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Three major lines of argumentation presently support a role of polymorphonuclear neutrophils
(PMNs) in ischemic brain injury:

1. PMNs abundantly accumulate in ischemic brain tissue in response to stroke both in rodents
and human patients, where they massively release enzymes, such as myeloperoxidase and
elastase, and reactive oxygen species (ROS), which are known contributors to ischemic
injury.1–3

2. In mouse models of ischemic stroke induced by intraluminal middle cerebral artery
occlusion (MCAO), the selective depletion of PMNs by anti-Ly6G antibody or prevention
of PMN brain entry by CXCR2 or VLA-4 blockade significantly reduces ischemic injury
and neurologic deficits.4,5

3. In patients with ischemic stroke, high neutrophil counts or high neutrophil to lymphocyte
ratios in the blood on admission are associated with poor neurologic outcome even when
adjustments for age, sex, vascular risk factors, and stroke severity are made.6,7

The combined evidence of these studies has prompted the idea that blood-derived PMNs are
attracted into the ischemic brain, where they aggravate brain injury.8

In this issue of Neurology: Neuroimmunology & Neuroinflammation, Weisenburger-Lile et al.9

further strengthened and expanded this view, providing a detailed and comprehensive analysis
of peripheral blood PMN characteristics in a cohort of 41 patients with acute ischemic stroke,
which were compared with 22 healthy control subjects of the same age who were close relatives
of patients. Blood samples were collected within 6 hours after stroke onset and, in a subgroup of
patients, after 2 and 7 days. Flow cytometry studies revealed hyperactivation of circulating
PMNs in the acute stroke phase, that is, within 6 hours after stroke, indicated by decreased
CD62L and increased CD11b expression on PMNs, increased ROS production by unstimu-
lated and stimulated PMNs, and increased circulating elastase levels in peripheral blood. The
number of necrotic PMNs was increased from 2 to 7 days after stroke, whereas the concen-
tration of neutrophil extracellular trap components in the serum was decreased. An increased
percentage of senescent, that is, CXCR4bright/CD62Ldim PMN was noted at all 3 time points
examined. PMNs with the capacity to reversely transmigrate from inflamed tissues back into the
blood, defined as CD54high/CXCR1low, were increased in patients with stroke. States of
hyperactivation, senescence, and reverse migration were particularly pronounced in PMNs
from patients exhibiting a high NIH Stroke Scale score (>12) on admission. The authors
hypothesize that changes in PMN homeostasis may instrumentally contribute to ischemic brain
injury, e.g., by promoting systemic inflammation, promoting blood-brain barrier breakdown, or
inducing immunomodulation. The authors suggest that rebalancing PMN subsets or pre-
venting reverse PMN transmigration might alleviate stroke consequences.
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The clear strength of this study is a meticulously conducted
characterization of PMN subsets that provides a first in-depth
characterization of PMN changes in ischemic stroke. A
downside is the choice of control subjects, which, represent-
ing healthy humans, do not exhibit a similar vascular risk
profile. Differences in vascular risk factors and associated
diseases (coronary heart disease and large artery atheroscle-
rosis) may at least partly account for the observations made.
Hence, confirmation studies in an independent patient cohort
matched for risk factors and comorbidities will be required.
Also, functional readouts of PMN activity such as migration
should be studied in more detail,10 as they are further indi-
cators of disease states.

What can we learn from these studies? In the past, we have
perhaps focused too exclusively on the PMN-associated
aggravation of ischemic injury inside the brain. By modu-
lating immune responses in peripheral blood, reversely
transmigrated PMNs might potentially deregulate the neu-
rovascular unit or exert bystander effects on additional im-
mune cells such as T cells in the blood, which on brain entry
may aggravate ischemic damage.11 In line with this hy-
pothesis, we have previously shown after intraluminal
MCAO in mice that the delivery of antibodies inhibiting the
integrin VLA-4, which mediates the entry of T cells and
PMNs into the brain, did not show any additional protective
effects when PMNs had been depleted.4 The depletion of
PMNs alone provided maximum protection. However, anti-
VLA-4 acted synergistically with a selective T cell–depleting
antibody to provide maximum protection.4 Hence, in this
model, PMNs appeared to be a master switch that was re-
sponsible for the injury-promoting capacity of both PMNs
and T cells. The combined evidence of the now presented
study and our earlier study suggests that PMNs might act as
an amplifier of detrimental immune responses that

compromise stroke outcome. Further studies on this issue
are warranted.
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