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Abstract: Sulfate-modifying factor 2 (SUMF2), a member of the formylglycine-generating enzyme family, was ear-
lier found to play a role in the regulation of interleukin (IL)-13 expression and secretion in airway smooth muscle
cells. I-13 is a T helper 2 cytokine that plays important roles in the pathogenesis of asthma. However, there is
little evidence of the potential role of SUMF2 in the cellular inflammatory responses in asthma. Here, using an
ovalbumin-induced asthma rat model, we show that SUMF2 gene expression is significantly decreased in allergic
asthma rats. Moreover, several pathological changes were observed in the lung tissue and IL-13 was found to be
overexpressed in the ovalbumin-induced asthma model. Additional studies on the lung bronchial epithelial tissues,
peripheral blood lymphocytes and bronchoalveolar lavage fluid of the OVA-induced asthma rats showed that SUMF2
mRNA and protein expression were attenuated. However, there was only a little significant correlation was found be-
tween SUMF2 and IL-13 expression. These results indicate that SUMF2 may mediate airway inflammation in allergic
asthma by modulating the expression of IL-13. More data from in vivo experiments are needed to clearly understand
the role of SUMF2 in asthma.
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Introduction

Asthma is a Th2-cell dependent, IgE-mediated
allergic disease. The pathogenesis of this dis-
ease is characterized by airway hyperactivity,
mucus overproduction and inflammatory cell
infiltration [1-3]. Epidemiological studies have
shown the worldwide incidence of asthma to be
5%-16% [4]. The clinical signs and symptoms of
asthma are observed very early; they include
exacerbation of anaphylaxis, increase in symp-
tom severity, and increase in lung function
defects with age.

Interleukin-13 (IL-13) exacerbates asthmatic
airway obstruction by increasing hyperplasia of
mucous cells in the airway and by promoting
mucus secretion [5]. In addition, IL-13 increas-
es the sensitivity of smooth muscle cells of the
airway to acetylcholine, which is a causative
factor for the initiation and progression of air-
way hyperresponsiveness. Moreover, IL-13 up-
regulates the expression of transforming grow-
th factor in airway epithelial cells [6, 7]. IL-13

plays a key role in the gradual deterioration in
the progress of an allergic reaction [8-10],
which is an important factor in Th2-mediated
cellular inflammation and allergic reaction in
asthma [10]. Further, both IL-13 and IL-4 are
specifically involved in enhancing the synthesis
of IgE [8, 9]. In the last decade, the crucial role
of IL-13 in the initiation and exacerbation of the
pathogenesis of asthma has received attention
[9-11]. Through its combined actions on the epi-
thelial and smooth muscle cells, IL-13 can
induce all the pathological mechanisms of asth-
ma independently of traditional effector cells
such as mast cells and eosinophils [12]. More
recently, IL-13 overexpression has been shown
to be associated with inflammation-induced
genotoxicity in asthma that extended beyond
the primary site of the lung to circulating leuko-
cytes and erythroblasts in the bone marrow and
elicited systemic effects [13]. However, the
molecular mechanisms underlying these inflam-
mation-associated effects of IL-13 are not
clearly known, despite recent research into this
cytokine [10, 11, 14].
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Figure 1. The protocol for OVA-induced experimental asthma. In the asthma model, rats were sensitized by three
intraperitoneal injections of OVA on days O, 7 and 14, after which they were administered the aerosolized OVA chal-
lenge on days 21-28 using a nebulizer. OVA: Ovalbumin, PBS: Phosphate-buffered saline.
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Figure 2. (A and B) Concentration of IgE in the serum and BALF in the three groups. The serum IgE (A) and OVA-
specific IgE concentrations in the BALF (B) were assessed by ELISA as described in “Method” sections. The data
are presented as mean * SD for 20 rats per group. “P < 0.001 for the control versus OVA-inhalation group by the

Mann-Whitney test.

SUMF2, sulfate-modifying factor 2, is a mem-
ber of the formylglycine-generating enzyme
(FGE) family and catalyzes the oxidation of a
specific cysteine to Ca-formylglycine [15]. Des-
pite the advances in research on the metabolic
functions of pFGE (SUMF2 expression) in the
last decade [15-21], the role of SUMF2 in aller-
gic inflammation in asthma remains poorly
understood. Recent studies in other groups
have suggested that SUMF2 (and SUMF1) was
located in the luminal space of the endoplas-
mic reticulum (ER), where synthesized sulfatas-
es are post-translational modified by the forma-
tion of FGly. SUMF2 can bind to SUMF1 and
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sulfatase, and regulate their activities and the
process of FGly formation [16, 18]. Interestingly,
human IL-:13 usually undergoes post-transla-
tional modification in the ER [22]. Based on
these findings, we hypothesized that SUMF2
may alter the modification and secretion of
IL-13 in the ER.

Our previous work with yeast two-hybridization
screening experiments showed that SUMF2
interacts with IL-13 and inhibits its secretion,
independently of IL-13 glycosylation, in bron-
chial smooth muscle cells (BSMCs) [23]. Spe-
cifically, our research revealed that the level of
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Control

Figure 3. H&E-stained specimens in the OVA-induced asthma group. Images are presented at the original magni-
fication of x400. Arrows indicate the areas of cellular inflammation in the lung bronchial tissues. A-C. The arrows
indicate progressive thickening of the alveolar epithelial cells in the lung. D. The arrow in panel D indicates a normal
lung capillary in a control rat. E, F. The arrows indicate edema and thickening of the bronchial epithelium and signifi-

cant inflammation and infiltration of inflammatory cells.

Table 1. IL.-13 and IL-4 concentration in BALF by ELISA (pg/mL)

Beijing, China). All the animals

Group N/group -4 113 were housed at facilities under
Control group 20 2749+ 164 2526 +1.29 fitoannsda;go degﬂéocvgti?t?ergonﬂ
Aluminum gel group 20 2798 +1.33 25.68+ 1.77 . P

OVA-induced asthma group 20

75.63 + 3.28"* 69.17 + 0.71"*

vided ad libitum. Six- to eight-
weeks-old Wistar rats were ran-

Control-group: normal control rats treated with PBS; Aluminum gel group: nor-
mal control rats treated with aluminum gel; OVA-induced asthma group: normal
control rats treated with ovalbumin. *P < 0.05 vs. control-group. #*P < 0.05 vs.

aluminum gel group.

the 12-kDa form of intracellular IL-13 was sig-
nificantly increased, whereas the level of IL-13
in lymphocyte culture supernatants was signifi-
cantly reduced. In addition, blocking N-glyco-
sylation via treatment with tunicamycin elimi-
nated the 17-kDa form of intracellular IL-13 and
inhibited the secretion of I1L-13 by BSMCs [23].
However, the roles of SUMF2 and IL-13 in asth-
matic inflammation in the animal model of
asthma are unknown. Therefore, in order to
investigate this, using a rat model of acute
asthma, we attempted to shed light on the
interaction between SUMF2 and IL-13 expres-
sion in asthmatic rats.

Materials and methods
Rats

Sixty female Wistar rats of the same age were
used in this study (Vital-River Laboratory,
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domly divided into three groups
(20 rats per group): the asthma
group, which was administered
ovalbumin (OVA)/AI(OH),; the alu-
minum gel group, which was
administered Al(OH),; and the control group,
which was administered normal saline [24, 25].
All the experimental procedures were conduct-
ed in conformity with the institutional guide-
lines for the care and use of laboratory animals
at Harbin Medical University, China.

Administration of OVA and aluminum gel

The asthma group was sensitized on days O, 7,
and 14 by intraperitoneal injection of 200 ug
OVA mixed with aluminum gel (as an adjuvant,
Sigma. St Louis. USA) integrated in a total vol-
ume of 2 mL phosphate-buffered saline (PBS).
Then, 250, 250, and 1000 pL volumes of axil-
lary, bilateral inguinal, and intraperitoneal injec-
tions were administered respectively. The con-
trol group and aluminum gel group were admin-
istered equal volumes of PBS and aluminum
gel respectively. Then, from the 15th day
onwards, the rats were challenged with aero-
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Figure 4. Il-13 and IL-4 secretion in the BALF of OVA-
induced asthma rats. The OVA-induced asthma rats
had significantly higher levels of IL-4 and IL-13 in the
BALF, as measured by ELISA. All data are presented
as the mean + SEM (n = 20/group). “P < 0.05, "*P <
0.01 compared with the control group and aluminum
gel group, respectively, as assessed by the Nemenyi
test.

solized OVA (1% w/v, PBS) using an ultrasonic
nebulizer (Yuwell Medical Device Company,
Jiangsu, China) that produced an airflow rate of
4-8 L/min and particle sizes of 0.5 to 5.0 ym.
This challenge was performed for 30 min every
day for 8 days. Twenty-four hours after the last
aerosol challenge, the abdominal aorta was
sectioned under deep chloral hydrate-induced
anesthesia (400 mg/kg, intraperitoneal) in all
the animals, which were then sacrificed by cer-
vical dislocation (Figure 1).

Bronchoalveolar lavage fluid and peripheral
lymphocyte collection

In brief, tracheostomy was performed. To obtain
the bronchoalveolar lavage fluid (BALF), ice-
cold PBS (0.5 mL) was infused three times into
the lungs and withdrawn via tracheal cannula-
tion (total volume, 1.5 mL). The recovered BALF
samples were centrifuged at 1500 rpm for 5
min at 4°C, and then the cell pellets were re
-suspended in 800 pL of PBS and centrifuged
for 5 min at 1500 rpm at 4°C. The cells were
re-suspended in 100 uL of PBS for ELISA. The
supernatant obtained from the BALF samples
was stored at -70°C for biochemical analysis.

Peripheral blood samples were harvested by
sectioning the abdominal aorta under deep
chloral hydrate-induced anesthesia. Peripheral
blood lymphocytes were collected using the
Lymphocyte Separation Medium (RAT) (Catalog
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No: P8630; Solarbio CO., Beijing, China) [26,
27]. First, 3 mL of LSM was aseptically trans-
ferred to a 15-mL centrifuge tube. Then, 2 mL
of defibrinated, heparinized blood was mixed
with 2 mL of physiological saline. Next, the
diluted blood was carefully layered over 3 mL of
LSM (room temperature) in a 15-mL centrifuge
tube, in order to create a clear blood-LSM inter-
face. The tube was centrifuged at 400 g at RT
for 15-30 min. This resulted in sedimentation
of erythrocytes and polynuclear leukocytes,
and the formation of a band of mononuclear
lymphocytes above the LSM layer. The following
bands were obtained, from top to bottom: plas-
ma layer, mononuclear cell layer, LSM layer,
and RBC pellet. The top layer of clear plasma
was aspirated to within 2-3 mm above the lym-
phocyte layer. Then, the lymphocyte layer along
with about half of the LSM layer below it was
aspirated and transferred to a centrifuge tube.
An equal volume of buffer was added to the
tube. Saline solution was added and the tube
was centrifuged for 10 min at a speed sufficient
to sediment the cells without damaging them,
i.e. 160-260 g, at room temperature (18-25°C).
The sediment was then washed twice with buf-
fer-balanced saline solution in order to remove
LSM and reduce the percentage of platelets.
The sedimented cells were then re-suspended
in an appropriate medium for the following
analyses.

ELISA

The concentrations of IgE, IL-13 and IL-4 pres-
ent in the BALF supernatants were determin-
ed by ELISA (Rat IgE ELISA Kit: Catalog No:
E-EL-RO517c, Elabscience Biotechnology Co.,
Wuhan, China; IL-13- and IL-4-specific ELISA
kits: Catalog No: IL-13, SEAO60ORa, and IL-4,
SEAO77Ra, Cloud-Clone Corp, Wuhan, China)
[28]. The absorbance of the samples was mea-
sured at 450 nm using a spectrophotometer
(KHB company, Shanghai, China).

Histopathological analysis

Standard histopathological analyses were per-
formed to assess the level of IL-13 and SUMF2
expression in the samples. Briefly, we stained
4-um paraffin sections of the lung tissue sam-
ples, using peroxidase-labeled chain avidin
(SP); this was followed by de-waxing and hydra-
tion. Then, the section was exposed to 3%
hydrogen peroxide to remove the endogenous
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Figure 5. Analysis of the mRNA expression of SUMF2 and IL-13 in lung tissues. A. Real-time PCR analysis results
showing SUMF2 gene expression in the lung bronchial tissues of the OVA-induced asthma group, aluminum gel
group and control group rats (n = 20/group). B. IL-13 mRNA expression in the lung bronchial tissues in the three
groups. All data are presented as the mean + SEM. *P < 0.05 compared with the control group and aluminum gel

group, respectively, according to the Nemenyi test.

oxidase, and subject to microwave antigen
retrieval. The primary antibody was added, and
the section was incubated overnight at 4°C.

First, the sections were stained with hematoxy-
lin and eosin (H&E) to detect pathological
changes in lung tissues. The primary antibod-
ies used were rat SUMF2 and IL-13 polyclonal
antibodies diluted to 1:100 (ProteinTech Com-
pany, Wuhan, China). The SP kit and diamino-
benzidine (DAB) color kit were purchased from
Zhongshan Golden Bridge Biotechnology Limi-
ted (Beijing, China). The staining intensity of
SUMF2 and IL-13 was graded on a scale of O to
4 (0 = no straining, 1 = weak immunoreactivity,
2 = moderate immunoreactivity, 3 = strong im-
munoreactivity, and 4 = strongest immunoreac-
tivity). The percentage of cells that showed
immunoreactivity was scored on a scale of O to
4 (0 = no positive cells, 1 = 25% positive cells,
2 = 25%-50% positive cells, 3 = 50% positive
cells, and 4 > 75% positive cells). The staining
intensity score and the percentage of immuno-
reactivity were then multiplied to obtain the
composite score (CS). Depending on the CS,
SUMF2 and IL-13 expression was classified as
high (> 6) or low (< 6) [29, 30].

Western blotting assay

Lung homogenates were prepared from the
control as well as the OVA-sensitized rat sam-
ples. Lung tissue was homogenized on ice, fro-
zen in liquid nitrogen and stored at -80°C. The
protein concentrations were determined using
a BCA kit (Cat No: P10010S; Beyotime Institute
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of Biotechnology, China). Samples containing
30 mg of proteins were loaded in each lane,
resolved via 8%-12% SDS-PAGE, and trans-
ferred to poly vinylidene fluoride membranes.
Membranes were blocked in Tris-buffered
saline containing 0.1% Tween-20 solution con-
taining 5% skim milk (TBST) for 2 h at room
temperature (RT) and incubated with primary
antibodies (rat monoclonal anti-SUMF2 anti-
body diluted 1:1000, Cat No: sc-367191,
SANTA CRUZ BIOTECHNOLOGY, USA; rat mono-
clonal anti-IL-13 antibody diluted 1:1000, Cat
No: sc-101407, SANTA CRUZ Biotech, USA). For
the negative control, we chose B-actin (Cat No:
BA0410, BOSTER Company, Wuhan, China).
Next, the tissue sections were washed three
times in TBST and incubated with peroxidase-
conjugated secondary antibodies for 1 h at RT.

The blot was visualized using a chemilumines-
cence method, with the DAB coloration kit (Cat
No. AR1024; BOSTER Company, Wuhan, China).
According to manufacturer’s instructions, 500-
1000 pL of the DAB coloration regent was
added to the blots and incubated for 5-10 min
at RT in order to visualize the protein bands.

Quantitative real-time PCR for quantification of
gene expression

Total mRNA from the lung tissue samples was
extracted using RNAiso plus (Takara, Dalian,
China), and the SUMF2 and IL-13 expression
levels in these samples were evaluated using
the SUMF2 primer (forward primer: 5-GAGGA-
GGCTTGAAGGGTCAG-3, reverse primer: 5-AG-

Int J Clin Exp Pathol 2015;8(10):12053-12063
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Figure 6. Protein expression of SUMF2 and IL-13. A and B. Results of SUMF2 and IL.-13 immunohistochemical stain-
ing in OVA-induced asthma rats. Immunohistochemical staining of paraffin-embedded sections from allergic asthma
rats in the control, aluminum gel and OVA-induced asthma groups. Representative allergic asthma lung tissues
with SUMF2 and IL-13 staining scores of O to 4. C. Immunochemistry composite score (ICS) for SUMF2 in the OVA-
induced asthma group (n = 20/group), control group and aluminum gel group. SUMF2 protein expression in lung
tissues of OVA-induced asthma rats was significantly decreased compared with its expression in the normal saline
group and aluminum gel group. All data are presented as the mean + SEM. “P < 0.05, compared with the control
group and aluminum gel group, respectively, according to the Nemenyi test. D. Immunochemistry composite score
(ICS) for IL-13 in the three groups. Relative IL-13 protein expression in lung tissues of OVA-induced asthma rats was
significantly increased compared to the expression level in the normal saline group and aluminum gel group. All data
are presented as the mean + SEM. "P < 0.05, compared with the control group and aluminum gel group, respec-
tively, according to the Nemenyi test. E. Western-blotting results for the lung homogenates of OVA-induced asthma
rats, with anti-SUMF2 and anti-IL-13 antibodies. B-Actin was used as an internal control.

CTTGGTATGTGGACGCTG-3’), the IL-13 primer reverse primer: 5’-CATTCAATATCCTCTGGGTCC-
(forward primer: 5-TCTCGCTTGCCTTGGTGG-3’, TGT-3’), and the GAPDH primer as the control
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Figure 7. Relative SUMF2 and IL-13 mRNA expression in the lymphocytes of OVA-induced asthma rats. A. SUMF2
mMRNA expression in the lymphocytes of OVA-induced asthma rats was significantly decreased compared with its ex-
pression in the normal saline group and aluminum gel group. B. Relative IL.-13 mRNA expression in the lymphocytes
of OVA-induced asthma rats was significantly increased compared to the expression level in the normal saline group
and aluminum gel group. All data are presented as the mean + SEM. "P < 0.05, P < 0.01 compared with the control
group and aluminum gel group, respectively, according to the Nemenyi test.
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Figure 8. Results of the correlation analysis of
SUMF2 and IL-13 mRNA relative expression in lung
tissues and lymphocytes. A. Pearson correlation
analysis of IL.-13 mRNA expression and SUMF2 ex-
pression in lung tissue (relative to GADPH expres-
sion). B. Pearson correlation analysis of IL-13 mRNA
expression and SUMF2 mRNA expression in lympho-
cytes (relative to GADPH expression).
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(forward primer: 5-GGTGCTGAGTATGTCGTGG-
AG-3’, reverse primer: 5-ACAGTCTTCTGAGTGG-
CAGTGAT-3").

The SYBER Premix Ex Tag PCR reagent from
Takara Biotechnology (Dalian, China) was used
to amplify the cDNA, and the products were
detected using ROCHE Lightcycle480 Il (Roche,
Rotkreuz, Switzerland). The real-time PCR data
were obtained using the 2" method, which is a
convenient method for analyzing the relative
changes in gene expression by real-time quan-
titative PCR experiments [31].

Imaging and photomicrography

Photomicrographs were taken with a Photo-
metric Quantix digital camera running on a
Windows program, and montages were assem-
bled in Adobe Photoshop CC 2014. The images
were cropped and corrected for brightness and
contrast, but were not otherwise manipulated
by the Image J software.

Statistical analysis

Data are expressed as mean * standard error
of the mean (S.E.M). Statistically significant dif-
ferences between groups were determined by
one-way ANOVA or the Nemenyi test. Statistial
analyses were performed using the Graph-pad
Prism software (Graph-Pad Software, Inc., USA).
Statistical significance was set at P < 0.05.

Int J Clin Exp Pathol 2015;8(10):12053-12063
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Results

OVA-induced allergic airway inflammation
asthma model

We utilized OVA with a standard protocol to
establish the asthma model in Wistar rats.
After the rats were sacrificed, we collected lung
tissue, BALF and peripheral blood samples for
immunological analyses. Next, in order to con-
firm that the model was successfully estab-
lished, we assesssed the IgE levels in the
serum and BALF, the IL-13 and IL-4 levels in the
BALF, and the pathological changes after the
OVA challenge, as allergic asthma is character-
ized by the infiltration of inflammatory cells into
the airway and bronchial tissues and therefore
a corresponding increase in the levels of IgE,
IL-13 and IL-4.

The IgE concentrations both in the serum and
BALF supernatant of OVA-induced rats were
significantly higher than that in the other two
groups. The IgE concentration increased from
1.94 + 0.113 ng/ml to 8.087 £ 0.136 ng/ml in
the serum (Figure 2A) and 9.982 + 0.152 ng/
ml to 47.51 + 0.356 ng/ml in BALF (Figure 2B),
respectively. (P < 0.001) (Figure 2A and 2B).

Observation of the H&E-stained lung tissues
under x 40 magnification showed that the tis-
sues in the control and aluminum gel group rats
were well defined without observable edema or
thickening of the bronchial mucosa; moreover,
the airways and blood vessels were not infiltrat-
ed peripherally by inflammatory cells. However,
the typical pathological features of asthma
were observed in the tissue samples obtained
from the OVA-induced asthma model rats,
which include internal edema in the bronchial
structures as well as infiltration by a multitude
of lymphocytes, neutrophils and eosinophils
(Figure 3A-F).

The IL-13 and IL-4 levels in the BALF samples
were significantly increased in the OVA-induced
asthma group compared to the other two
groups (P < 0.05) (Table 1 and Figure 4).

Inhibition of SUMF2 in the lung tissues of OVA-
induced asthmatic rats

The SUMF2 mRNA level in the OVA-induced
asthma group was significantly lower than that
in the other two groups (Figure 5A) (P < 0.05).
Moreover, IL-13 mMRNA expression was higher in
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the OVA-induced asthma group than in the
other groups (Figure 5B) (P < 0.05).

Immunohistochemical staining for SUMF2 and
IL-13 showed diffuse cytoplasmic staining for
both. (Figure 6A and 6B). These observations
reflect the ER localization of SUMF2 and also of
IL-13 in BMSCs. Moreover, the immunohisto-
chemistry results showed that SUMF2 and
IL-13 were mainly expressed in BSMCs rather
than in bronchial epithelial and pulmonary cap-
illary cells.

Moreover, the immunohistochemical scoring
showed that the SUMF2 scores were decreased
in the OVA-induced asthma rats (Figure 6C),
and that the IL-13 scores were increased in the
OVA-induced asthma rats (Figure 6D).

Finally, using western blotting, we confirmed
the changes in the protein expression of IL-13
and SUMF2. As shown in Figure 6E, the protein
expression of SUMF2 had decreased while the
protein expression of IL-13 had increased in the
lung tissue of the OVA-induced asthma rats
(Figure 6E).

These findings indicate that after the OVA chal-
lenge, Th2 cells induced the overexpression of
IL-13 and its secretion and release into BALF.

Inhibition of SUMF2 in the peripheral lympho-
cytes of OVA-induced asthmatic rats

The SUMF2 mRNA level in the peripheral blood
lymphocytes of the OVA-induced asthma group
was significant lower than that of the aluminum
gel and control group. In contrast, IL-13 ex-
pression in the lymphocytes was considerably
increased in the OVA-induced asthma group
compared with the control group (Figure 7).

Correlation between SUMF2 and IL-13 expres-
sion in the OVA-induced asthmatic rats

Pearson correlation coefficient analysis show-
ed that there was no significant correlation
between SUMF2 and IL-13 expression in the
lung tissues (R? = 0.006, P > 0.05), but a slight-
ly positive correlation was observed between
SUMF2 and IL-13 expression in the peripheral
blood lymphocytes (R? = 0.114, P < 0.05)
(Figure 8A and 8B).

Discussion

Asthma is a common heterogeneous disease
associated with both genetic and environmen-
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tal factors that affects millions of individuals
worldwide [13]. Its pathological features inclu-
de mucus cell hyperplasia and infiltration of
inflammatory cells, such as CD4+ T cells, which
express the characteristic Th2 cytokines IL-4,
IL-5, and IL-13 [32-35], and exacerbate the pro-
gression of allergic inflammation [36].

Our report in 2009 revealed that SUMF2
expression was related with the secretion of
IL-13: briefly, SUMF2 and IL-13 were co-immu-
noprecipitated from BSMCs, independent of
IL-13 glycosylation [23], which provided evi-
dence that the SUMF2 gene may impact the
pathogenesis of allergic asthma. However, we
did not have enough evidence to elucidate the
relationship between SUMF2 and IL-13 in an
animal model of allergic asthma. Despite a
large amount of research in the past decade on
the mechanisms underlying the IL-13-related
genetics, immunology and pathogenesis in
allergic asthma, there are large gaps in our
knowledge about IL-13 and its interaction with
other molecules.

In this study, we established a classical animal
model of allergic asthma to investigate SUMF2
and IL-13 expression at the mRNA and protein
level. We found that SUMF2 expression was
inhibited whereas IL-13 (but not IL-14) expres-
sion was increased at the mRNA and protein
level. Based on our previous research findings
and this study, we hypothesize that the SUMF2
gene may be inhibited as a result of the over-
expression of IL-13 in asthmatic mice. Our data
show that decrease in the expression of SUMF2
is accompanied by increase in the expression
of IL-13 both in lung tissue and peripheral
blood.

We also studied the inflammatory changes in
the lung tissue induced by IL-13. In this classi-
cal OVA-induced asthma model, we found con-
siderable evidence of allergic asthma, such as
cough, dyspnea and shivering. Although other
more advanced methods of establishing aller-
gic asthma models [37] have been reported,
we found more significant inflammatory cell
infiltration and increased levels of inflammatory
factors in our model [25].

Interestingly, we found that both SUMF2 and
IL-13 protein expression in the cytoplasm of
BSMCs reflected our hypothesis that IL-13 was
subjected to post-translational modification,
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which usually occurs in the ER. Given that
SUMF2 is predominantly found in the ER, we
hypothesized that SUMF2 may regulate the
post-translational modification and secretion of
IL-13 in the ER [23]. The data in our study pro-
vide evidence in support of our hypothesis.

However, the correlation analyses did not pro-
vide any significant results; that is, no signifi-
cant correlation was found between SUMF2
and IL-13 expression. One of the reasons may
be because the rats were only challenged with
OVA; use of different allergens may have led to
different results.

Secondly, since SUMF27 transgenic mice were
not used in our study as controls, intrinsic dif-
ferences in SUMF2 or IL-13 expression may
have been present in the normal rats. Thirdly,
since the SUMF2 protein catalyzes the oxida-
tion of cysteine in the active site of sulfatases
into C-a-formylglycine (FGly) in the ER, it could
interact with many other intercellular proteins.
Finally, it has been reported that SUMF2 ex-
pression might impact the fever response dur-
ing endotoxemia, sepsis and trauma [21].

IL-13 is a Th2 cytokine that binds to the chain of
the IL-4 receptor, which induces the pathophys-
iological features of asthma in a manner that is
independent of IgE and eosinophils. IL-13 ex-
pression in murine asthma models indicates
that although IL-4 may be an immunoregulatory
factor, IL-4 is not a prime effector molecule.
These findings may be relevant to human asth-
ma models too [38]. The synthesis and secre-
tion of IL-4 may occur independently of SUMF2
gene regulation in pulmonary cells. This was
observed in our previous experiments [23].
Therefore, the interaction between SUMF2 and
IL-4 is not the main object of this study.

Based on our present findings, we hypothesize
that allergic asthma and overexpression of
IL-13 could have a specific inhibitory effect on
SUMF2 transcription. Therefore, our findings
may provide new insight into IL-13 and its role
in allergic asthma. If SUMF2 gene suppression
could be directly correlated with IL-13 secretion
in vivo, therapeutic intervention targeting
SUMF2 may lower the secretion of IL-13, which
would be valuable in the treatment of allergic
asthma. To clearly verify the correlation be-
tween SUMF2 and IL-13, a SUMF2-knockout
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mouse model should be established under
OVA-induced allergic asthma.

In conclusion, the findings from our study indi-
cate the potentially critical role of the SUMF2
gene in monitoring the overexpression and
secretion of IL-13 in the pathogenesis of aller-
gic asthma. The mechanism of SUMF2 against
allergic inflammation requires further study.
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