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Interleukin-19 alleviates brain injury by anti-inflammatory effects in a
mice model of focal cerebral ischemia
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a b s t r a c t

Stroke causes brain injury with neuroinflammation which exacerbates the neuronal damage. Recent stu-
dies show that anti-inflammatory cytokine interleukin-19 (IL-19) plays a critical part in the inflammatory
and ischemic vascular diseases, yet its potential role in ischemic stroke is unknown. Here, we tested the
hypothesis that IL-19 exerts protective effects against brain ischemia by modulating inflammation after
stroke. Mice were injected intraperitoneally with 10 ng/g per day recombinant mouse IL-19 starting pre-
stroke, and were subjected to transient middle cerebral artery occlusion. Infarct volume was assessed by
triphenyltetrazolium chloride and neurobehavioral outcome by neurological scores. Inflammation was
measured using real-time quantitative PCR, immunochemistry, and fluorescence-activated cell sorting.
Infarct volume at 72 h after stroke was significantly smaller in IL-19 treated group and focal neurological
score was significantly better. IL-19 treatment markedly attenuated elevation of the expression of TNF-α
and IL-6 mRNA, suppressed increases in the number of microglia, macrophages, CD4þ T cells, CD8þ T cells
as well as B cells, and blocked activation of macrophages and neutrophils in the ischemic brain. In per-
ipheral blood, IL-19 injection helped to robustly preserve the reduced immune cells, including macro-
phages, CD4þ T cells, CD8þ T cells and B cells, compared to control group. IL-19 reduced brain infarction
and attenuated neurological deficits following stroke in mice, probably by inhibiting infiltration and ac-
tivation of immune cells, and by suppressing increases in gene expression of proinflammatory cytokines.
This may identify IL-19 as a new therapeutic to limit neuroinflammation after stroke.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Stroke is a leading cause of death and disability worldwide, yet
the only clinically effective treatment to date is thrombolysis within
the first few hours (Blakeley and Llinas, 2007). As mentioned, is-
chemic stroke results in cerebral inflammatory response that ex-
acerbates brain injury and triggers immunodepression, leading to
an increased incidence of delayed mortality in stroke patients (Ia-
decola and Anrather, 2011; Vogelgesang and Dressel, 2011). Re-
sident microglia in the ischemic brain are activated rapidly after
stroke, and macrophages derived from microglia and/ or circulating
monocytes also contribute to acute brain injury (del Zoppo et al.,
2007; Liu et al., 2001). Recent studies demonstrate that other per-
ipheral leukocytes, including T cells, B cells and neutrophils, also
recruit into the ischemic brain in the early stage post-stroke and
release proinflammatory mediators (Kleinschnitz et al., 2010; Chen

et al., 2012). Moreover, clinical studies find that patients with is-
chemic stroke and metabolic syndrome had higher levels of in-
flammatory markers and arterial stiffness indexes (Tuttolomondo
et al., 2014), and more and more data point to the involvement of
CD4þCD28 null T cells in the pathogenesis of acute brain ischemia
(Nowik et al., 2007; Tuttolomondo et al., 2015). These immune cells
and cytokines interact with each other and with brain cells, and
play crucial roles in the tissue damage following cerebral ischemia,
though the underlying mechanisms remain poorly understood.

IL-19 is a member of the IL-10 super-family cytokines (IL-10, IL-
19, IL-20, IL-22, IL-24, IL-26, IL-28 and IL-29), sharing 20% amino
acid similarity with IL-10 (Sabat et al., 2007). Previous findings
indicated that IL-19 is primarily produced by activated monocytes,
T and B lymphocytes and, to a lesser extent, by non-immune cells
including keratinocytes, bronchial epithelial cells, and smooth
muscle cells (England and Autieri, 2012). IL-19 signals through a
heterodimeric receptor composed of IL-20Rα and IL-20Rβ that is
also utilized by IL-20 and IL-24 (Dumoutier et al., 2001). Recent
studies showed that IL-19 contributes to the pathogenesis of au-
toimmune diseases such as asthma, psoriasis (Huang et al., 2008;
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Li et al., 2005), and IL-19 can modulate inflammation outside of
the immune system, e.g., IL-19 levels increased in cardiac surgery
patients with cardiopulmonary bypass (Hsing et al., 2006), IL-19
adenoviral gene transfer reduced proliferation and neointimal
formation in balloon angioplasty-injured rat carotid arteries (Tian
et al., 2008), and IL-19 attenuated experimental atherosclerosis in
mice by promoting immune cell polarization and decreasing
macrophage adhesion (Ellison et al., 2013).

Despite the importance of IL-19 signaling in the vascular dis-
eases (England and Autieri, 2012), the importance of IL-19 in is-
chemic stroke is unknown. In this study, we observed the pro-
tective effects of IL-19 against brain injury in a mice model of
middle cerebral artery occlusion (MCAO), and further investigated
the effects of IL-19 on infiltration of inflammatory cells, and pro-/
anti- inflammatory cytokines in ischemic brain and peripheral
blood. These findings suggested that IL-19 may have translational
potential in the stroke management.

2. Results

2.1. IL-19 treatment reduced infarction and attenuated neurological
scores after stroke

Infarction volume at 72 h was significantly smaller in IL-19
treatment group (36.972.6%), compared to control group
(49.873.5%; Fig. 1A, B). Focal neurological scores (FNS) were as-
sessed from day 1 to day 3 after reperfusion. IL-19 injection sta-
tistically attenuated neurological deficit compared to ischemic
controls at day 3, which was consistent with the protective effects
on infarct volume (Fig. 1C).

2.2. IL-19 treatment inhibited brain inflammation and preserved
immune cells in blood

We examined immune cell populations of CD4þ T cells
(CD45þCD4þ), CD8þ T cells (CD45þCD8þ), B cells (CD45þCD19þ)
and macrophages (CD45þCD68þ) in peripheral blood, and the
numbers of these cells and microglia (CD45interCD11bþ) in ischemic
hemisphere at 72 h post-stroke (Fig. 2). Inflammatory cell infiltra-
tion and microglial activation were significantly increased in the
ischemic brains, while IL-19 treatment statistically attenuated their

increases except CD8þ T cells. The numbers of these immune cells
in blood were sharply decreased after stroke, but IL-19 treatment
significantly helped to maintain their populations.

Consistent with the fluorescence-activated cell sorting (FACS)
results, morphometric analysis revealed that the total number of
activated macrophages (CD68þ cells) and neutrophils (MPOþ

cells) was robustly elevated in the ischemic area (o1 mm from
the infarct border), while IL-19 injection significantly suppressed
their expression compared with control group (Fig. 3).

2.3. IL-19 treatment reduced TNF-α and IL-6 mRNA in ischemic brain

To evaluate the expression of proinflammatory cytokines in the
early post-stroke stage, we collected ischemic hemispheres 12 h
after reperfusion and measured mRNA levels of TNF-α, IL-1β, IL-6
and IL-10 using real-time quantitative PCR. They were all markedly
increased after stroke compared with sham group, and IL-19 sig-
nificantly suppressed expression of TNF-α and IL-6 mRNA, but not
IL-1β or IL-10 (Table).

3. Discussion

The major finding of this study is that systemic administration of
IL-19 starting pre-stroke attenuated ischemic brain injury, reduced
infiltration of leukocytes, activation of microglia and gene expres-
sion of proinflammatory cytokines in the ischemic brain, and pre-
served immune cells in peripheral blood following stroke in mice.

Inflammation plays a pivotal role in the pathogenesis and pro-
gression of ischemia-induced brain injury (Iadecola and Anrather,
2011). Consistent with previous reports, our study showed that the
numbers of resident microglia, migrating immune cells including
macrophages, neutrophils, CD4þ T cells, CD8þ T cells as well as B cells,
and the mRNA expression of TNF-α, IL-1β, IL-6 and IL-10, were all
robustly increased in the brain after MCAO. The resident microglia are
activated rapidly after occlusion of cerebral blood flow. Activated mi-
croglia not only synthesize neurotoxic mediators such as nitric oxide,
glutamate, and reactive oxygen species (Nelson et al., 2002), but can
also worsen neuroinflammation by releasing numerous proin-
flammatory cytokines and chemokines including TNF-α, IL-1β, IL-6,
macrophage inflammatory protein-1α (MIP-1α) and monocyte che-
motactic protein-1 (MCP) (Suzumura, 2013). Meanwhile, circulating

Fig. 1. IL-19 reduced infarct volume and neurological score. (A) Representative sections of TTC staining in the ischemic mouse brain. (B) Quantification of infarct volume
expressed as a percent of hemispheric volume. Data are presented as mean 7 SEM. **Po0.01 compared to control group. (C) The average focal neurological score (FNS) from
day 1 to day 3 after reperfusion. Higher score indicates greater injury. *Po0.05 IL-19 group compared to control group, and #Po0.05 IL-19 group at Day 3 compared to the
same group at Day 1. n¼10 mice/group.
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