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Abstract

The type‐1 allergy, as typified by allergic rhinitis, pollen, and food allergies, is defined as 
a hypersensitivity reaction, and its frequency is increasing worldwide. There is a need to 
develop therapeutic agents that either prevent sensitization to allergens or suppress the 
allergic response after initiation. It has been reported that various peptides show anti‐
allergic effects, but there have been few reports concerning peptides derived from food. 
Previously, we studied the anti‐allergic effect of His‐Ala‐Gln (HAQ), which is present in 
CE90GMM, a peptide mixture derived from milk casein. In this chapter, special emphasis 
is placed on the anti‐allergic effects of the HAQ peptide in vitro and in vivo, and the effect 
of peptide binding, peptide sequence, number of amino acids, and the electron density of 
the amino acids is investigated.

Keywords: type‐1 allergy, milk casein, peptide, amino acid, anti‐allergic effect, in vitro, 

in vivo

1. Introduction

The prevalence of allergic diseases has been increasing in recent years, especially in Western 
countries. More than 25% of people living in developed Western countries suffer from aller‐

gies [1]. It has been reported that polyphenolic compounds, such as epigallocatechin gallate, 
show anti‐allergic effects, but there have been few reports regarding the anti‐allergenic effect 
of peptides. It has been reported that bioactive peptides from proteins in foods have several 
functions, such as reduction in blood pressure [2–4], activation of immune cells [5, 6], antivi‐
ral actions [7], and improvement of lipid metabolism [8]. Milk casein yields many peptides 
through hydrolysis with digestive and other enzymes. Hydrolyzed peptides have been indi‐
cated to have a variety of bioactive functions [2–8]. However, there have been few reports on 
the anti‐allergic effects of peptides derived from casein. In the present study, we examined 
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whether peptides derived from casein can inhibit type‐1 allergic reactions in vitro and in vivo. 
Furthermore, characteristics of peptides with anti‐allergic actions are investigated.

2. Mechanism of the type‐1 allergic response

Type‐1 allergies are hypersensitivity disorders mediated by immunological mechanisms, and 
type‐1 allergic responses are induced by certain types of antigens, such as those from plants, mam‐

mals, microbes, foods, drugs, and chemicals. Type‐1 allergic responses are known to be evoked by 
the antigen‐induced activation of high‐affinity IgE (FcεRI) expressed in mast cells and basophils.

When allergens invade the body, mast cells, basophils, eosinophils, and T cells are activated. Then, 
various tissues in the body are damaged by the physiologically active substances produced or 
released. Allergic sensitization involves T cell priming after dendritic cell (DC) activation, and 
the resultant T‐helper (Th) 2 response is characterized by the production of interleukin (IL)‐4, 
IL‐5, and IL‐13 from CD4+ T cells. This Th2 response leads to IgE production from B cells, and 
this IgE binds to FcεRI on the surface of mast cells and basophils in the skin, gut, and respiratory 
and cardiovascular systems, arming them for reactivity upon re‐exposure to the allergen. The 
elicitation of classic allergic symptoms occurs within minutes after allergen exposure, when the 
IgE‐bound mast cells and basophils recognize the allergen and become activated [9]. The bond 
between antigen and IgE is essential, and is the first step in triggering the signaling cascades that 
lead to degranulation. These signaling pathways are involved in the activation of protein kinase C, 
induced by 1,2‐diacylglycerol, or Ca2+ influx into the intracellular matrix induced by deacylglyc‐

erol [10, 11]. The activation of mast cells and basophils triggers the production of many chemical 
mediators, such as histamine, proteolytic enzymes, prostaglandins, leukotrienes, inflammatory 
cytokines, and arachidonic acid metabolites, including prostaglandins and leukotrienes [12–15]. 
These mediators cause immediate allergic reactions. Thus, mast cells and basophils are implicated 
in the development of diseases, such as asthma, allergic rhinitis, and inflammatory arthritis [13].

Th cells also play a central role in type‐1 allergic responses. The cells are classified into two 
types: Th1 and Th2. These cells are responsible for the modulation of cytokine secretion to 
maintain homeostasis in the host, and disruption of this balance induces various immunologi‐
cal diseases. Allergic diseases are characterized by an excessive Th2‐type immune response. 
It is generally accepted that IL‐4 regulates the differentiation of native CD4+ T cells into Th2 
cells and immunoglobulin class switching to the IgG1 and IgE isotypes. Excessive IL‐4 pro‐

duction by Th2 cells has been associated with an elevation of IgE levels and allergic reactions. 
Thus, modulation of the Th1/Th2‐balanced immune response is important to control allergic 
symptoms. There are several phases in the pathogenesis of type‐1 allergic responses as seen 
above, and allergic symptoms may be arrested by blocking the response at any of these points.

3. The search for peptides derived from casein with anti‐allergic actions

It has been reported that bioactive peptides from proteins in foods have several functions 
[2–8]. Milk casein yields many peptides through hydrolysis with digestive and other enzymes. 
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Hydrolyzed peptides have been indicated to have a variety of bioactive functions [2–8]. 
Therefore, we focused our search on peptides derived from casein, and examined degranula‐
tion‐inhibitory activity related to anti‐allergic effects. Degranulation of rat basophilic leukemia 
(RBL‐2H3) cells was monitored by measuring the activity of released β‐hexosaminidase. For 
antigen stimulation, DNP‐specific IgE‐primed RBL‐2H3 cells were preincubated for 10 min 
with various concentrations of peptides, then stimulated with antigen (mouse anti‐DNP IgE). 
After 30 min, the medium was collected and 0.2% Triton X‐100 was added to the cells. Levels 
of β‐hexosaminidase released into the medium, and within cells, were determined by colo‐
rimetric assay using p‐nitrophenyl‐2‐acetamide‐2‐deoxy‐β‐glucopyranoside and expressed 
as the percentage of activity released into the medium compared with total activity. In the 
first stage of this study, we investigated casein and CE90GMM (average molecular weight 
640 kDa), a peptide mixture derived from milk casein, on the degranulation of RBL‐2H3 cells 
and found that degranulation of the cells was not suppressed in the presence of casein. On 
the other hand, significant inhibition of β‐hexosaminidase release was seen with CE90GMM 
stimulation at 250 μg/mL (Figure 1) [16]. Thus, this finding suggested that a peptide capable 
of inhibiting β‐hexosaminidase release is present in CE90GMM. Several varieties of peptides 
have been identified inCE90GMM [17]. We tested the low‐molecular‐weight peptides: His‐Ala‐
Gln (HAQ), Glu‐Gln‐Pro‐Ile (EQPI), Asp‐Met‐Glu‐Ser (DMES), and Lys‐Ile‐Lys‐Glu (KIKE), 
which are present in CE90GMM, using RBL‐2H3 cells. With the four peptides, at concentra‐
tions ranging from 10 to 500 μg/mL, the inhibition of β‐hexosaminidase release was observed, 
which was dose dependent (Figure 2) [16].

We next investigated the effect of the four peptides on cytokine production [tumor necrosis 
factor (TNF)‐α and IL‐4] from RBL‐2H3 cells after antigen stimulation. After stimulation with 

Figure 1. Effects of Casein and CE90GMM on β‐hexosaminidase release from RBL‐2H3 cells. Data are expressed as the 
means ± SD values of triplicate determinations. *p < 0.05 vs control. DNP‐specific IgE sensitized RBL‐2H3 cells were 
challenged with DNP‐HSA for 30 min. Casein and CE90GMM were added 10 min before antigen challenge.
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anti‐DNP‐IgE only, control levels of TNF‐α and IL‐4 were 9.1 and 90.8 pg/mL, respectively. 
All peptides inhibited the production of the inflammatory cytokines TNF‐α and IL‐4. In par‐

ticular, the HAQ and EQPI peptides showed stronger inhibition of TNF‐α and IL‐4 than was 
seen with the DMES and KIKE peptides (Table 1). In addition, we also investigated the char‐

acteristics of peptides with degranulation depression effects [18]. It is known that concentra‐

tions of intracellular Ca2+([Ca2+]i) in mast cells and basophils rise through signaling after the 
cross‐linkage of antigen to FcεRI through IgE for degranulation. Thus, the degranulation‐
suppressing effect of the HAQ peptide on [Ca2+]i was examined using fluo‐3 AM. The [Ca2+]i 

from RBL‐2H3 cells was significantly increased by treatment with the HAQ peptide without 
affecting the proliferation and viability of the cells (Figure 3). These results imply that the 
HAQ peptide suppressed the elevation of [Ca2+]i induced by intracellular‐signaling pathways 
caused by the antigen‐antibody interaction.

TNF‐α IL‐4

Control 100 ± 8 (9.1 pg/mL) 100 ± 5 (90.8 pg/mL)

HAQ 46 ± 6 52 ± 1

DMES 48 ± 3 80 ± 8

EQPI 33 ± 9 56 ± 5

KIKE 61 ± 10 86 ± 3

Table 1. Amount of cytokine production.

Figure 2. Effects of HAQ, DMES, EQPI and KIKE on β‐hexosaminidase release from RBL‐2H3 cells. Data are expressed 
as the means ± SD values of triplicate determinations. DNP‐specific IgE sensitized RBL‐2H3 cells were challenged with 
DNP‐HSA for 30 min. Peptides were added 10 min before antigen challenge.
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4. Characteristics of the amino acids in peptides with anti‐allergic actions

We hypothesized that the amino acids constituting the peptide may be the reason that the 
degranulation‐inhibitory activity differs depending on the type of peptide. It is known that 
proteins are broken down into peptides in the stomach, which are then broken down into 
amino acids, dipeptides, and tripeptides that are absorbed in the bloodstream through the 
small intestine [19]. Thus, the amino acids making up the HAQ peptide were investigated for 
degranulation‐inhibitory activity, cytokine production, and electron density [16].

We measured β‐hexosaminidase levels released during degranulation in the antigen‐anti‐
body reaction in the presence of amino acids, and evaluated the anti‐allergic effects. For the 
amino acids making up the HAQ peptide, an inhibitory effect of degranulation was found 
with L‐histidine stimulation, but L‐alanine and L‐glutamine did not inhibit β‐hexosaminidase 
release (Figure 4). L‐histidine contains an imidazole group, one of the hetero‐aromatic rings 
in the side chain, whereas L‐alanine and L‐glutamine do not have hetero‐aromatic rings in the 
side chain. Polyphenols have multiple benzene rings as a construction feature. Therefore, we 
considered that amino acids with aromatic rings may show anti‐allergic effects. To confirm 
this hypothesis, we investigated the effect of amino acids with aromatic rings, L‐histidine, 
L‐tryptophan, L‐phenylalanine, and L‐tyrosine, on the degranulation of RBL‐2H3 cells. A sig‐
nificant inhibitory effect on the release of β‐hexosaminidase was found with L‐tryptophan, 
L‐phenylalanine, and L‐histidine, depending on the dose (p < 0.05), but L‐tyrosine did not 
inhibit β‐hexosaminidase release (Figure 5).

Figure 3. Effects of HAQ peptide on the release of [Ca2+]i of RBL‐2H3 cells. Data are presented as the means ± SD 
(n = 5). *p < 0.05 between each group. [Ca2+]i was measured by Calcium Kit‐Fluo‐3. Anti‐DNP IgE‐sensitized cells 
were incubated with Fluo‐3 AM for 1 h and then incubated with 500 μM HAQ or PBS for 10 min. Then, the treated 
cells were stimulated with DNP‐HSA, and the fluorescence intensity was measured. (○), non‐HAQ‐treated cells not 
sensitized with anti‐DNP IgE; (▲), HAQ‐treated cells stimulated with antigen; (●), non‐HAQ‐tpeptide‐treated cells 
stimulated with antigen.
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Figure 5. Effects of amino acids (His, Trp, Phe, Tyr) on β‐hexosaminidase release from RBL‐2H3. Data are expressed 
as the means ± SD values of triplicate determinations. DNP‐specific IgE sensitized RBL‐2H3 cells were challenged with 
DNP‐HSA for 30 min. Amino acids were added 10 min before antigen challenge.

We also performed ab initio molecular orbital calculations for the aromatic amino acids, to 
elucidate the mechanism of the anti‐allergic action. Geometrical optimization was carried out 
and the molecular electrostatic potential was calculated for each amino acid. The electrostatic 
potential maps enabled visualization of the charge distributions of the molecules (Figure 6). 
The aromatic ring of L‐tyrosine, which does not show an anti‐allergic effect, is positively 
charged. L‐tyrosine has a hydroxyl group on the side chain of the aromatic ring, which is not 
present in L‐histidine, L‐tryptophan, or L‐phenylalanine. The charge of this hydroxyl group 

Figure 4. Effects of amino acids (His, Ala, Gln) on β‐hexosaminidase release from RBL‐2H3. Data are expressed as 
the means ± SD values of triplicate determinations. DNP‐specific IgE sensitized RBL‐2H3 cells were challenged with  
DNP‐HSA for 30 min. Amino acids were added 10 min before antigen challenge.
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is positive. Furthermore, according to the octanol/water partition coefficient (LogP), L‐tyro‐

sine is less hydrophobic than the other amino acids containing aromatic rings. One reason 
why degranulation is not observed with L‐tyrosine may be that it is difficult for L‐tyrosine 
to pass through the membrane lipid bilayer and incorporate into the cell. On the other hand, 
L‐histidine is a hydrophilic amino acid and shows degranulation‐inhibitory activity. In addi‐
tion to this, the charge distribution on the aromatic ring of L‐histidine is largely negative. 
L‐tryptophan and L‐phenylalanine are hydrophobic amino acid and the charge distribution 
on the aromatic ring of L‐tryptophan and L‐phenylalanine is largely neutral. Consequently, 
the mechanism of the degranulation‐suppressing effect of L‐histidine is likely to be different 
from that of L‐tryptophan and L‐phenylalanine. These results indicate that amino acids with 
an anti‐allergic action have aromatic rings and neutral or negatively charged side chains.

5. Importance of peptide binding, number of amino acid residues, and 

peptide sequence on the anti‐allergic effect

The degranulation‐inhibitory activity differs depending on the type of amino acids. Thus, we 
examined the effect of peptide binding, number of amino acid residues, and peptide sequence 
on degranulation inhibition [20, 21].

Initially, we revealed that the level of degranulation‐inhibitory activity depends on the pep‐

tide binding. In other words, a significant inhibitory effect on the release of β‐hexosaminidase 
was found with the HAQ peptide, depending on the dose, but mixtures of the amino acids 
in the HAQ peptide did not show an inhibitory effect (Figure 7). It has been reported that 
bioactive peptides from proteins in foods have several functions [2–8]. Our results, indicating 
that the HAQ peptide can suppress the antigen‐induced degranulation of RBL‐2H3 cells, are 
consistent with those observed for other bioactive peptides.

We further found that the level of degranulation‐inhibitory activity depended on the num‐

ber of amino acid residues in the peptide. Our group has previously reported that peptides 

Figure 6. Charge distribution on four kinds of aromatic amino acids (His, Trp, Phe, Tyr).
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with an anti‐allergic action contain amino acids with aromatic rings and neutral or hydro‐
phobic side chains [16]. Thus, we used peptides containing L‐histidine, with an imidazole 
functional group, to assess the inhibitory effect of amino acid residues on the IgE‐induced 
allergic response in IgE‐sensitized RBL‐2H3 cells. Imidazole peptides containing only L‐his‐
tidine decreased the release of β‐hexosaminidase. In particular, the tri‐ and tetra‐peptides 
demonstrated degranulation‐inhibitory activity (Figure 8).

Figure 8. Effects of His and imidazole peptides of HAQ on β‐hexosaminidase release from RBL‐2H3 cells. Data are 
expressed as the means ± SD values of triplicate determinations. *p < 0.05. DNP‐specific IgE sensitized RBL‐2H3 cells 
were challenged with DNP‐HSA for 30 min. His and imidazole peptides were added 10 min before antigen challenge.

Figure 7. Effects of HAQ and amino acid mixtures made up of HAQ on β‐hexosaminidase release from RBL‐2H3 cells. 
Data are expressed as the means ± SD values of triplicate determinations. *p < 0.05. DNP‐specific IgE sensitized RBL‐2H3 
cells were challenged with DNP‐HSA for 30 min. HAQ and amino acid mixtures made up of HAQ were added 10 min 
before antigen challenge.
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Finally, we investigated the amino acid sequence of the HAQ peptide. The activity of released 
β‐hexosaminidase was evaluated for three peptides, with the L‐histidine residue at different 
positions, HAQ, Ala‐Gln‐His (AQH), and Gln‐His‐Ala (QHA). The level of degranulation‐
inhibitory activity was found to depend on the peptide sequence (Figure 9). Nishida et al. 
reported that metallic ion concentration was important for the degranulation‐inhibitory reac‐
tion and cytokine production from mast cells and basophils [22]. Therefore, we hypothesized 
that the degranulation from mast cells and basophils is related to an exaggerated effect of 
chelation. It has been reported that the HAQ peptide has a high affinity for metal ions, and 
peptides with histidine at the N‐terminus of the sequence show a strong chelation effect for 
copper ions compared with peptides with L‐histidine at the C‐terminus [23]. Therefore, the 
suppression of degranulation may be related to an increase in ability to chelate metal ions, 
because the HAQ peptide having an L‐histidine residue at the N‐terminus exhibited a stron‐
ger inhibitory action against β‐hexosaminidase than either AQH or QHA. In conclusion, we 
propose that the level of degranulation‐inhibitory activity depends on the peptide binding, 
the number of amino acid residues, and the peptide sequence.

6. Effect of the HAQ peptide on antibody production in mice

Th1 and Th2 polarization occurs according to cytokine patterns, which begin when anti‐
gen‐presenting cells interact with naïve T cells and polarize into type 1 and type 2 cells in 
response to the type of antigen encountered [12–15]. Th1 cells produce IFN‐γ and TNF‐α 
which induce T‐cell‐mediated immunity and IgG2a production and downregulate Th2 cells. 
On the other hand, IgE production in mice is induced by IL‐4 and IL‐5 secreted by Th2 cells. 
IgE response is accompanied by IgG1 production, which is also induced by IL‐4, resulting 
in allergic diseases.

Figure 9. Effects of HAQ, AQH and QHA on β‐hexosaminidase release from RBL‐2H3 cells. Data are expressed as the 
means ± SD values of triplicate determinations. *p < 0.05. DNP‐specific IgE sensitized RBL‐2H3 cells were challenged 
with DNP‐HSA for 30 min. HAQ, AQH and QHA were added 10 min before antigen challenge.
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IgA antibodies play an essential role in mucosal protection. Several properties of IgA antibodies, 
including an ability to be secreted when linked to secretory components, resistance to proteoly‐
sis, and an inability to trigger the complement cascade, allow the antibodies to clear antigens 
from mucosal surfaces in a process called immune exclusion [24]. Antigen delivery on surfaces 
may induce either immunization or unresponsiveness. Oral tolerance is usually defined as the 
suppression of humoral and cellular immune responses after mucosal presentation of a puta‐
tive protein antigen [25]. It has been reported that an increase in specific IgA antibodies occurs 
concomitantly with the systemic suppression induced by oral tolerance [26]. One proposed 
explanation is that the induction of regulatory T cells (Treg) causes not only enhancement of 
the Th1 response and suppression of the Th2 response but also results in an allergy‐suppressive 
mechanism. Thus, we examined immune responses (antibody and cytokine production) to con‐
tinuous ingestion of the HAQ peptide in a mouse model of type‐1 allergy to ovalbumin (OVA) 
[27]. BALB/c mice were randomly divided into phosphate‐buffered saline (PBS)‐PBS, PBS‐OVA, 
and HAQ‐OVA groups. An HAQ peptide‐added diet was orally administered to BALB/c mice 
for 35 days. The mice were immunized intraperitoneally with OVA on days 8, 18, and 25. Blood, 
feces, and spleen lymphocytes were obtained from the mice on day 35 or 36. The levels of total 
IgA, IFN‐γ, IL‐4, and OVA‐specific IgE, IgG1, IgG2a, and IgA were analyzed by enzyme‐linked 
immunosorbent assay (ELISA) (Table 2 and Figure 10). BALB/c mice that were orally admin‐
istered the HAQ peptide exhibited lower OVA‐specific IgE and IgG1 secretion, whereas OVA‐
specific IgG2a levels remained unchanged in the serum. An increase in OVA‐specific IgA was 
observed in feces, whereas total IgA levels remained unchanged. An increase in IgG1, IgG2a, 
and IFN‐γ levels was observed, while the IL‐4 level was decreased, in spleen lymphocytes, in the 

PBS‐PBS PBS‐OVA HAQ‐OVA

Serum

 Specific IgE (A490) 0.05 ± 0.02a 1.15 ± 0.57b 0.82 ± 0.18c

 Specific IgG1 (A490) 0.05 ± 0.01a 1.33 ± 0.10b 1.25 ± 0.07b

 Specific IgG2a (A490) 0.00 ± 0.00a 0.57 ± 0.10b 0.54 ± 0.06b

Faces

 Specific IgA (A490) 0.05 ± 0.03a 0.93 ± 0.13b 1.66 ± 0.18c

Total IgA (8g/g) 3.25 ± 0.74a 3.48 ± 0.74b 3.07 ± 0.74c

Spleen lymphocytes

 Specific IgE (A490) 0.00 ± 0.01 0.02 ± 0.00 0.05 ± 0.1

 Specific IgG1 (A490) 0.02 ± 0.00a 0.28 ± 0.05b 0.72 ± 0.07c

 Specific IgG2a (A490) 0.01 ± 0.01a 0.06 ± 0.02b 0.13 ± 0.02c

Data are expressed as the mean ± SEM. a‐b, a‐c, b‐c: p < 0.05, b‐d: p = 0.09. Groups of that had received orally administered 
HAQ or PBS during sensitization to OVA or PBS were challenged intraperitoneally. Unsensitized animals received the 
vehicle alone. Blood was obtained from the orbital veins of mice at 35 or 36 days after injection and subjected to ELISA 
specific for IgE or IgG1 against OVA.

Table 2. Effect of continuous ingestion of HAQ on antibodies production from OVA‐sensitized mice [27].
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presence of the HAQ peptide. These findings suggest that the HAQ peptide may cause a shift 
from a Th2‐type immune response toward a Th1‐type response. Thus, the HAQ peptide has a 
potential regulatory effect on antibody production in a type‐1 allergic response.

7. Effect of the HAQ peptide on allergic symptoms in mice

To investigate the effects of the HAQ peptide on the allergic reaction, we performed animal 
experiments using a murine type‐1 allergy model. C3H/HeJ mice were randomly divided into 
HAQ‐LHE, PBS‐PBS, and PBS‐LHE groups. The PBS‐PBS and PBS‐LHE groups were orally 
administered PBS alone. The HAQ‐LHE and PBS‐LHE groups were initially injected intraper‐

itoneally with 100 μg lysozyme from hen egg white (LHE) and 4 mg aluminum hydroxide in 
0.2‐mL PBS on day 1. LHE was then reduced to 50 μg and injected intraperitoneally with 4 mg 
aluminum hydroxide in 0.2 mL PBS on day 8. To assess the sensitization, blood was obtained 
from the orbital veins of mice under light anesthesia, 11 days after the initial injection, and 
subjected to ELISA. The HAQ‐LHE group was orally administered HAQ peptide (1 mg/day) 
in 0.2 mL PBS by gavage throughout the experimental period of 14 days.

We evaluated the effect of orally administered LHE on the suppression of allergic reactions in a 
murine model. The score assessment commonly increases and whole‐body temperature is com‐

monly reduced during systemic anaphylaxis [28, 29]. Score assessment and body temperature 
measurements were therefore conducted to assess anti‐allergic effects in mice. The HAQ‐LHE 
and PBS‐LHE groups were orally administered 10 mg LHE in 0.5 mL PBS, and then score assess‐

ment and rectal temperature measurements were performed to evaluate allergic symptoms 
(Figure 11). The PBS‐PBS group was orally administered 0.5 mL PBS alone. Score assessments 

Figure 10. Effect of continuous ingestion of HAQ on IFN‐γ and IL‐4 production by mouse spleen lymphocytes (72 h). 
Data are expressed as the mean ± SD values of triplicate determinations. *p < 0.05.
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were performed at 20 min after challenge with LHE using the scoring system as described by Li 
et al. [28]. To evaluate body temperature, the rectal temperature was measured at 30 min after oral 
administration of LHE. In the score assessment, the PBS‐LHE group score (0.9 ± 0.3) was signifi‐

cantly higher than the PBS‐PBS group (0.0 ± 0.0) (p < 0.05), but not the HAQ‐LHE group (0.4 ± 0.3). 
In terms of rectal temperature, the PBS‐LHE group (36.6 ± 0.5°C) had a significant decrease in 
body temperature compared with the PBS‐PBS (38.2 ± 0.3°C) and HAQ‐LHE (37.8 ± 0.4°C) groups 
(p < 0.05). These data demonstrate that continuous administration of the HAQ peptide to sensi‐
tized mice suppresses the consistent allergic symptoms induced by antigen stimulation. These 
results indicate that the HAQ peptide has anti‐allergic effects in vivo as well as in vitro [16].

8. Conclusion

The frequency of allergic disorders is increasing worldwide, and this causes serious issues, 
including escalation of medical costs, reduction in health levels, and decline in labor produc‐

tivity. We studied the anti‐allergic effects of the HAQ peptide, which is present in CE90GMM, 
a peptide mixture derived from milk casein. In these studies, we observed five major findings 
in vitro and in vivo as follows:

1. CE90GMM and four peptides (HAQ, EQPI, DMES, and KIKE) inhibited the degranulation 
of RBL‐2H3 and the effect varied with the dose.

Figure 11. Allergic symptoms after oral challenge in mice presensitized in the presene of HAQ peptide. ○, PBS‐PBS 
PBS orally administered group (n = 5); •, PBS‐LHE, PBS orally administered group (n = 9); ●, HAQ‐LHE, HAQ orally 
administered group (n = 8). Data are expressed as the mean ± SEM. *p < 0.05 between each group. Groups of mice that had 
received orally administered HAQ peptide or PBS during sensitization to LHE or PBS were challenged intraperitoneally. 
(A) Symptom scores of systemic anaphylaxis. Anaphylaxis‐like symptoms were scored at 20 min after oral challenge on 
a scale from 0 (no symptoms) to 5 (death) as described in the Materials and Methods. (B) Rectal temperature. The rectal 
temperature was measured at 30 min after oral challenge.
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2. The level of degranulation‐inhibitory activity depended on peptide binding, peptide se‐

quence, and the number of amino acids.

3. Peptides with anti‐allergic actions possess aromatic rings and neutral or hydrophobic side 
chains.

4. The HAQ peptide has a potential regulatory effect on antibody and cytokine production 
in type‐1 allergic responses.

5. Continuous administration of HAQ peptide suppressed the mild allergic symptoms in a 
murine model of type‐1 allergy.

Our studies suggest a possible use of the HAQ peptide in preventing type‐1 allergic responses. 
To use HAQ clinically for the prevention of allergic disease, the optimal dosage, efficacy, and 
adverse effects in humans should be determined.

We expect that the findings obtained in these studies will contribute to the prevention, and 
improve the treatment, of type‐1 allergies.
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