcholine 
mogelijk geen effect hebben op HIV-1 transmissie of het ziekteverloop, maar het 
kan niet worden uitgesloten dat andere wormproducten wel een effect hebben. 
Voor verdere studies zou het interessant zijn ook het nageslacht van deze worm te 
bestuderen dat in de perifere bloedvaten circuleert.
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Conclusie en toekomst perspectieven
HIV-1 en parasitaire worminfecties hebben grote implicaties voor de mens vanwege 
hun persisterende aard en de omvangrijke schade die deze microben aanrichten 
aan het immuunsysteem. Epidemiologische bevindingen omtrent het effect van 
parasitaire worminfecties op HIV-1 zijn tegenstrijdig. Dit is waarschijnlijk te verklaren 
door de complexiteit van deze infecties en variatie in de individuele reactie van het 
immuunsysteem. Deze impasse motiveerde ons om in vitro laboratorium onderzoek te 
starten naar specifieke wormproducten en hun effect op de HIV-1 infectie. 
 Onze resultaten maken het onwaarschijnlijk dat immuunmodulatie door 
wormen resulteert in een verhoogde kwetsbaarheid voor HIV-1 infectie. 
De immuunmodulerende eigenschappen van SEA lijken de cellen van het 
immuunsysteem eerder te beschermen tegen HIV-1 infectie. We beseffen dat 
SEA slechts één component van de S. mansoni infectie betreft en dat de in vivo 
situatie vele malen ingewikkelder is. De resultaten van ons onderzoek wijzen 
er op dat wormbesmettingen van invloed kunnen zijn op HIV-1 transmissie en 
het ziekteverloop. Dit is zeker iets waar rekening mee gehouden moet worden 
bij het testen van kandidaat HIV-1 vaccins op de mens of de bepaling van de 
behandelingsmogelijkheden in regio’s waar veel worminfecties voorkomen.
 De immuunmodulerende eigenschappen van wormen zijn geoptimaliseerd 
na eeuwen van co-evolutie met het humane immuunsysteem en beogen wellicht 
de overleving van zowel de parasiet als de mens als gastheer. Bijgevolg kan het 
bestuderen van deze eigenschappen leiden tot nieuwe strategieën met betrekking tot 
het beperken van HIV-1 besmetting of het ziekteverloop. Een van de problemen bij de 
ontwikkeling van een HIV-1 vaccin is dat de geïnduceerde immuuncellen ook doelwit 
zijn voor HIV-1 infectie. Mogelijk kan toevoeging van (recombinant) wormproducten, 
die de geïnduceerde immuuncellen minder gevoelig maken voor HIV-1 infectie, 
bijdragen aan een verbeterde anti-HIV-1 immuunrespons. 
 De potentie van wormproducten in de geneeskunde is zeker niet beperkt tot 
HIV-1 infecties. Er zijn indicaties dat wormen ook een gunstig effect hebben op 
het ziekteverloop van auto-immuunziekten en allergieën. De kennis die we door 
onderzoek naar wormen kunnen opdoen over de werking van ons immuunsysteem 
en de mogelijkheden tot sturing daarvan kan van onschatbare waarde zijn. Nader 
onderzoek van de complexe interacties in een individu geïnfecteerd met zowel het 
virus als de worm is daarom van het grootste belang. 
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of Clinical Infection, Microbiology and Immunology (CIMI), Institute of Infection and 
Global Health, University of Liverpool, Liverpool, United Kingdom. Contributed to 
chapter 2: W // chapter 3: SD, DA, W // chapter 4: SD, DA, W // chapter 5: SD, DA, W.

E.C. de Jong, Department of Cell Biology and Histology, Academic Medical Centre, 
University of Amsterdam, The Netherlands. Contributed to chapter 4: SD, DA, W // 
chapter 5: SD, DA, W.

G. Pollakis, Laboratory of Experimental Virology, Department of Medical Microbiology, 
Centre for Infection and Immunity Amsterdam (CINIMA), Academic Medical Centre, 
University of Amsterdam, Amsterdam, The Netherlands & Department of Clinical 
Infection, Microbiology and Immunology (CIMI), Institute of Infection and Global 
Health, University of Liverpool, Liverpool, United Kingdom. Contributed to chapter 2: W 
// chapter 3: SD, EXP, DA // chapter 4: SD // chapter 5: SD.

M.J. Stax, Laboratory of Experimental Virology, Department of Medical Microbiology, 
Centre for Infection and Immunity Amsterdam (CINIMA), Academic Medical Centre, 
University of Amsterdam, Amsterdam, The Netherlands. Contributed to chapter 3: SD, 
EXP, DA, W.
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T. van Montfort, Laboratory of Experimental Virology, Department of Medical 
Microbiology, Centre for Infection and Immunity Amsterdam (CINIMA), Academic 
Medical Centre, University of Amsterdam, Amsterdam, The Netherlands. Contributed 
to chapter 3: EXP, W.

R.W. Sanders, Laboratory of Experimental Virology, Department of Medical 
Microbiology, Centre for Infection and Immunity Amsterdam (CINIMA), Academic 
Medical Centre, University of Amsterdam, Amsterdam, The Netherlands & Department 
of Microbiology and Immunology, Weill Medical College of Cornell University, New 
York, New York, United States of America. Contributed to chapter 3: R, W.

H.J.C. de Vries, Department of Dermatology, Medical Centre of the University of 
Amsterdam, The Netherlands and STI outpatient clinic, Cluster Infectious Diseases, 
Public Health Service Amsterdam, Amsterdam, The Netherlands. Contributed to 
chapter 3: R, W.

H.L. Dekker, Mass Spectrometry of Biomacromolecules, Swammerdam Institute for 
Life Sciences, University of Amsterdam, The Netherlands. Contributed to chapter 3: 
EXP, DA.

C. Herrera, Division of Infectious Diseases, Faculty of Medicine, Imperial College, 
London, United Kingdom. Contributed to chapter 3: R, W.

D. Speijer, Department of Medical Biochemistry, Medical Centre of the University of 
Amsterdam, The Netherlands. Contributed to chapter 3: EXP, DA, W.

H.H. Smits, Department of Parasitology, Leiden University Medical Centre, The 
Netherlands. Contributed to chapter 4: R, SD // chapter 5: R, SD.

M. Yazdanbakhsh, Department of Parasitology, Leiden University Medical Centre, 
The Netherlands. Contributed to chapter 4: R, SD // chapter 5: R, SD.

W. Harnett, Strathclyde Institute of Pharmacy and Biomedical Sciences, University of 
Strathclyde, Glasgow G4 0RE, United Kingdom. Contributed to chapter 5: R, SD, W.
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AMC Graduate School for Medical Sciences 
PhD Portfolio

Name PhD student:   Emily Elisabeth Iris Maria Mouser
PhD period:    13 September 2010 - 13 December 2014
Name PhD supervisors:   Prof. Dr. B. Berkhout, Prof. Dr. W.A. Paxton,
     Prof. Dr. E.C. de Jong & Dr. G. Pollakis

PhD Training      Year          Workload
                 (ECTS)
Courses
 - AMC world of science     2010  0.7
 - Basic Laboratory Safety     2010  0.4
 - Infectious Diseases     2010  1.3
 - Advanced Immunology     2011  2.9
 - Career Development     2013  0.8

Seminars, workshops and master classes
 - Weekly department meeting (LEV)    2010-2014 4.0
 - Weekly department meeting (Cell Bio)   2012-2014 3.0
 - Weekly PhD meeting     2010-2014 4.0
 - Weekly AIM/TIRC or Backyard meeting   2010-2014 4.0
 - Weekly Journal club      2012-2014 3.0
 - Masterclass by Ulrich von Andrian   2012  0.2

Oral presentations
 - Weekly department meeting (LEV/Cell Bio)  2013, 2014 1.5
 - AIM seminars      2013, 2014 1.0
 - Annual PhD retreat     2011, 2013, 3.0
       2014

Poster Presentations
 - NVVI Winterschool, Noordwijkerhout, the Netherlands 2012  0.5
 - International Conference of Immunology Milan, Italy 2013  0.5
 - NVVI Winterschool, Noordwijkerhout, the Netherlands 2013  0.5
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 - HIV-1 Vaccines: Adaptive Immunity and Beyond  2014  0.5
 Banff, Canada
 - NVVI Congress: A future heritage, Kaatsheuvel,  2014  0.5
 the Netherlands

Conferences and symposia attended
 - Dutch Conference on HIV Pathogenesis,   2010  0.25
  Prevention and Treatment, Amsterdam, 
 The Netherlands
 - Dutch Annual Virology Symposium (DAVS),   2011, 2012 0.5
 Amsterdam, The Netherlands
 - NVVI symposium, Lunteren, The Netherlands  2012, 2014 0.5
 - NVVI Winterschool, Noordwijkerhout, The Netherlands 2012, 2013 0.5
 - NVVI conference: A future heritage, Kaatsheuvel,  2014  0.75
 The Netherlands
 - International Conference for Immunology, Milan, Italy 2013  1.25
 - HIV-1 vaccines: Adaptive immunity and beyond  2014  1.25
 Banff, Canada

Other
 - Organisation of 2-day PhD retreat   2014  1.0

Teaching      Year          Workload
                 (ECTS)
Co-supervisor
 - Omar Bouhali, September 2012- February 2013  2012  2
 Project: Transcripts of HIV-1 in Human Cells

Parameters of Esteem    Year        
Scholarship
 - Keystone Symposia scholarship    2014
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Curriculum Vitae
Emily Elisabeth Iris Maria Mouser was born in Eindhoven, The Netherlands, on the 1st 

of November 1986. Already at an early age she was fascinated by the working  
mechanisms of the human body and all that can go wrong. Half way through her  
secondary education she knew she wanted to study Biomedical Sciences. In 2004  
after graduating from the VWO at the Augustinianum in Eindhoven, Emily moved to 
Leuven (Belgium) to study Biomedical Sciences. She graduated from the Bachelor 
course at the Catholic University of Leuven with distinction in 2008. For her Master 
Emily moved to Utrecht to follow the Immunity & Infection program at the University of 
Utrecht. The first internship she undertook was within the Institute for Risk  
Assesment (IRAS) in Utrecht in the group of Dr. R.H. Pieters under supervision of 
Dr. M. Bol-Schoenmakers. Here she studied the effect of polyunsaturated fatty acids, 
diclofenac and carvacrol on intestinal cells. For her second internship Emily wanted to 
try something different. She found her challenge in the group of Prof. Dr. J.P.M. van 
Putten under the supervision of Dr. N.M.C. Bleumink-Pluym where she studied the 
gene Cj0286 in Campylobacter jejuni at the department of Infection Biology and  
Immunology. After graduating the Master program in 2010, Emily started her PhD on 
HIV-1 and parasitic helminth co-infections at the AMC in the Laboratory of  
Experimental Virology in the group of Prof. Dr. W.A. Paxton. It was the challenge of 
working on an interdisciplinary topic and the opportunity to learn different techniques 
from various fields that motivated Emily to accept this PhD position. As helminths and 
HIV-1 both have major implications for the human immune system, a collaboration was 
formed with the group of Prof. Dr. E.C. de Jong at the department of Cell Biology and 
Histology soon after the start of her PhD. The effect of immunomodulatory antigens 
derived from parasitic helminths on HIV-1 infection was the focus of her PhD study, 
the results of which are described in this book.
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List of Publications
Schistosoma mansoni soluble egg antigen and omega-1 modulate induced 
T-cell responses and reduce HIV-1 susceptibility. Emily E.I.M. Mouser,  
Georgios Pollakis, Hermelijn H. Smits, Maria Yazdanbakhsh, Esther C. de Jong*,  
William A. Paxton*. * These authors contributed equally to this work. To be submitted.

Brugia malayi antigen (BmA) inhibits HIV-1 trans-infection but neither BmA nor 
ES-62 alter HIV-1 infectivity of DC induced CD4+ Th-cells. Emily E.I.M. Mouser, 
Georgios Pollakis, Maria Yazdanbakhsh, William Harnett,,Esther C. de Jong*,   
William A. Paxton*. * These authors contributed equally to this work. Accepted for 
publication by PLoS One.

Colorectal mucus binds DC-SIGN and inhibits HIV-1 trans-infection of CD4+ 
T-lymphocytes. Stax MJ*, Mouser EE*, van Montfort T, Sanders RW, de Vries HJ, 
Dekker HL, Herrera C, Speijer D, Pollakis G and Paxton WA. * These authors  
contributed equally. PLoS One. 2015 Mar 20;10(3)

Effects of helminths and Mycobacterium tuberculosis infection on HIV-1: a 
cellular immunological perspective. Mouser EE, Pollakis G, Paxton WA. Curr Opin 
HIV AIDS. 2012 May;7(3) Review.

Diclofenac enhances allergic responses in a mouse peanut allergy model.  
Bol-Schoenmakers M, Bleumink R, Marcondes Rezende M, Mouser E, Hassing I, 
Ludwig I, Smit JJ, Pieters RH. Clin Exp Allergy. 2011 Mar;41(3)
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Word of Thanks
Mijn PhD heb ik niet in mijn eentje behaald. Zonder de bemoedigende woorden van 
vrienden, familie, collega’s en mijn begeleiders in de lastige periodes (en een schop 
onder mijn kont als ik geen zin had in dat ene experiment), was dit boekje er nooit 
geweest en daarvoor kan ik jullie allemaal niet genoeg bedanken!!!

It all started with you Bill and Georgios. I can still remember the job-interview, when 
I told you that I was looking for a challenge, the two of you smiled at each other and 
said “oh a challenge it will be”, and a challenge it was! Thank you very much for giving 
me the opportunity to do my PhD in your group and for the freedom you gave me to 
give direction to my research! Additionally, Bill, I am very thankful for the way you 
helped me in developing my own writing style. Your ability to see the positive in every 
piece of experimental data, once it is placed in the right perspective, taught me to think 
much broader than just the hypothesis I was trying to prove. Thank you!

Esther, vanaf mijn tweede jaar was je al een beetje betrokken bij mijn promotieproject, 
maar na het vertrek van Bill en Georgios heb je de dagelijkse begeleiding op je 
genomen. In die moeilijke periode heeft jouw positieve insteek, enthousiasme en 
geloof in mij en mijn project, mij gemotiveerd door te zetten. Elke week weer kwam ik 
binnen met een lijst vol resultaten, vragen en ideeën voor mijn onderzoek en elke keer 
ging ik vol energie en met een plan van aanpak weer weg. Zonder jou was dit boekje 
nooit zo mooi en compleet geweest. Ontzettend bedankt voor alles! 

Ben, nog iets later in het traject ben jij ook een steeds grotere rol gaan spelen. Ik 
ben je erg dankbaar voor je snelle en tactische aanpak en wil je bedanken voor je 
adviezen. Van je subtiliteit en tact kan ik nog veel leren!

Alexander and Marion thank you very much for your help in trying to unravel whether 
SEA can limit HIV-1 replication in antigen presenting cells. Unfortunately the results 
were too preliminary to publish in my thesis, but I am super grateful for you teaching 
me the techniques!

Mijn paranimfen, ook jullie hebben een belangrijke rol gespeeld tijdens mijn 
promotietraject. Nikki, je was er vanaf het begin tot het einde bij. Vier jaar lang hebben 
we het lief en leed van een PhD traject gedeeld. Bedankt voor het luisteren naar mijn 
geklaag, de gezelligheid en alle leuke momenten. Je bent echt een goede vriendin van 
me geworden! Mini, of moet ik je toch Carmen noemen in deze officiële setting? Ook 
jij stond altijd voor me klaar met een luisterend oor en advies. Vooral ontspannings-
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advies, lekker stappen, op vakantie gaan, wandelen, fietsen, eten…. Laten we dat nog 
veel vaker doen!

Elly en Martijn, ik kwam nogal groen binnen maar mede dankzij jullie tips, kreeg ik al 
snel in de smiezen hoe ik mijn PhD moest aanpakken, bedankt! 

Verder wil ik de hele afdeling bedanken voor alle gezelligheid. Een van de grootste 
pluspunten van mijn promotie was terecht komen op een afdeling vol leuke mensen! 
Het liefst zou ik jullie allemaal persoonlijk bedanken, maar dan wordt dit dankwoord 
wel heel erg lang, dus op mijn promotiefeest trakteer ik jullie allemaal graag op een 
biertje, of twee. Een paar van jullie wil ik toch speciaal noemen.

Monique, Alex en Judith, bedankt voor de organisatie van alle leuke afdelingsuitjes en 
borrels!

Gaby, Cynthia, Brenda, Mirte, Karina het is wat onpersoonlijk jullie allemaal zo op een 
hoop te gooien maar ik hoop dat het me vergeven wordt. Met jullie was het altijd leuk, 
zowel op het werk als buiten het werk.
Brenda, ik zal nooit vergeten hoe snel jij bier kan halen, zelfs als er een enorme rij 
staat.
Cynthia, uitzoeken van de beste Aziatische restaurantjes om vervolgens binnen 3 
seconde eten te bestellen.
Mirte, gillen in de achtbaan voordat er iets gebeurde…. volgens mij zitten er bij jou een 
paar steekjes los…. wat hebben we een lol gehad!
Gaby, filmpje hier, biertje daar, dat is pas het goede leven.
Karina, na een stage samen op het IRAS zijn we toevallig beiden in het AMC en 
praktisch op dezelfde gang terecht gekomen. Bedankt voor alle goede gesprekken, 
gezellige etentjes en uitjes. Dat gaan we er zeker inhouden!

Toni, Esther T, Femke, Yuri, Jeroen, Lisa, Rosa, Fong, Ivo, Kaijun en natuurlijk ook 
Esther, de adoptie OIO van jullie afdeling te mogen zijn, is een van de beste dingen 
die me is overkomen. Bedankt dat ik een deel van jullie groep mocht zijn! Ik heb me 
ontzettend welkom gevoeld, heel veel gehad aan alle tips en discussies tijdens de 
Monday Morning Meeting en genoten van alle leuke groepsactiviteiten, bedankt! 
Toni, Esther T en Femke, jullie wil ik ook nog even apart bedanken want wat heb 
ik toch veel van jullie geleerd over het omgaan met primaire cellen en het FACS 
apparaat. Toni jij ook bedankt voor je hulp met al die experimenten die op het einde 
toch nog even snel moesten gebeuren!
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Dan is er nog een groep mensen die ik absoluut niet mag vergeten, de donoren. 
Zonder jullie bloed had ik dit onderzoek sowieso niet kunnen doen. Als ik eerlijk ben, 
weet ik niet eens meer precies wie er allemaal voor mij gedoneerd heeft, het waren 
er ook zoveel… allemaal ontzettend bedankt! Nikki, Ronald en Gaby jullie ben ik 
natuurlijk niet vergeten. Tientallen keren hebben jullie je bloed afgestaan dank je, dank 
je, dank je.

Dan ben ik aangekomen bij de laatste alinea die gereserveerd is voor de voor mij 
belangrijkste mensen, mijn familie. Oom Robert ook jou wil ik bedanken. Je leek het 
aan te voelen toen ik je het hardste nodig had en ik heb ontzettend veel gehad aan 
onze gesprekken. Dank je wel dat je er voor me was!
Vivian en Ian, mijn kleine zusje en kleine broertje (ja ja ook al zijn jullie een stuk 
groter), jullie zijn fantastisch! De wetenschap dat jullie er altijd voor me zijn heeft me 
ontzettend veel kracht gegeven in de mindere periodes. Daarbij heeft jullie talent voor 
de Nederlandse taal me ook echt geholpen met het schrijven van de samenvatting van 
mijn thesis. 
Vivian, Ian, Ivo, Kelly, Pap en Mam ook bedankt voor alle gezellige etentjes/ uitjes/ 
weekendjes weg etc etc etc. Ik hoop dat we nog heel veel lol samen gaan beleven en 
we altijd zo hecht zullen blijven.
Last but not least, papa en mama, jullie staan echt altijd voor me klaar. Al van jongs 
af aan hebben jullie nooit aan mij of mijn kunnen getwijfeld, ongeacht wat anderen 
zeiden. Jullie steunden altijd mijn keuzes, waardoor ik groots heb durven dromen en 
het lef heb gehad die dromen achterna te gaan. Jullie zijn echt geweldig, bedankt voor 
alles!!!

Zo en dan zit het er nu echt op…. tijd voor een nieuw avontuur!


