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ABSTRACT

Aims: To evaluate the potential of the Leukocyte Adherence Inhibition Test (LAIT) to discriminate
non-IgE-mediated innate immunoreactivity against Saccharomyces cerevisiae in patients with
clinical suspicion of allergic reaction to fungal allergens.
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between January 2018 and August 2023.

to outline the variability of the results.

others did not.

Study Design: We retrospectively examined the medical charts of 200 allergic outpatients with
urticaria and/or atopic dermatitis associated with the ingestion of fermented food. The individuals
were selected by being investigated with an ex vivo challenge monitored by LAIT against an extract
of S. cerevisiae after undetectable specific IgE and not reactive allergic skin tests to this allergen.

Place and Duration of Study: Instituto Alergoimuno de Americana — Sao Paulo — Brazil —

Methodology The percentage of Leukocyte Adherence Inhibition (LAI) promoted by the ex vivo
challenges with S. cerevisiae extract was distributed in ranges through a cascade distribution chart

Results: The mean LAl was 52.5%; SD 24.7%, ranging from 0% to 98%; modes = 0% and 61%
(each appeared six times). The cascade distribution chart showed a wide range of LAI results,
suggesting that some patients had immunoreactivity against the S. cerevisiae allergens while

Conclusion: Our preliminary results support the conclusion that the ex vivo challenges with S.
cerevisiae monitored by the LAIT can differentiate diverse degrees of non-IgE-mediated
immunoreactivity against their antigens in allergic patients.

Keywords: Allergy;
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atopic dermatitis; diagnosis; hypersensitivity;
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1. INTRODUCTION

Saccharomyces cerevisiae (S. cerevisiae) is an

Ascomycota fungus from the family
Saccharomycetaceae from the order
Saccharomycetales [1]. S. cerevisiae is a

unicellular budding yeast that evolved for
millennia through anthropogenic domestication,
purposed to produce fermentative foods,
beverages, and fuel [2]. Around the world,
several lineages (strains) are adapted to ferment
bread, cheese, beer, wine, spirits, and biodiesel
[3]. Under adequate conditions, yeast cells can
double in number every 100 minutes, fermenting
the substrate to obtain energy, leaving the
residues searched for by humans [4]. In the
absence of oxygen, anaerobic fermentation
produces ethanol. In the presence of oxygen,
aerobic fermentation reduces ethanol to carbon
dioxide, which is purposed for raising dough [5].
S. cerevisiae is also empirically employed as a
nutraceutical and a nutritional supplement due to
its content in proteins, vitamins, and minerals
[6,7]. Despite its allergenicity and invasive
capacity, the pharmaceutical industry is building
efforts to employ probiotic strains and prebiotic
derivatives of S. cerevisiae to treat allergic
diseases, dysbiosis, and metabolic syndromes
[8-12].

The S. cerevisiae cell walls are a composite of
glucan and chitin fibers held together by proteins
and mannan [13,14]. S. cerevisiae produces
more than 20 allergenic proteins that elicit
specific IgE production by allergic humans [15].
However, the main immunogenic glycoprotein

antigen of S. cerevisiae is a 200 kDa
glycoprotein (gp200), which elicits the production
of IgG and IgA anti-Saccharomyces cerevisiae
specific antibodies [16]. Anti-Saccharomyces
cerevisiae Antibodies (ASCA) are a characteristic
feature of diverse inflammatory diseases
guantified by various techniques [17]. Strong 1gG
responses against S. cerevisiae and Candida
albicans are also commonly observable in atopic
patients [18]. S. cerevisiae may elicit the
production of specific IgE against protein
allergens, such as enolase, invertase, and
glucosidase [19,20]. As a fungus, S. cerevisiae
also possesses beta-glucans, a Pathogen-
Associated Molecular Pattern (PAMP),
recognized by innate receptors known as Pattern
Recognition Receptors (PRRs) such as the
Dectin-1, a primary B-glucan receptor [21].
Through a Dectin-1 agonism, the S. cerevisiae
glucans stimulates several immune responses,
including the production of IgG antibodies [22].
Mannan is also a PAMP, acting as an innate
immune target of the S. cerevisiae cell wall.
Mannan is a polysaccharide composed mainly of
D-mannose associated with proteins,
glycopeptides, phosphates, and sugars [23,24].
Mannan constitution and antigenicity may vary
among strains, eliciting different immune
reactions depending on the hosts' sensitivity [25].
The main (but not unique) mannan-interacting
surface protein in mammal innate immune cells
is the Mannose Receptor (MR), also assigned as
the cluster of differentiation number CD206. The
mannose receptor is an intricate part of innate
immunity and the homeostatic clearance system
[26]. Mannan receptors are not specific and may
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participate in the uptake of unrelated allergens
such as Der p 1 and Fel d 1 [27,28]. Besides
innate recognition, mannan may also be
recognized by specific IgE antibodies [15]. Chitin,
a long-chain polymer of N-acetylglucosamine, is
a primary component of cell walls in fungi,
arthropods' exoskeletons, mollusks, nematodes,
and non-mammalian vertebrates [29,30]. S.
cerevisiae chitin is also a PAMP sensed by the
human immune system by specific membrane-
bound PRRs, inducing trained immunity [31,32].
Ex vivo challenges of S. cerevisiae performed
with viable Peripheral Blood Mononuclear Cells
(PBMC) as well as blood-circulating conventional
and plasmacytoid Dendritic Cells demonstrated
the production of inflammatory cytokines such as
IL-6, IL-10, and IFN-a [33].

While modern scientists are searching for new
technologies, they are still helpless to be used in
the clinical set and unsuitable for our purposes
[34-36]. The best option yet is to employ the
ancient techniques under the optical of the new
knowledge provided by recent scientific
advances.

The Leukocyte Adherence Inhibition Test (LAIT)
is an immunoassay designed by Halliday to
detect antigen-specific immunoreactivity [37-42].
When put in contact with an immunoreactive
antigen, leukocytes lose their ability to adhere
to glass, exhibiting an easily observable
response [39]. Several experimental works
associated these responses to clinical and
symptomatic non—lgE—mediated hypersensitivity
to diverse antigens, including fungi allergens
[43-48].

To evaluate the potential of the LAIT to
reproduce non-lgE-mediated innate
immunoreactivity against the S. cerevisiae
allergens, we retrospectively examined the
medical charts of patients investigated with an ex
vivo challenge monitored by LAIT against an S.
cerevisiae extract. These patients, diagnosed
with urticaria and/or atopic dermatitis, had clinical
suspicion of allergic reactions to fungal allergens,
had non-reactive skin tests, and undetectable
specific IgE for S. cerevisiae.

2. MATERIALS AND METHODS
2.1 Subjects

After receiving Institutional Review Board
approval from the Instituto Alergoimuno de

Americana (Brazil; 05/2023), we proceeded with
the electronic chart review of 7,600 allergic
patients who attended our outpatient facility from
January 2018 to August 2023. A cohort of 200
patients had been submitted to an ex vivo
allergen challenge test with S. cerevisiae extract
monitored with LAIT. The cohort counted 67
males; mean age 47.8 years; SD 18.5 years;
range 18 to 88 years; modes = 34, 43, 52, and
68 years (each appeared seven times). We offer
this procedure to patients with urticaria and/or
atopic dermatitis associated with the ingestion of
fermented food who had an inconclusive
investigation performed with allergic skin tests
and undetectable specific IgE against S.
cerevisiae performed with ImmunoCAP® [47].

the S.

2.2 Preparation of cerevisiae

Extract

In a beaker were added 50 mg of S. cerevisiae
(purchased in powder form from a local food
merchant) and 25 mL of extracting solution
(Propylparaben 0.5g; Methylparaben 1g; Sorbitol
30g; NaCl 5g; NaHCO3z 2.5g; 1,000 mL H:0).
The sample was homogenized and left for 48
hours at four °C for protein extraction. After 48
hours, the supernatant was diluted in 25 mL of
antigen dilution solution (NaCl 10g; KH2POa4
0.729; NasPOs4 2.86g; methylparaben 1g;
propylparaben 0.5g; glycerin 400mL; H20
600mL). This solution was used for the execution
of the LAIT and the immediate skin tests, done
as previously reported.

2.3Ex vivo Investigation:
Adherence Inhibition Test

Leukocyte

We performed the LAIT as previously described
[48-58]. Shortly, each donor's fresh plasma was
divided into two parts and used in paralleled ex
vivo challenging tests with S. cerevisiae extract
and the unchallenged plasma assay. We
collected the plasma with high leukocyte content
(buffy coat) from the heparinized tube after one
hour of sedimentation at 37 °C. Then we
distributed aliquots of 100 pL into Eppendorf
tubes kept under agitation for 30 minutes (200
rom at 37 °C) with (or without, as used as
control) antigen extract (10uL of a solution with
Img/mL and pH 7.5). After incubation, the
plasma was allocated into a standard Neubauer
hemocytometer counting chamber with a plain,
non-metallic glass surface and left to stand for 2
hours at 37°C in the humidified atmosphere of
the covered water bath to allow leukocytes to
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adhere to the glass. Next, we counted the
leukocytes, removed the coverslip, and washed
the chamber by immersion in a beaker with PBS
at 37°C. Then, we added a drop of PBS to the
hemocytometer's chamber and allocated a clean
coverslip over it. The remaining cells were
counted in the same squares as previously
examined. The percentage of Leukocyte
Adherence (LA) of each assay was estimated as:
(the number of leukocytes observed on the
hemocytometry chamber after washing divided
by the number of leukocytes observed on the
hemocytometry chamber before washing) and
multiplied by 100 (%). The Leukocyte Adherence
Ratio (LAR) was estimated based on the ratio
between the LA from the antigen-specific
challenged groups and the LA from the
unchallenged control group: LAR = LA of the
challenged sample divided by LA of
unchallenged control sample multiplied by 100
(%). To further calculate the Leukocyte
Adherence Inhibition (LAI), we subtracted the
LAR from 100 (%). We employed the LAI results
for the statistics calculations and the cascade
distribution chart.

3. RESULTS

As a retrospective survey, there was no research
protocol; therefore, we report the incidental
immune investigation as registered in the digital

100%
% SUBJECTS

80%

60%

medical charts. The mean LAl was 52.5%; SD
24.7%, ranging from 0% to 98%; modes = 0%
and 61% (each appeared six times).

There was a wide range of distribution of LAI
results, as outlined by the cascade distribution
chart in Fig. 1. Six patients (3% of the tests)
ignored the presence of the allergen on the
plasma and presented no inhibition of leukocyte
adherence after contact with the S. cerevisiae
extract. Some patients displayed low or
moderate immunoreactivity during the ex vivo
challenge test against the S. cerevisiae extract.
In  contrast, others showed a strong
immunoreactivity, which possibly would reflect
the allergic symptoms after exposure to the
allergen.

4. DISCUSSION

Hypersensitivity reactions result from the
interaction and signal-amplification activities of a
group of cytokines initially associated with the
adaptive T helper 2 activity [59]. Further studies
discovered that Th2 cytokines also influenced a
particular group of innate immune cells that
respond to their presence, amplifying their
influence; these cells were denominated type 2
Innate Lymphoid Cells (ILC2s) [60]. The main
stimuli to activate the ILC2s are the alarmins,
cytokines activated by microbial activity near the

12%

31.5%

27%

40%

20%
3% 9%

LAl 0% 2-20%

21-40%

17.5%

41-60% 61-80% 81-98%

Fig. 1. Cascade distribution chart of the range groups of Leukocyte Adherence Inhibition (LAI)
results (x-axis %) of ex vivo S. cerevisiae extract challenges monitored by the Leukocyte
Adherence Inhibition Test (LAIT), according to the respective percentage of outcomes over
200 tests (y-axis)
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mucosal borders or released by damaged
epithelium [61]. Type 2 ILCs, as theirs Th2
adaptive counterparts, release cytokines such as
IL-4, IL-5, IL-9, and IL-13 [62].

Besides the discovery of Innate Cells with
Adaptive  Immune  Functions, researchers
recently reported Adaptive Immune Cells with
Innate Immune Functions, which is the case of
the Mucosal-Associated Invariant T cells (MAIT)
that exhibit rapid effector responses and can be
activated by both T-cell antigen receptor (TCR)-
dependent and TCR-independent mechanisms
[63]. These MAIT cells are particularly stimulated
by gut flora yeasts such as S. cerevisiae and
Candida albicans, promoting a proinflammatory
intestinal and systemic state [64]. This innate
recognition turns S. cerevisiae into a potential
model for studying ex vivo challenges with fresh
blood buffy coats or viable PBMC to evaluate
non—IgE-mediated innate Th2-like allergic
reactions [65,66]. Nowadays, the standard
medical practice is not able to associate these
innate pathways to specific clinical conditions
since it has not yet incorporated suitable
laboratory techniques able to identify and
document causal innate mechanisms into its
complementary arsenal. At a scientific research
level, there are laborious and expensive
laboratory techniques, such as the Basophil
Activation Test, the Lymphocyte Stimulation
Test, or the Leukocyte Migration Inhibition Test,
which are not affordable by the traditional clinical
lab bench [67-72].

The ex vivo challenge test performed with the
fresh blood buffy coat allows the interaction of
the allergen with all types of peripheral blood
immune cells, making possible the participation
of reactions orchestrated by adaptive immune
cells, innate immune cells, alarmins, cytokines,
and adaptive (IgE and Non-IgE) antibody-
mediated reactions [73,74].

The LAIT is an affordable and quick ex vivo
challenging laboratory technique able to
establish a relationship between an allergen and
a non-lgE-mediated hypersensitivity immune
response reasonably liable for the symptoms of a
particular allergic patient. Since the LAIT solely
registers the final resultant phenomenon, the
leukocytes' glass-adherence inhibition after
contact with tested antigen, it does not explicitly
testify for any pathway [75-79].

This preliminary retrospective survey has
demonstrated a full range of results from the ex

vivo challenges against S. cerevisiae extract in a
group of allergic patients, implying that some
patients already had a previous more or less
intense immunological experience with their
antigens. We employed LAIT as a
complementary triage test, mainly when the
specific IgE is undetectable, to select worthwhile
antigens to proceed with the more laborious in
vivo provocations. These results suggest that
prospective studies with larger double-blind
cohorts must be necessary to evaluate the
potential contribution of LAIT in the clinical
management of patients with S. cerevisiae non—
IgE-mediated innate hypersensitivity.

5. CONCLUSION

As isolated information, the LAIT positivity does
not necessarily prove that the symptoms that
motivate the patient to seek medical help
happened due to this specific tested antigen. The
clinical diagnosis, instead, is better accomplished
by the responses to the in vivo challenges, the
real-world consumption of the agent by the
patient, the exclusion of the allergen's source
from the patient's diet, and the close observance
of the symptoms after its re-introduction. Our
preliminary results support that the LAIT may
differentiate diverse degrees of ex vivo non-IgE-
mediated innate immunoreactivity against the S.
cerevisiae extract, indicating a previous immune
experience with this agent. Depending on the
intensity of the resulting ex vivo interaction,
investing in the in vivo challenges will be further
worthing (or not).
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