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Trichinella spiralis shares epitopes with human autoantigens
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Like other helminths, Trichinella spiralis has evolved strategies to allow it to survive in the host organism, in-
cluding the expression of epitopes similar to those present in either expressed or hidden host antigens. To identify T. 
spiralis-derived antigens that are evolutionarily conserved in the parasite and its host and that could be responsible 
for its evasion of the host immune response, we examined the reactivity of six different types of autoantibodies to 
T. spiralis larvae from muscle. T. spiralis antigens that share epitopes with human autoantigens were identified by 
assessing the cross-reactivity of autoantibody-containing serum samples with T. spiralis antigens in the absence of 
specific anti-parasite antibodies. Of the 55 autoantibody-containing human serum samples that we analysed by im-
munohistological screening, 24 (43.6%) recognised T. spiralis muscle larvae structures such as the subcuticular re-
gion, the genital primordium or the midgut. Using Western blots, we demonstrated that the same sera reacted with 24 
protein components of T. spiralis muscle larvae excretory-secretory L1 antigens. We found that the human autoanti-
bodies predominantly bound antigens belonging to the TSL1 group; more specifically, the autoantibody-containing 
sera reacted most frequently with the 53-kDa component. Thus, this protein is a good candidate for further studies 
of the mechanisms of T. spiralis-mediated immunomodulation. 
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The immune system, which evolved to detect, inac-
tivate and/or destroy invaders, includes both innate and 
adaptive responses that are activated upon encounter 
of foreign epitopes. However, the immune system must 
also be tolerant and able to distinguish between self and 
non-self antigens. The consequence of a breakdown in 
self-tolerance is autoimmunity. In autoimmune respons-
es, the immune system attacks self organs and tissues as 
if they were intruders. Autoimmune diseases arise from 
combinations of genetic, environmental and immuno-
logical factors (Christen & von Herrath 2005). Among 
the environmental factors that are thought to influence 
autoimmunity, infections with various pathogens are 
prime candidates to initiate or exacerbate autoimmune 
diseases. Several mechanisms have been proposed by 
which pathogens might cause autoimmunity, such as 
cross-reactivity between microbial and self determi-
nants, bystander activation or expression of altered self 
determinants arising from the tissue damage caused by 
a strong inflammatory response during infection (Erco-
lini & Miller 2009). In contrast, many epidemiological 
and experimental studies of animal models of human 
autoimmune diseases have shown that infections with 
parasites, and in particular with helminths, might pre-
vent rather than induce or accelerate autoimmune and 
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allergic diseases (Cooke et al. 2004, Wilson & Maizels 
2004). Chronic helminth infections are accompanied by 
a wide range of immunomodulatory effects (Maizels & 
Yazdanbakhsk 2003) that enable the survival of both 
the parasite and the host organism. The parasitic nema-
tode Trichinella spiralis invades striated muscle cells 
and transforms them into nurse cells surrounded by a 
collagen capsule (Despommier 1998, Wu et al. 2008). 
From this immunoprivileged site, muscle larvae produce 
excretory-secretory products (ES L1) that manipulate 
the host immune response to other, irrelevant antigens 
and limit the inflammatory response (Fabre et al. 2009). 
Infection with T. spiralis (Khan et al. 2002, Saunders 
et al. 2007, Gruden-Movsesijan et al. 2010) or treatment 
with a T. spiralis antigen preparation (Motomura et al. 
2009) may prevent the development of several autoim-
mune diseases, such as type 1 diabetes, experimental 
autoimmune encephalomyelitis (EAE) and experimen-
tal colitis, by skewing the immune response towards a 
Th2 or regulatory profile. Studies of the mechanisms 
underlying the amelioration of autoimmunity that is ob-
served during T. spiralis infection have focused on both 
the immune system and parasite molecules involved in 
immune modulation. As it is clear that the administra-
tion of live T. spiralis larvae carries potential risks, it is 
necessary to isolate and characterise the active compo-
nents of the T. spiralis organism. The identification and 
characterisation of the ES L1 products that are involved 
in shaping the host immune response are the focus of 
current investigations (Guiliano et al. 2009). Gong et al. 
(2011) have recently shown that tumour-associated an-
tigens exist in T. spiralis and are important for the anti-
tumour effects of T. spiralis infection. The validation of 
the diagnostic tools for the detection of anti-T. spiralis 
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antibodies has indicated that antibodies from the sera of 
patients with various autoimmune disorders, but with-
out Trichinella infection can bind T. spiralis antigens 
(Robert et al. 1996, Gomez-Morales et al. 2008). We hy-
pothesise that this cross-reactivity could result from the 
presence of common epitopes in the parasitic antigens 
and the autoantigens that may be involved in modulat-
ing the immune response. In the present study, we used 
immunohistological staining and Western blots to detect 
T. spiralis antigens that cross-react with autoantibodies. 
These data allow us to identify the structures that we 
should focus on in future investigations of the recent-
ly described T. spiralis-mediated amelioration of EAE 
(Gruden-Movsesijan et al. 2008, 2010). We found that a 
large proportion of autoantibody-containing human sera 
recognized T. spiralis antigens.

MATERIALS AND METHODS

Serum samples - Serum samples (n = 55) were ob-
tained from two sources: the Clinic of Alergology and 
Immunology, Clinical Centre of Serbia, Belgrade and 
Institute for the Application of Nuclear Energy (INEP) 
(ISO/IEC 17025:2006). The sera used in this study were 
identified as positive for high titres of autoantibodies 
using commercial diagnostic kits [indirect immuno-
fluorescence (IIF) kits and Avitex RF, Omega Diagnos-
tics, Hillfoots Business Village, Alva, Scotland, UK]. 
Twenty serum samples contained anti-nuclear antibod-
ies (ANAs), 10 contained anti-mitochondrial antibodies 
(AMAs), eight contained anti-smooth muscle antibod-
ies (ASMAs), four contained anti-keratin antibodies 
(AKAs), seven contained anti-cyclic citrullinated pro-
tein (anti-CCP) antibodies and six contained rheumatoid 
factor (RF). All of the sera were examined for the pres-
ence of anti-T. spiralis antibodies or T. spiralis antigens 
through specific in-house testing at the Serbian Refer-
ence Laboratory for Trichinellosis at INEP. 

These tests, which included ELISAs specific for 
anti-Trichinella antibodies, IIF of whole larvae sections, 
Western blots with antibodies specific for ES L1 anti-
gens and dot blots using antibodies specific for ES Ag 
were used to confirm that the patients from whom sera 
were collected were not infected with T. spiralis.

 For the positive and negative controls, we used the 
monoclonal antibody (MoAb) 7C2C5, which recognis-
es an epitope on the TSL1 group of antigens unique to 
the Trichinella genus (Gamble & Graham 1984), serum 
with a known titre of anti-Trichinella antibodies from 
a patient infected with T. spiralis and serum with no 
parasite-specific antibodies or autoantibodies. We chose 
the dilution of serum to use for the positive control by 
testing serial dilutions (1:25, 1:50, 1:100, 1:200, 1:400) 
of the Trichinella-positive control in Western blots spe-
cific for ES L1 antigens. We found that a dilution of 1:50 
allowed us to distinguish the Trichinella-specific triad 
of antigens at 45 kDa, 49 kDa and 53 kDa and thus to 
clearly discriminate between Trichinella-positive and 
Trichinella-negative sera. The serum samples contain-
ing autoantibodies were examined at the same dilution 
using the same test. 

Parasite - T. spiralis L1 larvae were recovered from 
infected Wistar rats by digesting the carcasses in pre-
warmed gastric juice (1% pepsin in 1% HCl, pH 1.6-1.8) 
(Gamble et al. 2000). After stirring the digested samples 
for 4 h at 37ºC, the larvae were allowed to sediment. The 
pepsin-HCl solution was removed by aspiration and the 
L1 larvae were washed with saline. The larvae were col-
lected and used for either the preparation of slides for IIF 
assays or the production of ES L1 antigens. 

ES L1 antigen preparation - Muscle larvae were kept 
under controlled conditions (37ºC, 10% CO2) in complete 
Dulbecco’s modified Eagle’s medium (Sigma-Aldrich, 
Gmbh, Taufkirchen, Germany) supplemented with 10 
mM HEPES, 2 mM L-glutamine, 1 mM Na pyruvate (all 
from Sigma-Aldrich, Gmbh, Taufkirchen, Germany) 
and 50 U/mL Pen/Strep (Galenika, Belgrade, Serbia) for 
18 h. The ES L1 products of the muscle larvae were di-
alysed from the culture supernatants, concentrated and 
stored until use at -20ºC.

IIF for detection of reactivity with T. spiralis muscle 
larvae - The slides for IIF were prepared from T. spiralis 
muscle larvae fixed in cold ethanol and xylene and em-em-
bedded in paraffin for histological analysis. Five-micron 
sections were deparaffinised in xylene, rehydrated with 
a graded alcohol series, washed and incubated with hu-
man sera that had been diluted 1:40 in phosphate buffered 
saline (PBS). The sections were then washed, incubated 
with sheep anti-human immunoglobulin conjugated to 
fluorescein isothiocyanate (FITC Trichinella spiralis 
Antibody Detection Kit, INEP, Belgrade, Serbia) and 
examined by ultraviolet microscopy (AXIO Imager A1, 
Carl Zeiss AG, Gottingen, Germany).

Immunohistochemical staining of T. spiralis muscle 
larvae using peroxidase-labelled anti-human Ig - The 
slides for immunohistochemical staining were prepared 
as described above. The endogenous peroxidase activity 
was quenched with 3% hydrogen peroxide in methanol 
for 20 min at room temperature (RT). The sections were 
then incubated for 30 min with human sera diluted 1:40 in 
PBS, washed three times in PBS and incubated with sheep 
anti-human IgG antibody conjugated with horseradish 
peroxidase (HRPO) (INEP, Belgrade, Serbia) for 30 min. 
The reaction was developed by adding the chromogenic 
substrate 0.05% 3.3’-diaminobenzidine tetrahydrochlo-
ride (DAB) (Vector Laboratories, Burlingame, CA, USA) 
according to the manufacturer’s instructions. For con-
trast, all of the sections were stained with haematoxylin, 
dehydrated, cleared in xylene and mounted in Canada 
balsam (Sigma-Aldrich, Gmbh, Taufkirchen, Germany). 
The stained sections were viewed using light microscopy 
(AXIO Imager A1, Carl Zeiss AG, Gottingen, Germany).

Western blot analyses of T. spiralis ES L1 products -  
The protein components of the ES antigens of the T. spira- 
lis muscle larvae were separated by electrophoresis under 
reducing conditions using 5-20% gradient polyacrylam-
ide gels. An immunoblot assay was utilised to identify 
the immunoreactive components of the ES antigens that 
were recognised by autoantibodies present in the human 
sera. After electrophoresis, the protein components were 
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transferred to a polyvinylidene difluoride membrane. A 
mixture of proteins, which included lysozyme (14.4 kDa), 
soybean trypsin inhibitor (21.5 kDa), carbonic anhydrase 
(31 kDa), ovalbumin (45 kDa), bovine serum albumin 
(BSA) (66.2 kDa) and phosphorylase b (97.4 kDa) was 
used as a molecular weight standard (Bio-Rad Laborato-
ries, USA). The membranes were blocked with 1% BSA 
in TBS (50 mM Tris-HCl, 150 mM NaCl, pH 7.6) for 1 h 
at RT. After blocking, the membranes were cut into strips 
and incubated with the positive control serum, the nega-
tive control serum or a 1:50 dilution of the human serum 
samples for 48 h. As an additional control, we used the 
7C2C5 MoAb, which identifies the specific T. spiralis 
epitope present in the TSL1 group of antigens (45 kDa, 
49 kDa, 53 kDa) (Gamble & Graham 1984). The protein 
fractions recognised by the human sera were detected by 
incubating the membranes for 2.5 h with a 1:1.000 dilu-
tion of a sheep anti-human immunoglobulin-peroxidase 
conjugate (INEP, Belgrade, Serbia). The bands recogn-
ised by the MoAb 7C2C5 were detected using a 1:500 di-
lution of a rabbit anti-mouse immunoglobulin-peroxidase 
conjugate (DAKO, Hamburg, Gmbh). The blots were de-
veloped with a 0.05% solution of DAB (Peroxidase Sub-
strate Kit-DAB, Vecor, UK).

RESULTS

Immunohistological screening of sera with autoanti-
bodies - IIF staining of preparations of T. spiralis muscle 
larvae is a sensitive assay that is routinely used to detect 
anti-T. spiralis antibodies in human sera. The T. spira-
lis-positive serum (positive control) produced a bright, 
apple-green signal on the cuticle and in the stichosome 
(Fig. 1A), whereas the sample stained with the negative 
control serum did not emit fluorescence (Fig. 1B). Al-
though the various sera containing autoantibodies did 

not produce the typical staining pattern that is observed 
when using specific anti-T. spiralis antibodies, eight 
(14.5%) of the 55 sera tested produced dull IIF staining 
of parasite organelles. The autoantibodies stained inter-
nal structures, but not the cuticle surface (Fig. 1C-E). 

Muscle sections containing larvae were examined 
by immunohistochemical staining with an anti-human 
Ig-HRPO antibody, which allowed better visualisation 
of the structures recognised by the autoantibodies (Fig. 
2). We observed that more serum samples reacted with 
the parasite components using this test than using the 
IIF assay. Using the immunohistochemistry assay, 24 
(43.6%) of the 55 samples containing ANAs, AMAs, 
ASMAs, AKAs, RF or anti-CCP autoantibodies recogn-
ised structures of T. spiralis muscle larvae other than the 
stichosome, such as the subcuticular region, the genital 
primordium or the midgut (Fig. 2 C, D, E). 

Western blot analyses of autoantibody reactivity with 
ES L1 - We used Western blot analyses to confirm the 
results that we obtained using immunohistochemistry 
and found that the same 24 (43.6%) of 55 autoantibody-
containing sera recognised ES L1 antigen. The MoAb 
7C2C5 recognises an epitope unique to the Trichinella 
genus and bound a triad of bands at 45 kDa, 49 kDa and 
53 kDa (Fig. 3, Lane A). This profile is characteristic 
of T. spiralis-positive samples (Fig. 3, Lane B). The de-
tection of the T. spiralis-specific triad proves the pres-
ence of specific anti-Trichinella antibodies and confirms 
that the sample is from an individual infected with this 
helminth. Apart from the specific triad, an immunoblot 
analysis of T. spiralis ES antigens in the positive control 
serum revealed bands at 20 kDa, 25 kDa, 27 kDa, 32 
kDa, 59 kDa, 68 kDa and 130 kDa (Fig. 3, Lane B). The 
negative control serum did not react with T. spiralis ES 
L1 antigens in the Western blot (Fig. 3, Lane C). 

Fig. 1: human autoantibodies cross react with Trichinella spiralis: indirect immunofluorescence (IIF) staining. T. spiralis positive control 
serum (A), T. spiralis negative control serum (B), serum samples positive for anti-nuclear antibody (C), anti-mitochondrial antibody (D) and 
anti-keratin antibody (E) in dilution 1:40. Example that autoantibodies provided different IIF staining compared to anti-parasite antibodies. 
A-E: 20X magnification.
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Fig. 2: human autoantibodies cross react with Trichinella spiralis. Immunohistochemical staining using anti-Ig-HRPO as a secondary anti-
body. T. spiralis positive control serum (A), T. spiralis negative control serum (B); serum samples positive for anti-nuclear antibody (C), anti-
mitochondrial antibody (D) and anti-smooth muscle antibody (E) all in dilution 1:40. Example that autoantibodies stained in the zone of genital 
primordium (GP), midgut (MG), subcuticular (SC) layer of muscle larvae. A-E: 20X magnification.

Fig. 3: Western blot analyses of sera with autoantibodies to excretory-secretory L1 antigen - 7C2C5 monoclonal antibody. Lane A: Trichinella 
spiralis specific triad (45 kDa, 49 kDa, 53 kDa); B: T. spiralis positive control; C: T. spiralis negative control; 1-18: serum samples with autoan-
tibodies that stain one or two bands from the Trichinella specific triad (45 kDa, 49 kDa, 53 kDa); 1-8: sera samples positive for anti-nuclear 
antibody; 9-11: sera samples positive for anti-mitochondrial antibody; 12-14: sera samples positive for anti-smooth muscle antibody; 15: serum 
sample positive for anti-keratin antibody; 16: serum sample positive for anti-cyclic citrullinated protein antibody; 17-18: sera samples with 
increased level of rheumatoid factor.

Most of the autoantibody-containing sera reacted 
weakly and produced a variable banding pattern. The 
molecular masses of the 24 recognised proteins var-
ied greatly, ranging from 15-130 kDa. However, none 
of the examined sera bound all three components of 
the T. spiralis-specific triad. Of the 24 sera that were 
found to be T. spiralis-reactive by Western blot, 18 (75%) 
recognised one or two bands of the T. spiralis-specific 
triad (indicated bands) (Fig. 3, Lanes 1-18). Fourteen of 
these sera (58.3%) reacted with the 53-kDa band. The 
autoantibody-containing sera also reacted with 43-kDa 
(10/24; 41.7%), 45-kDa (6/24; 25%) and 49-kDa (6/24; 
25%) bands belonging to the TSL1 group. The sera we 
tested also recognised high molecular mass bands of 115 
(5/24; 20.8%) and 130 kDa (8/24; 33.3%), as well as low 

molecular mass bands of 16 kDa, 20 kDa, 23 kDa, 25 
kDa, 27 kDa, 32 kDa, 35 kDa and 36 kDa. The sizes of 
the bands that reacted with the different serum samples 
are provided in Table.

DISCUSSION

In the current study, we have demonstrated that hu-
man autoantibodies from sera without either T. spiralis-
specific antibodies or antigens recognise some parasite 
antigens. We observed that a number of autoantibody-
containing sera reacted with the sections containing T. 
spiralis larvae in IIF assays and in immunohistochemi-
cal assays using anti-human Ig-HRPO. However, the pat-
tern of fluorescence or peroxidase staining was clearly 
different from the pattern obtained using serum that was 
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known to contain anti-T. spiralis antibodies. In support 
of these results, Robert et al. (1996) also observed that 
different autoantibodies can exhibit cross-reactivity in 
IIF assays. More of the serum samples reacted with the 
parasite components using immunohistochemical stain-
ing of muscle larvae with anti-human Ig-HRPO than us-
ing the IIF assay. This finding may be due to the ability 
of the former technique to provide better visualisation 
of the somatic muscle larvae components that reacted 
with autoantibodies. We performed Western blots for 
T. spiralis ES L1 antigens to determine which para-
sitic components were responsible for the autoantibody 
cross-reactivity observed using the IIF and immuno-
histochemical assays. Both the positive control serum, 
which contained specific anti-Trichinella antibodies, 
and the MoAb 7C2C5 recognised bands of 45 kDa,  
49 kDa and 53 kDa (the Trichinella-specific triad) that 
contain the immunodominant epitope for the muscle lar-
vae stage of the Trichinella genus (Gamble & Graham 
1984). The appearance of all three bands in the West-
ern blot indicates the presence of anti-T. spiralis anti-
bodies and confirms infection with T. spiralis. Western 
blot analyses of the reactivity of different autoantibody-
containing sera with these antigens revealed that the 
majority of autoantibodies reacted with one or two of 
the bands in this triad. The banding pattern observed in 
Western blots performed with the autoantibody-contain-
ing sera differed from the pattern obtained using the T. 
spiralis-positive sera in both the number of visualised 
bands and their apparent molecular mass. Some of the 
bands detected in the western blots performed using the 
autoantibody-containing sera did not appear in the blots 
performed using the T. spiralis-positive control. This 
finding is not surprising because not all of the proteins 

in the ES L1 mixture are immunogenic or will induce 
the synthesis of T. spiralis-specific antibodies. However, 
the ES L1 proteins could be recognised by other anti-
bodies present in the examined human sera. The assays 
used in this study did not allow us to determine whether 
a band resulted from reactivity with an autoantibody or 
a non-self-reactive antibody. However, we can speculate 
that while T. spiralis were evolving alongside their hosts, 
they developed epitopes similar to autoantigens. 

Most of the antigens recognised by the sera from pa-
tients infected with T. spiralis were in the range of 40- 
70 kDa in size and belonged to the TSL1 group of an-
tigens. TSL1 antigens originate from the muscle larvae 
stichosome and are present on the surface of the larvae 
and in their ES products. It has been suggested that TSL1 
antigens contribute to parasitism by enabling the survival 
of the parasite within its host (Nagano et al. 2009). These 
antigens are released from the encysted muscle larvae 
(L1) and they continuously stimulate the host immune re-
sponse (Bruschi 2002). The 45-kDa, 49-kDa and 53-kDa 
glycoproteins that form the Trichinella-specific triad are 
tyvelose-bearing antigens that are important during the 
intestinal phase of the infection (Wisnewski et al. 1993, 
Arasu et al. 1994, Romarís et al. 2002). These glycopro-
teins are also responsible for inducing host immunity, as 
they induce a powerful antibody response against tyvelose 
that results in the expulsion of the parasite and the protec-
tion of the host from reinfection (Appleton et al. 1991).

In this study, we found that the glycoproteins that 
make up the TSL1 group were recognised by a major-
ity of the autoantibody-containing sera, indicating that 
cross-reactivity with Trichinella antigens is not specific 
to autoantibodies that recognise a certain antigen. Pre-
vious reports have noted that autoantibodies react with 

TABLE
Distribution of antigenic bands for the individual autoantibodies revealed in the Western blot with excretory-secretory antigen 

for serum samples that stain one or two bands from the Trichinella specific triad

Sample source Tested

Number of samples recognizing band (kDa)

14 16 20 22-25 27 32 35-36 38-39 40 43 45 49 53 58 64 80-110 115 130

Negative control 1 - - - - - - - - - - - - - - - - - -
Positive control 1 - - 1 1 1 1 - - - - 1 1 1 - - - - -
7C2C5 MoAb 1 - - - - - - - - - - 1 1 1 - - - - -
ANA 20 2 2 3 4 - - 1 3 - 4 4 - 8 1 1 - 4 5
AMA 10 - - - - - - - - 1 3 - 2 2 - - 1 - -
ASMA 8 - - - - - 1 2 1 - 1 - 3 1 - - 1 - 1
AKA 4 - - - - - - - - - - - - 1 - - - 1 1
ACCP 7 - - - - - - - - - 1 1 - 1 - - - - -
RF 6 - - 1 1 1 - - - - 1 1 1 1 - - - - 1

Total 58 2 2 4 5 1 1 3 4 1 10 6 6 14 1 1 2 5 8

TSL1 group of antigens are shown in bold. ACCP: anti-cyclic citrullinated protein; AKA: anti-keratin antibody; AMA: anti-
mitochondrial antibody; ANA: anti-nuclear antibody; ASMA: anti-smooth muscle antibody; MoAb: monoclonal antibody; RF: 
rheumatoid factor.
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antigens from the TSL1 group, but identified targets of 
different molecular masses (Robert et al. 1996). The rec-
ognised proteins in the TSL1 group could be critical for 
parasite survival and may have been conserved during 
evolution. The 53-kDa protein, which is thought to con-
tribute to parasitism and to modulate the host immune 
response (Nagano et al. 2009), reacted with 58.3% of 
the tested autoantibody-containing sera. The other two 
components of the Trichinella-specific triad, the 49-kDa 
protein (and its 43-kDa isoform) and the 45-kDa protein, 
reacted with 41.7% and 25% of autoantibody-positive se-
rum samples, respectively. It has been suggested that the 
49-kDa glycoprotein is involved in nurse cell formation 
(Wu et al. 2002), whereas the 45-kDa antigen inhibits 
human neutrophil functions such as random mobility, 
chemotaxis, oxidative metabolism and integrin upregu-
lation (Bruschi et al. 2000). 

The cross-reactivity that has been observed between 
autoantibody-containing human sera and T. spiralis an-
tigens may indicate the existence of evolutionarily con-
served common epitopes among humans and parasites. 
It is not surprising that antibodies that recognise evolu-
tionarily conserved epitopes have the potential to bind 
to structures present in different organisms and species. 
The ability of these antibodies to bind both human and 
Trichinella antigens not only provides information about 
the existence of shared epitopes, but also suggests that 
their conservation during evolution means that these 
structures are vital for these organisms. In addition to 
their above-mentioned biological functions, the parasite 
components recognised by the autoantibodies may be 
responsible for the parasite-induced immunomodula-
tion that prevents the induction or ameliorates the course 
of various autoimmune diseases (Maizels et al. 2004). 
Future investigations will focus on the role of the 53-
kDa TSL1 antigen, which reacted most frequently with 
autoantibody-containing sera, in provoking tolerogenic 
and anti-inflammatory effects similar to those induced 
by T. spiralis infection. The identification of immuno-
modulatory parasite molecules and the dissection of the 
mechanisms that shape the host immune system should 
increase our understanding of the nature of helminth im-
mune modulation and lead to novel approaches for the 
treatment of multiple immunological disorders. 
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