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ABSTRACT

Background: 1t is reported interleukin (IL)-17A, a classical proinflammatory cytokine, is implicated in
neuroimmune-associated remodeling in neural plasticity and pathological conditions. However, the effect of IL-
17A on left stellate ganglion (LSG) remodeling remains unclear.
Objective: This study was performed to determine whether exogenous IL-17A promotes LSG remodeling and de-
stabilize ventricular electrophysiological properties (EPs) in normal canines.
Methods: 24 beagles were randomly allocated into three groups. In the first group, animals were subjected to 0.1 ml
phosphate buffer saline (PBS) microinjection of into LSG (n = 8), an equivalent IL-17A was administrated in the sec-
ond group (n = 8), and an equivalent anti-IL-17A mAb plus IL-17A was administrated in the third group (n = 8).
The ventricular EPs, neural function and activity of the LSG were determined at baseline and 30 min after adminis-
tration. In the end, LSG tissues were collected.
Results: Compared with the control group, the experimental group had a significantly shorter effective refractory pe-
riod (ERP) and action potential duration (APD)go, an increased ERP, APDqg, Smax dispersion, and APD alternans cycle
length; and steepened APD restitution curves. In addition, IL-17A enhanced the neural function and activity of the
LSG, upregulated the expressions of neuropeptides and proinflammatory cytokines and cells. And all these effects
were attenuated by anti-IL-17A mAb. Importantly, IL-17 receptor A (IL-17R-A) was detected in sympathetic neurons
in the LSG.
Conclusion: IL-17A promoted LSG remodeling by regulating the neural inflammation response. It did so by binding to
IL-17R-A, resulting in unstable ventricular electrophysiology in normal structural hearts.

© 2019 Published by Elsevier B.V.

1. Introduction

The Th17 subset of CD4+ T cells has been associated with several

neuroinflammation regulates the functions of the left stellate ganglion
(LSG) remains unclear.
LSG, the sympathetic ganglion of the cardiac autonomic nervous sys-

adaptive immunological disorders within the nervous system [1]. As a
characteristic proinflammatory cytokine of Th17 cells, interleukin (IL)-
17A has long been thought to affect several neurological diseases, such
as epilepsy [2], multiple sclerosis [3] and ischemic stroke [4], by partic-
ipating in neuroimmune communications via binding with IL-17 recep-
tor A (IL-17R-A) on neuron surfaces. However, whether IL-17A-induced

* Corresponding author at: Department of Cardiology, Renmin Hospital of Wuhan
University, No. 238 Jiefang Road, Wuchang District, Wuhan City, Hubei Province 430060,
China.

E-mail address: whujianghong@163.com (H. Jiang).

! These authors contributed equally to this work.

https://doi.org/10.1016/j.ijjcard.2019.01.010
0167-5273/© 2019 Published by Elsevier B.V.

tem, plays an important role in the initiation and maintenance of ven-
tricular arrhythmia (VA) [5-7]. Previous studies have shown that the
etiology of VA can be attributed to LSG neuroinflammation-induced
neuronal overactivity [8-10]. In addition, our previous study demon-
strated that IL-1p can induce LSG remodeling by regulating neuroin-
flammation to promote VA under acute ischemic stress conditions [11].

Prior studies on sudden cardiac death have mainly been performed
using a combination of stressors, such as ischemia with activation of
the LSG [12]. However, in certain normal structural hearts, increased
sympathetic activity may also lead to lethal VA [13]. In the present
study, we estimated the effect of IL-17A repletion on LSG activation
and susceptibility to VA via neuroimmune communication. Our under-
standing of the effect of IL-17A on ventricular electrophysiological
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properties (EPs) may provide possible mechanistic insights into the in-
cidence of clinical malignant VA events in normal structural hearts.

2. Materials and methods
2.1. Animal preparation and surgical procedures

All animal studies were reviewed and approved by the animal experimental adminis-
tration of Wuhan University and performed in accordance with the recommendations in
the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health.
24 adult beagle dogs weighing between 10 and 12 kg were anesthetized with 3% Na-
pentobarbital at an initial dose of 1 ml/kg followed by a maintenance dose of 2 ml/h. All
dogs were intubated and ventilated with a positive pressure ventilator. Normal saline
was delivered to the right femoral veins to resupply any spontaneous fluid loss. The left
femoral artery was dissected, and an electrode catheter was inserted into the artery to re-
cord the systemic arterial pressure. The core body temperature was maintained at approx-
imately 36.5 °C via a heating pad. The heart rate (HR), blood pressure (BP), and standard
electrocardiogram leads were continuously monitored throughout the procedure via a
computer-based apparatus (Lead 7000, Jinjiang Inc., Chengdu, China). All efforts were
made to minimize animal suffering. A left thoracotomy was performed at the third inter-
costal space to carefully expose the LSG. Then, a unilateral thoracotomy was performed at
the fourth and fifth intercostal space. Multielectrode catheters were sutured to three dif-
ferent sites, including the left ventricular apex (LVA), left ventricular base (LVB), and me-
dian area of the left ventricle (LVM), to measure ventricular EPs. All methods and
procedures were performed as described in our previous studies [11,14,15].

2.2. Experimental design

Adult beagle dogs were randomly divided into three groups as follows: the control
group (n = 8) was microinjected with 0.1 ml phosphate buffer saline (PBS) containing
0.1% albumin into the LSG, the IL-17A group (n = 8) was microinjected with recombinant
canine IL-17A (Sino Biological Inc., Beijing, China) diluted in PBS containing 0.1% albumin
(0.1 ml, 25 pg/ml) into the LSG, and the IL-17A antagonist plus IL-17A group (n = 8) was
microinjected with anti-IL-17A monoclonal antibody (anti-IL-17A mAb, Biochempartner,
Shanghai, China, 2.5 mg/ml) in volume of 0.1 ml 30 min before IL-17A administration.
The neural activity and neural function of the LSG and ventricular EPs were measured at
different sites at baseline and 30 min postinjection. In addition, LSG tissues were subse-
quently harvested to conduct biological and pathological examinations. The flow chart
protocol for these experiments is outlined in Fig. 1.

2.3. Microinjection of IL-17A and anti-IL-17A mAb into the LSG

A left thoracotomy was performed to expose the LSG, and 0.1 ml of a 25 pg/ml solution
of IL-17A was microinjected into the LSG under direct vision. The entire administration
procedure was completed within 1 min. The dose of IL-17A chosen for the present study
was based on findings reported by Frank Richter [16], who found that performing an
intraarticular injection of 50 ng of recombinant mouse IL-17A sensitizes the joint afferents.
We calculated the equivalent dose for our study species based on body surface area [17]
and determined that the equivalent dosage of IL-17A in beagles weighing 10-12 kg should
be approximately 4 ug. However, we ultimately applied a relatively lower dosage of 2.5 g
in a volume of 0.1 ml to the LSG according to pre-experimental data because we were
performing a very local injection. As for the concentration of anti-IL-17A mAb,
2.5 mg/ml was used according to our previous study [10].

2.4. Examination of ventricular EPs

The ventricular effective refractory period (ERP) was recorded at LVA, LVB, and LVM at
baseline and 30 min after the microinjection of the IL-17A or PBS solution. The ERP at each
site was determined by a programmed stimulation that consisted of 8 consecutive stimuli
(S1-S1 = 330 ms cycle length) followed by a premature stimulus (S,). The coupling S;-S»
interval was progressively decreased from an initial 250 ms in increments of 10 ms and
then 2 ms until ERP was reached. ERP was defined as the longest S;-S, interval that failed
to capture the ventricles. The ERP dispersion was defined as the coefficient of variation
(CV) of the ERP [18].

Monophasic action potentials were recorded in the left ventricle at the same sites as
the ERP. A dynamic steady-state pacing protocol (S1-S;) was performed to determine
the action potential duration (APD) restitution properties with a LEAD 7000 workstation
system (Lead 7000, Jinjiang). The pulse train was delivered at an initial S;-S; that was
slightly shorter than the sinus cycle length and was continued for 30 s to achieve a steady
state. The subsequent pulse train was delivered in decreasing increments of 20 ms until
300 ms was reached and then in 10 ms increments until an interval that induced the oc-
currence of APD alternans was reached. The APD at 90% repolarization was set as APDgy.
To construct the APD restitution, each APDgg against the diastolic interval (DI) was plotted.
APDgyo and DI were measured at baseline and after each 10 ms decrease in pacing cycle
length. The maximal slope (Spax) of the restitution curve was determined at the shortest
DI. The spatial dispersion of the APDgg was calculated offline as the CV of the APDgy among
the three recording sites [18].

2.5. Direct LSG function and neural activity recordings

LSG function and neural activity were measured to indicate LSG activation according
to our previous studies [14,15]. Briefly, high-frequency stimulation (HFS) (20 Hz, 0.1 ms
pulse duration) was delivered by a Grass-S88 stimulator (Astro-Med, West Warwick,
Rhode Island, USA) to the LSG. Maximal systolic blood pressure (SBP) changes were
used to reflect LSG function in response to HFS at voltages of 5, 10, 15, 20, and 25 V. LSG
neural activity was recorded at baseline and 30 min after microinjection using a pair of
coated tungsten electrodes inserted into the LSG and a ground lead connected to the
chest wall. Data were analyzed with a PowerLab data acquisition system (AD Instruments,
New South Wales, Australia). Signal channel filters were set to range from 50 Hz-1 kHz.

2.6. Quantitative real-time PCR (RT-PCR) and western blot analysis

At the end of the experiment, LSG tissues were immediately harvested, dissected into
small portions and stored at —80 °C until assayed. Total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, US) and then reverse-transcribed to cDNA using a
PrimeScrip RT reagent Kit with gDNA Eraser (Takara Bio, Otsu, Japan) according to the
manufacturer's instructions. Quantitative polymerase chain reaction (qPCR) was per-
formed according to the manufacturers' instructions using SYBR Premix Ex Taq (Takara
Bio, Otsu, Japan) with specific primers (Genecreate, Wuhan, China) on a StepOne Real-
Time PCR analyzer (Life Technologies, Carlsbad, US) under the following conditions: initial
denaturation for 1 min at 95 °C followed by 40 cycles of denaturation for 15 s at 95 °C, an-
nealing for 20 s at 58 °C, and extension for 45 s at 72 °C.

Tissues used for western blot analysis were washed with PBS, homogenized to extract
total protein, and then loaded onto gels for SDS-PAGE (ASPEN, Wuhan, China). After the
gels were run, the proteins were transferred to polyvinylidene fluoride membranes
(Millipore). The membranes were blocked and then incubated overnight at 4 °C with pri-
mary antibodies against c-fos (Santa Cruz Biotechnology, Dallas, Texas, USA), p-TrkA
(Absin, Shanghai, China), nuclear factor NF<B activator 1 (ACT1, Absin, Shanghai, China),
p65 (Abcam, Cambridge, England), and phosphorylated p65 (p-p65, Abcam, Cambridge,
England). Protein signals were standardized to (3-actin (Abcam, Cambridge, England).

2.7. Histopathological staining

At the end of the experiment, fresh LSG tissues were harvested and immediately fixed in
4% paraformaldehyde at room temperature. Double immunofluorescence staining was used
to examine the expression profiles of neuronal IL-17R-A (Abcam, Cambridge, England) and
tyrosine hydroxylase (TH, Servicebio, Wuhan, China), an indicator of sympathetic innerva-
tion. Tissues were also co-stained for c-fos and TH (Proteintech, Wuhan, China) to determine
the severity of neuronal remodeling. All immunoreactivity results were quantified using
commercial software (ImagePro; Media Cybernetics, Inc., Rockville, Maryland).

2.8. Statistical analysis

All data were expressed as the means + standard error of measurement, and
Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA) was used for all analyses. Two-
way ANOVA was used for comparisons of variables measured at different time points
between three groups. One-way ANOVA were used to compare the means between
three groups. P < 0.05 was considered statistically significant.

3. Results
3.1. Effect of IL-17A on ventricular EPs

Ventricular EP indexes, including ventricular ERP, APD, dispersion of
ERP, APD and APD restitution properties, were evaluated in three groups.
As shown in Fig. 1B-F, 30 min after microinjecting IL-17A into the LSG
significantly decreased ERP and APDgg but increased the dispersion of
ERP, APDgo, and APD alternans cycle length compared to baseline, indi-
cating that APD alternans occurred more easily during the dynamic pac-
ing protocol. In addition, IL-17A also increased the S, of the restitution
curve at all three sites and the dispersion of Sp.x (P < 0.05). While pre-
injection of anti-IL-17A mADb significantly attenuated the changes in-
duced by IL-17A (P < 0.05). No obvious changes were observed in the
control group (P> 0.05).

3.2. Effect of IL-17A on the neural function and activity of the LSG

LSG function was estimated as an indicator of sympathetic activity
that is consistent with neural activity. Microinjecting IL-17A into the
LSG significantly enhanced LSG functions, as reflected by the fact that
the maximal SBP induced when the LSG was electrically stimulated at
different voltage levels (10, 15, 20, and 25 V) was significantly higher
than at baseline (P < 0.05) (Fig. 2B). Conversely, no obvious changes
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Fig. 1. The effect of IL-17A administration on ventricular EPs. The flow chart of the present study and the location of the LSG (A). The ERP (B), APDg (C) were shortened, while the dispersion of
ERP, APDgo and Spax (D), the pacing cycle length of APD alternans (E), and the Sy, of the restitution curve (F) were increased at each site in normal structural hearts after IL-17A administration.
These effects were attenuated by pre-injection of anti-IL-17A mAb. * P< 0.05 vs baseline in IL-17A-treated group, # P< 0.05 vs 30 min in IL-17A group. APDg, = action potential duration at 90%
repolarization, EPs = electrophysiological properties, ERP = effective refractory period, Mi-IL-17A = microinjection of interleukin-17A, LSG = left stellate ganglion. LVA = left ventricular
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Fig. 2. The effect of IL-17A administration on LSG function and neural activity. The maximal SBP showed no significant changes in the control groups (A), but significant increase in IL-17A-
treated groups (B), and less increase in the pre-injection of anti-IL-17A mAb group (C). The neural recordings from LSG including frequency (D) and amplitude (E) both were increased in
the IL-17A-treated groups which were reversed by pre-injection of anti-IL-17A mAb. Typical graphic examples of LSG neural activity recorded in the control group, IL-17A-treated groups
and pre-injection of anti-IL-17A mAb group (F). * P< 0.05 vs baseline in IL-17A-treated group, # P< 0.05 vs 30 min in IL-17A-treated group. SBP = systolic blood pressure, LSG = left stellate

ganglion.

were observed in the voltage-BP response curve in the control group or
pre-injection of anti-IL-17A mAb group (P > 0.05) (Fig. 2A and C). LSG
neural activity was measured as an indicator of sympathetic activity. A
quantitative analysis of LSG neural activity (Fig. 2D and E) clearly
showed that microinjecting IL-17A into the LSG markedly increased
the frequency and amplitude of LSG neural activity at 30 min after ad-
ministration (P < 0.05). While pre-injection of anti-IL-17A mADb signifi-
cantly attenuated the increases induced by IL-17A (P < 0.05).
However, no significant changes were observed in the control group
(P> 0.05). Typical graphic examples of the LSG neural activity recorded

in the three groups at baseline and 30 min after microinjection are
shown in Fig. 2F.

3.3. Effect of IL-17A on the expression of proinflammatory cytokines in the
LSG

IL-17A-elicited inflammation in the LSG was measured by determin-
ing the messenger ribonucleic acid (mRNA) expression levels of proin-
flammatory cytokines. The results showed that the mRNA level of
tumor necrosis factor-a (TNF-a) within the LSG at 30 min after
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administration was higher in the [L-17A-treated group than in the control
group (P < 0.05) (Fig. 3A). While pre-injection of anti-IL-17A mAbD atten-
uated the increased inflammatory response induced by IL-17A (P < 0.05).
As expected, the mRNA expression levels of IL-6 and IL-1f3 within the LSG
exhibited behavior similar to that observed for TNF-c (Fig. 3B and C). Typ-
ical images of inflammatory cell infiltration are shown in Fig. 3D.

3.4. IL-17A upregulated p-TrkA and c-fos expression in the LSG

The levels of neuron-associated proteins, including neuropeptides
and neurotransmitters, were measured to evaluate the extent of remod-
eling in the LSG. P-TrkA is the activated receptor for nerve growth factor
(NGF), which contributes to remodeling in sympathetic neurons, and c-

A TNF-a B IL-6 Cc IL-1B8
- 3 —
g 4 a E 4 g 4 a [] Control
<3 <3 <3 1 wa7a
= é b z = %I b T IL-17A + anti-IL-17A mAb
£2 €2 £ 2 é
g S o
£1 =) £1 £ 1=
20 &0 So

D Control IL-17A IL-17A + anti-IL-17A mAb

HE

1 ]
E : !
Control | ILATA  ILA7A+ antiuLa7amab S 8 a
%
P-TrkA Iy
@
£
[}]
]
c-fos g b
O E
]
B-actin 3
o =
%)
F
[ Control
Control LI 1-17A
I IL17A + antiiL-17A mAb
210
3 a
IL-17A : 8
>
s 6
8
g 4
2 2
2
o0
IL17A +

anti-IL-17A mAb

Fig. 3. The effect of [L-17A administration on expressions of inflammatory substances and neuropeptides of LSG. The expression of TNF- (A), IL-6 (B), and IL-13 (C) were significantly up-
regulated in the IL-17A-treated groups. An image is shown to demonstrate the typical increased levels of inflammatory cells (D) within the LSG in the IL-17A-treated groups (a portion of
the LSG is shown at 400x ). Representative bands and quantitative analysis of p-TrkA and c-fos expression (E), representative examples and quantitative analysis of c-fos (red) and TH
(green) immunofluorescence staining (F) which showed great increase of neuropeptide expression in the IL-17A-treated groups (a portion of the LSG is shown at 200x). * P < 0.05 vs
control group, ® P < 0.05 vs IL-17A-treated group. HE staining = hematoxylin-eosin staining, mRNA = messenger ribonucleic acid, p-TrkA = phosphorylated Tyr kinase A, TH =

tyrosine hydroxylase.
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fos is a marker that indicates the level of activation of sympathetic neu-
rons. As shown by the results of western blot analysis, the expression
levels of p-TrkA and c-fos were dramatically higher in the IL-17A-
administered group than in the control group (P < 0.05) (Fig. 3E).
While pre-injection of anti-IL-17A mAb significantly attenuated the in-
creases induced by IL-17A (P < 0.05). Double-immunofluorescence
staining for c-fos (red) and TH (green) within the LSG further indicated
that the LSG was activated by IL-17A administration (P < 0.05) (Fig. 3F).
However, the increased p-TrkA and c-fos expressions induced by IL-17A
were attenuated by pre-injection of anti-IL-17A mAb (P < 0.05).

3.5. IL-17A binds to IL-17R-A to activate ACT1 and the NFxB-p65 pathway
in the LSG

IL-17R-A expression was evaluated within the LSG using immunoflu-
orescence. Fig. 4A shows neurons within the LSG stained for only IL-17R-
A. The downstream effects of IL-17R-A are mediated by the cytosolic
adaptor molecule ACT1, which subsequently activates the downstream
proteins p65 and p-p65 [19]. As shown in Fig. 4B, the expression levels
of ACT1 and p-p65 were significantly higher in the IL-17A administration
group than in the control group (P < 0.05). However, the increased ACT1
and p-p65 expressions induced by IL-17A were attenuated by pre-
injection of anti-IL-17A mAb (P < 0.05).

4. Discussion
4.1. IL-17A aggravated ventricular electrophysiological remodeling

Previous studies have suggested that neuroinflammation in the LSG
may promote cardiac sympathetic output to exert adverse effects on
ventricular electrophysiology, such as shortening the ventricular ERP
and APDgo. However, when these alterations are induced by certain pro-
inflammatory factors, they can be attenuated by preadministration of
their receptor antagonist, thus suppressing the incidence of VA [11]. In
the present study, we showed that ventricular ERP and APDg, were sig-
nificantly lower after IL-17A administration but were reversed by pre-
injection of anti-IL-17A mAb, indicating a potential role of IL-17A in
the initiation of VA. It was previously reported that maximizing spatial
dispersions effectively induced ventricular fibrillation (VF) [20].

A Merge

Conversely, decreasing dispersions produced beneficial effects on VF
[21]. In the present study, we showed that the dispersions observed in
ventricular ERP, APD and APD restitution kinetics were significantly in-
creased by IL-17A administration, and the increase was attenuated by
pre-injection of anti-IL-17A mAb, suggesting that IL-17A is capable of
promoting VA. The restitution hypothesis proposes that a steep restitu-
tion slope indicates a high risk of VF. Conversely, a flattened restitution
curve indicated a protective effect [22]. Various interventions aimed at
reducing the restitution slope have been implemented as therapeutic
approaches to inhibit the risk of VA [23,24]. Our results showed that
IL-17A steepened the restitution curve and facilitated APD alternans,
while pre-injection of anti-IL-17A attenuated the changes, indicating
that IL-17A may play a role in promoting the occurrence of malignant
VA.

4.2. IL-17A aggravated LSG remodeling

Studies performed over many years have shown that IL-17A-
mediated neuroinflammation may aggravate the remodeling of the sym-
pathetic nervous system. For instance, recent studies have demonstrated
that IL-17A exerts a neurotrophic effect to aggravate the remodeling of
sympathetic neurites [25]. Similarly, patients with inflammatory bowel
disease were found to have increased sympathetic innervation in the in-
testines, which are regulated by Th17-mediated neuroinflammation
[26]. In the present study, IL-17A promoted sympathetic tone, as shown
by the increased neural function and activity observed in the LSG follow-
ing IL-17A microinjection, which were attenuated by pre-injection of
anti-IL-17A mAb.

Cardiovascular diseases and sympathetic nerve also communicate in
the humoral pathway [27]. Neuropeptides and neurotransmitters con-
tribute to LSG remodeling. NGF plays a crucial role in sympathetic re-
modeling by binding to TrkA receptors at axon terminals. After NGF
activates its receptor, the resulting NGF-phospho-TrkA complex is ret-
rogradely transported back to the neuronal cell bodies [28]. In the
present study, we found that IL-17A upregulated the expression of p-
TrkA and c-fos to aggravate pathological remodeling in the LSG, and
this effect may also contribute to cardiac sympathetic nerve sprouting
[7,28]. More importantly, the increased p-TrkA and c-fos in the LSG
was attenuated by pre-injection of anti-IL-17A mAb.
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4.3. Potential mechanisms for IL-17A- and IL-17R-A-mediated LSG
remodeling

Several lines of evidence have indicated that IL-17A, as a proinflam-
matory mediator, participates in neuroimmune interactions via binding
with IL-17R-A [2-4]. While IL-17A commonly binds to IL-17R-A and IL-
17R-C, it has a higher affinity for IL-17R-A than for IL-17R-C. Moreover,
the tissue distributions of IL-17R-A and IL-17R-C are different, and this
may result in functional specialization. Unlike other IL-17Rs, IL-17R-A
is broadly expressed on neural tissues and is activated during inflamma-
tion, indicating a potential role for neuronal IL-17R-A signaling [29,30].
In the central nervous system, IL-17R-A is clearly expressed within brain
structures such as the cortical layers [31], hippocampal neurons [32],
and spinal cord [33]. Moreover, approximately 95% of the TH-positive
postganglionic neurons within the superior mesenteric ganglia express
IL-17R-A [25]. Furthermore, IL-17A also targets a diverse array of im-
mune cells, including T cells, and B cells, to actively promote T cell prim-
ing and the production of antibodies and proinflammatory cytokines
[34]. These effects need to be further investigated within the LSG.

In the present study, we demonstrated that IL-17R-A was expressed
on neurons and other cells within the LSG. As the Supplementary figure
shows, the increased expression of ACT1 and p65 in the IL-17A group
further suggested that binding of IL-17A to IL-17R-A recruited ACT1 to
the IL-17R (SEFIR) domain, thus activating the NF<B-p65 subunit to pro-
duce a variety of proinflammatory cytokines, including TNF-c, IL-1p
and IL-6. In addition, IL-17A facilitated the migration of proinflamma-
tory cells to the local region, further promoting LSG remodeling.

4.4. Clinical applications

The microinjection of IL-17A into the LSG aimed to simulate several
pathological conditions along with an acute elevation in peripheral IL-
17A, which can affect its concentration in the LSG. Several common dis-
eases such as acute coronary syndrome [35] and epileptic seizure [2],
can increase the release of IL-17A. Similarly, a growing amount of data
indicate that susceptibility to arrhythmia is significantly increased in
some of these diseases [36,37]. A trigger and a substrate form the
basis for provoking the majority of lethal arrhythmias [38]. The results
of the present study suggest several reasons why normal structural
hearts without arrhythmogenic substrates that are subjected to high
levels of IL-17A are susceptible to VA. And the treatment target excess
IL-17A in normal structural hearts with IL-17A antagonist was capable
to stabilize the ventricular electrophysiology without changing the
structure of the LSG.

4.5. Study limitations

There are several limitations to our study. First, in the present study,
we only evaluated the role of IL-17A in normal structural heart condi-
tions, and further studies are therefore needed to determine its effect
in tissues under myocardial ischemic stress. Second, the potential mech-
anisms by which IL-17A-mediated neuroimmune communication oc-
curs were only preliminarily investigated, and further studies should
provide us with a better overall and more precise understanding of
this crosstalk. In addition, whether IL-17A microinjection into other car-
diac ganglia, especially the right stellate ganglion, would exert the same
neuronal remodeling-promoting effect remains to be investigated. Fi-
nally, all EP recordings were obtained from the epicardium rather
than the endocardium of the left ventricle, which did not conform to
physiological pacing.

5. Conclusion
In summary, the present study demonstrated that IL-17A administra-

tion aggravated LSG remodeling by binding with IL-17R-A to activate
downstream inflammatory signaling, thereby contributing to destabilized

ventricular EPs. Targeting neuroinflammation-induced LSG remodeling
may therefore represent an innovative approach to treating VA in several
types of normal structural hearts.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.01.010.
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