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Abstract

Background: In allergic models, administration of rice that expresses a hybrid peptide consisting of 7 major T cell 
epitopes of Cry j 1 and Cry j 2 (7Crp), suppressed allergic symptoms, IgE elevation and specific T cell response to  
Japanese cedar pollen.

Objectives: To evaluate the efficacy and safety of 7Crp-expressing rice in patients with Japanese cedar pollinosis

Methods: A 24-week randomized, double-blind, placebo-controlled study was performed to see the efficacy of 7Crp on 
allergic symptoms using scoring systems, in which 45 patients were assigned to take either 5 g, 20 g test rice, or placebo 
daily. A 96-week open study was also conducted to determine its inhibitory effect on serum IgE and T cell proliferative 
response for Japanese cedar pollen, in which 10 patients consumed 5 g test rice daily.

Results: No adverse events associated with the test rice occurred, and the intake rate was more than 96%. The test rice 
did not show suppression of symptoms related to Japanese cedar pollinosis within 24 weeks. However, intake of 5 g test 
rice led to a significant decrease in T cell response to Japanese cedar pollen during and after the second disperse season 
in a 96-week open trial, whereas the specific IgE titer remained unchanged.

Conclusion: Tolerability and safety of 7Crp-expressing rice was accepted. Daily intake of up to 20 g transgenic rice 
did not provide beneficial effects on Japanese cedar pollinosis within 24 weeks, however, continuous intake of 5 g rice 
might reduce allergen specific T cell response. 

Key words: Cry j 1 and Cry j 2, genetically modified rice, Japanese cedar pollinosis, oral allergen immunotherapy, T 
cell epitope peptide.
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Methods
Participants

A total of 79 adult patients, who live or work in Osaka 
Prefecture and have had allergic symptoms related to JCP 
at least over the past 2 years, were assessed for eligibility of 
the study. Nine patients showed negative blood IgE (less 
than class 2 titer) specific for Japanese cedar pollen and then  
excluded. Moreover, 15 patients were excluded on the basis 
of exclusion criteria set for patients: 1. Positive IgE for rice, 
2. More than class 5 titer of IgE for Japanese cypress pollen, 

Introduction
The prevalence of allergic diseases including asthma,  

atopic eczema, allergic rhinitis and food allergy has increased 
worldwide during the past two to three decades.1 In Japan, the 
prevalence rate of Japanese cedar pollinosis (JCP) dramatically 
increased from 16.2% in 1998 to 26.5% in 2008 according to 
a nationwide survey.2 A recent epidemiologic study reported 
that 78.8% of Japanese young adults are now sensitized with 
Japanese cedar pollen, and the prevalence of JCP is 41.2% 
based on subjective symptoms and 22.2% based on physician  
diagnosis of the population.3 The disease severely affects 
the quality of life (QOL), leading to loss of social activity of  
patients and inflicts an economic burden on the society.4 Thus, 
preventive strategies and innovative therapeutic approaches  
for the pollinosis need to be developed. Subcutaneous or 
sublingual allergen-specific immunotherapy (AIT) using  
Japanese cedar pollen extract has proved to be effective 
with a tolerable safety profile, and is used for the treatment  
of patients.4-5 However, there are still several concerns  
regarding the present methodology of AIT, which need to be  
addressed.6-7 First, it is efficacious for hyposensitization,  
however, not so for complete desensitization to allergens.  
Second, the therapy, in some cases, induces immediate allergic 
reaction, as the extract stimulates mast cells or basophils in an 
IgE-dependent manner. Third, it takes from several months 
to years to show its effect; thus, substantial numbers of  
patients abruptly terminate the therapy. Moreover, the precise  
mechanism(s) underlying its efficacy have not been clarified. 

Transgenic rice, or genetically modified rice that expresses 
25-62 μg/grain of a hybrid peptide including 7 major T cell 
epitopes of Cry j 1 and Cry j 2 (7Crp), has several potential 
beneficial characteristics which might help to overcome the 
aforementioned difficulties. First, the peptide cannot bind to 
Japanese cedar pollen-specific IgE, therefore, theoretically,  
does not induce mast cell activation.8 However, it can  
facilitate the cellular immune response towards tolerance.9  
Second, the peptide is localized in the endosperm of rice 
and reaches the ileum and jejunum without digestion by  
gastrointestinal enzymes. Thus, it is likely to be absorbed by 
gut-associated lymphatic tissue.9,10 Third, as rice is the staple 
food in Japan, it is convenient for patients to continuously 
consume the transgenic rice. Thus, we evaluated the efficacy, 
safety and tolerability of the transgenic rice in patients with 
JCP.

3. More than class 5 titer of IgE for house dust mites, 4.  
Individuals with pets (dogs or cats) at home with more than 
class 5 titer of IgE for the corresponding pet, 5. Individuals  
receiving AIT or those who will receive AIT during the study, 
and 6. Individuals with systemic diseases. Exclusion criteria  
items 2-4 were set to minimize allergic symptoms due to  
other allergens. Then, a total of 55 patients were enrolled 
for the study. Studies were designed in accordance with the  
Helsinki declaration and approved by the Ethics Committee 
of the Osaka Habikino Medical Center (approved number:  
787-7). All participants provided written informed consent. 
The registration numbers of the studies in University hospital 
Medical Information Network (UMIN) are UMIN-000024699 
and UMIN-000024700. 

Generation of transgenic rice
Cry j 1 and Cry j 2 are major allergens in Japanese cedar 

pollen and there are 3 dominant T cell determinants (residues 
212-224, 235-247 and 312-330) in Cry j 1, and 4 (residues 77-
89, 96-107, 192-204 and 356-367) in Cry j 2.11 We developed 
a hybrid peptide consisting of 96 amino acids with a molecu-
lar weight of 10.6 kDa, in which these 7 T cell determinants 
were arranged in tandem, using an Escherichia coli expression 
vector.11 7Crp could induce a T cell proliferative response 
in 44 out of 48 (92 %) patients with JCP. We then prepared 
a construct including the 7Crp gene under the rice major 
seed storage protein glutein 2.3-kb GluB-1 promoter, and  
transferred it into the rice genome (Oryza sativa cv. Kita-ake) 
using Agrobacterium tumefaciens-mediated transformation.10,12 
The amount of 7Crp in the transgenic rice used for this study 
was 7.5-8.6 μg per 5 mg rice, measured using SDS-PAGE, 
followed by Western blotting using an anti-7Crp antibody, 
as described previously.11 The packed rice was prepared and  
taken once daily after warmed in the microwave. 

Design of the study
We conducted two studies. One is a randomized, double- 

blind, placebo-controlled study, in which 45 patients with JCP 
were assigned to receive either 5 g transgenic rice including 8 
mg 7Crp, mixed with 45 g placebo rice, 20 g transgenic rice 
including 32 mg 7Crp, mixed with 30 g placebo rice, or 50 
g placebo rice once a day for 24 weeks. Randomization was 
stratified by gender and the titer of specific IgE for Japanese 
cedar pollen by using random permuted block sizes of 4 or 
6. The second is an open study, in which 10 patients with 
JCP were designated to take 5 g transgenic rice, mixed with 
45 g placebo rice for 96 weeks. Both studies commenced on  
November 6, 2016. The primary endpoint of study 1 was 
based on a change in the subjective symptom score, whereas  
secondary endpoints include changes in the QOL score, 
medication score and specific IgE titer for Japanese cedar 
pollen, and the safety profile of the method. In study 2 the  
primary endpoint was based on a change in specific IgE titer 
for Japanese cedar pollen and secondary endpoints include a 
change in the T cell proliferative response to Japanese cedar 
pollen and the safety profile of the method.



Asian Pac J Allergy Immunol 2022;40:386-392 DOI 10.12932/AP-050619-0575

388

housekeeping, studying, reading, sports, going outdoors, 
sleeping and having conversations. Participants were asked to 
record the QOL score every 2 weeks from February 1 to April 
16 in 2017. 

Blood sampling
Blood samples were collected before the study and then  

after every 12 weeks until the end of the study. Serum specific 
IgE, IgG and IgG4 for Japanese cedar pollen, cypress, house 
dust mite, cats and dogs were measured using the AlaSTAT3g 
method (SIEMENS, range; 0.1~500 IU/ml). In study 1, these 
levels were also monitored at 24 weeks after the intervention 
period. In study 2, in addition to the measurement of these 
IgE levels, the allergen-specific lymphocyte stimulation test 
was performed before the study and then after every 12 weeks. 
Briefly, peripheral blood mononuclear cells (2 × 105 cells/well)  
were cultured with or without 2.5 μg/mL purified Japanese 
cedar pollen basic protein (Hayashibara Co., LTD, Okayama, 
Japan), 1.25 μg/mL purified protein derivative (Japan BCG 
Laboratory, Tokyo, Japan), or 10 μg/mL phytohemagglutin  
for 3 days, then 3H-thymidine was added and cells were  
further cultured for 17 hours, and 3H-thymidine incorporation 
was measured using a liquid scintillation counter. Stimulation  
index (SI) was calculated as (mean cpm of allergen-added 
wells)/(mean cpm of unstimulated wells). 

Statistical analysis
Quantitative data are presented as means ± SEM,  

unless indicated otherwise. The significance of the difference  
between groups in study 1 was evaluated using the 
Mann-Whitney U test, and the significance of the changes in 
values from the baseline to 96 weeks in study 2 was evaluated  
using the paired Student’s t test. A value of P < 0.05 was  
considered as statistically significant.

Study 1 Study 2

5 g group 20 g group Placebo 
group

p-value 
(ANOVA) 5 g group

Number of entries 15 15 15 10

Age 38.8 ± 14.0† 41.4 ± 11.9 40.5 ± 11.9 NS 43.7 ± 12.0

Duration of disease (year) 21.3 ± 14.0 19.4 ± 8.8 15.0 ± 7.6 NS 19.9 ± 11.1

Gender (male/female) 9/6 9/6 10/5 NS 2/8

IgE for Japanese cedar pollen (IU/ml) 19.7 ± 18.2 20.3 ± 18.2 18.3 ± 16.4 NS 16.0 ± 12.2

IgE for cypress pollen (IU/ml) 8.7 ± 7.3 10.0 ± 12.0 8.4 ± 8.0 NS 6.9 ± 6.7

Table 1. Characteristics of enrolled patients

†S.D., NS: not significant

In 2017, the regional records for dispersal of Japanese 
cedar pollen in Osaka Prefecture showed that the onset, 
peak and end of cedar pollen release occurred on February 
19, March 20 and April 16, respectively. The peak and total 
amounts of its release were 111 grains/day and 842 grains, 
respectively. In 2018, the release of Japanese cedar pollen 
began on February 23, and ended on April 8, with the total  
amounts being 1441, with the peak on March 7 (106 grains/
day). 

Outcome measures
Severity of symptoms was determined using a scoring 

system based on slightly modified method by Baba et al.13  
Participants were asked to record symptom scores and 
disturbance of activities of daily living (ADL) every day.  
Symptoms were evaluated according to the following scale: 
sneezing and rhinorrhea (0 = none, 1 = 1-5 episodes, 2 = 6-10, 
3 = 11-20, and 4 = >20 episodes), nasal obstruction (0 = none, 
1 = little without oral breathing, 2 = mild with sometimes  
oral breathing, 3 = severe with often oral breathing, 4 =  
complete obstruction almost all day), dysgeusia (0 = none, 
1 = mild, 2 = moderate, 3 = severe), disturbance of ADL (0 
= none, 1 = mild, 2 = between 1 and 2, 3 = moderate, 4 =  
severe), ocular itching (0 = none, 1 = mild, 2 = moderate, 3 = 
severe) and lacrimation (0 = none, 1 = mild, 2 = moderate, 3 
= severe). The total symptom score was calculated as a sum of 
these 7 indices. 

Participants were allowed to take oral antiallergic drugs 
and to use ocular drops and nasal sprays. The consumption 
of these drugs was recorded and evaluated by the medication  
score according to the Japanese Society of Allergology with 
the following scale: 0 = none, 1 = oral antihistamines, oral 
histamine release inhibitors, nasal sprays excluding focal  
steroids and ocular drops excluding focal steroids, 2 =  
focal administration of steroids, 3 = oral administration of  
steroids.13 The symptom score and medication score were  
recorded daily from February 1 to May 2 in 2017. 

The degree of disturbance of QOL was assessed using 
the Japanese Allergic Rhinitis QOL Questionnaire (JRQLQ 
No.1).14 It comprises 17 questions which include details like 
rhinorrhea, sneezing, nasal obstruction, nasal and ocular  
itching, lacrimation, general fatigue, irritability, depression  
and difficulties with daily activities such as working, 

Results
Characteristics of patients

Characteristic features of enrolled patients are presented  
in Table 1. In study 1 baseline characteristics of patients 
were similar and there were no significant differences in age,  
disease duration, sex distribution, and the titer of specific 
IgE for Japanese cedar pollen and cypress pollen among the 
groups. 
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Figure 1. Changes in total symptom score, QOL score, and medication score 
A. Change in total symptom score during the entire test period. B. Change in increase value in the total symptom score during 
the pollen season. C. Change in increase value in the QOL score during the pollen season. D. Change in increase value in the 
medication score during the pollen season. The increase value is shown as each value subtracted from the average value before 
the onset of pollen dispersal. Each value represents mean ± SE. 

Effects of the transgenic rice on symptoms related to JCP
The onset of Japanese cedar pollen release occurred on 

February 19 and the peak on March 20 in 2017. As shown in 
Figure 1, the symptoms related to rhinitis and conjunctivitis 
were conspicuous before dispersal; however, they aggravated  
proportionally with the amounts of Japanese cedar pollen  
released. The average symptom score of the placebo group 
before and during the pollen season was marginally  
lower than that of the 5 g and 20 g intake group but the  
difference was not statistically significant. Moreover, there 
were no significant differences in changes in the QOL and the  
medication score among the three groups, indicating that 

24-week intake of up to 20 g 7Crp-expressing rice did not 
show ameliorative effects on allergic symptoms of patients 
with JCP.

Effects of the transgenic rice on immunological parameters
The change in the serum IgE titer for Japanese cedar  

pollen in study 1 is shown in Figure 2. After the pollen  
season, the titer increased in all three groups; however, there 
was no significant difference in the titer among the three 
groups. Moreover, IgG and IgG4 levels for Japanese cedar  
pollen were not significantly different among the groups (data 
not shown). 
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response at 72-week in the second season of the pollen  
dispersal, compared with that at 24-week in the first season (p 
= 0.042). There was, however, no effect of the transgenic rice 
on serum specific IgE for Japanese cedar pollen.

Safety profile and tolerability
Adverse events (AEs) are shown in Table 2. Three  

patients had mild AEs such as numbness of the left upper 
limb after blood draw, common cold, and urticaria, however,  
they promptly recovered and succeeded in taking the test 
rice. The average intake rate was more than 96%, as shown in  
Table 3. Three participants dropped out of study 2, two  
because of pregnancy and one because of a personal reason. 

Figure 3. Change in T cell proliferative response to  
Japanese cedar pollen and levels of serum IgE specific to 
Japanese cedar pollen in study 2
Each value represents mean ± SE.

Adverse event Outcome Causal relationship

20 g (Study 1) Local pain after blood sampling Recovery No

Placebo (Study 1) Common cold-like symptoms Recovery No

5 g (Study 2) Lower abdominal urticaria Recovery No

Table 2. Adverse events observed in this study

Table 3. Percentage of intake of the tested rice

Group
Intake compliance rate (%)

1~12 W 13~24 W 25~48 W 49~96 W Total

5 g (Study 1) 98.3 98.7 98.5

20 g (Study 1) 96.3 97.3 96.8

Placebo (Study 1) 97.5 98.8 98.2

5 g (Study 2) 97.4 97.8 96.1 98.0 97.4

Figure 2. Change in levels of serum IgE specific to Japanese 
cedar pollen in study 1
Each value represents mean ± SE.

Study 2 examined the long-term (96 weeks) effect of the 
5 g transgenic rice on the proliferative response of peripheral  
blood T cells to Japanese cedar pollen basic protein. The  
response increased during and 3 months after the pollen 
season in the first year (Figure 3). However, in the second  
season of the pollen dispersal, the proliferative response was 
lower than that at the initiation of the study and there were 
significant differences in the Japanese cedar pollen-specific  
T-cell response between the start point and 96-week and  
between 48-week and 96-week (p = 0.022 and p = 0.045,  
respectively). The average SI values of the baseline and 96-
week intervention were 3.68 and 2.02, respectively. Moreover,  
there was a significant suppression of the proliferative
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Discussion
In this study we evaluated the efficacy, safety and  

tolerability of oral intake of 7Crp-expressing rice on patients 
with JCP. As expected, tolerability was good and no serious 
AEs occurred, including immediate and late-phase allergic  
reactions. Although daily intake of 5 g or 20 g transgenic  
rice for 24 weeks did not provide beneficial effects on  
clinical symptoms and serum IgE levels, long-term intake 
of 5 g transgenic rice led to a significant decrease in T cell  
proliferative response to Japanese cedar pollen. The reason(s) 
why 7Crp-expressing rice did not show effectiveness on  
symptoms remained unclear. It may be due to small sample 
size or the amount of the test rice. However, the suppressive 
effect of 5 g transgenic rice on the T cell proliferative response 
in the second disperse season suggests that the intervention 
period (24-week) was too short to provide the clinical effects. 

7Crp used in this study could bind to peripheral blood 
T cells in 92% patients with JCP, however, not to Japanese  
cedar pollen-specific IgE.8 Using T-cell epitope peptide  
is one of the promising therapeutic strategies; it lacks  
allergenicity (IgE-binding activity) but retains immunoge-
nicity (T-cell epitopes), and thus, is expected to escape from 
an IgE-mediated immediate allergic reaction and induce 
T cell tolerance.6,7 Clinical trials of several T-cell epitope  
peptides against birch pollen, cats or grass have been  
performed. Results for some peptides are promising,15-17  
whereas disadvantages of T cell epitope peptides include T 
cell-mediated late-phase side effects in a considerable number 
of patients.18 Three AEs occurred during our entire study but 
were transient and patients could continue to consume the 
test rice. No systemic immediate or late-phase AEs, including 
gastrointestinal symptoms, were found, indicating the safety 
profile of the rice.

As subcutaneous or sublingual AIT require several months 
to years to show its beneficial effects in the treatment of  
allergic diseases, tolerability is an important issue for these 
therapies. We selected rice for the delivery of these peptides  
to patients because of several reasons.9 First, rice is a staple  
food in Japan, and therefore, the T cell epitope peptide  
would be easily taken as a daily habit. Second, 7Crp is  
predominantly accumulated in the protein body I (PB-I),9,10  
which is resistant to gastrointestinal digestive enzymes. 
Therefore, the peptide accumulated in the PB-I of rice  
endosperm is hard to be digested by proteinases,19 and thus 
by itself could be transferred into the tissues of the ileum 
and jejunum. Indeed, the intact GFP-peptide was detected  
in the ileum and jejunum in a mouse model when  
delivered via rice.20 Third, the peptide can be expressed in 
high amounts in transgenic rice seeds (25-62 μg/grain).10  
In fact, the 5 g transgenic rice tested in the present study  
contained approximately 8 mg peptide, as quantified using  
Western blotting. This dose is very high (approximately  
ten thousand-fold), compared with the dose of Japanese 
cedar pollen extract clinically used for subcutaneous or  
sublingual AIT. Analyses of various animal models indicate  
that two types of oral tolerance can be induced against 

antigens; anergy or deletion using high dose of antigens, 
and regulatory T cell induction using low dose of antigens.21 
Moreover, according to the dual-allergen-exposure hy-
pothesis proposed by Lack,22 sensitization to food allergens  
occurs via environmental exposure to the allergen through 
the skin, and consumption of food allergens induces oral  
tolerance, on the basis of the close link between eczema 
and the development of food allergies, suggesting that the 
oral route is better than the transepidermal route for the  
induction of tolerance to allergens. These findings indicate 
that oral administration of 7Crp-expressing rice has potential  
advantages, compared to conventional subcutaneous or  
sublingual AIT. 

Transgenic rice, which expressed 7Crp,8-10,23 two major  
T-cell epitopes (residues 277-290 of Cry j 1 and residues  
246-259 of Cry j 2,24 or fragmented and shuffled Cry j 1 and 
Cry j 2,25-27 have shown preventive and therapeutic effects 
on allergic symptoms and immune reactions to Japanese  
cedar pollen, resulting in the suppression of specific IgEs 
in several allergic models. Administration of the peptide- 
expressing rice before the immunization (preventively)  
appears to be more effective than that after the immunization  
(therapeutically). The effects of the peptides on the cytokine 
profile were reported to be somewhat different. Preventive 
administration causes suppression of both Th1 cytokines  
(IFN-γ and IL-12p70) and Th2 cytokines (IL-4, IL-5, and  
IL-10),10,24-26 therefore, the primary effect is considered to be 
due to T cell anergy or deletion, resulting in the inhibition  
of differentiation of naïve T cells into effector T cells.  
In contrast, therapeutic administration reportedly leads 
to the inhibition of Th2 cytokines but not that of Th1  
cytokines.23,27 These findings indicate that the effects of the 
peptides are more pronounced on naïve T cells than those 
on memory T cells, and suggest that T cell-epitope peptide 
might be suitable for a preventive strategy. The significant  
result obtained from this study is that successive intake of 
the 5 g transgenic rice for 96 weeks led to a reduction in  
specific T cell proliferative response to Japanese cedar 
pollen even during and after the second pollen season.  
Although the study 2 is an open trial lacking control, it is  
generally observed that the proliferative response is  
increased, in association with an increase in specific IgE  
titer during and a few months after the pollen season.28-30 
Since the allergen-specific lymphocyte stimulation test is 
used to detect the presence of memory T cells, long-term  
administration of transgenic rice might also have a  
significant influence on sensitized memory T cells. The  
precise characterization of sensitized memory T cells is  
essential to understand how the T cell epitope peptides  
influence effector T cells. Presently, such reduction in  
specific T cell response did not induce a decrease in serum 
IgE level. Further studies are required to elucidate whether  
decreased T cell proliferation might provide beneficial  
effects on symptoms related to JCP and ultimately lead to  
desensitization. 
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Conclusion
This is the first report evaluating the efficacy, safety and 

tolerability of the 7Crp-expressing rice in patients with JCP. 
Owing to limited design of the study, the efficacy of the 
transgenic rice on allergic symptoms was not recognized 
by 48-week trial; however, the decrease in the sensitized 
T cell response to the pollen allergen indicates that using  
peptide-expressing rice is a promising approach and novel  
form of AIT. Further clinical studies and more precise  
analyses of immunological effects of ingesting peptide- 
expressing rice are necessary to overcome JCP. 
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