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INTRODUCTION

Allergic diseases, including asthma, allergic rhinitis, and atop-
ic dermatitis, are mediated by allergen-triggered hyperreactivi-
ty and have been prevalent worldwide in recent decades.1-3 It is 
clear that the allergic diseases result from chronic inflamma-
tion mediated by repeated exposure to allergens.4 Th2-polar-
ized immune responses mainly contribute to the progress and 
persistence of allergic diseases and are orchestrated by various 
immune cells and integral mediators such as cytokines.5,6 Based 
on the prevailing view so far, it is evident that cytokine network 
plays an important role in Th2-mediated allergic responses 
through controlling the balance between Th1 and Th2 cells.7 
However, distinguishing allergic phenotypes on the basis of the 
type 1 and type 2 cytokine profiles has a limitation due to pleio-
tropic effects of cytokines.6 To better understand redundant 

functions of cytokine cascades, we need more information 
about the balance of Th1 and Th2 responses as well as the aller-
gy-related cytokine profiles in human on normal or allergic 
conditions.

Allergic diseases have a unique characteristic that symptoms 
of each allergic disease manifest in a predictable sequence by 
age, termed the ‘allergic (or atopic) march.’8,9 Early childhood 
which has immature immune systems and is the onset of aller-

Age-Related Changes in Immunological Factors and Their 
Relevance in Allergic Disease Development During Childhood
Woo-Sung Chang,1 Eun-Jin Kim,1 Yeon-Mi Lim,1 Dankyu Yoon,1 Jo-Young Son,1 Jung-Won Park,2 Soo-Jong Hong,3  
Sang-Heon Cho,4 Joo-Shil Lee1*

1 Division of Allergy and Chronic Respiratory Disease, Center for Biomedical Sciences, Korea National Institute of Health, Korea Center for Disease Control and 
Prevention, Cheongju, Korea

2Department of Internal Medicine and Institute of Allergy, Yonsei University College of Medicine, Seoul, Korea
3Department of Pediatrics, University of Ulsan College of Medicine, Seoul, Korea
4Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose: Allergic diseases are triggered by Th2-mediated immune reactions to allergens and orchestrated by various immunological factors, in-
cluding immune cells and cytokines. Although many reports have suggested that childhood is the critical period in the onset of allergic diseases and 
aging leads to alter the susceptibility of an individual to allergic diseases, age-related changes in various immunological factors in healthy individu-
als as well as their difference between healthy and allergic children have not yet been established. Methods: We investigated the ratio of Th1/Th2 
cells and the levels of 22 allergy-related cytokines across all age groups in individuals who were classified as clinically non-atopic and healthy. We 
also examined their differences between healthy and allergic children to evaluate immunological changes induced by the development of allergic 
diseases during childhood. Results: The Th1/Th2 ratio rose gradually during the growth period including childhood, reaching peak values in the 
twenties-thirties age group. Th1/Th2 ratios were significantly lower in allergic children than in healthy controls, whereas 14 of 22 cytokines were 
significantly higher in allergic children than in healthy controls. On the other hand, there were no differences in Th1/Th2 ratios and cytokines be-
tween healthy and allergic adolescents. Conclusions: In this study, age-related changes in Th1/Th2 ratios were found in normal controls across all 
age groups, and decreases in Th1/Th2 ratio were observed with increasing of 14 cytokines in allergic children. The results of this study may be help-
ful as reference values for both monitoring immunological changes according to aging in healthy individuals and distinguishing between normal and 
allergic subjects in terms of immune cells and soluble factors.

Key Words: Allergy; Th1/Th2 ratio; cytokine; chemokine; childhood

Correspondence to: Joo-Shil Lee, PhD, Division of Allergy and Chronic 
Respiratory Disease, Center for Biomedical Sciences, Korea National Institute 
of Health, Korea Center for Disease Control and Prevention, 187 
Osongsaengmyeong 2-ro, Osong-eup, Heungdeok-gu, Cheongju 28159, Korea.
Tel: +82-43-719-8400; Fax: +82-43-719-8519; E-mail: jooshil@korea.kr
Received: August 13, 2014; Revised: July 28, 2015; Accepted: August 24, 2105
•Woo-Sung Chang and Eun-Jin Kim contributed equally to this work.
•There are no financial or other issues that might lead to conflict of interest.

Original Article
Allergy Asthma Immunol Res. 2016 July;8(4):338-345.

http://dx.doi.org/10.4168/aair.2016.8.4.338
pISSN 2092-7355 • eISSN 2092-7363

http://crossmark.crossref.org/dialog/?doi=10.4168/aair.2016.8.4.338&domain=pdf&date_stamp=2016-04-26


Age-Related Changes in Immunological Factors

Allergy Asthma Immunol Res. 2016 July;8(4):338-345. http://dx.doi.org/10.4168/aair.2016.8.4.338

AAIR

http://e-aair.org  339

gic sensitization, is thought to be critical to the development 
and progress of allergic disease. Barcharier et al.10 have recently 
reported that origins of asthma are mainly in pre-schooled chil-
dren and that early interventions for children with risk factors 
are effective in preventing ensuing asthma. However, the pat-
terns and differences of allergy-related parameters on an im-
munological basis during childhood, as critical period of aller-
gic disease, have not yet been established.

This study was conducted to determine Th1/Th2 ratios and 
cytokines, including chemokines and growth factors, across a 
wide range of ages in non-atopic healthy individuals. We also 
examined whether there is significant differences immunologi-
cal parameters between healthy and allergic individuals during 
childhood.

MATERIALS AND METHODS

Study subjects and design
In total, 137 of normal children and adolescents under the age 

of 15 years were recruited together with 119 of adults over the 
age of 20 years. All of these participants were defined as healthy 
by physician’s diagnosis. All of the healthy participants experi-
enced no allergic symptoms, such as wheezing, and were de-
fined as non-atopic by an allergen-specific IgE test or a skin 
prick test (SPT). Seven allergens were used for the specific IgE 
test (ThermoFisher, Scientific, Uppsala, Sweden): Dermatopha-
goides farinae (Der f), cat dander, dog dander, cockroach, Alter-
naria, mugwort, and alder. Thirteen allergens were applied for 
the SPT: Der f, Dermatophagoides pteronyssinus (Der p), cat 
dander, dog dander, cockroach, grass, alder, birch, oak, rag-
weed, mugwort, Alternaria, and Aspergillus. The individuals 
have experienced neither wheezing nor other allergic symp-
toms during at least the preceding 6 weeks.

Eighty-seven allergic children and adolescents under the age 
of 17 years who had a positive reaction to more than 1 allergen 
were recruited and compared to the healthy participants. All of 
the allergic patients suffered from more than 1 of the 4 allergic 
diseases (asthma, allergic rhinitis, atopic dermatitis, and food al-
lergy), and blood was withdrawn when they visited the hospital.

Peripheral blood mononuclear cells (PBMCs) and plasma 
were obtained from all of the participants and examined by flow 
cytometric analysis and the Multiplex assay. This study was ap-
proved by the Institutional Review Board (2012-11EXP-02-3C, 
2011-04-EXP-02-R, 2010-02CON-14-P), and informed consent 
was obtained from each individual prior to participation.

Intracellular cytokine staining and flow cytometric analysis
Cell Preparation Tube (BD Vacutainer® CPTTM; BD Bioscienc-

es, San Jose, CA, USA) which contains citrate anticoagulant was 
used to obtain whole blood for the rapid isolation of fresh 
mononuclear cells. PBMCs were isolated by centrifuging the 
tube according to the manufacturer’s instructions (1,500 g, 20 

min, at 20°C) within 24 hours of the blood being withdrawn and 
then incubated for 4 hours in RPMI1640 media (Gibco, Grand 
Island, NY, USA) with 10% fetal bovine serum (FBS; Gemini 
Bio-Product, West Sacramento, CA, USA) containing phorbol-
myristate acetate (50 ng/mL, Sigma-Aldrich, St. Louis, MO, 
USA), ionomycin (1 μg/mL, Sigma-Aldrich), and Golgi-Plug 
(BD Biosciences). After stimulation, the cells were stained with 
anti-CD3-fluorescein isothiocyanate (BD Biosciences) and an-
ti-CD4-energy-coupled dye (Beckman-Coulter, Brea, CA, USA) 
monoclonal antibodies, and then fixed and permeabilized us-
ing the Cytofix/Cytoperm Plus kit (BD Biosciences) according 
to the manufacturers’ protocols. Th1 and Th2 cells were regard-
ed as IFN-γ- or IL-4-expressing helper T cells, respectively. For 
intracellular cytokine staining, permeabilized cells were stained 
with anti-IFN-γ-allophycocyanin and anti-IL-4-phycoerythrin 
monoclonal antibodies (both BD Biosciences). Finally, the cells 
were washed and resuspended in PBS containing 10% FBS and 
analyzed using an FC-500 cytometer (Beckman-Coulter). After 
gating on helper T cells (CD3+ CD4+ cells) in the PBMCs, IFN-γ- 
or IL-4-expressing cells were analyzed simultaneously.

Analysis of soluble factors by multiplex assay
Plasma chosen randomly from participants was used for the 

analysis: 16 healthy children and 19 allergic children, 15 healthy 
adolescents and 11 allergic adolescents. The levels of 22 soluble 
factors in plasma were measured in duplicate using a custom-
ized Procarta® cytokine assay kit (Affymetrix/Panomics, Santa 
Clara, CA, USA) according to the manufacturer’s instructions. 
Briefly, antibody beads that bound to each targeted cytokine or 
chemokine were first added on pre-wet filter plate. After wash-
ing, samples and standard were added with assay buffer, fol-
lowed by incubation with 1-hour shaking. Washing the plate 
again, premixed detection antibodies were added, and the 
plate was incubated for 30 minutes with shaking. Finally, the 
plate was incubated for 30 minutes again with streptavidin-PE, 
followed by analysis using a Luminex instruments (Bio-Plex® 
200 systems; Bio-rad, Hercules, CA, USA). The following solu-
ble factors were measured: interleukin (IL)-2, IL-4, IL-5, IL-6, 
IL-10, IL-12p70, IL-13, IL-15, IL-17, Interferon (IFN)-γ, Tumor 
Necrosis Factor (TNF)-α, Transforming Growth Factor (TGF)-β, 
Chemokine C-C motif Ligand 2 (CCL2)/Monocyte Chemotac-
tic Protein (MCP)-1, CCL7/MCP-3, CCL11/Eotaxin, Chemo-
kine C-X-C motif Ligand 5 (CXCL5)/Epthelial cell-derived Neu-
trophil Activating peptide-78 (ENA-78), CXCL10/Interferon 
gamma-induced Protein 10 (IP-10), Vascular Endothelial 
Growth Factor (VEGF), Nerve Growth Factor (NGF), Platelet-
Derived Growth Factor BB (PDGFBB), Leptin, and IL-1 recep-
tor antagonist (IL-1ra).

Statistical analysis
Statistical analyses were performed using the Wilcoxon rank 

sum test; P<0.05 was considered significant.
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RESULTS

Changes in Th1/Th2 ratios in healthy individuals with age
In total, 256 non-atopic healthy and 87 allergic individuals 

were participated in this study, and their characteristics are 
summarized in Table. Peripheral blood mononuclear cells 
(PBMCs) were isolated from the non-atopic healthy partici-
pants to evaluate age-related changes in Th1/Th2 ratios. As 
shown in Fig. 1A, Th1/Th2 ratios were significantly increased 
from the 3-9 to 20-39 age groups, were decreased in the 40-59 
age group, and remained stable thereafter. We also found that 
the percentages of Th1 cells were gradually increased between 
the ≥10 age groups and significantly decreased in the 20-39 
age group. In contrast, the percentages of Th2 cells in the 10-19 

and 20-39 age group was significantly lower than in other age 
groups and increased again in the 40-59 age group (Fig. 1B and 
C). Therefore, these results demonstrated that the Th1/Th2 ra-
tio in non-atopic healthy individuals changed with age and that 
the peak value of Th1/Th2 ratios in young adults was due to the 
decrease in the percentage of Th2 cells as well as the difference 
in increased points between Th1 and Th2 cell percentages.

Changes in the levels of cytokines in healthy individuals with age
A total of 22 cytokines, including 5 chemokines and 3 growth 

factors (Supplemental Table 1), were assessed simultaneously 
by using the Multiplex assay to investigate whether profiles of 
cytokines could be associated with changes in Th1/Th2 ratios 
and cell percentages according to increasing age in healthy indi-

Table. Demographic characteristics of all participants

Characteristics Allergic patients Healthy participants

Group 3-9 yrs 10-19 yrs 3-9 yrs 10-19 yrs 20-39 yrs 40-59 yrs 60-79 yrs
Overall (n) 57 30 77 60 40 48 31
Age range (year) 3-9 10-17 3-9 10-15 22-39 40-59 60-78
Age mean 6.75±0.2 11.8±0.4 6.4±0.2 11.9±0.2 30.0±0.8 51.1±0.8 68.3±5.1
Gender (%)
   Male 42 (74) 20 (66.7) 39 (51) 26 (43.3) 10 (25.0) 19 (39.6) 17 (54.8)
   Female 15 (26) 10 (33.3) 38 (49) 34 (56.7) 30 (75.0) 29 (60.4) 14 (45.2)
Family history of allergy (%)
   Yes 43 (75.4) 24 (80.0) 13 (16.9) 6 (10.0) 7 (17.5) 4 (8.3) 2 (6.5)
   No 14 (24.6) 5 (16.7) 64 (83.1) 47 (78.3) 30 (75.0) 39 (81.3) 28 (90.3)
   Unkown 0 (0.0) 1 (3.3) 0 (0.0) 7 (11.7) 3 (7.5) 5 (10.4) 1 (3.2)
Any allergic disease* Positive Positive Negative Negative Negative Negative Negative
Number of specific allergens
   0-1   9   4 None None None None None
   2-4 42 26
   ≥5   6   0

*‘Any allergic disease’ is the diagnosed condition with more than one of three major allergic diseases including asthma, allergic rhinitis, and atopic dermatitis. 

Fig. 1. The Th1/Th2 ratio and the percentage of Th1 and Th2 cells in healthy participants by age. (A) The Th1/Th2 ratio observed by the ratio of the percentage of 
IFN-γ+ CD4+ T cells (Th1 cells) to the percentage of IL-4+ CD4+ T cells (Th2 cells). (B, C) The percentage of Th1 and Th2 cells for each age group. All data were ana-
lyzed by flow cytometry just after isolating PBMCs from normal participants. The middle line of each box plot and circle represents a median and average value of 
each group, respectively.
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viduals. It was found that plasma cytokine levels were increased 
2-4 times from the 3-9 age group to the 10-19 age group, and 
most of them were stabilized or peaked in adults (20-39 and 40-
59 age groups), and decreased in the 60-79 age group (Supple-
mental Table 2). Although there were no unique patterns in the 
levels of 22 cytokines, this result may support the importance of 
the growth period (3 to 19 years of age) for the establishment of 
the immune system.

Comparison of Th1/Th2 ratios between healthy and allergic 
individuals

The sharp increase in cytokines during the growth period led 
us to identify the differences in immunological parameters be-
tween allergic and healthy children or adolescents. We thus in-
vestigated the ratio of Th1/Th2 in allergic and healthy individu-
als during childhood and adolescence to find out the effect of 
allergic diseases on the ratio. The ratio of Th1/Th2 cells was sig-
nificantly lower in allergic patients than in healthy controls dur-
ing both childhood and adolescence (Fig. 2A). The percentage 
of Th1 cells was consistently lower in allergic patients than in 
healthy controls during both childhood and adolescence, 
whereas that of Th2 cells did not differ between allergic and 
healthy individuals (Fig. 2B and C). These results suggest that 
the difference in Th1/Th2 ratios between allergic and healthy 
individuals was due to the decline in the percentage of Th1 cells 
in the blood, but not due to the increase in the percentage of 
Th2 cells.

Increases in allergy-related soluble factors in allergic children
We finally investigated the plasma levels of 22 cytokines in 

healthy and allergic participants to find out their effect on aller-
gic responses. As a result, the plasma levels of 9 cytokines (IL-4, 
IL-5, IL-12p70, IFN-γ, IL-17, TNF-α, IL-2, IL-10, and TGF-β) 
were dramatically increased in allergic children (3 to 9 years of 
age) compared to healthy controls (Fig. 3). Particularly, the ma-
jority of cytokines that were increased in allergic children 

reached levels similar to those observed in healthy adolescents 
that had higher levels. The plasma levels of 2 chemokines 
(CCL7/MCP-3 and CXCL5/ENA-78) and all the growth factors 
(VEGF, NGF, and PDGFBB) were also increased in allergic chil-
dren compared to healthy controls (Fig. 4). Overall, the levels of 
the majority of soluble factors associated with allergy were sig-
nificantly higher in allergic children than in healthy controls, 
and these differences disappeared during adolescence.

DISCUSSION

We demonstrated that the Th1/Th2 ratio and allergy-related 
cytokines changed with age in non-atopic healthy individuals. 
Previous studies have reported aging effects on the immune re-
sponse. The production of naïve lymphocytes declines with 
age,11 and CD4 and CD8 T cells especially CD8 T cells undergo 
phenotypic changes with age.12 Some research on underlying 
mechanisms of atopic march have indicated that the nature of 
allergic responses changes with age.9,13 It has been also reported 
that various serum cytokines of healthy individuals show up and 
down patterns with age.14 However, investigations of multiple 
immune factors in the same participants are required to moni-
tor immunological changes according to age and to establish 
reference values of immune factors related to allergic responses. 
We thus examined the Th1/Th2 ratio and the plasma levels of 22 
cytokines in normal healthy participants from all the age groups. 
In this study, it was found that the Th1/Th2 ratio in healthy par-
ticipants was gradually increased from early childhood, peaked 
in the 20-39 age group, and then decreased and stabilized in the 
≥40 age groups. The peak was due to the decrease in Th2-cell 
portions and the difference in increased points between Th1-
and Th2-cell percentages. It was also found that allergy-related 
cytokines had diverse trends according to age, but that most of 
them were sharply increased from childhood to adolescence. 
Although the Th1/Th2 balance hypothesis remains controver-
sial,15 the Th1/Th2 balance could be one of the key determi-

Fig. 2. Comparison of the Th1/Th2 ratio and the percentages of Th1 and Th2 cells between normal and allergic individuals. (A) The Th1/Th2 ratio observed by the ra-
tio of the percentage of IFN-γ+ CD4+ T cells (Th1 cells) to the percentage of IL-4+ CD4+ T cells (Th2 cells). (B, C) The percentage of Th1 and Th2 cells for each age 
group. All data were analyzed by flow cytometry just after isolating PBMCs from normal participants. The middle line of each box plot represents a median value of 
each group.
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Fig. 3. Comparison of cytokine levels in plasma between normal and allergic individuals dur-
ing childhood and adolescence. (A-L) The 12 cytokine levels in plasma analyzed simultane-
ously using the Multiplex kit. All values represent pg/mL.
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Fig. 4. Comparison of plasma chemokines between normal and allergic individuals during childhood and adolescence. (A-J) The 10 chemokine levels in plasma ana-
lyzed simultaneously using the Multiplex kit. All values represent pg/mL.
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nants in the susceptibility and development of various immune-
related diseases, such as allergy. Therefore, those results could 
help understand the relationship between aging and the im-
mune system and provide more information about immunolog-
ical changes in normal individuals.

We characterized differences in Th1/Th2 ratios and plasma 
levels of allergy-related cytokines between allergic and healthy 
individuals during childhood and adolescence. Allergic chil-
dren and adolescents had a lower Th1/Th2 ratio than healthy 
controls, and the low ratio of Th1/Th2 was due to the decrease 
in Th1-cell portions. A previous study has reported that patients 
with allergic bronchopulmonary aspergillosis (ABPA) have de-
creased IFN-γ producing CD3+ cells and unchanged IL-4 pro-
ducing CD3+ cells compared to healthy controls,16 which is con-
sistent with the result of our study. Further studies are needed 
to determine the cause of the decrease in Th1 cells and its role 
in allergic diseases.

It is supposed that allergy-related cytokines would be differ-
ently regulated and expressed according to their function in al-
lergic responses. However, our results showed that most of the 
cytokines were expressed at a significantly higher level in aller-
gic children than in healthy controls during childhood regard-
less of their functions, whereas the levels of the immunological 
factors did not differ between healthy and allergic individuals 
during adolescence. In other words, healthy cases showed the 
lowest level of cytokines during childhood, followed by a sharp 
increase during adolescence, but allergic cases had a high level 
of cytokines during childhood.

The levels of 14 cytokines were markedly increased in chil-
dren with allergic diseases, but not in healthy children. The 14 
cytokines included Th2 cytokines (IL-4 and IL-5), Th1 and pro-
inflammatory cytokines (IL-12p70, IL-17, IFN-γ, and TNF-α) 
chemokines (CCL7/MCP-3 and CXCL5/ENA-78), and others 
(IL-2, IL-10, TGF-β, VEGF, PDGFBB, and NGF). Several studies 
have shown that asthmatic patients have increased serum lev-
els of Th2 cytokines during both adulthood17 and childhood,18 
and that serum IL-17 levels correlate significantly with the se-
verity of allergic rhinitis.19 It has been demonstrated that the 
plasma concentrations of IL-10, IL-12, and IL-13 are higher in 
asthmatic patients compared to healthy controls20 and that 
baseline levels of serum TNF-α are higher in asthmatic children 
than in healthy controls.21 The results of previous studies are 
consistent with ours. However, it is difficult to interpret the 
overall increase in various allergy-related cytokines because 
their patterns are not consistent with their functions. More in-
vestigation should be performed to determine mechanisms for 
increases in various cytokines during childhood and their defi-
nite roles in allergic responses.

Interestingly, PDGFBB was increased remarkably in allergic 
children compared to healthy individuals. PDGFBB is a ho-
modimeric isoform of PDGF modulating fibroblastic activity 
and airway remodeling.22 Several studies have reported that 

PDGFBB augments the expression of procollagen I in airway fi-
broblasts of patients with severe asthma,22 so that it is a pro-
wheezing biomarker in preterm children.23 However, the func-
tion of PDGFBB in allergic diseases remains unclear. This study 
suggests that the elevated level of PDGFBB could be a marker 
of allergic diseases in children, and we plan to investigate fur-
ther age-related changes in PDGFBB levels in healthy and aller-
gic adults to clearly reveal their functions in allergic responses.

We demonstrated the significance of childhood for the onset of 
allergic disease in terms of higher levels of cytokines in children 
with allergic disease compared to healthy controls. It has already 
been suggested that atopic diseases appear in the first decade of 
life,24 and Stern et al.25 have also reported that atopic symptoms, 
such as wheezing and bronchial hyperresponsiveness, during 
early childhood could be predictors of adult asthma. In other 
words, childhood is a critical period for the development of al-
lergic diseases, and it is thought that some immunological 
markers can predict risk of allergy during childhood.

Although more studies with samples derived from specific tis-
sues or organs are needed to examine local allergic responses, 
our findings may have clinical implications in reference plasma 
values of multiple cytokines for healthy individuals and com-
parison of their levels between patients and normal subjects. 
Further studies in terms of sampling time, results of clinical 
tests, and symptoms of participants are required to the plasma 
levels of cytokines to give more meaningful information. 

In summary, our results indicated that Th1/Th2 ratios showed 
age-related changes in normal healthy individuals, increased in 
the growth period, and decreased with age. The Th1/Th2 ratio 
and the plasma levels of various cytokines showed different 
patterns between allergic and healthy children. Allergic chil-
dren had a lower Th1/Th2 ratio and a higher level of cytokines 
compared to healthy controls. The results of this study may be 
helpful as reference values in both monitoring immunological 
changes according to aging in healthy individuals and in distin-
guishing difference in the levels of immune cells and soluble 
factors between normal and allergic subject. 
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