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Serum periostin levels in adolescents
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Abstract

Background: The significance of periostin as a biomarker of Th2-induced airway inflammation has recently been high-
lighted in adult patients with allergic diseases. It may help identify drug-responsive inflammatory phenotypes, partic-
ularly in children. However, little is known about the usefulness of this parameter as a biomarker for allergic diseases
in children. Furthermore, it is not known how much adolescent bone metabolism affects allergic inflammation.

Objective: To evaluate the relationship between serum periostin levels and allergic diseases in adolescents, we investi-
gated periostin levels and the prevalence of allergic diseases.

Methods: We conducted a cross-sectional observational study of 100 males and females in two age groups: age 9-12
years (pre-early adolescence) and 13-15 years (post-early adolescence). Serum periostin levels were determined using
Enzyme-Linked Immuno Sorbent Assay (ELISA). Presence of allergic diseases and allergy sensitization were obtained
via a self-reported survey and the Multiple Antigen Simultaneous Test (MAST). The protocol was registered in a clinical
trial registry as UMIN 000036051.

Results: There were no significant differences in serum periostin levels between pre-early and post-early adolescents.
There were no differences by gender. Age and Body Mass Index were not significantly associated with serum periostin
levels. Periostin levels were elevated in adolescents with allergic diseases overall compared to healthy adolescents [mean
(95%CI): 41.6 (33.4, 49.7) vs. 28.6 (21.9, 35.3) ng/ml; P < 0.05].

Conclusions: The effects of bone metabolism on serum periostin levels may be limited at 9-15 years of age. Further
studies are required to determine reference values in adolescents.
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Introduction

Increases in allergic diseases such as atopic dermatitis
(AD), bronchial asthma (BA), and allergic rhinitis (AR) over
the last 30-40 years have been well documented worldwide.!
Periostin is a matricellular protein that plays an important
role in the development of allergic diseases.” Recent data have
shown that periostin is a serum biomarker of remodeling in
various allergic diseases, such as BA, AR, AD and chronic si-
nusitis in adults.’ In studies based on the International Study
of Asthma and Allergies in Childhood (ISAAC), the rela-
tionship between serum periostin levels and allergic diseases
has not been clarified."*¢ However, a few investigations have

suggested that periostin is associated with the severity of
allergic diseases and is a diagnostic biomarker for BA and
AD in children.”"® Little consideration has been given to ad-
olescents, and a reference range for periostin has not been
established for adolescents.” We investigated the relationship
between periostin levels and allergic diseases in early adoles-
cents.

Methods
We conducted a single-center, cross-sectional, observa-
tional study.
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Study population

We recruited 100 participants for a health survey on
child growth. We studied 50 males and 50 females in two
age groups: age 9-12 years (pre-early adolescence) and 13-15
years (post-early adolescence). Participants were in fourth
grade or above. We excluded participants with infectious dis-
eases. A study questionnaire was distributed and complet-
ed by parents. Blood collection and physical examinations
were performed from January to March 2017. The details of
this study were explained to the prospective participants and
their parents. Written informed consent was obtained from
parents. The study protocol (No. 1603B047) was approved by
the Committee on Human Research of Tottori University in
accordance with the Declaration of Helsinki. Data collection
was performed in accordance with the principle of respect for
the confidentiality of patient records.

Assessment

The diagnosis of allergic disease was made based on
the Japanese version of the ISAAC' core written question-
naire and Japanese guidelines for allergic rhinitis'' (Figure
1). Lifetime prevalence was estimated by counting the num-
ber of participants with physician-diagnosed disease based
on questions 1, 4, 7, and 11 of the questionnaire (Figure 1).

The definition of remission was based on the assumption that
a physician had diagnosed allergic disease in the past and
there were no symptoms for more than one year. The ques-
tionnaire also included questions about grade, age, gender,
height, and weight.

A peripheral blood sample was collected from all partic-
ipants at the time of questionnaire administration. Samples
were spun at 3000 rpm for 5 minutes with serum, placed in
500 pL aliquots, and frozen at -30°C until testing.

Serum periostin was measured using a human ELISA kit
(R&D Systems, Minneapolis, MN, USA). All procedures were
performed according to the manufacturer’s instructions.

Serum total IgE and specific IgE levels were measured. A
total of 36 common allergens were evaluated using Multiple
Antigen Simultaneous Test (MAST) Immunosystems IV (Kyo-
wa Medex, Tokyo, Japan): Dermatophagoides farinae, house
dust mite, cat, dog, Japanese cedar, cypress, alder, birch, or-
chard grass, timothy grass, ragweed, mugwort, Alternaria, As-
pergillus, Candida, latex, egg white, ovomucoid, milk, wheat,
peanut, soya, soba, gum, rice, shrimp, crab, kiwi, banana,
peach, tomato, tuna, salmon, beef, chicken meat, and pork.
Serum specific IgE levels greater than class 2 were considered
positive. Early adolescents without any allergic diseases or
allergic sensitization were defined as healthy adolescents.

Name:
Age: year
Height: cm Weight: kg

Allergic diseases

Gender: (Male / Female)
Grade: elementary (4 5 6) or junior high school (1 2 3)

Sneezing: ( ) times/day,

Q1 Have you ever been diagnosed with bronchial asthma by a doctor? Yes / No
Q2 Have you had wheezing or whistling in the chest in the last 12 months? Yes / No
IF YOU ANSWERED “NO” PLEASE SKIP TO QUESTION 4.

Q3 What medications has your child taking?

Q4 Have you ever been diagnosed with atopic eczema by a doctor? Yes / No
Q5 Have you had atopic eczema in the last 12 months? Yes / No
IF YOU ANSWERED “NO” PLEASE SKIP TO QUESTION 7.

Q6 What medications has your child taking?

Q7 Have you ever been diagnosed with allergic rhinitis or hay fever by a doctor? Yes / No
Q8 Have you had rhinitis symptoms in the last 12 months? Yes / No

IF YOU ANSWERED “NO” PLEASE SKIP TO QUESTION 11.

Q9 Tell me about the frequency of sneezing and runny nose and the degree of nasal congestion.

Rhinorrhea: (
Nasal blockage: (none / mild / moderate / severe / most severe)

Q10 Please list some things that causes the rhinitis:

) times/day,

Q12 Does the symptoms still occur?

Q11 Have you ever been diagnosed with food allergies by a doctor?

Q13 Please list the foods that have caused problems for your child:

Yes / No
Yes / No

Figure 1. Survey questionnaire.

The questionnaire was modified in accordance with the International Study of Asthma and Allergies in Childhood (ISAAC) core
written questionnaire and Japanese guidelines for allergic rhinitis. Height and weight were also measured at the same time.
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Statistical analysis

Demographic data were presented as means + SE. Differ-
ences in serum periostin levels were compared using Welch’s
t-test. Correlations between serum periostin level and age
were analyzed using the Spearman correlation test. Multivar-
iated linear regression analysis was used to show an indepen-
dent effect after adjusting for confounding variables. Fisher’s
least significant difference test was used to compare rates of
allergen-specific IgE positivity. A two-sided significance level
was set at 0.05. All statistical analyses were performed with
IBM SPSS version 25 (IBM Corp. Armonk, NY, USA).

Results

Of 100 participants in early adolescence included in the
study, 50 were male and 50 were female. Demographic data
are presented in Table 1.

Table 1. Clinical characteristics.

Overall Males Females Pvalue

Sample size 100 50 50 1.00
Age (years) 123+0.2 124+0.2 122+0.2 0.58
Height (cm) 151.1+1.2 1541 +1.8 148.0 £ 1.5 <0.05
Body weight (kg) ~ 43.5+12  457+18 41315 0.07
BMI (kg/m?) 18.7+£0.3 18.9 £ 0.5 18.5+ 0.4 0.50
Total IgE (IU/mL) 407 + 64 363 +73 452 + 105 0.71
Allergic disease -

BA 6 5 1

AD 8 6 2

AR 35 17 18

FA 4 4 0

Overall 40 29 11

None 60 28 32

All values are presented as means + standard error (SE) with P values calcu-
lated using ¢-test.

AD, atopic dermatitis; AR, allergic rhinitis; BA, bronchial asthma; FA, food
allergy.

The prevalence of current allergic disease was 6% for BA,
8% for AD, 35% for AR, and 4% for food allergy (FA) (Fig-
ure 2). Of 6 early adolescents with BA, 5 (83.3%) were male.
Of 8 early adolescents with AD, 6 (75.0%) were male. Of 35
early adolescents with AR, 17 (48.6%) were males (Table 1).
Forty early adolescents had one or more allergic diseases at
the time of the study (Table 1). Of those 40 early adolescents,
29 (72.5%) were male. The estimated lifetime prevalence was
27% for BA, 17% for AD, 46% for AR, and 19% for FA. There
were 21, 9, 11, and 15 early adolescents in remission for BA,
AD, AR, and FA, respectively (Figure 2). Of these, 16 (76.2%),
7 (77.8%), 4 (36.4%) and 9 (60%) were male, respectively.
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Figure 2. Current and lifetime prevalence of allergic diseas-
es.

Current indicates currently having the condition. Remission
indicates a previously diagnosed but currently asymptomatic

condition. Never indicates having never had the condition.
AD, atopic dermatitis; AR, allergic rhinitis; BA, bronchial asthma; FA, food
allergy.

We investigated sensitization in participants with aller-
gic diseases. The sensitization rate was the highest for Japa-
nese cedar (51%), followed by Dermatophagoides farinae,
house dust mite, orchard grass, timothy grass, and cat. The
sensitization rate for one or more antigens was 100%, 100%,
and 94.3% in participants with BA, AD, and AR, respective-
ly. There were 16 children who had no allergic symptoms
and were not sensitized at all (Table 2). Of the 16 controls, 5
(31.3%) were male.

Table 2. Serum periostin levels in early adolescents by aller-
gic disease.

N Serum periostin

) (ng/mL)
With one or more allergic disease 40 *41.6 + 4.0
W1th. one or more allergic diseases 39 414445
(remission)
With AR 35 *40.2 +4.0
Without allergic diseases 60 327+26
With no allergic disease and negative for 16 8.6 432

allergen-specific IgE

Demographic data were presented as means + standard error (SE). * P < 0.05.
Welch’s t-test was used to compare the mean periostin levels in each group
with the mean periostin level in the group with no allergic disease/sensitiza-
tion*.

Remission indicates a previously diagnosed but currently asymptomatic con-
dition.

AR, allergic rhinitis.
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Figure 3. Association between serum periostin levels and
age.

The mean serum periostin level was 36.2 + 2.3 ng/mL.
The average for males was 36.4 + 3.3 ng/mL and the average
for females was 36.1 + 3.2 ng/mL. There were no significant
differences between males and females. Spearman’s correla-
tion test revealed no association between serum periostin
levels and age (r = -0.11, P = 0.24) (Figure 3) or BMI (r =
-0.12, P = 0.24). Multivariated linear regression analysis re-
vealed that age and BMI were not significantly associated with
serum periostin levels [coefficient (95%CI): -1.085 (-4.040,
-1.870), -0.705 (-2.325, 0.915), respectively]. The mean peri-
ostin level in participants with allergic diseases overall were
significantly higher than in participants with no allergic dis-
eases and negative allergen-specific IgE assay results (Table
2). Mean periostin levels in participants with current AR and
in remission for allergic disease was significantly higher than
in participants that did not have allergic diseases/sensitization
(Table 2).
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Figure 4. Serum periostin levels by age and gender groups.
Error bars indicate standard error.

Using age 13 as the cutoff, there were 27 males and 26 fe-
males in pre-early adolescence and 23 males and 24 females
in post-early adolescence. The mean total IgE levels was 450
+ 92 TU/mL for those in pre-early adolescence and 360 + 88
IU/mL for those in post-early adolescence (P = 0.49). The
mean periostin level for males and females in pre-early ad-
olescence was 35.2 + 4.5 ng/mL and 40.5 + 4.6 ng/mL and
37.8 + 4.9 ng/mL and 31.4 + 4.1 ng/mL for males and females
in post-early adolescence (Figure 4). Mean periostin levels
were higher in females than males in pre-early adolescence
and higher in males than females in post-early adolescence,
but there were no significant differences among these four
groups (Figure 4).

Discussion

Serum periostin levels were significantly elevated in par-
ticipants in early adolescence who had one or more aller-
gic diseases compared to those with no allergic diseases and
negative allergen-specific IgE assay results. In this age group,
periostin levels did not differ by age or gender.

Serum periostin levels were significantly higher in partici-
pants with allergic diseases as compared with healthy individ-
uals in early adolescence. In previous reports, serum perios-
tin levels were higher in patients with AD® or BA,*" but not
AR.®" In these surveys,®>'>! allergic disease status was only
based on questionnaire responses. Skin test and blood test
were performed to confirm house dust mite sensitization in
some studies®'? related to asthma. The MAST immunosystems
IV helped our diagnosis because our study included patients
with AR and we did not limit participants’ dose when they
participated in this study. Many studies on the prevalence of
allergic disease in various areas of Japan have used ISAAC
criteria, such as in Tochigi" in 1995, Tokyo® in 2005, and
Ogasawara'® in 2012. In this study, the prevalence of BA
and AD was lower than in other regions, but the prevalence
of AR was similar. In terms of gender, patients with BA and
AD were more predominantly male, consistent with an ear-
lier report.'s There were no differences in the prevalence of
AR by gender, which was consistent with other reports.>
The geographic area of this study can be categorized as sub-
urban to rural. The mean periostin level in this study was
considerably lower than 134 ng/mL, which was reported.?
One reason why serum periostin levels were lower in the
group with allergic diseases is that this study included a large
number of healthy individuals in early adolescence because
it was an epidemiological survey in this age group. Other
reasons include different methods of measuring serum perios-
tin levels and different age ranges across studies.

There are no other reports of increased periostin levels
in individuals in early adolescence with AR. However, Ishi-
da et al. showed that periostin levels are significantly higher
in tissues derived from patients with AR with nasal polyps
than in control tissues."” Moreover, periostin is likely to move
easily from affected lesions into blood vessels.'® As a result,
AR seems to be associated with increased periostin levels,
reflecting a disease state.
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Serum periostin levels in patients with remission of aller-
gic disease have not previously been reported. In bronchial
biopsy samples from patients with asthma, the remission
group have higher levels of periostin deposition than the
healthy control group.” We used an improved questionnaire
to determine remission. We found that periostin levels are
significantly elevated in individuals in early adolescence with
allergic disease remission compared with healthy counter-
parts. The reason for the significant increase in remission is
unknown. The short duration of remission of allergic symp-
toms might have affected periostin levels. Future research
might be important and clarify intended meaning of as remis-
sion status.

Serum periostin levels were higher in early adolescents
with allergic diseases than those with no allergic diseases and
negative allergen-specific IgE assay results. Periostin is a ma-
tricellular protein that has been found in bone, connective
tissue, myocardium, and skin.?' It has been shown to be
highly expressed in BA.** Since periostin is a molecule down-
stream of IL-4 and IL-13 and is involved in the pathogene-
sis of fibrosis, it has been established as a serum biomarker
of remodeling in various allergic diseases in adults.” However,
it was pointed out that in children, an elevation due to aller-
gic inflammation might be masked."* Since periostin is pro-
duced by osteocytes and periosteal osteoblasts,” serum peri-
ostin levels may be largely influenced by the rate of bone
metabolism during adolescence. Peak height velocity (PHV)
is an indicator of growth. It was reported the mean age of
males at PHV is 11.8 years and that of females is 9.6 years in
Japan.** The age at which bone maturity peaks as indicat-
ed by the speed of sound in bone measured by ultrasound
is supposedly 1 year after age at PHV. * Serum periostin
levels are expected to be elevated during age 9-12 years, but
there were no significant differences observed in this study.
Serum periostin levels have been reported to be higher in
healthy infants.* A study involving participants aged 16-18
years showed they have higher periostin levels than adults,
suggesting the involvement of bone metabolism by Insu-
lin-like Growth Factor-1.” No studies have included all age
groups throughout adolescence. Although, it was estimated
that this age group had a high bone metabolism, serum peri-
ostin levels were used to distinguish allergic conditions.

Another feature of this study is the difference in how con-
trols were defined. Previous reports differed in how controls
were defined: by questionnaire,'*** pediatrician judgment,’ or
absence of other allergic diseases.®*® These approaches may
not adequately rule out the effects of sensitization. One rea-
son is that periostin has been reported to be implicated in
atopic conditions, such as rhinitis.” We confirmed that there
was no sensitization in healthy subjects in early adolescence
without allergic diseases using MAST IV. Sensitization has
been reported not to have an effect on periostin levels in
AR.P In that report, 26 items were examined using a skin test.
We evaluated sensitization in healthy adolescents with more
rigorous blood test measurements in this study. We could
confirm sensitization of more antigens by only one blood
collection, without the need for multiple punctures. In this
pediatric study, we were able to reduce the level of invasive-
ness. As a result, there were no significant differencesin mean
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periostin levels when participants in pre-early and post-early
adolescence were compared. It was thought that periostin
levels increased with allergic diseases. In early adolescents,
basal periostin levels have been reported to be lowest at
ages 7-10 and gradually increase after age 10.° Periostin lev-
els differed with and without allergic disease, indicating that
periostin alterrations were not masked in these age groups.

There are some limitations to this study. First, it was
cross-sectional and observational, so causal relationships be-
tween serum periostin levels and allergic diseases cannot be
inferred. Second, it was a single-center study. Results might
not necessarily be generalizable to other regions. Further
studies are needed to determine the reference value for peri-
ostin in early adolescents.

In conclusion, we found that serum periostin levels are
significantly higher in early adolescents with allergic diseas-
es. Serum periostin appears to be a biomarker that reflects
allergic inflammation even at 9-15 years of age. The effects
of bone metabolism on serum periostin levels may be limited
in that age range.
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