Changes of micro-RNAs in asymptomatic subjects sensitized
to Japanese cedar pollen after prophylactic sublingual
immunotherapy
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ABSTRACT

Japanese cedar pollinosis is the predominant seasonal allergic rhinitis in Japan, and it has increased in prevalence during the
past 10 years. Sublingual immunotherapy (SLIT) is considered a safe and effective treatment for pollinosis. Micro-RNAs
(miRNAs) are a class of short single-stranded RNA molecules that posttranscriptionally silence gene expression and may
mediate allergic immune responses. The aim of this study was to investigate the miRNA alteration in asymptomatic subjects
sensitized to Japanese cedar pollen under prophylactic SLIT under part of a randomized, double-blind, placebo-controlled,
multiple-center trial. Analysis was undertaken in 15 asymptomatic subjects sensitized to Japanese cedar pollen—specific IgE
(ImmunoCAP class =2) who participated in 2013. The SLIT group (n = 6) received standardized Japanese cedar pollen extract
and the placebo group (n = 9) received an inactive placebo for 5 months covering the cedar pollen season. Changes in serum
miRNAs were measured by real-time quantitative polymerase chain reaction to determine whether SLIT had effects on profiles
of circulating miRNA. Seven subjects in the placebo group developed pollinosis symptoms, whereas no subjects in the SLIT
group did (p = 0.007). Serum hsa-miR-223 was significantly up-regulated in postseason compared with preseason samples. The
hsa-let-7b was significantly more down-regulated in postseason than in preseason samples from the placebo group; however, no
significant differences were observed in those from the SLIT group. A significant decrease in circulating let-7b was also observed
in the subjects who developed symptoms. Prophylactic SLIT was effective in preventing the development of pollinosis.

Alterations in miRNA expression occurred in asymptomatic, sensitized subjects during cedar pollen season.
(Allergy Rhinol 6:e33-e38, 2015; doi: 10.2500/ar.2015.6.0107)

In recent years, many countries have witnessed an
increase in the prevalence of allergic rhinitis." In
Japan, epidemiological studies reveal that the number
of patients with allergic rhinitis, particularly, Japanese
cedar pollinosis, has markedly increased over the past
10 years.?

Pollinosis is thought to be an adaptive immune re-
sponse that manifests as a type 1 allergic reaction.* In
response to antigen entry into the mucous membrane,
IgE antibodies are produced in the nasal mucosa and
regional lymphatic tissues. A strong rationale for im-
proving the efficacy of allergen-specific immuno-
therapy by reducing the incidence and severity of
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adverse reactions mediated by IgE has been re-
ported.” Allergen-specific sublingual immunother-
apy (SLIT) is clearly efficacious and is associated with
a favorable safety profile. The safety and efficacy of
SLIT in treating allergic rhinitis associated with major
aeroallergens are well documented in multiple large-
scale placebo-controlled clinical studies.® Several stud-
ies showed that the ratio of serum-specific IgE to total
IgE (sIgE/tIgE) could predict the clinical response to
SLIT.”® However, the certain specific molecules asso-
ciated with allergic pathogenesis under SLIT remain
unknown.

The current literature offers intriguing data to sup-
port a role for epigenetics in the development and
persistence of allergic diseases such as asthma and
allergic rhinitis.”™"' Epigenetic regulation, including
micro-RNA (miRNA)-mediated regulation, may in
part mediate the complex gene-by-environment inter-
actions that can lead to allergic diseases. The miRNAs
may be extremely important to pathogenesis of many
allergic diseases in humans, and they also may be
tractable targets for novel anti-inflammatory thera-
pies.'> Here, we analyze data and samples from a
randomized, double-blind, placebo-controlled, trial
study of SLIT to examine miRNA expression in asymp-
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tomatic subjects sensitized to Japanese cedar pollen.
The key role of miRNAs in regulating homeostatic
immune architecture and acquired immunity has been
nicely reviewed by Lu and Rothenberg.'> Therefore,
we chose 14 miRNAs that were described in their
review and used real-time quantitative polymerase
chain reaction (RT-qPCR) to measure serum levels of
each miRNA both before and after the Japanese cedar
pollen season.

METHODS

Study Participants

A total of 17 participants were recruited for part of a
randomized, double-blind, placebo-controlled, multi-
ple-center trial study of asymptomatic subjects sensi-
tized to Japanese cedar pollen during the 2013 pollen
season. Although each participant had IgE specific to
Japanese cedar pollen of at least class 2, none of the
subjects had ever developed pollinosis symptoms dur-
ing a pollen season. Diagnosis of Japanese cedar polli-
nosis is based on the criteria described in the article by
Uekusa et al.'* Fluorescent enzyme immunoassays
(CAP-FEIAs; Phadia, Tokyo, Japan) were used to mea-
sure Japanese cedar—sIgE titers and tIgE in serum
both before and after the study. Participants who were
pregnant or breast-feeding, as well as patients who
suffered from chronic rhinosinusitis, were excluded.
All of the subjects we recruited did not change their
residence for several years. For 2 of the 17 subjects who
participated in the study, blood samples were unable
to be obtained after the treatment. Thus, the analysis
was conducted with data from a total of 15 subjects.
This study was approved by Mie University School of
Medicine Ethical Committee (no. 2283). Written in-
formed consent was obtained from each subject before
the study began.

Clinical Protocols

The SLIT group (n = 6) received standardized Japa-
nese cedar pollen extract (Torii Pharmaceutical Co.
Ltd., Tokyo, Japan),'” and the placebo group (n = 9)
received an inactive placebo. The protocol consisted of
treatment with graded courses of the extract in 50%
glycerol, followed by maintenance therapy.'® Briefly,
the extract was graded into two strengths: 200 or 2000
Japanese allergy units (JAU)/mL. Starting in early De-
cember 2012, the subjects received increased doses
with each vial every day, beginning with 0.2 mL of the
200-JAU/mL vial, and increasing until reaching the
maintenance dose of 1.0 mL of the 2000-JAU/mL vial
after 2 weeks. From the 3rd week, each of the six
participants received the maintenance dose of 1.0 mL
of the 2000-JAU/mL vial daily until the end of April
2013. The vaccine was taken sublingually, kept in place
for 2 minutes without a retention reagent, and then
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swallowed. Each of the nine subjects in the placebo
group received inactive 50% glycerol in physiological
saline on the same schedule.

Clinical Symptoms

Each subject completed a pollinosis diary to record
nasal and eye symptoms and the use of symptom-
reducing drugs. Subjects were judged to have devel-
oped symptoms based on both their pollinosis diary
and a nasal provocation test performed at the end of
April. The amount of pollen scattered from Japanese
cedar (Cryptomeria japonica) in Tsu, Mie Prefecture was
11098 grains/cm? during the 2013 pollen season.

Blood Sampling and Measurement of Total and
Antigen-Specific Immunoglobulin Titer

Peripheral blood was obtained from each subject
both before and after the treatment period from De-
cember 2012 to April 2013. Serum was isolated from 10
mL of venous blood by centrifugation at 600 X g for 10
minutes at room temperature. CAP-FEIA was used to
measure serum levels of C. japonica 1 (Cry j 1)-sIgE
titers. The tIgE in serum was also measured by CAP-
FEIA.

RNA Extraction from Serum

Separated serum samples were centrifuged at
16,000 X g for 10 minutes at 4°C to remove any residual
cellular nucleic acids attached to cell debris. Serum
samples were kept at —80°C until small RNA extrac-
tion. The miRNeasy Serum/Plasma Kit (Qiagen, Hilden,
Germany) was used to isolate small RNA from 200 uL
of serum according to the manufacturer’s instructions.
A synthetic Caenorhabditis elegans miR-39 miRNA
mimic (Qiagen) and carrier RNA (0.94 ng; MS2 bacte-
riophage total RNA; Roche Applied Sciences, India-
napolis, IN) were added to each serum sample before
RNA extraction. Isolated RNA was eluted with 15 uL
RNase-free water.

Measurement of Serum miRNA Levels

SYBR Green RT-qPCR assays were used to assess
miRNA expression in duplicate with each serum sam-
ple. The miScript Reverse Transcription Kit (Qiagen)
was used according to the manufacturer’s instructions
to synthesize cDNA from 5 pL of serum RNA contain-
ing miRNA. The miScript SYBR Green PCR kit (Qia-
gen) along with the miScript Universal Primer and the
miRNA-specific forward primers were performed in
the ABI Step One Plus RT-PCR System (Applied Bio-
systems, Foster City, CA). SDS software 2.2.2 (Ap-
plied Biosystems) was used to determine the thresh-
old cycle (Ct) value. We examined miRNA expression
levels among 15 paired serum samples (preseason
and postseason) as follows: 14 target human
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miRNAs (let-7a, let-7b, let-7¢, let-7d, miR-21, miR-
146a, miR-146b, miR-155, miR-365, miR-375, miR-
223, miR-142-5p, miR-142-3p, and miR-193b), five
candidate reference miRNAs (miR-93, miR-103a, miR-
191, miR-423, and miR-425), the exogenously added cel-
miR-39, and snRNA RNUG6B. For 10 of the 30 samples,
miR-365 was under the limit of detection.

Statistical Analysis

Before statistical tests, the normality of the data was
examined. Parametric and nonparametric data be-
tween the two groups were analyzed for differences by
Student’s t-test and Mann-Whitney’s U test, respec-
tively. Differences in proportions between two or more
groups were analyzed by x*-test or Fisher’s exact test.
Two-group comparisons of ACt value between pre-
and postseason were performed using Student’s paired
t-test. A value of p < 0.05 was considered statistically
significant. SPSS Version 19 (SPSS, Inc., Chicago, IL) for
Windows was used to perform all statistical analyses.

RESULTS

Clinical Effects

The demographic characteristics of the 15 subjects
before treatment are shown in Table 1. The participants
suffered from tremendous cedar pollens in 2013, espe-
cially in March (10,833 grains/cm?, 97.6% of the total
cedar pollen counts). Seven of the nine subjects in the
placebo group and no subjects in the SLIT developed
symptoms during pollen season. The proportion of
subjects who developed pollinosis was statistically
lower for the SLIT group than for the placebo group
(p = 0.007; Fisher’s exact test). To assess the factors that

might influence this clinical effect, we compared age,
sex ratio, and sIgE/tIgE ratio between the SLIT group
and the placebo group; however, no significant differ-
ences were observed in the preseason (Table 1).

Stability of Endogenous miRNAs in Human Serum

Consensus was not reached concerning which
miRNA should be used as an internal control for gPCR
analysis of serum samples. Therefore, we checked the
endogenous control of serum miRNA according to Ref-
Finder online tool of the EST database.'” Specifically,
we tested eight different candidate miRNA standards—
exogenously added cel-miR-39, snRNA RNU6B, the in-
dividual values of five reference miRNAs (miR-93,
miR-103a, miR-191, miR-423-5p, and miR-425), and the
combined average of these five miRNAs—to identify a
standard that could be used to normalize expression
values of target miRNAs. Table 2 shows the ranking of
the eight tested candidate miRNA standards. The rec-
ommended comprehensive ranking order was as fol-
lows: (1) the average of five reference miRNAs, (2)
miR-425, (3) miR-423-5p, (4) miR-93, (5) miR-103a, (6)
miR-191, (7) cel-miR-39, and (8) RNU6B. Therefore, we
used the average of the five reference miRNAs as an
endogenous reference measure to normalize miRNA
levels.

Changes of Serum miRNA Levels between before
and after Pollen Season

The miR-223 levels were significantly (p = 0.017) higher
in postseason than in preseason samples (Fig. 1). How-
ever, no significant difference was observed for any other

Table 1 Clinical data of 15 participants

Group Total (n = 15) SLIT (n = 6) Placebo (n = 9)
Sex (M/F) 7/8 3/3 4/5 NS#
Mean age, yr (range) 34.7 (18-52) 32 (18-47) 36 (19-52) NS§

Preseason of cedar pollen

tIgE, IU/mL (range) 264.63 (5-1310) 212.07 (29.9-152) 299.68 (5-1310) NSq
sIgE| (range) 9.22 (0.74-49.3) 5.57 (0.74-5.83) 11.66 (0.88-49.3) NST
sIgE class mean (range) 2.8 (2-4) 2.67 (2-3) 2.89 (2-4) NSq
Ratio of sIgE/tIgE (range) 0.12 (0.005-0.346) 0.05 (0.005-0.142) 0.16 (0.009-0.346) NSq
No. of participants who developed 7 0 7 *
symptoms during pollen
season
*p < 0.01.
#Fisher’s exact test.
§ Student’s t-test.
IMann-Whitney U test.
||Specific IgE to Japanese cedar pollen; ImmunoCAP raw value (UA/mL), mean.
NS = not significant; sIgE = specific IgE; SLIT = sublingual immunotherapy; tIgE = total IgE.
Allergy & Rhinology e35



Table 2 Stability in expression of potential reference miRNAs

Database RefFinder Ranking ACt Ranking NormFinder Ranking geNorm Ranking BestKeeper
miRNA (geomean of (mean SD) (stability value) (stability value) Ranking
Symbol ranking values) (SD)

Five* 1(1.19) 1 (0.90) 1 (0.266) 1(0.295) 2(0.43)
miR-425 2 (2.00) 2(0.97) 2 (0.355) 1(0.295) 4 (0.53)
miR-423-5p 3(2.99) 4 (1.09) 4 (0.583) 5(0.528) 1(0.29)
miR-93 4 (3.00) 3(0.98) 3(0.402) 3(0.348) 3(0.52)
miR-103a 5 (4.95) 5(1.10) 5 (0.662) 4(0.443) 6 (0.64)
miR-191 6 (5.73) 6(1.14) 6 (0.726) 6 (0.585) 5(0.62)
cel-miR-39 7 (7.00) 7 (2.09) 7 (1.887) 7 (1.009) 7(0.92)
RNU6B 8 (8.00) 8(2.22) 8 (2.046) 8(1.312) 8 (1.58)

*“Five” represents the average of five reference miRNAs (miR-425, miR-423-5p, miR-93, miR-103a, and miR-191).

miRNA = micro-RNA.

P=0.017
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Figure 1. Change in serum miR-223 expression
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for each participant. The value of micro-RNA
(miRNA) in preseason samples was designated as
1 for each subject, and the fold changes in miRNA
value in postseason samples were then deter-
mined. Statistical significance was determined
with a Student’s paired t-test using ACt values
adjusted with the reference value. Placebo group,

Expression change of miR-223

Expression change of miR-223
o

preseason

postseason

miRNA between preseason and postseason samples
(data not shown).

Serum miRNA Changes by SLIT and Development
of Pollinosis Symptoms

Neither SLIT nor development of pollinosis was sig-
nificantly associated with a change in any miRNA level
other than that of let-7b (data not shown). Interest-
ingly, let-7b levels decreased significantly in the pla-
cebo group (Fig. 2 A; p = 0.004) but not in the SLIT
group (Fig. 2 B; p = 0.811). Serum let-7b levels of
subjects who had developed pollinosis were signifi-
cantly lower in the postseason than in the preseason
(Fig. 3 A; p = 0.007), whereas no significant differences
were evident between preseason and postseason in
subjects with no symptoms (Fig. 3 B; p = 0.935).

DISCUSSION

In this study, no subjects in the SLIT group devel-
oped symptoms, whereas seven of the nine subjects in
the placebo group exhibited symptoms during pollen
season. This immunotherapy may function via IgG,,
which is an IgG isotype; might act as a “blocking
antibody” by competing for the same epitopes as
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closed circles and solid lines; sublingual immuno-
therapy (SLIT) group, open circles and dotted
lines.
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Figure 2. Comparison of expression levels of let-7b between pre-
season and postseason among the (A) placebo and (B) sublingual
immunotherapy (SLIT) groups. The value of micro-RNA (miRNA)
in preseason samples was designated as 1 for each subject, and the
fold changes in miRNA values in postseason samples were then
determined. Statistical significance was determined with a Stu-
dent’s paired t-test using ACt value adjusted with the reference
value. Placebo group, closed circles and solid lines; SLIT group,
open circles and dotted lines.

sIgE>'%; and has an anti-inflammatory role in immu-
nologic responses.”” Wachholz and colleagues™
showed that allergen-specific IgG antibodies induced
by immunotherapy can inhibit the formation of aller-
gen-IgE complexes. In addition, IgG4 was observed to
be increased after SLIT treatment among allergic rhi-
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p=0.007
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Figure 3. Comparison of expression levels of let-7b in subjects (A)
with symptoms and in those (B) without symptoms. Statistical
significance was determined with a Student’s paired t-test using
ACt value adjusted with the reference value. Placebo group, closed
circles and solid lines; sublingual immunotherapy (SLIT) group,
open circles and dotted lines.

nitis patients.”’ We speculate that SLIT-induced pro-
duction of allergen-specific IgG4 may lead to the pre-
vention of systemic increases of IgE and IgE-dependent
allergic responses.

To the best of our knowledge, this is the first report
of miRNA alterations in asymptomatic subjects sensi-
tized to Japanese cedar pollen via prophylactic SLIT.
The miRNAs are potentially critically important in the
pathogenesis of allergic inflammation. The role of
miRNAs in relation to the immune system has been
extensively studied since the discovery of miRNAs in
mammalian cells ~10 years ago.”” In our study, we
showed that serum miR-223 was significantly higher in
postseason than in preseason samples. Herberth et al.*
suggested that high miR-223 expression is associated
with lower regulatory T-cell numbers. IL-10—produc-
ing regulatory T cells have been implicated in prevent-
ing Th2 responses to allergens.®* Yamanaka et al.*
showed that the percentages of IL-10—producing reg-
ulatory T cells are lower in patients with untreated
cedar pollinosis than in healthy control subjects. Addi-
tionally, miR-223 is strongly correlated to the eosino-
phil level in the esophagus.”® Activated eosinophils can
express FceRI, which may participate in the production
of IgE and the amplification of IgE responses. These
findings indicated that miR-223 may play a role in the
regulation of allergic inflammation responses.

According to Chavali et al,”’ most miRNAs act
complementarily to regulate multiple mRNAs. They
analyzed miRNA and mRNA expression data from
CD4" T cells from patients with seasonal allergic rhi-
nitis and found that a combination of two complemen-
tary miRNAs, miR-223 and miR-139-3p, could be tar-
geted to alter the release of type 2 helper T-cell (Th2)
cytokines. In this study we found that serum miR-223
levels were affected by the exposure to allergen, sug-
gesting the relation to Th2-type inflammation.

Significant down-regulation of let-7b was observed
in the placebo but not in the SLIT group after pollen
season. Furthermore, a significant decrease of let-7b

Allergy & Rhinology

was observed in the study participants who developed
symptoms. We anticipated that the decrease in serum
let-7b would be associated with development of polli-
nosis and that SLIT might partially prevent allergic
responses via let-7b action. Kumar et al.*® showed that
levels of let-7 family members, including let-7b, were
reduced in lungs of mice with asthma after ovalbumin
challenges and down-regulation of let-7 family mem-
bers enhanced Th2 responses. Our result was consis-
tent with the data of Kumar et al., although the speci-
mens and allergens were different. On the other hand,
Collison et al.'* found that let-7b was up-regulated in
airway smooth muscle of mice challenged with house-
dust mites. Given the discrepancies reported in the
literature, future studies are needed to better define the
role of let-7b in allergic inflammation.

Our preliminary study showed that there were no
significant differences in levels of serum miR-223 and
let-7b between the healthy volunteers and sensitized
asymptomatic subjects out of pollen season (data not
shown). In this study, we found that miR-223 was
significantly up-regulated in pollen season and let-7b
was down-regulated in subjects developing pollinosis.
Therefore, we speculate that the changes of miR-223
would reflect the exposure to antigen in the pollen
season. Changes of let-7b during cedar pollen season in
asymptomatic, sensitized subjects may play a role in
the pathogenesis of allergic rhinitis. Although there
were some limitations in our study, including a small
sample size and a lack of pathway studies, our results
may shed a light on the role of miRNAs in pollinosis
development. Future studies are needed involving
larger numbers of participants following extension of
SLIT protocol (dose and duration).
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