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There is an increasing interest in exploiting the

immunomodulatory effects of helminths and their products in

treatment of diseases such as allergy, autoimmunity and

inflammatory bowel disease. Detailed examination of the ways

in which helminth derived products interact with the host

immune system and with host physiology has revealed that

these may be multifaceted and have almost certainly arisen

following co-evolution of helminths and their hosts. Clinical

trials have been initiated with encouraging results in the

treatment of inflammatory bowel disease and also Multiple

Sclerosis. Identification of key pathways that are manipulated

by helminths to ameliorate ongoing inflammatory conditions

increases the prospect of developing novel therapies for the

treatment and possible prevention of a range of debilitating and

life threatening conditions.
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Introduction
There has been a dramatic rise in many inflammatory

conditions in the developed world over the past 50 years.

For instance, the autoimmune disease, Type 1 diabetes

(T1D), has been increasing at a rate of 4% per annum in

several European countries [1]. This increase is faster

than could be accounted for by genetic change and is not

due to improved diagnosis. As most autoimmune con-

ditions are influenced not only by genetic background but

also by environmental factors there is interest in identify-

ing potential environmental factors that might influence

onset of autoimmune pathology. While it is always con-

ceivable that a novel disease initiating agent has emerged

and is mediating the increased incidence of autoimmune

pathology it is unlikely that one agent could be respon-

sible for the incredible rise in the incidence of allergy,
Please cite this article in press as: Zaccone P, Cooke A. Vaccine against autoimmune disease: can

10.1016/j.coi.2013.02.006

www.sciencedirect.com 
inflammatory bowel disease and autoimmune conditions

such as T1D and Systemic Lupus Erythematosus (SLE).

An alternative view is that a major environmental change

resulting from improved living conditions and vaccination

strategies has been a lack of exposure of our immune

systems to infections of historical importance. Our

immune systems co-evolved with some of these infec-

tions and it is proposed that the lack of interplay between

certain infectious agents and our immune system has

contributed to the rise in autoimmunity. Brian Green-

wood was probably one of the first researchers to highlight

this, initially in his observation that parasitic infections in

Nigeria might play a role in preventing autoimmune

disease [2]. He subsequently demonstrated this exper-

imentally when he showed that malaria infection pre-

vented onset of autoimmunity in SLE prone mice [3].

Studies of Multiple Sclerosis (MS) incidence in Israel in

1966 linked development of this autoimmune pathology

with improved sanitation Some 20 years later in the

‘Hygiene Hypothesis’ Strachan proposed that decreased

exposure to infectious agents may have contributed to the

rise in allergic diseases [4]. There are now many exper-

imental observations as well as some epidemiological

studies, which provide support for the hypothesis that

some infectious agents, particularly helminths, have the

ability to influence the hosts’ immune system such that

there is improved regulation of inflammatory responses.

This ability to downregulate inflammation would be in

both the host’s and the parasite’s interest and is the result

of millions of years of co-evolution.

The ability of helminths and some other infectious agents

to downmodulate inflammatory responses has lead to the

exploration of the clinical efficacy of controlled infections

on disease pathogenesis as well as a search for defined

microorganism derived molecules with potential to act as

biomodulators for therapeutic use in the treatment of

inflammatory disease. Recent data contributing to our

understanding of the potential beneficial effects of hel-

minth infections or helminth derived products on auto-

immunity will be described in subsequent sections.

Evidence that helminths can modulate
inflammatory disease
Epidemiology

SLE prevalence is higher in individuals of African des-

cent in the USA but is vanishingly rare in tropical Africa.

In addition to the early studies of Greenwood linking

malaria to a reduced incidence of rheumatological dis-

orders, including SLE, in Nigeria such a link has been
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Table 1

Helminth infections preventing animal models of autoimmune diseases

Helminth infections Disease models Mechanisms of protection References

Schistosoma mansoni T1D, EAE GD, CIA Induction of Th2 immune-response [9,11–13]

Trichinella spiralis T1D Induction of Th2 immune-response [15]

Litomosoides sigmodontis T1D Induction of Th2 and Treg immune-response [14,26]

Heligmosomoides polygyrus T1D, IBD Induction of Th2 immune-response [15,16]

Fasciola hepatica EAE Suppression of Th1 and Th17 by TGF-b [17]

Abbreviations: T1D, type 1 diabetes; EAE, experimental autoimmune encephalomyelitis; GD, Graves’ disease; CIA, collagen induced arthritis; IBD,

inflammatory bowel disease.
proposed as an explanation for the current high incidence

of Multiple Sclerosis (MS) and T1D in Sardinia [5]; the

lack of malaria in recent times allowing the expression of

these genetically predisposed autoimmune pathologies.

Genetic selection for increased resistance to malaria for

example through expression of a particular FcgRIIb

polymorphism is associated with increased risk of SLE

providing a molecular basis for the increased suscepti-

bility to SLE in certain ethnic groups [6]. Other poly-

morphisms have been identified that suggest that

improved responses to Plasmodium falciparum might have

played a role in the increased incidence of MS in Sardinia

[5,7]. The observation by Correale and Farez that MS

patients with helminth infections had a diminished dis-

ease progression compared to non-infected MS patients

also provided support for the hypothesis that some infec-

tious agents had the ability to downmodulate inflamma-

tory pathology [8].

Experimental observations linking infection with

prevention of autoimmunity

Studies in animal models have provided strong evidence

for the ability of helmints to modulate the host immune

system inducing immune changes that can prevent differ-

ent models of autoimmune diseases (Table 1). Schistosoma
mansoni infection in NOD mice was the first study to

demonstrate that immuno-modulation by a helminth

could prevent autoimmune disease in a well-established

spontaneous model of type 1 diabetes (T1D) [9,10]. Soon

after more studies demonstrated that experimental Schis-
tosomiasis was also able to ameliorate induced murine

models of experimental autoimmune encephalomyelitis

(EAE), Graves’ hyperthyroidism (GH) and collagen

induce arthritis (CIA) [11–13]. T1D in NOD mice was

also shown to be prevented by other helminth infections:

Trichinella spiralis, Litomosoides polygyrus and Heligmoso-
moides polygyrus [14,15]. The rationale behind these initial

studies was that Th2 immunity induced by helminth

infection had a good chance of preventing inflammatory

autoimmune disease in animal models. However, it soon

became obvious that the mechanisms of protection were

more complex than skewing the autoreactive Th1/Th17

response to a Th2 response. For example mice lacking

IL-10 regulatory mechanisms were shown to be protected

from inflammatory bowel disease (IBD) by H. polygyrus
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infections and disease resolution was not associated by

increase in IL-4 or IL-5 but by IL-13, demonstrating the

complexity of Th2 responses in helminth infections [16].

Moreover studies using Fasciola hepatica infection were

shown to prevent EAE in a TGFb-dependent manner

[17]. Helminth infections clearly impact many immune

cell types including innate and regulatory cell population

as well as epithelial cells and the study of their complex

interactions and the molecules involved is fundamental

for a better understanding of both infections and auto-

immunity.

How might infection prevent autoimmunity?
Type 2 immunity to helminths is actively driven by

multiple molecular interactions between parasite

expressed/secreted products and host immune cells. Hel-

minth products are a complex mix of glycoproteins,

proteins, glycolipids, and polysaccharides able to modu-

late signalling through pathogen recognition receptors

(PRR) on host innate cells, inducing major phenotypic

and functional changes that drive the secretion of type 2

cytokines and the expansion of regulatory cell popu-

lations [18]. Studies in DCs and macrophages have

revealed the importance of PRR in helminth manipula-

tion of the host immune system. The binding and recog-

nition of parasite products through toll-like receptors

(TLR) and C-type lectin receptors (CLR) induce anti-

inflammatory characteristics in innate cells changing their

cytokine secretion pattern and surface molecule expres-

sion. Dendritic cells (DCs) exposed to helminth infection

or antigens are frequently described as tolerogenic-DCs

(tDCs), because of their poor capacity to secrete IL-12

and their increased ability to secrete IL-10 [19,20].

Besides inducing Th2 phenotype in T cells, DCs acquir-

ing these characteristics are less likely to prime and

sustain autoimmune-inflammatory responses. Type2

cytokines are fundamental in antagonising Th1/Th17

mediated-inflammation but they are not only secreted

by Th2 cells; innate cells including NK/T and granulo-

cytes, are also an important source of IL-4, IL-5, IL-13

during helminth infections. Recently, the discovery of

innate lymphoid cells (ILCs) has added further complex-

ity to the understanding of type 2 responses to helminths

[21��]. Type 2 immunity to helminths also includes the

expansion of T regulatory cell populations (Tregs). The
 helminths or their products provide a therapy?, Curr Opin Immunol (2013), http://dx.doi.org/
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Table 2

Examples of helminth derived immuno-modulators

Helminth Unfractionated

products

Mechanism of action Disease model References

S. mansoni Eggs Induction of Th2 cells T1D, EAE, IBD [9,39,40]

S. mansoni SWA Anti-inflammatory signature of innate immune cells,

induction of Th2 and expansion of iNKT cells

T1D [20]

S. mansoni SCA Anti-inflammatory signature of innate immune cells,

induction of Th2 and Treg.

T1D Manuscript in

preparation

S. mansoni SEA Expansion of alternatively activated macrophages,

tolerogenic DCs, Th2 cells and Treg

T1D [20,27,41,42]

L. sigmodontis LS Ag Shift to Th2-type response and Treg increase T1D [14]

Abbreviations: T1D, type 1 diabetes; EAE, experimental autoimmune encephalomyelitis; CIA, collagen induced arthritis; IBD, inflammatory bowel

disease; Treg, regulatory T cells; DCs, dendritic cells; iNKT cells, invariant NK T cells; SEA, soluble egg antigen; SWA, soluble worm antigen; SCA,

soluble cercaria antigen; L. sigmodontis antigen, LS Ag.

Table 3

Examples of helminth derived immuno-modulators

Helminth Immune-modulatory

products

Mechanism of action Disease model References

S. mansoni LNFPIII Anti-inflammatory, drive Th2 responses,

B cell IL-10 production.

T1D, EAE and Psoriasis [43,44]

A. viteae ES-62 Anti-inflammatory and Th2 responses CIA [45]

D. immitis DiAg Shift to Th2-type response T1D [46]

S. mansoni IPSE Eosinophils IL-4 inducing factor Not tested [47]

S. mansoni Omega-1 Th2 and Treg inducing factor Not tested [48�,49–51]

T. spiralis rTsP53 Skews to Th2 response and

macrophage alternative activation

colitis [52]

A. viteae Avcystatin Induces IL-10 in macrophages colitis, asthma [53,54�]

F. hepatica FhCL1 and FhGST-si Inhibition of Th17 responses Not tested [55,56]

Abbreviations: T1D, type 1 diabetes; EAE, experimental autoimmune encephalomyelitis; CIA, collagen induced arthritis; Treg, regulatory T cells;

LNFPIII, lacto-n-fucopentaose III.
term T regulatory cells comprises different T cell subsets

capable of ‘suppressive’ function, these cells include not

only CD4+ T cells expressing Foxp3 (Foxp3+ Tregs) but

also CD4+ T cells not expressing Foxp3 (Tr1). Both types

of Tregs are induced in helminth infections [22,23].

Tregs are critical for the prevention of autoimmunity

and for maintenance of immune homeostasis, and the

regulation of immune responses to foreign as well as self-

antigens [24,25]. In helminth infections Tregs as well as

other regulatory cell types (B cells, NKT cells) are

induced and control Th1, Th17 and Th2 responses,

preventing untimely parasite expulsion but also host

tissue damage. Mechanisms of suppression can be soluble

factor-mediated (e.g., IL-10 and TGF-b) or cell-contact-

mediated via co-stimulatory molecules (e.g., or CTLA-4

and GITR). Helminth products have been shown to

upregulate both TGF-b and IL-10 expression in Tregs

and these mechanisms have been shown to be important

in helminth-mediated prevention of autoimmunity in

animal models [14,26,27]. As highlighted above under-

pinning the changes induced by helminths in the adap-

tive arms of the immune system are their effects on cells

of the innate immune system, the effects on DCs and in
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particular the generation of alternative activation in

macrophages and expansion and recruitment of eosino-

phils. Importantly such effects impact not only on the

immune system but also on host metabolism as shown by

the observation that infection with Nippostrongylus brasi-
liensis causes recruitment of eosinophils into adipose

tissue of mice fed a high fat diet and alters macrophages

from an inflammatory phenotype to one of alternative

activation with concomitant improvement in glucose

homeostasis and insulin resistance [28��]. The finding

that many of the effects on autoimmunity can be obtained

with either crude extracts of parasite derived products, or

purified products, has opened up the potential to use

these biomodulators therapeutically. The mechanisms by

which helminth extracts or defined helminth products

have been found to modulate the immune response or

inhibit autoimmunity are summarised in Tables 2 and 3,

respectively.

Helminths in the clinic
Clinical trials have been carried out to establish the

therapeutic potential of helminth-based approaches.

These studies have employed either Trichurus suis (pig
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whipworm) or Necator americanus (human hookworm).

Initial studies with T. suis focussed on establishing

whether individuals suffering from inflammatory bowel

disease (IBD) showed amelioration of symptoms follow-

ing infection with T. suis ova [29]. The initial encouraging

results on effects of helminth infection on IBD have been

substantiated and have lead to trials being initiated to

determine whether T. suis has any effect on MS [30,31�].
There was a suggestion in one of the studies of improved

disability score mirroring the observations of Correale

and Farez on the beneficial effects of helminth infection

on this autoimmune condition [31�]. Additionally, as

was also shown by Correale and colleagues improvement

was not sustained following clearance of the parasite

[31�,32�].

Early studies of N. americanus focussed on establishing a

well-tolerated infectious dose for clinical application.

Trials to establish the effect of N. americanus infection

on asthma and celiac disease have all been initiated

[33,34]. While so far there has been little evidence of

clinical improvement in the studies carried out in celiac

disease volunteers, there was evidence of an altered

immune response with diminished Th1 and Th17

responses [35]. Infection with N. americanus in healthy

individuals is associated with increased production not

only of IL-10 and TGFb but also IL-22 and reduced IL-

23, which may contribute to a reduced Th17 response and

tissue repair [36��]. The lack of effect of this infection on

the different clinical situations under study has been

attributed to the use of a low dose of infection. It is

unclear whether a dose escalation study will be carried out

and it is possible that T. suis might also prove to be

effective in the treatment of celiac disease.

Conclusions
While there are promising clinical outcomes of these

interventions using helminths there are several hurdles

that would need to be overcome [37��]. Questions remain

regarding optimal timing of infection in relation to dis-

ease onset with some infections providing optimal pre-

vention of autoimmunity if given before onset of clinical

symptoms. Clinical data obtained thus far suggest that it

may be essential to have longer lasting infections to

maintain clinical improvement. There are also several

reasons why it might be better to use a defined product

than have a whole infection. Importantly, it should be

easier to optimise a dosing schedule and furthermore it

would circumvent the concerns that some individuals

might feel about acting as host to helminths. However,

with regard to the use of defined parasite-derived or

indeed any microbially derived immunomodulatory pro-

ducts in the clinic there are also challenges that would

need to be overcome. A major concern is the immuno-

genicity of some of the immunomodulatory parasite

derived products. For this reason much emphasis is being

placed on identifying the pathways through which they
Please cite this article in press as: Zaccone P, Cooke A. Vaccine against autoimmune disease: can
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exert their immunomodulatory effects. By understand-

ing the pathways involved in prevention of autoimmu-

nity it might be possible to develop small molecules with

the ability to mimic the effect of helminth vaccination

without inducing an immune response. Such an approach

is currently being pioneered with ES-62, a molecule with

established potency against Th17 mediated autoimmune

and allergic pathologies [38]. ES-62 does not prevent the

onset of Th1 mediated diabetes in NOD mice (Thomas

et al., unpublished observations) highlighting the need to

also understand the disease pathogenesis in selecting the

immunomodulatory agent of choice.

Acknowledgements
We are grateful to the MRC, Wellcome Trust, BBSRC, Diabetes UK and
JDRF who have supported our research. We are also grateful to Samuel Hall
for helpful discussions.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G:
Incidence trends for childhood type 1 diabetes in Europe
during 1989–2003 and predicted new cases 2005–20: a
multicentre prospective registration study. Lancet 2009,
373:2027-2033.

2. Greenwood BM: Autoimmune disease and parasitic infections
in Nigerians. Lancet 1968, 2:380-382.

3. Greenwood BM, Herrick EM, Voller A: Suppression of
autoimmune disease in NZB and (NZB � NZW) F1 hybrid mice
by infection with malaria. Nature 1970, 226:266-267.

4. Strachan DP: Hay fever, hygiene, and household size. BMJ
1989, 299:1259-1260.

5. Sotgiu S, Angius A, Embry A, Rosati G, Musumeci S: Hygiene
hypothesis: innate immunity, malaria and multiple sclerosis.
Med Hypotheses 2008, 70:819-825.

6. Smith KG, Clatworthy MR: FcgammaRIIB in autoimmunity and
infection: evolutionary and therapeutic implications. Nat Rev
Immunol 2010, 10:328-343.

7. Sotgiu S, Sannella AR, Conti B, Arru G, Fois ML, Sanna A,
Severini C, Morale MC, Marchetti B, Rosati G et al.: Multiple
sclerosis and anti-Plasmodium falciparum innate immune
response. J Neuroimmunol 2007, 185:201-207.

8. Correale J, Farez M: Association between parasite infection
and immune responses in multiple sclerosis. Ann Neurol 2007,
61:97-108.

9. Cooke A, Tonks P, Jones FM, O’Shea H, Hutchings P, Fulford AJ,
Dunne DW: Infection with Schistosoma mansoni prevents
insulin dependent diabetes mellitus in non-obese diabetic
mice. Parasite Immunol 1999, 21:169-176.

10. Makino S, Kunimoto K, Muraoka Y, Mizushima Y, Katagiri K,
Tochino Y: Breeding of a non-obese, diabetic strain of mice.
Jikken Dobutsu 1980, 29:1-13.

11. La Flamme AC, Ruddenklau K, Backstrom BT: Schistosomiasis
decreases central nervous system inflammation and alters the
progression of experimental autoimmune encephalomyelitis.
Infect Immun 2003, 71:4996-5004.

12. Nagayama Y, Watanabe K, Niwa M, McLachlan SM, Rapoport B:
Schistosoma mansoni and alpha-galactosylceramide:
prophylactic effect of Th1 immune suppression in a mouse
model of Graves’ hyperthyroidism. J Immunol 2004,
173:2167-2173.
 helminths or their products provide a therapy?, Curr Opin Immunol (2013), http://dx.doi.org/

www.sciencedirect.com

http://dx.doi.org/10.1016/j.coi.2013.02.006
http://dx.doi.org/10.1016/j.coi.2013.02.006


Vaccine against autoimmune disease: can helminths or their products provide a therapy? Zaccone and Cooke 5

COIMMU-1186; NO. OF PAGES 6
13. Osada Y, Shimizu S, Kumagai T, Yamada S, Kanazawa T:
Schistosoma mansoni infection reduces severity of collagen-
induced arthritis via down-regulation of pro-inflammatory
mediators. Int J Parasitol 2009, 39:457-464.

14. Hubner MP, Stocker JT, Mitre E: Inhibition of type 1 diabetes in
filaria-infected non-obese diabetic mice is associated with a T
helper type 2 shift and induction of FoxP3+ regulatory T cells.
Immunology 2009, 127:512-522.

15. Saunders KA, Raine T, Cooke A, Lawrence CE: Inhibition of
autoimmune type 1 diabetes by gastrointestinal helminth
infection. Infect Immun 2007, 75:397-407.

16. Elliott DE, Setiawan T, Metwali A, Blum A, Urban JF Jr,
Weinstock JV: Heligmosomoides polygyrus inhibits
established colitis in IL-10-deficient mice. Eur J Immunol 2004,
34:2690-2698.

17. Walsh KP, Brady MT, Finlay CM, Boon L, Mills KH: Infection with a
helminth parasite attenuates autoimmunity through TGF-
beta-mediated suppression of Th17 and Th1 responses. J
Immunol 2009, 183:1577-1586.

18. van Die I, Cummings RD: Glycan gimmickry by parasitic
helminths: a strategy for modulating the host immune
response? Glycobiology 2010, 20:2-12.

19. MacDonald AS, Straw AD, Dalton NM, Pearce EJ: Cutting edge:
Th2 response induction by dendritic cells: a role for CD40. J
Immunol 2002, 168:537-540.

20. Zaccone P, Fehervari Z, Jones FM, Sidobre S, Kronenberg M,
Dunne DW, Cooke A: Schistosoma mansoni antigens modulate
the activity of the innate immune response and prevent onset
of type 1 diabetes. Eur J Immunol 2003, 33:1439-1449.

21.
��

Spits H, Cupedo T: Innate lymphoid cells: emerging insights in
development, lineage relationships, and function. Annu Rev
Immunol 2012, 30:647-675.

This is an excellent review documenting importance of innate lymphoid
cells in orchestrating immune responses

22. Belkaid Y, Tarbell K: Regulatory T cells in the control of host–
microorganism interactions. Annu Rev Immunol 2009,
27:551-589.

23. Taylor MD, van der Werf N, Maizels RM: T cells in helminth
infection: the regulators and the regulated. Trends Immunol
2012, 33:181-189.

24. Fontenot JD, Gavin MA, Rudensky AY: Foxp3 programs the
development and function of CD4+CD25+ regulatory T cells.
Nat Immunol 2003, 4:330-336.

25. Hori S, Nomura T, Sakaguchi S: Control of regulatory T cell
development by the transcription factor Foxp3. Science 2003,
299:1057-1061.

26. Hubner MP, Shi Y, Torrero MN, Mueller E, Larson D, Soloviova K,
Gondorf F, Hoerauf A, Killoran KE, Stocker JT et al.: Helminth
protection against autoimmune diabetes in nonobese diabetic
mice is independent of a type 2 immune shift and requires
TGF-beta. J Immunol 2012, 188:559-568.

27. Zaccone P, Burton O, Miller N, Jones FM, Dunne DW, Cooke A:
Schistosoma mansoni egg antigens induce Treg that
participate in diabetes prevention in NOD mice. Eur J Immunol
2009, 39:1098-1107.

28.
��

Wu D, Molofsky AB, Liang HE, Ricardo-Gonzalez RR, Jouihan HA,
Bando JK, Chawla A, Locksley RM: Eosinophils sustain adipose
alternatively activated macrophages associated with glucose
homeostasis. Science 2011, 332:243-247.

This paper shows for the first time that parasite infections can alter
glucose homeostasis through eosinophil recruitment to adipose tissue
and conversion of macrophages from an inflammatory to an anti-inflam-
matory type.

29. Summers RW, Elliott DE, Qadir K, Urban JF Jr, Thompson R,
Weinstock JV: Trichurus suis seems to be safe and possibly
effective in the treatment of inflammatory bowel disease. Am J
Gastroenterol 2003, 98:2034-2041.

30. Benzel F, Erdur H, Kohler S, Frentsch M, Thiel A, Harms L,
Wandinger KP, Rosche B: Immune monitoring of Trichurus suis
Please cite this article in press as: Zaccone P, Cooke A. Vaccine against autoimmune disease: can

10.1016/j.coi.2013.02.006

www.sciencedirect.com 
egg therapy in multiple sclerosis patients. J Helminthol 2011,
86:339-347.

31.
�

Fleming JO, Isaak A, Lee JE, Luzzio CC, Carrithers MD, Cook TD,
Field AS, Boland J, Fabry Z: Probiotic helminth administration in
relapsing-remitting multiple sclerosis: a phase 1 study. Mult
Scler 2011, 17:743-754.

This clinical trial built upon the observations of Correale and Farez [8] by
showing that experimental infection with Trichurus suis improved MS
symptoms but that this was short lived as once parasite cleared symp-
toms were more severe.

32.
�

Correale J, Farez MF: The impact of parasite infections on
the course of multiple sclerosis. J Neuroimmunol 2011,
233:6-11.

This paper showed clearly that helminths were indeed contributing to
improved symptoms in MS patients as clearance of parasites resulted in
an increase in severity of symptoms.

33. Daveson AJ, Jones DM, Gaze S, McSorley H, Clouston A,
Pascoe A, Cooke S, Speare R, Macdonald GA, Anderson R et al.:
Effect of hookworm infection on wheat challenge in celiac
disease — a randomised double-blinded placebo controlled
trial. PLoS ONE 2011, 6:e17366.

34. Feary JR, Venn AJ, Mortimer K, Brown AP, Hooi D, Falcone FH,
Pritchard DI, Britton JR: Experimental hookworm infection: a
randomized placebo-controlled trial in asthma. Clin Exp Allergy
2009, 40:299-306.

35. McSorley HJ, Gaze S, Daveson J, Jones D, Anderson RP,
Clouston A, Ruyssers NE, Speare R, McCarthy JS, Engwerda CR
et al.: Suppression of inflammatory immune responses in
celiac disease by experimental hookworm infection. PLoS
ONE 2011, 6:e24092.

36.
��

Gaze S, McSorley HJ, Daveson J, Jones D, Bethony JM,
Oliveira LM, Speare R, McCarthy JS, Engwerda CR, Croese J
et al.: Characterising the mucosal and systemic immune
responses to experimental human hookworm infection. PLoS
Pathog 2012, 8:e1002520.

Although there was no evidence of improvement of celiac disease by
infection with N. americanus this was a nice study showing that exam-
ination of duodenal biopsies showed that infection induced a local anti-
inflammatory response raising the possibility that manipulation of infec-
tive dose or timing of exposure might have resulted in a significant
improvement in celiac disease.

37.
��

Tilp C, Kapur V, Loging W, Erb KJ: Prerequisites for the
pharmaceutical industry to develop and commercialise
helminths and helminth-derived product therapy. Int J Parasitol
2013.

This is an interesting paper outlining the hurdles that would need to be
overcome for pharmaceutical companies to effectively translate hel-
minthic approaches to patient therapy.

38. Rzepecka J, Siebeke I, Coltherd JC, Kean DE, Steiger CN, Al-
Riyami L, McSharry C, Harnett MM, Harnett W: The helminth
product, ES-62, protects against airway inflammation by
resetting the Th cell phenotype. Int J Parasitol 2013,
43:211-223.

39. Elliott DE, Li J, Blum A, Metwali A, Qadir K, Urban JF Jr,
Weinstock JV: Exposure to schistosome eggs protects mice
from TNBS-induced colitis. Am J Physiol Gastrointest Liver
Physiol 2003, 284:G385-G391.

40. Sewell D, Qing Z, Reinke E, Elliot D, Weinstock J, Sandor M,
Fabry Z: Immunomodulation of experimental autoimmune
encephalomyelitis by helminth ova immunization. Int Immunol
2003, 15:59-69.

41. Burton OT, Gibbs S, Miller N, Jones FM, Wen L, Dunne DW,
Cooke A, Zaccone P: Importance of TLR2 in the direct response
of T lymphocytes to Schistosoma mansoni antigens. Eur J
Immunol 2010, 40:2221-2229.

42. Zaccone P, Burton OT, Gibbs S, Miller N, Jones FM, Dunne DW,
Cooke A: Immune modulation by Schistosoma mansoni
antigens in NOD mice: effects on both innate and adaptive
immune systems. J Biomed Biotechnol 2010, 2010:795210.

43. Atochina O, Harn D: Prevention of psoriasis-like lesions
development in fsn/fsn mice by helminth glycans. Exp Dermatol
2006, 15:461-468.
 helminths or their products provide a therapy?, Curr Opin Immunol (2013), http://dx.doi.org/

Current Opinion in Immunology 2013, 25:1–6

http://dx.doi.org/10.1016/j.coi.2013.02.006
http://dx.doi.org/10.1016/j.coi.2013.02.006


6 Vaccines

COIMMU-1186; NO. OF PAGES 6
44. Harn DA, McDonald J, Atochina O, Da’dara AA: Modulation of
host immune responses by helminth glycans. Immunol Rev
2009, 230:247-257.

45. Harnett MM, Kean DE, Boitelle A, McGuiness S, Thalhamer T,
Steiger CN, Egan C, Al-Riyami L, Alcocer MJ, Houston KM et al.: The
phosphorycholine moiety of the filarial nematode
immunomodulator ES-62 is responsible for its anti-
inflammatory action in arthritis. Ann Rheum Dis 2008, 67:518-523.

46. Imai S, Tezuka H, Fujita K: A factor of inducing IgE from a filarial
parasite prevents insulin-dependent diabetes mellitus in
nonobese diabetic mice. Biochem Biophys Res Commun 2001,
286:1051-1058.

47. Schramm G, Mohrs K, Wodrich M, Doenhoff MJ, Pearce EJ,
Haas H, Mohrs M: Cutting edge: IPSE/alpha-1, a glycoprotein
from Schistosoma mansoni eggs, induces IgE-dependent,
antigen-independent IL-4 production by murine basophils in
vivo. J Immunol 2007, 178:6023-6027.

48.
�

Everts B, Hussaarts L, Driessen NN, Meevissen MH, Schramm G,
van der Ham AJ, van der Hoeven B, Scholzen T, Burgdorf S,
Mohrs M et al.: Schistosome-derived omega-1 drives Th2
polarization by suppressing protein synthesis following
internalization by the mannose receptor. J Exp Med 2012,
209:1753-1767.

This papers sheds light on the mechanism by which Omega-1 induces
Th2 responses. This glycoprotein requires both its glycosylation and its
ribonuclease activity to mediate its effect on DCs.The glycosylation
enables uptake of Omega-1 via the mannose receptor following which
the RNAse affects mRNA and ribosomal RNA thus influencing protein
synthesis in DCs.

49. Everts B, Perona-Wright G, Smits HH, Hokke CH, van der Ham AJ,
Fitzsimmons CM, Doenhoff MJ, van der Bosch J, Mohrs K, Haas H
et al.: Omega-1, a glycoprotein secreted by Schistosoma
mansoni eggs, drives Th2 responses. J Exp Med 2009,
206:1673-1680.
Please cite this article in press as: Zaccone P, Cooke A. Vaccine against autoimmune disease: can

10.1016/j.coi.2013.02.006

Current Opinion in Immunology 2013, 25:1–6 
50. Steinfelder S, Andersen JF, Cannons JL, Feng CG, Joshi M,
Dwyer D, Caspar P, Schwartzberg PL, Sher A, Jankovic D: The
major component in schistosome eggs responsible for
conditioning dendritic cells for Th2 polarization is a T2
ribonuclease (omega-1). J Exp Med 2009, 206:1681-1690.

51. Zaccone P, Burton OT, Gibbs SE, Miller N, Jones FM, Schramm G,
Haas H, Doenhoff MJ, Dunne DW, Cooke A: The S. mansoni
glycoprotein omega-1 induces Foxp3 expression in NOD
mouse CD4(+) T cells. Eur J Immunol 2011, 41:2709-2718.

52. Du L, Tang H, Ma Z, Xu J, Gao W, Chen J, Gan W, Zhang Z, Yu X,
Zhou X et al.: The protective effect of the recombinant 53-kDa
protein of Trichinella spiralis on experimental colitis in mice.
Dig Dis Sci 2011, 56:2810-2817.

53. Klotz C, Ziegler T, Danilowicz-Luebert E, Hartmann S: Cystatins of
parasitic organisms. Adv Exp Med Biol 2011, 712:208-221.

54.
�

Klotz C, Ziegler T, Figueiredo AS, Rausch S, Hepworth MR,
Obsivac N, Sers C, Lang R, Hammerstein P, Lucius R et al.: A
helminth immunomodulator exploits host signaling events to
regulate cytokine production in macrophages. PLoS Pathog
2011, 7:e1001248.

Mathematical models were used to identify regulatory networks involved
in helminth-mediated immunomodulation. This approach led to the iden-
tification of a role for DUSPs in cystatin-mediated induction of IL-10 by
macrophages.

55. Donnelly S, O’Neill SM, Stack CM, Robinson MW, Turnbull L,
Whitchurch C, Dalton JP: Helminth cysteine proteases inhibit
TRIF-dependent activation of macrophages via degradation of
TLR3. J Biol Chem 2010, 285:3383-3392.

56. Dowling DJ, Hamilton CM, Donnelly S, La Course J, Brophy PM,
Dalton J, O’Neill SM: Major secretory antigens of the helminth
Fasciola hepatica activate a suppressive dendritic cell
phenotype that attenuates Th17 cells but fails to activate Th2
immune responses. Infect Immun 2010, 78:793-801.
 helminths or their products provide a therapy?, Curr Opin Immunol (2013), http://dx.doi.org/

www.sciencedirect.com

http://dx.doi.org/10.1016/j.coi.2013.02.006
http://dx.doi.org/10.1016/j.coi.2013.02.006

	Vaccine against autoimmune disease: can helminths or their products provide a therapy?
	Introduction
	Evidence that helminths can modulate inflammatory disease
	Epidemiology
	Experimental observations linking infection with prevention of autoimmunity

	How might infection prevent autoimmunity?
	Helminths in the clinic
	Conclusions
	References and recommended reading
	Acknowledgements


