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ARTICLE INFO ABSTRACT

Keywords: With the increasing morbidity and mortality of asthma, asthma aggravated by environmental pollution has
Asthma drawn more attention. This study investigated the exacerbating effects of trimellitic anhydride (TMA), a typical
Trimellitic anhydride pollutant, in ovalbumin (OVA)-induced asthmatic mice and the gene and protein expressions of TRPA1, V1, V2
TRPAL in lung tissue. Female BALB/c mice were respectively administered for 42 days as follow: sensitized and chal-
iﬁ;‘g lenged with OVA, sensitized and challenged with TMA, sensitized with OVA and challenged with OVA plus TMA,

as well as sensitized and challenged with OVA plus TMA. 24 h after the last challenge, the changes in airway
resistance (RI) and lung dynamic compliance (Cdyn) were tested. The levels of the inflammatory cells in blood
and bronchoalveolar lavage fluid (BALF) were determined. The gene and protein expressions of TRPA1, V1, V2
in lung tissue were examined, and levels of interleukin (IL)-4, — 13, substance P (SP), prostaglandin D, (PGD5),
nerve growth factor (NGF) in BALF and the supernatant of lung homogenate were measured. The results in-
dicated that OVA plus TMA significantly increased the amount of inflammatory cells in blood and BALF, en-
hanced RI while decreased Cdyn, and aggravated lung injury. Increased gene and protein expressions of TRPA1,
V1, V2 in lung tissue, level of IL-4 in the supernatant of lung homogenate, levels of IL-13, SP, PGD,, NGF in BALF
and the supernatant of lung homogenate were observed. It was suggested that exacerbating effects of TMA in

OVA-induced asthma might be related to the regulation of TRPA1, V1, V2 and relevant neurokines.

1. Introduction

Asthma is recognized as one of the common pulmonary diseases and
public health issues with an increasing global prevalence [1,2]. The
pathological features of asthma manifest as enhanced airway hyper-
responsiveness (AHR), reversible airway remodeling and chronic
airway inflammation, which can lead to dyspnea, chest tightness and
recurrent cough [3]. These pathophysiological changes are closely as-
sociated with elevated allergen-specific type 2 T helper (Th2) cytokines,
including interleukin (IL)-4, -13. Th2 cytokines are involved in eosi-
nophil maturation, infiltration, and activation, as well as IgE and mucus
production, which eventually induce the asthmatic responses [4].
Especially, with global environment and industrial pollution worsening,
the mortality and morbidity of asthma are increasing for the exposure
to various environmental pollutants [5,6].

Trimellitic anhydride (TMA, CoH4Os), as a low molecular weight
reactive chemical and a typical pollutant, is commonly detected in

* Corresponding author.
E-mail address: fanxsh126@126.com (X. Fan).

https://doi.org/10.1016/j.intimp.2019.01.038

chemicals, printing and dyeing working environment [7]. The lung
disease caused by TMA has become an increasingly serious public
health problem [8,9]. It has been shown that TMA could provoke ty-
pical Th2 immune response [9-11]. The release of pro-inflammatory
TH2 cytokine IL-4 into the BALF was also significantly increased by
TMA [9]. The levels of Th2 cytokines such as IL-4, IL-13 in local lymph
nodes from the mice sensitized/challenged by TMA showed significant
increases [9,10]. The chemical TMA-induced Th2-biased response
might be diverted during the induction period by exogenous adminis-
tration of the Th2 cytokine antagonist, particularly anti-IL-4 antibody
[11]. However, it was less reported that the exacerbating effects of TMA
on asthma. We hypothesize that TMA, as one of the environmental
pollutants, might have exacerbating effects on ovalbumin-induced
asthma.

Transient receptor potential (TRP) channel is nonselective cation
channels that sense a vast array of chemical and physical stimuli, which
is located mostly on the plasma membrane of sensory nerve cells and
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Fig. 1. Experimental protocols for the 42-day asthma model. BALB/c mice were randomly divided into five groups (n = 12/group): (1) NS/NS, (2) OVA/OVA, (3)

TMA/TMA, (4) OVA/(OVA + TMA), (5) (OVA + TMA)/(OVA + TMA).

other cell types [12]. As TRP family members, TRPA1, V1 and V2 play
an indispensable role in the development of asthma [13-15]. Several
neurogenic inflammation mediator substance P (SP) [16], pros-
taglandin D2 (PGD,) [17] and nerve growth factor (NGF) [18] are
closely associated with airway inflammation. In our previous study, the
OVA plus PM2.5 asthma model was established and the results in-
dicated that pollutant PM2.5 possibly exacerbates asthma via reg-
ulating TRPA1, V1 and the relevant neurokines [19]. Therefore, it was
speculated that the TRPs channels might play a similar role in exacer-
bating effects of TMA on asthma.

To verify the above hypotheses, a 42-day asthmatic mice model
induced by OVA plus TMA was established. In this study, the changes in
airway resistance (RI) and lung dynamic compliance (Cdyn) in response
to acetylcholine chloride (ACH) were tested. The levels of the in-
flammatory cells in blood and bronchoalveolar lavage fluid (BALF)
were determined. Pulmonary histopathological changes were observed.
The gene and protein expressions of TRPA1, V1, V2 in lung tissue were
examined, and levels of IL-4, IL-13, SP, PGD,, NGF in BALF and the
supernatant of lung homogenate were measured. Based on the above
results, the exacerbated effects of TMA in OVA-induced asthmatic mice
model were evaluated and the potential mechanism of TMA exacer-
bating asthma associated with TRPs regulation was discussed.

2. Method
2.1. Chemicals

Trimellitic anhydride (TMA) was from Sigma-Aldrich, Inc.
(Missouri, USA) and acetone, olive oil were from Shanghai
Experimental Reagent Co., Ltd. (Shanghai, China). Ovalbumin (OVA)
was from Shanghai Bio Science and Technology Co., Ltd. (Shanghai,
China) and aluminum hydroxide (AI(OH)3;) was from Shanghai Meixing
Chemical Co., Ltd. (China).

2.2. Animals and ethics statement

Female BALB/c mice (8-12weeks old, 20 = 2g) were obtained
from the Comparative Medicine Centre of Yangzhou University
(Yangzhou, Jiangsu, China) with a certification (No. SCXK (Su) 2012-
0004). The mice were acclimated to laboratory conditions for one week
before the experiments. All animal procedures were approved by the
Laboratory Animal Center of Nanjing University of Chinese Medicine
(Nanjing, Jiangsu, China) and confirmed to Guide for the care and use of

laboratory animals (National Academy of Sciences, 2011).

2.3. Mouse model of asthma

Mice were randomly divided into five groups (n = 12/group): (1)
normal control (NS sensitization/challenge, NS/NS); (2) OVA sensiti-
zation/challenge (OVA/OVA); (3) TMA sensitization/challenge (TMA/
TMA); (4) OVA sensitization/OVA plus TMA challenge (OVA/
(OVA + TMA)); (5) OVA plus TMA sensitization/challenge
((OVA + TMA)/(OVA + TMA)). The model replication method was
listed as follows:

Sensitization: Mice in all groups were given sensitization on day 1
and day 8. NS/NS group was sensitized by 100pL 0.9% NS sub-
cutaneously and intraperitoneally. TMA/TMA group received an in-
tradermal injection of total 60 pL. TMA solution (35%, w/v) at two sites
separately. Mice in the OVA/OVA group and OVA/(OVA + TMA) group
were treated with 200 uL. OVA solution (100 pg OVA with 1mg Al
(OH)3) subcutaneously and intraperitoneally [17]. The (OVA + TMA)/
(OVA + TMA) model group was injected with 100 uL. OVA solution
intraperitoneally and 30 uL of TMA solution intradermally. The TMA
was suspended in AOO solution (acetone: olive oil = 4:1) to prepare
35% TMA solution [20].

Challenge: Mice in the NS/NS group, the OVA/OVA group and the
TMA/TMA group were challenged respectively through inhaling 0.9%
NS, 5% OVA solution and 1.6% TMA solution for 20 min from day 15 to
day 28 and every other day from day 30 to day 42. Comparatively, mice
in the OVA/(OVA + TMA) group and the (OVA + TMA)/(OVA + TMA)
group were challenged by 5% OVA from day 15 to day 21 once a day,
then challenged by 5% OVA on day 23, 26, 29, 32, 35, 38, 41 and 1.6%
TMA on day 24, 27, 30, 33, 36, 39, 42. The detailed timelines were
illustrated in Fig. 1.

All mice were anesthetized with 5% chloral hydrate (10 mL/kg)
24 h after the last challenge for the subsequent collection of blood,
BALF and lung tissue.

2.4. Eosinophil count in peripheral blood

380 pL eosinophils count liquid (Nanjing Jiancheng Bioengineering
Institute, China) and 20 pL peripheral blood were mixed evenly. The
blood is diluted with eosinophils count liquid and eosinophils were
stained red via the phenol method, while red blood cells and other
white blood cells were broken or dissolved. Then the diluted cell sus-
pension was dropped into the blood cell count plate to count the
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Fig. 2. Inflammatory cells in blood and BALF. (A) Eosinophil counts in peripheral blood (n = 10, means + SD). (B) Percentage of inflammatory cells in BALF (n = 6,

+

means
group.

number of eosinophils in 10 squares in a hemocytometer with 10 X and
20 x objective lenses. The number of eosinophils per liter of blood was
converted according to the instructions (X x 20 x 109).

2.5. BALF collection and inflammatory cell counts

Mice were anesthetized and tracheally intubated. Bronchoalveolar
lavage fluid was performed with three aliquots of 0.5 mL phosphate
buffered saline (PBS, pH 7.2) withdrawn three times each. The recovery
rate of fluid was 75-85%. BALF samples were centrifuged (3000 r/min)

SD). #: P < 0.05, ##: P < 0.01 compared with NS/NS group; **: P < 0.01 compared with OVA/OVA group;~2: P < 0.01 compared with TMA/TMA

for 10 min, and the supernatant was harvested and stored at —80 °C.
The pelleted cells were resuspended in 200 pL of PBS, smeared, fixed
and stained by the wright's stain (Nanjing Jiancheng Bioengineering
Institute, China). The percentages of different leukocytes in BALF were
counted double-blindly using a light microscope (Olympus, Japan) with

10x and 20 X objective lenses (each slide counts twice, 200 cells per
count).
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Fig. 3. Changes of RI and Cdyn (n = 6, means + SD). (A) Airway resistance (RI). (B) Dynamic lung compliance (Cdyn). *: P < 0.05, **: P < 0.01 compared with
NS/NS group; *: P < 0.05, **: P < 0.01 compared with OVA/OVA group; £: P < 0.05 compared with TMA/TMA group.

Fig. 4. Pulmonary histopathological changes stained
with HE (40 X ). Green arrow: inflammatory cell in-
filtration; yellow arrow: ciliated adhesion, degen-
eration, necrosis; blue arrow: ciliated epithelial
shedding; black arrow: airway epithelium stratifica-
tion. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web
version of this article.)

TMA / TMA

OVA / (OVA + TMA) (OVA+TMA) / (OVA+TMA)

2.6. Airway responsiveness determination outlined in the TRIzol RNA Extraction Kit (Invitrogen Inc., USA). The
extracted RNA was stored at —80 °C. The concentration and purity of
24h after the last challenge, airway responsiveness was analyzed the RNA were tested with Nanodrop (Thermo Inc., USA), and 1 g of

with acetylcholine chloride (ACH) stimulation of restrained mice by a RNA was used for reverse transcription according to the instructions of
Buxco FinePointe™ RC system (Buxco Inc., USA), which was performed reverse transcription kit (TransGen Biotech Inc., China). Afterward,
as described previously [10]. After the injection of 5% chloral hydrate referring to SYBR fluorescence real-time quantitative kit (Roche Inc.,
(10 mL/kg) intraperitoneally, mice were connected to a ventilator Switzerland) procedure, the expressions of TRPA1, V1, V2 gene tran-
through tracheal intubation. The airway resistance (RI) and dynamic scription was measured by real-time fluorescence quantitative PCR in-
lung compliance (Cdyn) in response to different concentrations of ACH strument. A total of 40 cycles of amplification were carried out under
(0, 6.25, 12.5, 25 mg/mL) were recorded. Here, RI shows the change in the following conditions: maintenance phase, 50 °C for 2 min, 95 °C for
air flow of airway in experimental animals and Cdyn mainly reflects the 10 min; cycle phase, 95 °C for 15s, and 60 °C for 1 min. The gene ex-
change of airway pressure. pression levels were calculated using 2”24 and the internal re-

ference gene was GAPDH. The control sample was defined as 1 to
2.7. Histological assessment calculate the remaining groups of gene expression differences. The

primers used were as follow: mouse TRPA1, forward primer ACGGCT

Histological assessment was performed as described previously ACAGCAGGGAGACT, reverse primer ATGTCAGTGGCTCCCTGGGT;
[21]. The right lung tissues were fixed in 10% formalin and embedded mouse TRPVI1, forward primer CATTGCTCTCATGGGCGAG, reverse
in paraffin. Paraffin sections were stained with hematoxylin and eosin primer AGTCATCCTTGCCTTCCGG; mouse TRPV2, forward primer

and inspected under a light microscope. ATAGAGCAGGAAGCTGTGGT, reverse primer TCGTCCACCCTCCACCT
TAG; mouse GAPDH, forward primer GGTGAAGGTCGGTGTGAAC, re-
2.8. Quantitative real-time polymerase chain reaction (Q-PCR) analyses verse primer TCGCTCCTGGAAGATGGTG.
Quantitative real-time polymerase chain reaction was performed as 2.9. Western blot analyses
described previously [22]. After taking about 50 mg of left lung tissue
and adding 500 pL of TRIzol into it, RNA was extracted as the procedure Histological assessment was performed as described previously
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Fig. 5. The gene expressions of TRPA1, TRPV1, and

A

TRPV2 in lung tissue (n = 3, means * SD). (A)
TRPA1 mRNA (relative to GAPDH), (B) TRPV1
mRNA (relative to GAPDH), (C) TRPV2mRNA (re-
lative to GAPDH). *#: P < 0.01 compared with NS/
NS group; *: P < 0.05, **: P < 0.01 compared with
OVA/OVA group; A, P < 0.05, AL,
P < 0.01compared with TMA/TMA group.

TRPA1 mRNA (relative to GAPDH)
TRPV1 mRNA (relative to GAPDH)

TRPV2 mRNA (relative to GAPDH)

[23]. Total protein was also extracted from the left lung tissue, quan-
tified using the Bradford method and diluted in denaturing lysis buffer.
The samples were incubated at 95-100 °C for 5min. Then, samples
containing 50 ug proteins each were subjected to sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) (Bio-Rad Labora-
tories Inc., USA). After electrophoresis, proteins were transferred to
polyvinylidene fluoride (PVDF) membrane, blocked for 2 h in 5% skim
milk powder blocking buffer and washed with phosphate buffered
saline + tween-20 (PBST) 4 times. Blots were incubated with mouse
anti-TRPA1, anti-TRPV1 or anti-TRPV2 antibodies (ABcam Inc., Eng-
land) and GAPDH antibodies (CST Inc., USA) overnight at 4 °C. After
washing with PBST four times, blots were incubated with secondary
antibodies for 2 h at room temperature. The membranes were washed
with PBST four times, incubated with developing a solution for 5 min at
room temperature, and exposed with G: BOX chemiXR5 (Bio- Rad La-
boratories Inc., USA). The results were analyzed with Gel-Pro32 soft-
ware (Media Cybernetics Inc., USA).

2.10. Measurement of cytokine and neurokine levels in BALF

Levels of IL-4, IL-13, SP, PGD,, and NGF in BALF were measured
using enzyme-linked immunosorbent assay (ELISA) kits (Shanghai
Yunhan Biological Technology Co., Ltd., China) according to manu-
facturer's instructions.

2.11. Measurement of cytokine and neurokinin levels in the supernatant of
pulmonary homogenate

The lung homogenate was obtained following the previous method
with appropriate adjustment [24]. The lung tissue was collected,
ground and homogenized in pre-cooled saline (w:v 1:9), followed by
centrifugation at 3000 rpm for 10 min. The supernatant was harvested
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and stored at —80 °C. The levels of IL-4, IL-13, SP, PGD,, and NGF in
the supernatant of pulmonary homogenate were measured using en-
zyme-linked immunosorbent assay (ELISA) kits (Shanghai Yunhan
Biological Technology Co., Ltd., China) according to manufacturer's
instructions.

2.12. Statistical method

Data were expressed as means * standard deviation
(means + SD). Results were analyzed using one-way ANOVA analysis
of variance followed by the Tukey post hoc test, unless otherwise in-
dicated. P-values < 0.05 was considered statistical difference, and P-
values < 0.01 was significant statistical difference.

3. Results
3.1. Effect on inflammatory cell counts

The amount of eosinophils in peripheral blood of each group was
counted. The amounts in the other four groups were significantly in-
creased (P < 0.01) compared with NS/NS group. There was also a
significant increase of eosinophils in the (OVA + TMA)/(OVA + TMA)
group (P < 0.01) compared with OVA/OVA group. Besides, the
amounts of eosinophils in OVA/(OVA + TMA) group and
(OVA + TMA)/(OVA + TMA) group were significantly increased with
statistical significance (P < 0.01) compared with TMA/TMA group
(Fig. 2-A).

Similarly, there was a significant increase of eosinophils percentage
in other groups compared with NS/NS group (P < 0.01) in BALF.
Besides, the higher eosinophils percentage in OVA/(OVA + TMA)
group and (OVA + TMA)/(OVA + TMA) group were obtained com-
pared with TMA/TMA group (P < 0.01), and the higher eosinophils
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Fig. 6. Protein expressions levels of TRPA1, TRPV1

sk

and TRPV2 in lung tissue (n = 3, means + SD). (A)
Gel images showing protein expression, (B) the re-
lative ratio of TRPA1, (C) the relative ratio of TRPV1,
(D) the relative ratio of TRPV2. #: P < 0.05, *#:
P < 0.01 compared with NS/NS group; *:
P < 0.05, **: P < 0.01 compared with OVA/OVA
group; &: P < 0.05, 24 P < 0.01compared with
TMA/TMA group.
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percentage in (OVA + TMA)/(OVA + TMA) group was seen compared
with OVA/OVA group (P < 0.01). The percentage of neutrophils in
(OVA + TMA)/(OVA + TMA) group was increased compared with NS/
NS group (P < 0.05). The percentages of macrophages were increased
(P < 0.05) and the percentages of lymphocytes were relatively de-
creased (P < 0.05) in other four groups compared with NS/NS group
(Fig. 2-B).

3.2. Effect on airway responsiveness

Airway responsiveness of each group after exposure to different
concentrations of ACH was determined by measuring changes of RI and
Cdyn (Fig. 3-A). The experimental results showed that, with the in-
crease of ACH concentration, RI value of each group was increased,
particularly in (OVA + TMA)/(OVA + TMA) group. At the ACH con-
centration of 12.5mg/mL and 25mg/mL, RI values of OVA/
(OVA + TMA) group and (OVA + TMA)/(OVA + TMA) group were
significantly increased compared with NS/NS group (P < 0.05,
P < 0.01), and a significant increase was observed in (OVA + TMA)/
(OVA + TMA) group compared with OVA/OVA group (P < 0.05).
Compared with TMA/TMA group, RI value of OVA + TMA)/
(OVA + TMA) group was significantly increased at 12.5mg/mL ACH
(P < 0.05).

The Cdyn values in each group were decreased with the increase of
ACH concentration (Fig. 3-B). Compared with NS/NS group, the Cdyn
values in OVA/(OVA + TMA) were significantly decreased at the dif-
ferent concentrations of ACH (P < 0.05, P < 0.01), and which in
(OVA + TMA)/(OVA + TMA) group significantly were decreased for
the concentration of 6.25mg/mL and 12.5mg/mL (P < 0.05,
P < 0.01). Compared with OVA/OVA group, Cdyn values of in OVA/
(OVA + TMA) and (OVA + TMA)/(OVA + TMA) group were
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significantly decreased at 6.25 mg/mL (P < 0.05, P < 0.01).
3.3. Changes of lung histopathology

The sections of lung tissues were prepared, subjected to hematox-
ylin, eosin staining and observed. NS/NS group appeared the normal
lung morphologies. Other four model groups showed various degrees of
lung damage compared with NS/NS group. More severe changes of
airway structure were observed in the OVA/(OVA + TMA) group and
(OVA + TMA)/(OVA + TMA) group, showing the more serious in-
flammatory cell infiltration, bronchial epithelial shedding, cilia adhe-
sion, degeneration and necrosis, as well as moderate airway epithelium
stratification in lung tissues. Representative images are shown in Fig. 4.

3.4. Gene expressions of TRPA1, TRPV1, and TRPV2

The gene expressions of TRPs in lung tissue were detected using Q-
PCR. The expressions of TRPAL, TRPV1 and TRPV2 in lung tissue in
other groups were significantly higher than that in NS/NS group
P < 0.01). Also, the gene expressions of TRPAl, TRPV1 and TRPV2 in
(OVA + TMA)/(OVA + TMA) group were y increased (P < 0.05,
P < 0.01) compared with OVA/OVA group and TMA/TMA group. The
gene expressions of TRPAl and TRPV1 in OVA/(OVA + TMA) were
significantly increased compared with OVA/OVA group (P < 0.05,
P < 0.01). Higher gene expression of TRPA1 was also observed com-
pared with TMA/TMA group (P < 0.01) (Fig. 5).

3.5. Protein expressions TRPA1, TRPV1, and TRPV2

The protein expressions of TRPA1l, TRPV1 and TRPV2 were de-
termined by western blot. The protein expressions of TRPAl, TRPV1 and
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Fig. 7. The levels of IL-4, IL-13, SP, NGF and PGD, in BALF (n = 6, means = SD). (A) IL-4 level, (B) IL-13 level, (C) SP level (D) NGF level, (E) PGD, level. #,
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Statistical analysis was performed using one-way ANOVA with Fisher's LSD post hoc test.

TRPV2 in lung tissue in other four groups were increased compared
with NS/NS group (P < 0.05, P < 0.01). Particularly, expression of
TRPA1l in (OVA + TMA)/(OVA + TMA) group was significantly in-
creased (P < 0.01) compared with OVA/OVA group and TMA/TMA
group. Besides, OVA/(OVA + TMA) and (OVA + TMA)/(OVA + TMA)
groups showed higher expression of TRPV1 compared with OVA/OVA
group and TMA/TMA group (P < 0.05). Similarly, TRPV2 protein ex-
pression in the (OVA + TMA)/(OVA + TMA) group was higher
(P < 0.05) than that in TMA/TMA group (Fig. 6).

3.6. IL-4, IL-13, SP, NGF, PGD, in BALF and the supernatant of pulmonary
homogenate

Levels of IL-4, IL-13, SP, NGF and PGD, in BALF were determined by
ELISA kits. The levels of IL-4 in OVA/OVA and TMA/TMA group were
increased compared with NS/NS group (P < 0.01). The levels of IL-4,
IL-13, SP, and NGF were increased in OVA/(OVA + TMA) and
(OVA + TMA)/(OVA + TMA) groups compared with NS/NS group
(P < 0.05,P < 0.01). The levels of IL-4 in OVA/(OVA + TMA) groups
were increased compared with OVA/OVA and TMA/TMA group
(P < 0.05, P < 0.01). Besides, the level of IL-13 in (OVA + TMA)/
(OVA + TMA) group was increased compared with OVA/OVA and
TMA/TMA group (P < 0.05, P < 0.01).The levels of SP and NGF in
(OVA + TMA)/(OVA + TMA) group were significantly increased com-
pared with OVA/OVA group (P < 0.05) (Fig. 7).

Levels of IL-4, IL-13, SP, NGF and PGD2 in the supernatant of pul-
monary homogenate were also determined by ELISA kits. The levels of
IL-4, NGF and PGD, were increased in OVA/OVA group compared with
NS/NS group (P < 0.05, P < 0.01). A statistical difference of IL-4,
PGD, were observed in TMA/TMA group (P < 0.05, P < 0.01),
compared with NS/NS group. The levels of IL-4, IL-13, SP, NGF and

PGD, in OVA/(OVA + TMA) group and (OVA + TMA)/(OVA + TMA)
group were significantly increased compared with NS/NS group
(P < 0.01). (OVA + TMA)/(OVA + TMA) group showed higher levels
of L-4, IL-13, SP, NGF and PGD, compared with OVA/OVA group
(P < 0.05, P < 0.01). And the levels of IL-13, SP, NGF in
(OVA + TMA)/(OVA + TMA) group were increased compared with
TMA/TMA group (P < 0.05, P < 0.01). The level of SP in OVA/
(OVA + TMA) group was increased (P < 0.05) compared with TMA/
TMA group (Fig. 8).

4. Discussion

Asthma is an inflammatory disease regulated by the T helper (Th)
cells, manifested as bronchial hyperresponsiveness, mucus over-
production, airway wall remodeling and airway narrowing. The Th1l/
Th2 imbalance is responsible for the development of allergic asthma
[25], especially Th2 is thought to play a central role in initiating and
sustaining asthma responses [26]. The Th2 cells is activated, and the
secreted characteristic cytokines such as IL-4, IL-13 contribute to hall-
marks of asthma, including airway eosinophilia, increased mucus pro-
duction, and development of airway hyper-responsiveness [27-29].
TMA, known as a typical low-molecular-weight chemical sensitizer,
could induce the typical Th2 response. Long-term airway contact with
TMA induced persistent airway irritation and breathing pattern changes
[30]. In this study, we established a 42-day BALB/c mice model of
asthma induced by OVA plus TMA. The data demonstrated that TMA
exacerbated asthma phenotypes, including a higher amount of in-
flammatory cells in blood and BALF, more apparent changes of RI and
Cdyn in response to ACH, and severe lung histopathology. Additionally,
the mice treated by OVA plus TMA showed higher gene and protein
expressions of TRPA1, V1, and V2, as well as the levels of Th2 cytokine
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Fig. 8. The levels of IL-4, IL-13, SP, NGF and PGD, in the supernatant of pulmonary homogenate (n = 5, means * SD). (A) IL-4 level, (B) IL-13 level, (C) SP level (D)
NGF level, (E) PGD, level. *: P < 0.05, **: P < 0.01 compared with NS/NS group; *: P < 0.05, **: P < 0.01 compared with OVA/OVA group; Ap < 0.05, AL,
P < 0.01compared with TMA/TMA group. Statistical analysis was performed using one-way ANOVA with Fisher's LSD post hoc test.

IL-13, SP, PDG2 and NGF.

The eosinophil is believed as an important inflammatory effector
cell in asthma [31]. Our study showed that the OVA plus TMA increased
the amount of inflammatory cells, especially eosinophils level in blood
and BALF. Meanwhile, RI was increased while Cdyn was decreased in
the mice treated by OVA plus TMA. The histopathological assessment in
our investigation showed TMA resulted in more severe lung injury in
the asthmatic mice model, manifesting as apparent inflammatory cell
infiltration, bronchial epithelial shedding, ciliary adhesion lodging,
degeneration, necrosis, and airway epithelial stratification. All the
above results suggested that TMA aggravated asthma phenotype.

In this study, based on the BALB/c mice model sensitized/chal-
lenged by OVA, TMA, as a combined sensitizer or activator, was added
during the modeling process. Our data suggests that Th2 cytokines play
a role in aggravated TMA induced asthma. IL-13 is thought can induce
AHR airway inflammation, goblet cell metaplasia and subepithelial fi-
brosis [32-35]. The levels of IL-13 in BALF and the supernatant of lung
homogenate were both significantly increased in the mice sensitized/
challenged by OVA plus TMA. IL-4 has been shown essential in the
initiation of allergic airway responses and humoral responses [36]. The
level of IL-4 in BALF was increased in OVA/OVA + TMA, and which in
the supernatant of lung homogenate was increased in (OVA + TMA)/
(OVA + TMA), compared with in OVA/OVA. Confusingly, there was no
significant increase in level of IL-4 in the (OVA + TMA)/(OVA + TMA)
group in BALF. However, the inconsistent result is complex, it's not
clear whether the result was affected by the experimental operation, or
it possibly suggests that additional mechanisms play a role in this
process. The cause was worthy of further research in the future.

The neural mechanisms involved in asthma have received much
attention in recent years [37]. It was verified that TRPAL is a key
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neuronal mediator of allergic airway inflammation [38]. By activating
TRPA1, chemical irritants might trigger the release of neuropeptides
and chemokines in the airways, thereby exacerbating the cellular and
tissue inflammatory response observed. It was demonstrated that in-
hibition or genetic block of TRPA1, V1 channels did not result in the
development of AHR in response to toluene-2,4-diisocyanate (TDI)
challenge, and the levels of IgE, IL-13 were not increased even though
the mice had been successfully sensitized [39]. Our previous research
also found out that PM2.5 could exacerbate asthma mice sensitized
with OVA through TRPs channels [19]. The results in this investigation
showed that the gene and protein expressions of TRPA1, V1 and V2
significantly increased in the asthmatic mice treated by OVA plus TMA
compared with the mice treated by single OVA or TMA. SP, as a sensory
neuropeptide, is an essential mediator of airway inflammatory response
[17]. Once the TRP channel opens, Ca®" enters the cells, causing the
release of tachykinins such as SP [40]. PGD, has many effects in the
airways that may contribute to asthma pathophysiology including in-
creased mucus production, vasodilation and capillary permeability
[41,42]. NGF is secreted by a variety of nerve cells and immune cells. It
can promote the release of inflammatory cells, modulates immune cells,
and lead to airway inflammation, airway hyperresponsiveness and
bronchial remodeling [43]. The results in this study had also shown
that with the increase of gene and protein expressions of TRPA1, V1,
V2, levels of IL-13, SP, PGD, and NGF also increased in the asthma
model induced by OVA plus TMA. It suggested that TRPs and the cy-
tokines, neurokines were involved in process of TMA aggravating
asthma.

It was found that TMA aggravated OVA-induced asthma, which was
indicated by the elevated levels of inflammation and related Th2 cy-
tokines. Simultaneously, the increased gene and protein expression of
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TRPA1, V1 V2 and the increased levels of SP, PGD,, NGF were detected.
The interesting findings were that TMA exacerbated asthma probably
through regulating TRP channels, neurokines and Th2 cytokines.
However, how the neurons, neurokines impact inflammation and im-
munology are less clear up to now. The mechanisms of neural and
immune interaction under the regulation of TRP channels during ag-
gravated asthma will be deeply explored in the future.

In conclusion, OVA plus TMA increased airway inflammatory,
airway hyperresponsiveness and lung injury. The gene and protein
expressions of TRPA1, V1, V2 were increased, with the higher level of
IL-4 in supernatant of lung homogenate, higher levels of the IL-13, SP,
PGD, and NGF in BALF and supernatant of lung homogenate were
obtained. Through our previous and present study, it was found that
environmental pollutants such as TMA, would aggravate asthma, and
this exacerbation process might be related to the TRP channels. This
study may provide the evidence that TRP channels could be the new
targets and the use of TRP channel inhibitors would become a new
approach for the clinical treatment of TMA aggravating asthma. At last,
public health problems caused by environmental pollutants such as
TMA exacerbating asthma should be paid more attention.
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