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The purpose of this study was to study whether allergen exposure can induce inflammation and lower the
anti-inflammation levels in serum and in adipose tissues, and further develop cardiovascular injury. Our
data showed that heart rate was significantly higher in the OVA-challenged mice compared to control
mice. Moreover, there were higher expressions of pro-inflammation genes in the OVA-challenged mice
in adipose tissues, and the expressions of anti-inflammation genes were lower. The levels of inflamma-
tion mediators were associated in serum and adipose tissues. The level of circulatory injury lactate dehy-
drogenase was significantly associated with the levels of E-selectin, resistin and adiponectin in the serum.
The hematoxylin and eosin and immunohistochemistry stains indicated the OVA-challenged mice had
higher levels of inflammation. In summary, the current study demonstrated allergen exposure can cause
cardiovascular injury, and inflammatory mediators in adipose tissues play an important role in the patho-
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genesis of cardiovascular injury.
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1. Introduction

Cardiovascular disease (CVD) constitutes a group of metabolic
diseases prevalent in all countries. According to statistical data,
more than 30% of the population in the USA has cardiovascular
diseases [1], and CVD is third among the top ten leading causes
of death. In Taiwan, about 10% of the entire population die from
CVD each year, and CVD is second among the top ten leading
causes of death [2]. Therefore, understanding the risk factors and
mechanisms for cardiovascular disease is crucial to its prevention
and the development of therapeutic strategies.

Up to now, many studies indicated the development of cardio-
vascular diseases is primarily due to lifestyle factors and exposure
to environmental pollutants [3-9]. Inflammation plays an impor-
tant role in CVD. Previous studies have indicated obesity and other
factors can affect the levels of interleukin-6 (IL-6) and tumor
necrosis factor-o. (TNF-ot) in the blood, causing endothelial cell
damage and produce adhesive molecules, such as vascular cell
adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-
1 (ICAM-1) and E-selectin. Adhesive molecules can attract LDL,
white blood cells and platelets into locations that result in blood
vessel damage and can cause fiber caps, influencing the flow of
blood and disrupting heart function [10,11]. Moreover, IL-6 and
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TNF-a can also produce C-reactive protein (CRP) and exacerbate
the pathogenesis of CVD [12-14|. Therefore, IL-6, TNF-a,
VCAM-1, ICAM-1, E-selectin, and C-reactive protein (CRP) are also
important predictive markers for CVD.

People who are obese have higher amounts of subcutaneous
and visceral adipose tissue, which induces changes in the levels
of resistin, adiponectin, IL-6, TNF-o0 and interleukin-1p (IL-1B)
and is related to the pathogenesis of cardiovascular diseases
[15,16]. Resistin also damages endothelial cells and produces the
adhesive molecules, VCAM-1, ICAM-1 and E-selectin. Therefore,
many studies found higher levels of resistin in patients with CVD
compared to the healthy population [15,17-22]. Adiponectin is
also an important mediator of CVD. Adiponectin can reduce the
risk of CVD through: (1) increases in the level of NO in blood ves-
sels, (2) anti-oxidant activities, (3) down-regulation of endothelial
cellular adhesive molecules, and (4) protection of the endothelium
from apoptosis [23]. Epidemiological studies indicated patients
with CVD have lower levels of adiponectin than healthy individuals
[24-26], and animal studies also indicated lower levels of biomark-
ers with CVD in mice injected with adiponectin [27,28]. Taken
together, adipokines from adipose tissue also significantly
influence CVD.

We recently discovered acute exposure to allergens lowers
adiponectin levels in serum and adipose tissue and concurrently
induces adipose tissue inflammation [29]. This study hypothesizes
allergen exposure can affect cardiovascular injury biomarkers
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through the action of adipose tissue inflammation and allergen
exposure is one of the risk factors in cardiovascular injury. We
tested the hypotheses by analyzing the levels and relationships
of inflammatory mediators, adipokines and the biomarkers of car-
diovascular injury in serum and adipose tissue and complete
Hematoxylin and eosin (HE) and immunohistochemistry (IHC)
staining of adipose tissue.

2. Materials and methods
2.1. Animals and animal care

Eight-week-old male C57BL/6 mice were obtained from the
National Cheng-Kung University Laboratory Animal Center. The
mice were grouped and kept in a constant lighting cycle (12-h
light/dark), temperature, (23+2°C) and relative humidity
(50-60%) with free access to food and water. All study protocols
were approved by the Animal Care and Use Committee of National
Cheng-Kung University.

2.2. Allergen sensitization and challenge

In the first stage, the mice were sensitized with four intraperi-
toneal injections of 10 pg Ovalbumin (OVA, Grade IV, Sigma-
Aldrich, St Louis, MO, USA) bound to 1 mg aluminum hydroxide
(Sigma-Aldrich, St. Louis, MO, USA) in 200 pl of Phosphate Buffered
Saline (PBS, pH7.4) on days 1, 8, 15 and 23. The control mice were
sensitized with PBS (200 pl). On day 30, in the second stage, the
mice were intranasally challenged with 50 pg of OVA in 25 pul of
PBS once a day, five days per week for 12 weeks. Equal volumes
of PBS were used in parallel experiments as a control. Twenty-
four hours after the last intranasal challenge, the mice were
weighed (AE240, Mettler-Toledo, Switzerland) and sacrificed with
citosol (Kyorin Pharmaceuticals, Tokyo, Japan), and the blood,
bronchoalveolar lavage fluid (BALF) and adipose tissue were
collected.

2.3. HR, SPB and DBP measurements

Heart rate (HR), systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were continuously taken for five days before
sacrifice using a blood pressure analysis system (BP-2000 Series II,
Visitech systems, United States of America) in accordance with
manufacturer protocols.

2.4. Cell populations in bronchoalveolar lavage fluid (BALF)

In this study, BALF samples were drawn, and the number and
population of the cells were determined to examine whether aller-
gen exposure successfully elicits airway inflammation. Two tubes
of BALF were collected in order, and each included 3 repeated,
30-s-long drawings using 1 ml of saline. The BALF was centrifuged
at 4°C and 2000 rpm for 10 min, and the pellets were re-
suspended in 1 ml of RPMI 1640 medium supplemented with
10% fetal bovine serum. Twenty microliters of cell suspension were
drawn for total cell counts using a hemocytometer (Marienfeld,
Germany) and a microscope (BH-2, Olympus, Tokyo, Japan). The
rest of the suspension was cytocentrifuged (Thermo Electron Cor-
poration, Waltham, MA, USA) to transfer cells onto a microscopic
slide, which was subsequently stained with Diff-quik (Sysmex
Corporation, Tokyo, Japan). The macrophages, eosinophils, and
neutrophils were differentiated by the stain, and the cell numbers
in each population were counted under a microscope (CX31RBSF,
Olympus, Tokyo, Japan).

2.5. Blood cardiovascular injury indexes, adiponectin, resistin, and
immune markers

We measured the levels of lactate dehydrogenase (LDH),
creatinine phosphokinase (CPK) and creatine kinase muscle-brain
(CK-MB) with an FUJIFILM DRI-CHEM analyzer (FUJIFILM DRI-
CHEM +4000i, Tokyo, Japan) using an analysis slide LDH, CK-MB
and CPK (FUJIFILM, Tokyo, Japan) according to manufacturer proto-
cols, respectively. Enzyme-linked immunosorbent assays (ELISA)
were performed to determine the serum levels of adiponectin,
resistin, VCAM-1, ICAM-1, E-selectin, IL-6, TNF-o. (R&D System,
Minneapolis, MN, USA) and total immunoglobulin E (Ig) (BD
Biosciences, San Diego, CA, USA).

2.6. Inflammatory marker expression in adipose tissue

In this study, brown (interscapular) and white adipose tissues
(inguinal and gonadal) were harvested and conserved in RNAlater
(Protech, Taipei, Taiwan) at 4 °C for 24 h before storage at —20 °C.
For RNA extraction, 1 ml of RNA Plus Extraction Reagent (Invitro-
gen, Carlsbad, CA, USA) was mixed with the adipose tissue, and
the mixture was homogenized using a BeadBeater (BioSpec Prod-
ucts, Inc., Bartlesville, OK, USA). The extracted sample was further
treated with an RNA pure kit (Geneaid, New Taipei, Taiwan) to
increase the purity. The mRNA expressions of plasminogen activa-
tor inhibitor-1 (PAI-1), IL-6, TNF-a, IL-1B (pro-inflammatory M1
macrophage), interleukin-10 (IL-10), macrophage galactose
N-acetyl-galactosamine- specific lectin 1 and 2 (Mgl1, and Mgl2)
(anti-inflammatory M2 macrophage) in the adipose tissues were
determined using real-time quantitative RT-PCR. Reverse tran-
scription was performed using the SuperScript III First-Strand
Synthesis Super-Mix (Invitrogen, Carlsbad, CA, USA). Quantitative
real-time RT-PCR was performed with the Fast SYBR Green Master
Mix (Applied Biosystems, Foster, California, USA) and the SYBR
Green system (Applied Biosystems, StepOne Plus Real-Time PCR
SYSTEM Thermal Cyclinguinal Block, Model 4376592, Foster, CA,
USA).

The data were expressed as relative gene expression to the
endogenous reference, 18S rRNA, using the AACt method [30].
For comparison between the OVA- and PBS-treated groups, the
level of hypoxanthine guanine phosphoribosyl transferase (HPRT)
expression was used as the internal control. Primer sets were as
follows: PAI-1 forward 5-TGA TGG CTC AGA GCA ACA AG-3' and
reverse 5-GCC AGG GTT GCA CTA AAC AT-3'; IL-6 forward 5'-
GAT GCT ACC AAA CTG GAT ATA ATC-3' and reverse 5'-GGT CCT
TAG CCA CTC CTT CTG TG-3'; TNF-a forward 5-ATG AGC ACA
GAA AGC ATG-3' and reverse 5-TCA CAG AGC AAT GAC TCC-3/;
IL-1p forward 5'-GCA GCT ATG GCA ACT GTT CCT-3' and reverse
5'-TCA TAT GGG TCC GAC AGC ACG-3'; IL-10 forward 5'-CAG AGC
CAC ATG CTC CTA GA-3' and reverse 5-TGT CCA GCT GGT CCT
TTG TT-3'; Mgll forward 5'-TGA GAA AGG CTT TAA GAA CTG
GG-3' and reverse 5'-GAC CAC CTG TAG TGA TGT GGG-3’; Mgl2 for-
ward 5'-TTA GCC AAT GTG CTT AGC TGG-3' and reverse 5'-GGC CTC
CAA TTC TTG AAA CCT-3’; and HPRT forward 5'-CTC ATG GAC TGA
TTA TGG ACA GGA-3' and reverse 5'-GCA GGT CAG CAA AGA ACT
TAT AGC-3'.

2.7. Hematoxylin and eosin (HE) and immunohistochemistry (IHC)
staining

In this study, the degree of inflammation in adipose tissues was
determined using the HE stating method. Adipose tissues were
fixed in 10% neutral formalin (Macron chemicals, Charlotte, NC,
USA) for 24 h. The tissues were embedded with paraffin using a
paraffin embedding mechanism (LIPSHAW) and sliced to 5 pum
using a paraffin slicing mechanism (LIPSHAW). The histological
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sections were stained with Harris hematoxylin counterstained
with eosin. In addition, F4/80 antibody was used to identify the
adipose tissue macrophage (ATM). The above experimental pro-
cesses were performed by the Department of Pathology, National
Cheng Kung University Hospital. Finally, light microscope
(CX31RBSF, Olympus, Tokyo, Japan) was applied to evaluate the
inflammation state, and the F4/80 cells were further counted and
expressed as the number per 100 cells.

2.8. Statistical analysis

We used a Student’s t-test to analyze the differences between
the PBS- and OVA-treated mice for the biomarkers in the BALF,
serum, and adipose tissue. The relationship was examined using
a Pearson correlation. SAS 9.2 was used to analyze the data. The
statistical significance was set at p < 0.05.

3. Results
3.1. BALF cell and IgE level in serum

In this study, the number of cell-specifics in the BALF and the
total IgE level in the serum were examined to understand whether
OVA exposure effectively causes immune responses in the airway.
Table 1 shows OVA exposure caused a significant increment in the
number of total cells, macrophages, neutrophils and eosinophils in
the BALF as compared to the PBS-treated group (p < 0.05). In addi-
tion, OVA exposure also induced significant increases in the level of
total IgE in serum in the OVA-challenged mice as compared to the
PBS-treated mice (p < 0.05). These data demonstrated OVA expo-
sure induced hyper-reactivity of the immune system in the air-
ways in the mice.

3.2. HR, SBP, and DBP

We measured the values of HR, SBP and DBP to understand
whether exposure to allergens affects cardiovascular functions.
Table 2 shows the differences in SBP and DBP between OVA chal-
lenged and PBS challenged mice, but these differences are not sig-
nificant. The level of HR is significantly higher in the mice that
were OVA challenged as compared to the PBS-challenged mice
(p <0.05).

3.3. LDH, CPK and CK-MB in serum

LDH, CPK and CK-MB are often used to test the cardiac struc-
ture. In this study, the levels of the markers were also analyzed
to assess whether exposure to allergens affects cardiac function.
Fig. 1 shows a higher LDH level (p < 0.05) in the OVA-challenged
mice as compared to the PBS-challenged mice, and also higher
expressions of CPK and CK-MB without significant differences. In
this study, the ratio of CK-MB and CPK was further calculated.
The ratios of the PBS-challenged mice and OVA-challenged mice
were 0.30 and 0.32, respectively. There were no significant differ-
ences in the study mice.

Table 1

Different cell counts in BALF (n = 4-6/group).
Cell composition PBS OVA
Total cells (105/ml) 0.73 £0.40 775.55 + 108.26’
Macrophages (10°/ml) 0.58 £0.24 30.31+3.56"
Eosinophils (10°/ml) 0.04 +0.05 7.58 +0.89
Neutrophils (10%/ml) 0.11£0.14 730.08 +103.28"
Total IgE (png/ml)? 1.95+0.94 4.86+0.27

" p<0.05 when compared with PBS.
@ Total IgE in serum.

Table 2

Blood pressure and heart rates in the different mouse groups (n = 4-6/group).
Parameter PBS OVA
SBP (mmHg) 113.55+9.90 111.00+7.25
DBP (mmHg) 65.74 + 13.87 68.03 +13.28
HR (bpm) 483.67 £52.36 512.16 £ 84.28

SBP: Systolic blood pressure, DBP: Diastolic blood pressure.
HR: Heart rate.
" p<0.05 when compared with PBS.

1000
u PBS mOVA
800
= 600 -
=}
400
200 -
0
LDH CKMB CPK

Fig. 1. Levels of markers in the damage of myocardium in serum. ('p < 0.05 when
compared with PBS) (n=4-6/group.) The levels of LDH, CPK and CK-MB were
measured by FUJIFILM DRI-CHEM analyzer using an analysis slide LDH, CK-MB and
CPK. LDH: lactate dehydrogenase; CPK: creatinine phosphokinase; CK-MB: creatine
kinase muscle-brain.

3.4. Inflammatory markers and adipokines in serum

We hypothesized inflammatory responses may contribute to
OVA-induced cardiovascular injury. Therefore, we investigated
the serum levels of IL-6 and TNF-o, and ICAM-1, VCAM-1 and E-
selectin expressed on the vascular endothelium, as well as resistin
and adiponectin expressed by adipose tissues. Fig. 2A shows the
OVA-challenged mice expressed higher levels of IL-6 as compared
to the PBS-challenged mice (p < 0.05). The OVA-treated mice had
significantly higher E-selectin level than the PBS-treated mice
(p <0.05), while no significant difference was found in the level
of ICAM-1 and VCAM-1 (Fig.2B). On the other hand, resistin
increased by nearly twofold (p < 0.05), while adiponectin signifi-
cantly decreased (p < 0.05) in the OVA-challenged mice (Fig. 2C).

3.5. Relationship between inflammatory markers, adipokines and
cardiovascular injury

We assumed inflammation plays an important role in the
pathogenesis of cardiovascular injury, therefore analyzed whether
LDH is associated with the levels of IL-6, E-selectin, adiponectin
and resistin. The analysis results are shown in Fig. 3. It can be seen
LDH is positively associated with resistin and E-selectin (p < 0.05)
and adiponectin also has a significant negative correlation with
LDH (p <0.05). Together, allergen exposure significantly affects
the expression of adipokines and endothelial molecules, which
affect the level of LDH.

3.6. Adipose tissue weight and inflammation

The levels of adipokines and E-selectin appeared to be influ-
enced by OVA exposure, so we wondered if the characteristics of
adipose tissue were affected concurrently. We harvested adipose
tissues and analyzed the tissue weight and the expression profile
of pro-inflammatory (macrophage M1) and anti-inflammatory
(macrophage M2) markers using qPCR. As shown in Table 3, the
weight proportions of both inguinal and gonadal adipose tissues
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Fig. 2. Serum levels of inflammatory biomarkers. (A) IL-6 and TNF-q, (B) ICAM-1,
VCAM-1 and E-selectin and (C) resistin and adiponectin (B) ('p < 0.05 as compared
with PBS) (n = 4-6/group). The levels of IL-6, TNF-a, ICAM-1, VCAM-1, E-selectin,
resistin and adiponectin were analyzed using ELISA. VCAM-1: vascular cell adhesion
molecule-1; ICAM-1: intercellular adhesion molecule-1.

were substantially lower in the OVA-challenged mice as compared
to the control mice (p < 0.05). On the other hand, the brown adi-
pose tissue (BAT) weight did not show a detectable difference. In
respect to gene expression in the gonadal adipose tissue, we found
the expressions of TNF-a and IL-13 mRNA were incremental
(p<0.05) (Fig. 4A) as well as decreased IL-10 and Mgl2 in the
OVA-challenged mice (p < 0.05) (Fig. 4B). In the case of the inguinal
adipose tissue, we detected higher expressions of IL-6 and IL-18
mRNA (p <0.05) (Fig. 5A), and likewise, lowered IL-10 and Mgl2
in the OVA-challenged mice (p<0.05) (Fig.5B). HE and IHC
staining also indicated obvious inflammation expression in the
adipose tissues of the OVA-challenged mice as compared to the
PBS-challenged mice (Figs.6 and 7). In summary, Table 3 and
Figs. 4-7 demonstrate OVA allergen exposure induces a reduction
in white adipose tissue weight, increases pro-inflammatory
gene expression, and negatively regulates the expression of
anti-inflammatory genes.

In this study, the relationships between the levels of adipokines
and E-selectin in serum and the expressions of pro- and anti-
inflammatory genes in adipose tissues were further analyzed to
understand whether inflammatory markers in adipose tissue affect
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Fig. 3. Correlation of LDH with IL-6 (A), E-selectin (B), resistin (C) and adiponectin
(D) (statistical significance was at p < 0.05). LDH: lactate dehydrogenase.

the distribution of adipokines and E-selectin in serum. Table 4
shows significant associations occurring in gonadal adipose tissue
between adiponectin and IL-1B (p <0.05), E-selectin and IL-1B
(p<0.05), and E-selectin and TNF-o (p <0.05). In the inguinal
adipose tissue, we found resistin was associated with IL-6 and
IL-1B8 (p < 0.05); E-selectin was associated with IL-18 (p < 0.05),
while adiponectin was negatively correlated with IL-6 and IL-1B
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Table 3
Body weight and weight percentage of adipose tissue in the different mouse groups
(n=4-6/group).

Category PBS OVA
Body weight (g) 232+1.6 19.3+09
BAT (%)* 0.31+£0.08 0.30+0.04
Inguinal (%) 0.32£0.07 0.09 +0.04’
Gonadal (%)* 1.37+£0.29 0.09 £0.03
? (Adipose tissue weight / body weight of mouse) x 100.
* p<0.05 when compared with PBS.
4.0
= PBS mOVA
*

ﬁ 3.0
]
2
E 20 - *
&

1.0 - I '

0.0 r T

PAI-1 IL-6 TNF-a IL-1p
(A) M1 expressions in gonadal adipose tissue
2.0
= PBS mOVA

ﬁ 1.5
£
2
S 10 -
]

05 | *

*
0.0 T 1
IL-10 Mgll Mgl2

(B) M2 expression gonadal adipose tissue

Fig. 4. M1/M2 gene expression in gonadal adipose tissue. (A) M1 and (B) M2
('p < 0.05 when compared with PBS) (n = 4-6/group). The RNA of PAI-1, IL-6, TNF-q,
IL-1B, IL-10, Mgl1 and Mgl2 can be extracted using RNA Extraction Reagent. The
mRNA expressions were analyzed using real-time PCR (SYBR Green). PAI-1:
plasminogen activator inhibitor-1; Mgl1 and Mgl2: macrophage galactose N-
acetyl-galactosamine-specific lectin 1 and 2. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

(p <0.05). Taken together, these results demonstrated that OVA
exposure-induced adipose tissue inflammation has a considerable
influence on the serum levels of both adipokines and E-selectin.

4. Discussion

This is the first study demonstrating allergen exposure is linked
to circulatory system inflammation, and the results suggest adi-
pose tissue inflammation as a possible mediator. Allergen exposure
induces adipose tissue inflammation, and the inflammatory gene
expressional changes correlate with inflammatory markers
E-selectin and adipokines in circulation. According to our
experimental model, we propose allergen exposure may be one
risk factor for cardiovascular injury.

We validated allergen exposure significantly induced
hyper-reactivity of the immune system in the airway of OVA-
challenged mice. As immune cell counts in BALF and the serum
levels of total IgE are common indications of airway inflammation
[31-34], we observed a substantially increased number of immune
cells in BALF and elevated IgE levels in the blood of the mice under
observation (Table 1). Moreover, we found the predominant cell

4.0
= PBS mOVA

ﬁ 3.0
<
£ i ¥
5 20
)
&

1.0

0.0 -

PAI-1 1L-6 TNF-a IL-1p
(A) M1 expressions in inguinal adipose tissue
2.0
uPBS mOVA

2
K
@
2
k|
2]
-4

IL-10 Mgll Mgl2

(B) M2 expression inguinal adipose tissue

Fig. 5. M1/M2 gene expression in inguinal adipose tissue. (A) M1 and (B) M2
(p < 0.05 when compared with PBS) (n = 4-6/group). The RNA of PAI-1, IL-6, TNF-a,
IL-1B, IL-10, Mgl1 and Mgl2 can be extracted using RNA Extraction Reagent. The
mRNA expressions were analyzed using real-time PCR (SYBR Green). PAI-1:
plasminogen activator inhibitor-1; Mgll and Mgl2: macrophage galactose N-
acetyl-galactosamine- specific lectin 1 and 2. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

type in the BALF was neutrophils, which is an important biomarker
for severe asthma [35,36]. Therefore, our results suggest long-term
allergen exposure successfully induces airway inflammation and
could also cause serious airway inflammation.

Previous studies found exposure to the OVA allergen can lower
the level of adiponectin as an anti-inflammatory in both serum and
adipose tissues [29], and a previous study indicated lower adipo-
nectin concentrations can induce inflammation, which contributes
to the pathogenesis of CVD [23]. This study further investigated the
relationship between allergen exposure and cardiovascular injury,
and assessed the role of adipose tissues in the association between
cardiovascular injury and allergen exposure. Table 2 and Fig. 1
show there are higher concentrations of heart rate and serum
LDH levels in mice that are OVA-challenged as compared to mice
that are PBS-challenged, respectively. These results imply exposure
to the OVA allergen can influence cardiovascular function. How-
ever, previous studies showed LDH is also secreted as a result of
skeletal muscle damage [37,38], and some studies also indicated
LDH is not an appropriate prediction marker for cardiovascular
injury [39,40]. Moreover, our data show no differences between
the OVA mice and PBS mice in regard to CPK, CKMB and the ratio
of CKMB/CPK. However, our study found higher levels of IL-6, resis-
tin and E-selectin in the OVA-challenged mice as compared to the
PBS-challenged mice, and the OVA mice had lower levels of adipo-
nectin (Fig. 2). Fig. 3 also shows LDH is associated with E-selectin,
resistin and adiponectin.

Many studies demonstrated adipose tissue inflammation can
influence the levels of resistin, adiponectin, IL-6 and TNF-o in the
blood vessels and is involved in the development of CVD
[11,15,41]. IL-6 and TNF-a can cause vascular damage and produce
the adhesive molecules VCAM-1, ICAM-1 and E-selectin, which
attract LDL, white blood cells and platelets into the blood vessels
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Fig. 6. Adipose tissue HE photo from PBS and OVA-challenged mice (A) gonadal adipose tissue and (B) inguinal adipose tissue (scale bar: 100 pm). Adipose tissues were fixed
in 10% neutral formalin, and then the tissues were embedded with paraffin and sliced to 5 pm. The histological sections were stained with Harris hematoxylin counterstained

with eosin.

and cause fiber caps and also influence heart function and blood
flow [10,42]. Both adiponectin and resistin also influence the pro-
duction of adhesive molecules. Using cell experimentation, Kawa-
nami and his colleagues found resistin can induce VCAM-1 and
ICAM-1, but there were lower levels of ICAM-1 and VCAM-1 with
increasing adiponectin levels [43]. Both adiponectin and resistin
can affect the function of the left ventricular mass (LVM) and also
LV fractional shortening (LVES) [44]. Moreover, adiponectin has an
anti-inflammatory function, and adipose tissue inflammation low-
ers the levels of adiponectin in both blood and adipose tissue [45];
thus, there is not enough ability to reduce oxidation damage and
inflammation [23]. Lower levels of adiponectin in patients with
CVD compared to the healthy population have been found
[25,46]. Previous studies also indicated adiponectin can lower the
level of LDH and also cause myocardial ischemia-reperfusion inju-
ries [47]. Additionally, the heart rate can serve as a biomarker of
cardiovascular injury. de Chantemele and colleagues found higher
heart rate variability in mice fed a high-fat diet as compared to
mice fed a normal diet [48]. Epidemiological studies indicated a
higher risk of CVD in people who have higher heart rates, regard-
less of gender [49]. Kolloch and co-workers discovered a higher
risk of death associated with increased heart rate among subjects
with CVD [50]. Therefore, heart rate is often a biomarker for pre-
dicting CVD. Our data show heart rate variability was higher in
the OVA mice than it was in the PBS mice. To summarize, there
were significant different of inflammatory mediators, adipokines,
and adhesive molecules in serum between mice with OVA-
challenge and PBS-challenge, and the level of LDH was associated
with the inflammatory mediators. These results imply allergens
could induce inflammation is related to diseases of the circulatory
system.

Adipose tissue inflammation has been found to be characterized
by induction of inflammatory M1 polarity in adipose tissue macro-
phages [51,52]. In the current study, we examined the expression
of pro-inflammatory M1- and anti-inflammatory M2-related genes
in dissected adipose tissues, and, as shown in Figs.4 and 5, M1
genes were up-regulated while M2 genes were down-regulated
in the OVA-challenged mice. We also found the weight of adipose
tissues in the OVA-exposed mice was substantially reduced
(Table 3), which agreed with a previous finding indicating adipose
tissue weight was reduced due to an environmental stimulus [14].
Moreover, there were more inflammatory expressions of adipose
tissues in the OVA-challenged mice compared to those that were
PBS-challenged, suggesting there is obvious inflammation in
allergen-exposed mice (Fig. 6). We also found OVA-challenged
mice had higher expressions of F4/80 in adipose tissues than those
that were PBS-challenged, demonstrating obvious ATM accumula-
tion in the OVA challenged mice (Fig. 7). Most strikingly, our corre-
lation analysis revealed a link between gene expression changes in
adipose tissue and circulating inflammatory biomarkers (Table 4).
Obesity is definitely one risk factor leading to inducement of
inflammatory reactions in adipose tissue. However, obesity was
not the central concern; rather, this study aimed at investigating
whether exposure to the OVA allergen would induce inflammation
in adipose tissue. The lower body weight of the OVA-challenged
mice may be attributable to the fact allergen exposure may lead
to inflammation of adipose tissues, which play a key role in energy
homeostasis, therefore results in decreased food intake [53]. These
combined results should strongly imply the induction of OVA aller-
gen exposure in mice may result in adipose tissue inflammation
and in turn, metabolic system alterations. Moreover, we found that
there were higher expressions of M1 markers in adipose tissues,
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Table 4
Correlation between circulating resistin, adiponectin and E-selectin levels and adipose tissue inflammation and anti-inflammation gene expressions (p-value).
Adipose tissue expression mRNA Circulation
Resistin (ng/ml) Adiponectin (pg/ml) E-selectin (ng/ml)
Gonadal adipose tissue PAI-1 —0.27 (0.45) 0.45 (0.19) —0.28 (0.44)
IL-6 -0.29 (0.42) 0.08 (0.84) -0.22 (0.53)
TNF-o 0.43 (0.22) —0.37 (0.30) 0.69 (<0.05)
IL-1B 0.62 (0.06) —0.98 (<0.001) 0.77 (<0.05)
Inguinal adipose tissue PAI-1 0.23 (0.55) 0.44 (0.24) —0.31 (0.41)
IL-6 0.86 (<0.05) —0.63 (<0.05) 0.60 (0.07)
TNF-a —0.37 (0.29) 0.60 (0.07) 0.03 (0.94)
IL-1B 0.77 (<0.05) —0.76 (<0.05) 0.78 (<0.05)

" Statistical significance at p < 0.05 when compared with PBS.

and M2 levels were lower in the OVA-challenged mice than they
were in PBS-challenged mice (Figs. 4 and 5). Inflammatory media-
tor levels were also higher in the OVA-challenged mice (Fig. 2).
There were also significant associations between inflammation
and anti-inflammation levels in both blood and adipose tissues
(Table 4). These results imply OVA allergen exposure can cause adi-
pose tissue inflammation and also change the levels of adipokines
in adipose tissues and blood.

In this study, we used citosol to sacrifice the mice. However, a
previous study found citosol injection negatively affects

cardiovascular function [54]. In this study, we injected citosol in
both OVA and PBS-challenged mice, and found that the levels of
inflammatory indicators and cardiovascular injury were signifi-
cantly differed in both groups. Moreover, citosol injection was per-
formed on the left side of the mice, and the biomarkers of adipose
tissue were analyzed on the right side of the mice to refrain pre-
vent other interference. Up to now, no study has demonstrated
citosol injection can affect the characteristics of adipose tissues.
Therefore, this study was able to exclude the effects of citosol
injection on adipose tissues. Additionally, the levels of

Immunol. (2016), http://dx.doi.org/10.1016/j.cellimm.2016.03.002

Please cite this article in press as: C.-C. Jung, H.-]. Su, Long-term allergen exposure induces adipose tissue inflammation and circulatory system injury, Cell.



http://dx.doi.org/10.1016/j.cellimm.2016.03.002

8 C.-C. Jung, H.-J. Su/Cellular Immunology xxx (2016) XXx—xxx

inflammatory markers in adipose tissues were associated with the
levels of inflammatory markers in serum. The level of biomarkers
with cardiovascular injury was also associated with the levels of
inflammation and adipokines in serum. It means that the changes
of levels of inflammatory mediators were affected by adipose tis-
sues, and further involve the pathogenesis of cardiovascular injury.
The results showed that allergen exposure is an important risk fac-
tor for cardiovascular injury, and citosol injection had lesser
impact in this study.

5. Conclusions

This is the first study to demonstrate a correlation between
allergen-induced adipose tissue inflammation, inflammation of
the circulatory system and cardiovascular injury, leading to our
conclusion that allergen exposure might be one risk factor for car-
diovascular injury and inflammation of the circulatory system.
Based on this study, the same analysis on human subjects would
be highly desirable. Moreover, there needs to be an increase in
knowledge about the biological mechanisms associated with aller-
gen exposure, adipose tissue inflammation, and cardiovascular
injury in order to develop therapeutic approaches.
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