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The conformational epitopes of egg glycoproteins ovalbumin (OVA) and ovomucoid (OVM)
recognized by IgE antibodies in an allergic response can be denatured at high tempera-
tures. This structural change results in a decreased allergenicity and has earlier been used
2015 to induce clinical tolerance for specific oral immunotherapy in allergic patients via con-
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sumption of cooked egg products. We investigated the difference in allergic response when
consuming heat-treated and native egg proteins by examining the cytokine production of
CD4' T cells and mast cell histamine release. Cultures of mouse CD4* T cells and dendritic

Keywords: cells were stimulated with native and heat denatured OVA and OVM (HD-OVA and HD-
Egg allergy OVM) and various cytokine and histamine concentrations were measured using ELISA. An
CD4" T cell cytokine increased concentration of IL-12, IL-17 and IL-10 and a decreased concentration of IL-4 were
Mast cell detected in both HD-OVA and HD-OVM (p < 0.05). A decreased concentration of histamine

Heat treatment was detected in HD-OVM (p < 0.05) with human KU812 basophil like cells. Heat denatured

Ovalbumin egg proteins OVA and OVM demonstrated a skewed type 1 CD4" T cell cytokine response
Ovomucoid and inhibited intracellular Ca* concentration. This study provides insights into understand-
ing the mechanisms behind induced tolerance of allergic individuals when consuming cooked
egg.
© 2015 Elsevier Ltd. All rights reserved.
X can be life-threatening, leading to responses ranging from
1. Introduction

vomiting to closure of the airway (Colgan & Hankel, 2010;
Macdougall, Cant, & Colver, 2002).

Food allergy is a growing health concern that affects 3% to 4% Eight major foods are responsible for 90% of food aller-

of adults and up to 6% of children (Sicherer & Sampson, 2010).
Over the past few decades both the prevalence and severity
of food allergies have increased (Sampson, 2004). Immuno-
globulin E (IgE)-mediated immune response to proteins in food

gies. Egg is one of the most common allergens, especially in
young children who tend to outgrow it later in life (Caubet &
Wang, 2011; Savage, Matsui, Skripak, & Wood, 2007). There has
been evidence suggesting that 70-80% of children who are
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affected by egg allergies can consume baked egg products
without having an allergic reaction (Des Roches, Nguyen,
Paradis, Primeau, & Singer, 2006; Leonard et al., 2012; Lieberman,
Huang, Sampson, & Nowak-Wegrzyn, 2012). Inducing clinical
tolerance is an area of interest to researchers as the regular
consumption of baked egg has the possibility to induce de-
sensitization or a clinical tolerance (Golias et al., 2012; Watanabe
et al.,, 2013).

The egg white contains many glycoproteins that have been
identified as allergens, with ovalbumin (OVA) and ovomucoid
(OVM) playing a prominent role in the allergic response pathway
(Honma et al., 1991). The ability of a protein to withstand heat
is a major factor in the classification of its allergenicity (Mills,
Sancho, Rigby, Jenkins, & Mackie, 2009). Ovomucoid has a fairly
strong resistance to heat, as well as digestive enzymes, and
therefore has a strong allergenicity (Bartnikas, Sheehan, &
Phipatanakul, 2013; Matsuda, Watanabe, & Nakamura, 1983)
On the other hand, ovalbumin does not have a high heat tol-
erance (Joo & Kato, 2006). This would leave it to be suggested
that an individual with IgE antibodies specific for OVA would
possess the ability to tolerate egg that has been denatured by
heat (Martos, Lopez-Exposito, & Nowak-Wegrzyn, 2011).

IgE antibodies can recognize either sequential or
conformational epitopes of ovalbumin and ovomucoid
(Bernhisel-Broadbent, Dintzis, Dintzis, & Sampson, 1994).
Epitopes are irreversibly altered and denatured as a result of
high temperatures (Urisu et al., 1997). Golias et al. (2012) have
recently demonstrated changes in structure caused by heating
thereby decreasing its allergenicity. Heating also enhanced the
digestibility of OVA in-vitro (Lemon-Mule et al., 2008) render-
ing the heated proteins less capable of activating basophils.

In the allergic response pathway cluster of differentiation
(CD) 4" T cells play an important role (Mosmann & Coffman,
1987). These types of T cells are classified as T helper cells with
four main subsets: Th1, Th2, Th3 and T reg (Kidd, 2003). Naive
T helper cells are differentiated into a Th2 cell, which re-
leases cytokines such as interleukin (IL)-4 that signals activated
B cells to produce IgE antibodies (Kidd, 2003). In case of aller-
gies, T cell response is imbalanced, showing preference towards
Th2 (anti-inflammatory cytokine production) as opposed to Th1
(pro inflammatory cytokine production) (Maggi, 1998). Also struc-
tural changes in antigen conformation due to heating could
potentially cause differentiated activation and cytokine release
of the CD4" T cells.

Mast cells also play a crucial role in the allergic response
pathway. IgE antibodies produced in response to exposure to
an allergen will bind to the high affinity FceR1 constitutively
expressed on the surface of mast cells, causing them to become
sensitized (Arias et al., 2009; Kondo, Nishi, & Sugahara, 2015).
Upon subsequent exposure to the allergen, the peptide will bind
directly to IgE antibodies on mast cell surfaces, leading to a
cascade of intracellular events causing mast cell degranula-
tion. It is possible that a change in antigen conformation could
alter its ability to activate mast cells to degranulate (Arias et al.,
20009).

The purpose of this research is to investigate the differ-
ence in response at the molecular level comparing heat-
treated versus native egg proteins by looking at the cytokine
production of CD4*T cells and the histamine production of mast
cells. This work should give us further insights into mecha-

nisms at the molecular level of the allergic response to egg and
assist in the success of specific oral immunotherapy tech-
niques (SOIT) using heated egg (Martos et al., 2011). This study
was conducted to test the hypothesis that denaturation of egg
white proteins ovalbumin and ovomucoid may result in a de-
crease in allergenicity by inducing a type-1 skewed cytokine
response by T cells and a drop in histamine release by mast
cells.

2. Materials and methods
2.1. Animals

Female Balb/c mice were purchased from Charles River Labo-
ratories (Montreal, QC, Canada) at 6-8 weeks of age and spleens
were collected. Mice were euthanized prior to spleen collec-
tion. Spleens were placed in spleen dissociation media and kept
on ice after removal. All procedures were performed in accor-
dance with the guidelines established by the Canadian Council
of Animal Care (CCAC) and approved by the Animal Care Com-
mittee at the University of Guelph.

2.2.  Splenocyte isolation

Spleen from individual mice (n = 3) was aseptically removed
into ice-cold RPMI-1640 medium (Gibco Invitrogen, New York,
NY, USA) containing NaHCO; (1.5 g/L), glucose (4.5 g/L),
L-glutamine (2 mM), sodium pyruvate (1 mM), penicillin (50 U/
ml) and streptomycin (50 mg/ml). Collected spleens were placed
in a Petri dish and 4 ml of spleen dissociation media was added.
Spleens were then minced and filtered twice using a nylon
mesh filter. The cell suspensions were passed through a 100 pm
nylon membrane cell strainer and transferred to 15 ml conical
centrifuge tubes and centrifuged for 10 min at 500 g at 4 °C.
80 ul of 0.5 M EDTA (Sigma, Oakville, ON, Canada) was added
and splenocytes were incubated for 5 min on a horizontal
rocker. The splenocytes were washed twice with 10 ml RPMI
by centrifugation at 1200 g for 8 min at 4 °C. Supernatant was
then discarded and splenocytes were resuspended in 10 ml of
medium [RPMI 1640 supplemented with 8% fetal bovine serum
(FBS)] (Hyclone, Fisher, Mississauga, ON, Canada) and cell vi-
ability was assessed by trypan blue exclusion and were used
for purification of dendritic cells and CD4* T cells.

2.3.  CD4'T cell and CD11c* (dendritic-DC)
cell isolation

Both the T cells and DCs were isolated using EasySep Positive
Selection Kit for Mouse CD4* and CD11c" respectively (STEMCELL
Technologies, Vancouver, BC, Canada). The manufacturer’s pro-
tocols for the Purple EasySep Magnet were followed. A PE
labelling reagent containing an antibody for the target cell’s
receptor was first added, followed by a selection cocktail con-
taining bound antibodies for PE and Dextran. Magnetic Dextran
nanoparticles were added which bound the dextran antibody
from the cocktail. Final concentration of 4.53 x 10° cells/mL of
CD11c" cells and a final concentration of 1.29 x 107 cells/mL of
CD4' T cells were obtained and grown in individual flasks at
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37 °C, with 5% CO, for 2 > weeks, with the media being changed
every 2-3 days. After 2 %2 weeks, 50 uL of 1 mg/mL filtered
cholera toxin cholera toxin was added to activate the imma-
ture DCs into fully maturing. After 3 weeks of cell culture, the
cells reached approximately 100% confluency.

2.4. Preparation of heat denatured OVA and OVM

Pure OVA and OVM at 1 mg/ml concentration were filtered and
denatured in a water bath at 100 °C for 5 minutes based on
the protocol used by Watanabe et al. (2013).

2.5.  Antigen stimulation

Once the cell cultures reached 100% confluency, the media was
removed and cells were trypsinized with 0.25% Trypsin EDTA
and left for 2-3 min in a 37 °C incubator. RPMI media (5 mL)
was added and cells were scraped off the flask walls. The two
flasks for each cell type were then pooled and centrifuged. The
cells were further washed with the media and a final concen-
tration of 2.5 x 10° cells/mL of CD11c* cells and T cells were
added to the plate and stimulated with 100 pg of OVA, HD-
OVA, OVM and HD-OVM in triplicates. The plate was incubated
for 72 hours at 37 °C in 5% CO,. After 72 hours, the superna-
tants were collected and samples were stored at —80 °C until
further analysis.

2.6. Cytokine ELISA

ELISA Ready-Set-Go! Kits (Affymetrix, eBioscience, San Diego,
CA, USA) were used to test for IL-2, IL-12, IL-10, IFN-y and IL-
17 concentration in supernatant samples according to the
manufacturer’s guidelines. In brief, a 96 well plate was coated
with 100 ul/well of capture antibody in 1X coating buffer and
was sealed and incubated overnight at 4 °C. The wells are then
aspirated and washed with wash buffer and wells are blocked
with 1X assay buffer and incubated at room temperature for
1 h. Standards were diluted performing 2-fold serial dilutions
and 100 pl/well of each dilution were added to the wells. Also
100 pl/well of the supernatant culture samples were added to
the wells. The plate was sealed and incubated for 2 h then as-
pirated and washed. 100 pl/well of detection antibody diluted
in 1X of assay buffer was added and incubated for 1 h fol-
lowed by aspiration and washing. Avidin-HRP diluted in 1X
ELISA diluent was then added at 100 ul/well and incubated for
30 min. The plate was then aspirated and washed and 100 pl/
well of TMB solution was added and then incubated for about
15 minutes. Once a colour change was seen in the samples 50 pl/
well of H,SO, stop solution was added and optical density was
measured at 450 nm (iMark; BioRad, Mississauga, ON, Canada).
Data were expressed as sample means for test replicates.

2.7. Mast cell

KU812 basophil like cells (ATCC, Cedarlane, Burlington, ON,
Canada) were thawed and 10 ml of RPMI-1640 medium was
added prior to spinning down at 2000 rpm. Supernatant was
removed and 5 ml RPMI-1640 medium were then added to get
a final cell concentration of 1.0 x 10° cells/mL. Cells were allowed
to grow in a flask and incubated at 37 °C, with 5% CO, for 2 %>

weeks, with the media being changed every 2-3 days. The
culture reached 100% confluency at 10 days.

2.8.  Histamine assay

The confluent cells were spun down and dissolved in 12 mL
of RPMI. The cells were added to a 12 well plate at a concen-
tration of 1.0 x 10° cells/mL and left overnight. The cells were
pooled and spun down, supernatant was removed and 12 ml
HBSS was added. The cells were then plated in the 12 well plate
again (1.0 x 10° cells/mL) and 5 mM of calcium ionophore (Sigma)
and 1.5 ug/mL of test antigen proteins (native and heat dena-
tured OVA and OVM) were added to the wells. The plate was
incubated for 20 min at 37 °C and then for 15 min at 4 °C. The
wells were pooled and the supernatant isolated and stored at
—80 °C until further use. Histamine ELISA Kit (LDN, Nordhorn,
Germany) was used to test for histamine concentration in su-
pernatant samples as per manufacturer’s guidelines. To prepare
the samples, 25 uL of standard, controls and supernatant
samples were plated followed by the addition of 25 uL acyla-
tion buffer and 25 pL of acylation reagent. The plate was
incubated for 45 minutes, 200 uL distilled water was added to
each well and the plate was incubated for 15 min. Then 25 pL
of standards, controls and samples were taken and plated in
microtiter strips. 100 uL of histamine antiserum was added to
each well and incubated for 3 h while covered. The wells were
then washed prior to adding 100 pL enzyme conjugate fol-
lowed by 30 min incubation. The wells were washed again,
100 uL of substrate was added and then incubated for 20-
30 min until a colour change was observed. 100 uL of stop
solution was added and the plate was read at 450 nm optical
density.

2.9. Measurement of intracellular calcium ion
concentration

KU812 cells (1 x 10° /mL) were suspended in Tyrode’s buffer
(134 mM NacCl, 1 mM CacCl,, 12 mM NaHCOs, 2.9 mM KCl,
0.34 mM Na,HPO,, 1 mM MgCl, and 0.055 mM glucose, supple-
mented with 10 mM HEPES) containing 2.5 mM probenecid and
2 umol/L fluo-3/AM (Dojindo, Kumamoto, Japan) and incu-
bated at room temperature for 40 min. The cells were again
washed and resuspended in fresh Tyrode’s buffer and were pre-
treated with various test antigens (treated with 100 ug/mL of
native and denatured OVA and OVM) and incubated for 30 min.
The control sample was treated with equal volume of Tyrode’s
buffer alone. After washing with Tyrode’s buffer, the cells were
stimulated with anti-IgE (10 pg/mL) and concentration was im-
mediately detected at a 485-nm excitation wavelength and a
535-nm emission wavelength at 37 °C with Perkin Elmer Victor2
TM 1420 Multiple Counter (PerkinElmer). Results are repre-
sented as fluorescence intensity units.

2.10. Statistical analysis

Data were expressed as calculation means + SEM. Endpoint dif-
ferences were compared with a level of p < 0.05 to determine
significance. All calculations were carried out with GraphPad
Prism software 4.0 (GraphPad Software Inc., San Diego, CA, USA).
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Results were analysed using one-way anova test with Tukey’s
post hoc multiple comparison test.

3. Results
3.1. IL-2 and IFN-y cytokine production

There was no IL-2 or IFN-y detected in a readable range in any
of the supernatant samples stimulated with the native and heat
denatured OVA and OVM (HD-OVA and HD-OVM). There was
no variance in concentration in comparison to the unstimulated
cells (data not shown).

3.2.  IL-12 cytokine production

An increased concentration of IL-12 was detected in both the
HD-OVA and HD-OVM stimulated samples (Fig. 1A). Splenocytes
produced IL-12 in response to native OVA (30.25 + 48.25 pg/
mL), HD-OVA (705.88 +8.125 pg/mL) and HD-OVM
(433.38 £3.712 pg/mL). No IL-12 was produced by native OVM
stimulation of splenocytes. HD-OVA IL-12 concentration was
statistically significantly higher in comparison to native OVA
(p < 0.05). HD-OVM IL-12 concentration was also statistically
significantly higher in comparison to native OVM (p < 0.05).
Splenocytes that were not stimulated with any of the egg white
proteins did not produce any detectable levels of IL-12 (Fig. 1A).
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3.3.  IL-17 cytokine production

An increased concentration of IL-17 was detected in both the
HD-OVA and HD-OVM stimulated samples (Fig. 1B). Splenocytes
produced IL-17 in response to HD-OVA (779.86 + 104.286 pg/
mL) and HD-OVM (586.64 + 67.5 pg/mL). No IL-17 was produced
by native OVA or OVM stimulation of splenocytes. HD-OVA and
HD-OVM IL-17 concentrations were statistically significantly
higher in comparison to native OVA and OVM respectively
(p <0.05) (Fig. 1B).

3.4.  IL-4 cytokine production

A decreased concentration of IL-4 was detected in both native
OVA and OVM stimulated samples (Fig. 1C). Splenocytes pro-
duced IL-4 in response to native OVA (67.76 + 3.33 pg/mlL),
HD-OVA (16.09 + 1.36 pg/mL), OVM (101.55 + 1.67 pg/mL) and HD-
OVM (25.03 + 2.12 pg/mL). Native OVA concentration was
statistically significantly lower than HD-OVA concentration
(p < 0.05). Native OVM concentration was also statistically sig-
nificantly lower than HD-OVM concentration (p < 0.05) (Fig. 1C).

3.5.  IL-10 cytokine production

A decreased concentration of IL-10 was detected in both native
OVA and OVM stimulated samples (Fig. 1D). Splenocytes pro-
duced IL-10 in response to native OVA (716.00 + 20 pg/mL), HD-
OVA (1708.50 + 2.50 pg/mL), OVM (628.50 + 12.50 pg/mL) and
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Fig. 1 - The influence of heat denaturation of egg white proteins OVA and OVM on CD4* T cell cytokine production. Cultured
CD4' T cells and myeloid dendritic cells were stimulated with native OVA, heat denatured OVA (HD-OVA, 100 °C, 5 min),
native OVM, and heat denatured OVM (HD-Ovm, 100 °C, 5 min). A - IL-12 concentration; B - IL-17 concentration; C - IL-4
concentration; D - IL-10 concentration. Cytokine concentration of cell culture supernatants were measured by ELISA. Data
represent the average of duplicate samples for each treatment + SEM. ND denotes values that were not determined.

Different letters represent statistical significance at p < 0.05.
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HD-OVM (1478.50 + 17.50 pg/mL). Native OVA concentration was
statistically significantly lower than HD-OVA concentration
(p < 0.05). Native OVM concentration was also statistically sig-
nificantly lower than HD-OVM concentration (p < 0.05) (Fig. 1D).

3.6. Histamine production

A decreased concentration of histamine was detected in HD-
OVM stimulated samples (Fig. 2). Human basophil like cells
produced histamine in response to OVA (0.20 + 0.05 ng/mL), HD-
OVA (0.39 £0.013 ng/mL), OVM (7.37 + 0 ng/mL) and HD-OVM
(0.929 +£ 0.199 ng/mL). HD-OVM histamine concentration was
statistically significantly lower than native OVM concentra-
tion (p < 0.05). HD-OVA concentration was not statistically
significantly lower than native OVA concentration (p < 0.05)

(Fig. 2).

3.7. Denaturation inhibits intracellular-calcium ion
production

As shown in Fig. 3 relative to positive control cells (with no
antigen) and to the native OVA and OVM treatment groups, in-
tracellular Ca* concentration was significantly lower with both
HD-OVA and HD-OVM (p < 0.05) (Fig. 3).

4, Discussion

In this research, CD4* T cell cytokine production and human
mast cell histamine production were used as indicators to test
the effects of both native and heat denatured egg white pro-
teins ovalbumin and ovomucoid on allergenicity. The varying
concentration of different type 1 and type 2 cytokines as well
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Fig. 2 - The influence of heat denaturation of egg white
proteins OVA and OVM on human mast cell histamine
production. Gultured human basophil like cells were
stimulated with native OVA, heat denatured OVA (HD-OVA,
100 °C, 5 min), native OVM, and heat denatured OVM (HD-
Ovm, 100 °C, 5 min). Histamine concentration of cell culture
supernatants were measured by ELISA. Data represent the
average of duplicate samples for each treatment + SEM.
Different letters represent statistical significance at

p <0.05.
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Fig. 3 - Measurement of calcium ion concentration. Effect of
denatured antigens on KU812 cell on in vitro calcium ion
concentration was measured using fluorescence activation
by Ca? indicator Fluo-4/AM after treatment with native and
HD OVA and OVM.

as histamine indicates the effect heat treatment of egg has on
the allergic response at a molecular level.

IL-12 was seen to have a much higher concentration in
splenocytes stimulated with heat denatured ovalbumin (OVA)
and ovomucoid (OVM) in comparison to stimulation by their
native counterparts. No IL-12 production was detected in
splenocytes that were not stimulated by any antigen and native
OVM. This is indicative of a shifted type 1 cytokine response,
as IL-12 is a Th1l cytokine (Lucey, 1999). IL-12 produced by
antigen presenting cells, such as dendritic cells (Athie-Morales,
Smits, Cantrell, & Hilkens, 2004), plays a key role in develop-
ing a Th1 pro inflammatory response by differentiating naive
Th cells into Th1l cells, thus skewing the T helper cell re-
sponse (Athie-Morales et al., 2004).

IL-17 is a controversial cytokine, whose role in the allergic
response pathway remains to be elucidated (Oboki, Ohno, Saito,
& Nakae, 2008). IL-17 is produced by Th17 cells, which are a
distinct T cell population from Th1 and Th2. Significantly
reduced Th17 population in children with food allergies, as well
as impaired IL-17 production in allergic individuals was re-
ported recently (Bin et al., 2013). IL-17 is a potential biomarker
for food allergen tolerance, which is supported by our find-
ings of increased IL-17 concentration in HD-OVA and HD-
OVM treated T cells.

IL-10 is an anti-inflammatory cytokine produced by T reg
cells, which control peripheral immune responses (Hawrylowicz,
2005) and plays a role in protection against allergic disease as
individuals with a mutation in FOXP3 (T reg transcription factor)
suffer from food allergies (Hawrylowicz, 2005). Immuno-
therapy for treating allergies has also shown to increase levels
of IL-10, which works by inhibiting Th2 cell activity (Akdis,
Blesken, Akdis, Wuthrich, & Blaser, 1998). Kearley, Barker,
Robinson, and Lloyd (2005) found a decrease in Th2 cytokine
production in mice sensitized to ovalbumin when adminis-
tering purified T reg cells prior to antigen exposure; however,
they found that IL-10 production was not restricted to T reg
cells. Our findings of increased IL-10 concentration in HD-OVA
and HD-OVM treated CD4' T cells indicate that heat denatur-
ation is causing a protective decreased Th2 response to allergens.
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IL-4 is produced by Th2 cells and plays a role in antigen-
specific B cell production of IgE antibodies in the allergic
response (Dourado et al., 2010; Mathias et al., 2011). Previous
studies have found that heat denaturation of OVA has led to
significantly decreased levels of IL-4 in mice (Sicherer &
Sampson, 2010). Our results concur with these findings, as IL-4
concentration was decreased in both HD-OVA and HD-OVM
groups.

Histamine is a key preformed mediator found in mast cell
granules that is released during antigen specific IgE binding
and plays a major role in induction of the adverse physiologi-
cal symptoms of an allergic reaction (Cianferoni & Muraro, 2012).
We had earlier demonstrated that Quillaga saponin had in-
hibitory effects on IgE-mediated response in rat basophil cells
(zhang, Yang, Rupa, Jiang, & Mine, 2012). Calcium influx is es-
sential for FceRI-mediated mast cell activation and allergic
reaction (Baba et al., 2008). Decreased calcium ion concentra-
tion was observed with both HD-OVA and HD-OVM. Lower
concentration of histamine was observed with HD-OVM, but
not with HD-OVA in comparison to native OVM. Previous studies
have found that HD-OVA leads to a lessened mast cell re-
sponse; however, this was by measuring MMCP-1 as a biomarker
of mast cell activation (Sicherer & Sampson, 2010). Therefore,
it is possible that histamine is not a good indicator of mast
cell degranulation in regard to OVA or experimental error could
have caused these results. This finding could also be due to
the fact that native OVA did not stimulate a significant hista-
mine release by mast cells.

These findings provide evidence towards the role of heat-
treated eggs in producing tolerance in allergic individuals (Golias
et al., 2012). The molecular basis behind this induced toler-
ance is not well understood. Increased production of IL-12, IL-
17 and IL-10 and a decreased production of IL-4 by splenocytes,
and low concentration histamine by mast cells in HD-OVM vali-
dates this understanding. An increased Th1 response diminishes
the Th2 allergic response as Th1 cells produce IFN-y, which in-
hibits Th2 cell activation (Macdougall et al., 2002). Further
understanding of CD4" T cell cytokine production and mast cell
histamine production in relation to the molecular allergic re-
sponse when stimulated by heat denatured versus native egg
proteins will provide more information on how specific oral
immunotherapy using cooked and baked egg helps to produce
clinical tolerance and desensitization. This research and the
insight that it provides is quite important for immuno-
therapy to help fight allergies. The findings from this study
provide some insight into the molecular mechanisms behind
SOIT and can help in the creation of other therapeutic
measures.

5. Conclusion

Heat treatment of eggs causes denaturation of their key pro-
teins ovalbumin and ovomucoid, leading to a decrease in
allergenicity. Cooked and baked eggs have also been used in
specific oral immunotherapy treatment for anaphylactic in-
dividuals and have induced clinical tolerance. In an attempt
to understand the molecular mechanisms behind these find-
ings, this study observed CD4" T cell cytokine production and

human mast cell histamine production. Cytokine production
indicating a shift from a type 2 cytokine response to a type 1
response was observed in heat denatured ovalbumin and ovo-
mucoid stimulated cells. Reduced allergic response was also
observed by decreased histamine concentration in heat de-
natured ovalbumin stimulated cells. This knowledge can help
with the development of future immunotherapy methods.
Future research conducted in this area could look at differen-
tial cytokine response in humans and focus on other areas of
the allergic response pathway.
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