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Oral allergen immunotherapy by targeting Peyer’s patches

1  | COMMENTARY

The oral route remains the most preferred route for drugs due to 
their easy administration, high patient compliance, and flexibility 
in the design of dosage. Up to date there exists no effective oral 
allergen immunotherapy for digestion‐sensitive antigens. Sublingual 
allergen immunotherapy is the closest equivalent in which an 
allergen solution is kept under the tongue for several minutes 
before the extract is spitted or swallowed. Efficacy is reached, 
when proteins are captured by professional antigen‐presenting cells 
that then migrate to draining lymph nodes. Major drawbacks here 
are the long periods of treatment and the relatively high doses of 
required allergens compared with the subcutaneous route.1,2

Still, the fate of 98% of all swallowed sublingual applied aller‐
gens is the gut. Here, the primary reason for the incapacity to mod‐
ulate or evoke an immune response is the harsh gastrointestinal 
conditions, that dilute and destroy digestion‐sensitive antigens, so 
that virtually no intact antigen reaches the immune system.1 There 
exist successful oral immunotherapy trials, but only with food pro‐
teins that are very stable and resistant to digestion such as peanut 
and where very high protein doses are given, for example 300mg 
defatted, lightly roasted peanut flour given daily over the course 
of 6 months. Though, successful in increasing the threshold dose, 
adverse events are very common (and were observed in 98.7% 
of the study subjects) due to the large dose reaching the immune 
system.3

Similarly, also loading of digestion‐sensitive allergens in enteric‐
coated capsules that bypass the low pH of the stomach have shown 
limited effectiveness, which may be due to the short intestinal res‐
idence time that results in the presence of undigested capsules in 
the stool of patients4. Also, the immediate release of large allergen 
concentrations may cause mild gastrointestinal symptoms such as 
diarrhea and/or abdominal swelling and are frequent adverse events 
in oral immunotherapy with food proteins.

One of the major obstacles in oral immunotherapy is the pri‐
mary “unresponsiveness” of the mucosal immune system and the 
premature release of allergens causing symptoms. In previous 
studies, proteins functionalized to inert 500‐600  µm microparti‐
cles were used to increase their immunogenicity and which were 
additionally enteric coated to bypass the stomach. However, these 
particles failed in clinical trials as they were too big for intesti‐
nal uptake and thus did not reach the lymphoid tissues (EudraCT 
2007‐003345‐33).

Thus, the patent described herein systemically addressed the 
reasons for the limited efficacy of oral immunotherapy by imple‐
menting solutions for proteolytic protection, limited intestinal res‐
idence time as well as presentation to immune cells that hampers 
immune activation via the gut.

The material used as antigen carrier is a nontoxic and biodegradable 
polymer, which is based on poly‐D, L‐lactide‐co‐glycolic acid (PLGA). 
PLGA decomposes itself in its monomeric constituents’ lactic 
acid and glycolic acid that are natural metabolic compounds in our 
body. Consequently, it is approved by FDA/EMA for many medical 
devices, for example biodegradable suture material, implants, 
prosthetic devices, and as long‐acting drug delivery systems for 
hormones, small molecules, antibiotics, peptides, and antigens.

In contrast to enteric‐coated capsules, where antigens are re‐
leased in the lumen, the whole allergen‐loaded particle is transcy‐
tosed, so less antigen is lost by dilution and enzymatic proteolysis. 
Entrapment of intact antigens occurred under very mild conditions 
in PLGA‐microparticles5,6 and protected the antigens with simulated 
gastric fluids from digestion. Also, antigen release was observed in a 
slow and sustained manner over the course of 3 weeks.5,6

Though in the gastrointestinal tract unresponsiveness 
predominates, it has retained its capacity to surveil the luminal 
content against potential pathogens by establishing inductive sites 
in the form of lymph nodes lining the intestine, so‐called Peyer's 
patches. Overlying the Peyer's patches is the follicle‐associated 
epithelium that harbors microfold M cells. These M‐cell transcytose 
particles below 10 µm size and antigens without further processing 
directly to the underlying antigen‐presenting cells and are thus 
a mean for conferring immunity. Indeed, most bacteria, such as 
Salmonella spp., Shigella spp., Yersinia spp., Vibrio cholerae, and viral 
pathogens, such as poliovirus and reovirus type 1, selectively target 
M cells in vivo (Figure 1).

Particle/bacterial uptake by M cells can occur via specific, recep‐
tor‐mediated, but also unspecific pathways exist that dependent on 
size and charge of the particulate substances. Preferred uptake of 
particle substances occurs within the 1‐2 µm range and below 10 µm. 
Also, a positive surface charge and hydrophobicity favor M‐cell entry. 
Importantly, already in the oral cavity M cells are present on tonsils, 
which basically are lymph nodes at the back of the mouth, and medi‐
ate antigen uptake into the tissue and underlying immune cells.7

As such, we aimed to ensure particle uptake by M cells present 
in the mouth and on Peyer's patches. We carefully searched for a 
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bioadhesin that would preferentially target M cells, but also derived 
from a nontoxic source.8 Murine M cells express α‐l‐fucose moieties, 
and in the selection process, we favored Aleuria aurantia lectin, AAL, 
from the edible orange cup mushroom over harmful Ulex europaeus 
agglutinin lectin 1, UEA1, both lectins binding to α‐l‐fucose. Our 
choice was re‐enforced by the fact that (a) AAL is a highly positive 
charged protein at physiological conditions meaning M‐cell uptake 
is facilitated per se and (b) its crystal structure resembles the struc‐
ture of various neuraminidases from bacteria and viruses invading 
the host via Peyer's patches.2 Indeed, we demonstrated significantly 
enhanced uptake of AAL particles compared with unfunctionalized 
particles by murine Peyer's patches8 as well as by human M‐cell‐like 
cells using an in vitro co‐culture model.8

In experiments, mice received a cumulative dose of 3 mg allergen 
by feeding of allergen‐loaded microparticles alone or functionalized with 
AAL for M cells‐targeting or wheat germ agglutinin, WGA binding to 
sialylic residues expressed on enterocytes and immune response were 
compared in naïve5,6 and birch pollen‐sensitized mice.9 Lectin‐function‐
alization was superior in immune induction than when allergen‐loaded 
particles were left bare as the intestinal residence was prolonged.5,6,9 
However, the type of immune response differed between WGA and AAL 
microparticles. Only AAL‐engrafted particles mounted a Th1 response 
and were able to counteract an ongoing Th2 response by supporting 
antigen‐specific IFN‐γ and IgG2a production in a murine birch pollen al‐
lergic model.6,9 In line with the murine models, primary immune cells of 
birch pollen allergic subjects’ concentration‐dependently induced the se‐
cretion of Th1/Th2 and regulatory T cell‐associated cytokines (Figure 2).8

As such, oral application of AAL‐coated allergen‐loaded mi‐
croparticles below 10 µm lead to enhanced uptake and presen‐
tation of allergens to the antigen present cells, APCs underlying 
M cells.

F I G U R E  1   Site‐directed targeting 
of allergen‐loaded microparticles. AAL‐
coated biodegradable vehicles deliver 
allergens via M cells to Peyer's patches, 
the immune induction sites of the 
gut. Particles decompose and release 
allergens directly to immune cells ensuring 
immunity

TA B L E  1   Characteristics for allergen‐loaded AAL microparticles

Proteolytic protection

Resistant to gastric digestion and low pH

Nontoxic delivery system: transcytosis of whole microparticles

Biodegradable

Low antigen dose sufficient

Delivery of intact allergens

Depot effect

Continuous release over weeks

Reduced numbers of intake

Greater time intervals between intakes

Site‐directed targeting

Prolonged residence time due to bioadhesins

Facilitated uptake via Peyer's patches due to positive charge of 
AAL

Targeted delivery to immune induction sites rather than effector 
sites

Continuous stimulation due to continuous antigen release over 
weeks

Long‐lasting Immunomodulation
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Over weeks the material of the microparticle decomposes in the 
lymphatic tissue releasing the allergens at the site of immune induc‐
tion and enabling immunomodulation.

2  | CONCLUSION

Oral allergen immunotherapy would best meet patient compliance. 
Safety, low number of booster intakes, and the capability to modu‐
late an ongoing Th2 response in a long‐lasting fashion are feasible as 
described in the patent herein (Table 1). The advantages of biocom‐
patible delivery systems with a suitable size for uptake and coated 
with bioadhesins targeting Peyer's patches are the continuous re‐
lease of antigens at the immune induction sites, which considerably 
reduce the required antigen dose, but also repetition of intake and 
thereby reduces the risk of adverse allergic symptoms.
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F I G U R E  2   Th1 modulation after oral immunotherapy with AAL microparticles.9 A. Birch pollen‐specific IgG2a antibodies before and 
after oral immunotherapy with allergen‐loaded microparticles alone or functionalized with either AAL or WGA, B. Splenocytic IFN‐γ and 
C. proliferative response to birch pollen of different treated groups; D. Representative images of fluorescence‐labeled microparticles 
functionalized with AAL adhering to murine Peyer's patches. Images taken under light and fluorescence microscopy
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