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Abstract

Severe and life-threatening side effects can occur in patients receiving allergen-specific immuno-
therapy (SIT), and recombinant allergens made from cDNA have been used in clinical trials for ten
years and appear promising for SIT. The aim of this study is to explore the effects of the recombinant
allergen Der [ 2 (the group 2 allergen from Dermatophagoides farinae) on the neuro-endocrino-im-
mune network in asthmatic mice. Twenty-eight mice were divided into four groups — A, B, C and D. To
induce asthma, a crude extract of D. farinae was injected intraperitoneally into the mice in groups B,
C and D. Later, the crude extract or recombinant allergen rDer f 2 was given to groups C and D, re-
spectively. Normal saline was given to groups A and B. Serum corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH), corticosterone (CORT), interleukin 4 (IL-4), and interferony
(IFN-y) were detected by immunoassay and the pathological change of lung tissue was observed by
hematoxylin and eosin (HE) staining. Serum CRH, ACTH, CORT, and IFN-y were highest in healthy
group A but lowest in asthma group B. Treatment with the crude extract or recombinant allergen rDer
f 2 significantly attenuated this response in asthmatic mice, but there was no difference between the
two treatments (p > 0.05). Serum IL-4 was elevated in asthma group B but lowest in healthy group A.
Treatment with the crude extract or recombinant allergen rDer f 2 significantly attenuated this response
in asthmatic mice, but there was no significant difference between the two treatments (p > 0.05). How-
ever, lung pathology as measured histologically (Underwood Score) showed that rDer f 2-treatment
was significantly better than crude extract treatment (p < 0.05). In brief, recombinant allergen Der
f2 can strengthen the function of hypothalamus-pituitary-adrenal (HPA) axis, affect the balance of Thl

and Th2 cytokines, and reduce pulmonary inflammation in asthmatic mice.
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Introduction

Allergic asthma is an IgE-mediated disease caused by
a type I hypersensitivity characterized by eosinophil accu-
mulation in lung, excessive mucus secretion, and airway
hyper-responsiveness. Its pathogenesis involves nervous,
endocrine and immune systems [1]. Studies have shown
that neuroendocrine hormones also regulate asthma and its
pathogenesis. In asthma patients, glucocorticoids increase
after early contact with allergens. However, patients with
repeated asthma have dysfunction of the hypothalamus-hy-
pophysis-adrenal gland (HPA) axis which impairs their abil-
ity to respond to stress. Secretion dysfunction of cortical
hormones can aggravate asthma severity and then patients
become more dependent on exogenous glucocorticoids; this
vicious cycle can manifest in repeated asthma attacks.

(Centr Eur J Immunol 2014, 39 (3): 294-298)

Exogenous glucocorticoids are still the most effective
drugs for asthma treatment. However, long-term systemic
administration (repeated inhalation of high-dose glucocor-
ticoids) can significantly inhibit the HPA axis of patients
with asthma and is related to a decreased lung function [2,
3]. Therefore, it is important to discover a drug that can
promote the secretion of endogenous glucocorticoids or
have effects similar to corticosteroids. Secretion of gluco-
corticoids is mainly regulated by the HPA axis. Immune
system stimulation increases cytokine expression such as
proinflammatory cytokine interleukin 6 (IL-6). However,
these cytokines can also activate the HPA axis to increase
secretion of adrenocorticotropic hormone (ACTH) and
corticosterone (CORT) to inhibit inflammation. Collective-
ly, these mechanisms form the NEI network regulation of
asthma [4].
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With development and maturation of molecular biology
techniques, studies about genetically-engineered allergens
have become the mainstream in allergological studies. In
the past 10 years, component genes of 19 kinds of Dermato-
phagoides (“dust mite”) allergens have been cloned using
reporter systems in Escherichia coli, yeast, and baculovirus.
It has also been proven that allergens prepared by genet-
ic engineering technology have similar biologic activity to
natural allergens [5]. In this study, recombinant allergens
were administered to mice with asthma via intraperitoneal
injection to observe the effects on the NEI network (mainly
the HPA axis and relevant cytokines) and lung pathology.

Material and methods

Experimental animals, reagents and apparatus

Female C57BL/6 mice (aged 5 to 6 weeks, body weight
20.6 +2.3 g) were purchased from the Shanghai Animal
Center of the Chinese Academy of Sciences. Animals were
housed under sterile conditions in the Laboratory Animal
Center of the Shanghai Second Military Medical Univer-
sity. The crude extracts of Dermatophagoides farinae and
prepared recombinant protein of the group 2 allergen from
D. farinae (Der f 2) was provided by Dr. Yubao Cui [6].
Mouse corticotropin-releasing hormone (CRH) and adreno-
corticotropic hormone (ACTH) radioimmunoassay kits were
produced by DSL (USA). Mouse corticosterone (CORT),
interleukin 4 (IL-4), interferon-y (IFN-y) ELISA kits were
produced by R&D Systems (USA). Results were read with
an ELx800 microplate reader from Bio-Tek (USA).

Methods
Animal groups and treatments

C57BL/6 mice (n = 28) were divided into four groups
by the digit randomization method, n = 7 in each group:
normal healthy control group (A); asthma control group
(B); crude extract-treated asthma group (C); and rDer f 2-
treated asthma group (D). To induce asthma in groups B,
C, and D, animals were given a crude extract of D. farinae
(50 pl) on day 1 and day 17 via intraperitoneal injection
[6].On day 15, 16, 17, and 18, the mice in groups B, C,
and D were anesthetized with 0.1 ml 0.5% pentobarbital
sodium via intraperitoneal injection, and then stimulated
with a crude extract of D. farinae [6] 50 ul/per injection/
day. From day 31 to day 33, animals in group C and D
were give a crude extract of D. farinae and rDer f 2 via
intraperitoneal injection while animals in group A and B
were given saline. On day 39 and 46, all asthma model
animals (groups B, C, and D) were given a crude extract of
D. farinae via intranasal drip for stimulation while animals
in group A were given saline by intranasal drip.
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Detection of indicators in serum

Twenty-four hours after the last intranasal drip, 0.1 ml
of 0.5% pentobarbital sodium was given via intraperitoneal
injection. Eyeballs of the mice were removed after being
anesthetized and blood was taken. The serum was sepa-
rated, aliquoted, and stored at —20°C Radioimmunoassay
method was used to detect serum CRH and ACTH and
ELISA method was used to detect serum CORT, IL-4, and
IFN-y. The specific steps were performed according to the
kit instructions.

Pathological detection of lung tissue

The bronchus and lung tissue of the mice were cut,
fixed in 10% neutral formalin solution for > 24 hours, then
dehydrated, embedded, and prepared into conventional
paraffin sections. Sections were stained with hematoxylin
and eosin (HE) stain and sealed with neutral gum. Patho-
logical changes of lung tissue were observed by micro-
scope at 100x power.

Statistical analysis

All the test results were analyzed with SPSS 13.0 sta-
tistical software package and expressed as mean + standard
deviation (x + s). Single factor variance analysis was ap-
plied to examine serum CRH, ACTH, CORT, IL-4, IFN-y
values and histology-determined Underwood Standard
Score of lung pathology. Pair-wise comparisons were con-
ducted with the Student-Newman-Keuls test. The above
hypothesis test was two-sided; the test level a was 0.05
with p < 0.05 considered statistically significant.

Results

Serum values

Tables 1 and 2 show that the difference in serum CRH,
ACTH, CORT, IL-4, IFN-y of mice among groups was
significantly different (p < 0.05). Pair-wise comparison
showed that serum CRH, ACTH, CORT, and IFN-y in
groups C and D were significantly increased (p < 0.05)
compared to group B, but still lower than that of group A
(p < 0.05), with no statistically significant difference be-
tween groups C and D (p > 0.05). Compared to group B,
serum IL-4 in groups C and D was significantly decreased
(p <0.05) but still higher than group A (p < 0.05), with no
statistically significant difference between groups C and
D (p > 0.05).

The pathological changes in lung tissue

In asthma group B, results showed thickened capillar-
ies in the alveolar wall and the alveolar septum with an in-
creased number of eosinophilic granulocytes, leukomono-
cytes and other inflammatory cells nearby bronchioles and
blood vessels. Inflammatory cells were reduced in groups
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Table 1. Serum CRH, ACTH, CORT levels among groups
(x x5s)

Group n CRH (pg/) ACTH (ng/l) CORT (pg/ml)
A 7 3.47 £0.40 127.45 +18.67  159.68 £16.14
B 7 2.18 £0.31" 78.38 £18.19"  103.48 +9.30"
C 7 2.77 +0.55"  103.88 +20.82" 131.16 +27.81"*
D 7 2.85+0.30"  101.45 +12.42* 133.28 £23.94*
F 11.927 8.889 8.720
p 0.001 0.001 0.001

p < 0.05, vs. A group; * p < 0.05, vs. B group

.'1'1.' o+, W = gyl h‘# W

Table 2. Serum IL-4 and FN-y levels among groups (X * s)

Group n IL-4 (pg/ml) IFN-y (pg/ml)
A 7 30.37 +3.84 23.24 +2.61
B 7 46.69 +4.89" 9.86 £1.95"
C 7 38.05 +3.36™ 14.39 £3.917*
D 7 36.91 +3.69 13.49 £1.587*
F 19.795 31.796
p 0.001 0.001

p < 0.05, vs. A group; p < 0.05, vs. B group

L'

Fig. 1. Pathological sections of lung tissues of mice (H&E staining, 1007). Note: A) normél control group; B) model

control group; C) crude extract treatment group; D) rDer f 2 treatment group

C and D. Group C had more significant changes, and the
severity of inflammatory cell infiltration in bronchi, bron-
chioles and accompanying the vessels decreased, eosino-
philic granulocytes reduced, and the edema improved, seen
in Fig. 1. The Underwood Standard Scores of lung tissue
in group A, B, C, and D were 0.17 £0.01, 3.31 +£0.10, 1.35
+0.18, and 1.83 £0.08, respectively, with significant differ-
ences across groups (p = 0.001, F = 958.328). The pairwise
comparison showed that the Underwood Standard Scores
of lung tissue in groups C and D were significantly de-
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creased (p < 0.05) compared to asthma control group B,
but still higher than healthy group A (p < 0.05). Finally,
the scores of groups C and D were significantly different
(p <0.05).

Discussion

Asthma involves chronic inflammation of the airway
characterized by airway hyper-responsiveness and airflow
obstruction. Asthma has a complex pathogenesis that in-

Central European Journal of Immunology 2014; 39(3)



Effects of the recombinant allergen rDer f 2 on neuro-endocrino-immune network in asthmatic mice

volves a variety of inflammatory cells and factors [7, 8]. At
present, the mechanisms of airway inflammation include
theories of immunogenic and neurogenic inflammation
[9]. Neuropeptide transmitters released by airway sensory
nerve endings and cytokines can cause contraction of air-
way smooth muscle and gland endocrine activation, further
promoting airway hyper-responsiveness. Current research
suggests that asthma pathogenesis includes local and sys-
temic inflammation but also involves the central nervous
system to constitute a neuroendocrine-immune regulatory
network [10].

This study used a crude extract of D. farinae to pre-
pare a mouse model of asthma. Results showed that serum
CRH, ACTH, and CORT levels in the asthmatic group B
were significantly lower than those of the healthy mice in
group A. Results from this study were consistent with those
obtained in a rat model of asthma by Jeppop et al. [11];
this further affirms neuroendocrine involvement in asth-
ma. Mice given a crude extract of D. farinae and rDer f 2
(groups C and D, respectively) showed increased serum
CRH, ACTH, and CORT, though the levels did not reach
those in the healthy control group.

Interleukin 4 is mainly secreted by Th2 cells, which
primarily mediate humoral immunity and play a leading
role in allergic reactions. Interleukin 4 promotes anti-
gen-specific B cells to secrete IgE antibodies and has an
important effect on asthma incidence [12]. Interferon vy is
mainly secreted by Th1 cells and can inhibit Th2 cell dif-
ferentiation; this effect could inhibit the biological effects
of IL-4 and other cytokines that act through IFN-y to in-
hibit IgE production and an asthmatic reaction. Interferon
y is a very important inhibitory molecule in the immune
regulation of asthma [13]. Meanwhile, IFN-y has ACTH-
like effects in that it can stimulate the adrenal cortex to
increase plasma corticosterone [14].

In group B mice with asthma, serum Th2-type cytokine
IL-4 was significantly increased compared to healthy mice
in group A, while Th1-type cytokine IFN-y was signifi-
cantly decreased, suggesting that IL-4 and IFN-y play an
important role in asthma development. In this study, se-
rum IL-4 of mice treated with a crude extract of D. farinae
and rDer f 2 (groups C and D) was decreased while serum
IFN-y was significantly increased. These results suggest
that rDer f 2 had similar effects to a crude extract of D. fa-
rinae — inhibited Th2 response and enhanced Th1 response
— to reduce asthma pathogenesis.

Chronic airway inflammation in asthma involves a va-
riety of cells, and its histopathological changes involve
the airways, pulmonary interstitial vessels and pulmonary
alveoli [15]. In this study, the crude extract was given to
the sensitized mice via intraperitoneal injection, and in-
flammatory cell infiltration was observed around the bron-
chioles and small blood vessels of mice in group B with in-
creased intraluminal exudate and significant edema. These
observations confirmed that the asthma animal model was
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successfully established. No inflammatory cells were ob-
served in group A. Inflammatory cells in groups C and D
were reduced, eosinophilic granulocytes were reduced, and
the severity of inflammatory cell infiltration in bronchi,
bronchioles and accompanying the vessels was decreased.
These results suggest that both the crude extract of D. fa-
rinae and rDer f 2 can reduce lung inflammation. The ef-
fects of rDer f 2 do not match those of the crude extract of
D. farinae. This result is likely because the crude extract
was used to sensitize the mice and prepare the asthma
model, and that this crude extract has many other compo-
nents besides Der f 2. The roles of these other components
of D. farina for sensitization against asthma require further
studies.

In summary, prepared rDer f 2 can enhance the func-
tion of HPA axis and regulate the balance between Th1 and
Th2 cytokines. The pathological observations from lung
tissues confirm that these mechanisms correlate with re-
duced allergic systemic inflammation and lung pathology.
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