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To the Editor,

We read with interest the recent article by Chung et al. [1] pub-
lished in this issue of Atherosclerosis, in which the authors demonstrated
that patients with intracerebral hemorrhage (ICH), who continued
statin therapy, had better all-cause mortality outcomes compared with
those who did not continue statin therapy. Although the authors have
some possible explanations for the mechanism via the pleiotropic effect
of statins, such as anti-oxidative, BBB protection and anti-inflammation,
experimental evidence of continue statin therapy is still lacking.
Therefore, we employed an animal model to explore the potential
neuroprotective mechanism of continuing statin for ICH.

In our study, the ICH model was induced in adult male
Sprague-Dawley rats by an injection of autologous blood [2]. To si-
mulate continuous statin administration, animals randomly received
simvastatin or vehicle daily from 5 days before ICH until sacrifice. The
results showed that continuing simvastatin effectively decreased the
peripheral neutrophil count, neutrophil to lymphocyte ratio (NLR) and
brain neutrophil-invading, as well as attenuated ICH-induced brain
edema and neurological deficits. Further research shed light on the
underlying mechanisms. On the one hand, simvastatin inhibited the
transcription of chemokines and vascular cell adhesion molecule in
perihematomal issue, such as TNF-a, IL-6, CCL2 and ICAM-1, which
subsequently suppressed neutrophil mobilization from bone marrow
and chemotaxis to injured tissues following ICH. On the other hand,
through disorganizing the expression of apoptotic proteins in neu-
trophil, simvastatin accelerated the apoptosis of neutrophil and lowered
the circulating neutrophil count. Recently, increasing evidence supports
that higher neutrophil count and NLR at early stage of ICH contributes
to the poorer outcome [3-6]. Thus, in view of these results, we could
speculate that peripheral neutrophil modulation may also be involved
in the neuroprotective effect of continuing statin for ICH, in addition to
the anti-oxidative and BBB protection. Since all included ICH patients
have a history of dyslipidemia in this cohort study, animal models with
dyslipidemia will be ideal for statin research in the future.
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Additionally, findings from our team also proposed that statins have
a potential to promote intracranial hematoma resolution. In an ex-
perimental IVH model, we observed that simvastatin significantly en-
hanced brain hematoma absorption, alleviated iron deposition and
hydrocephalus, and promoted neurological recovery after IVH, which
may in part be due to the increased expression of CD36 scavenger re-
ceptor (facilitating phagocytosis) in the perihematomal and periven-
tricular area [7]. Furthermore, by using the rat model of ICH, we found
that animals treated with simvastatin presented smaller hematoma
volume than the control group (9.75 = 4.92 mm?® vs. 17.65 = 6.43
mm?, p < 0.05) at 4 weeks based on the comparable baseline in each
group [8]. According to previous literature, microglia are the major
phagocytes of the brain. In vitro, activated microglia develop into either
classically activated (M1, proinflammatory) or alternatively activated
(M2, anti-inflammatory) phenotypes, a process termed polarization [9].
Thus, to formulate the possible mechanism of hematoma clearance, we
further explored the relationship between simvastatin and microglia
polarization following ICH. Notably, in our study, simvastatin effec-
tively upregulated the expression of CD206 (a marker of M2) and CD36
while significantly reduced the expression of CD86 (a marker of M1) on
perihematomal microglia, by promoting M2 phenotype polarization.
Moreover, simvastatin increased PPARy activation and enhanced mi-
croglia-induced erythrocyte phagocytosis in vivo and in vitro. All the
above effects of simvastatin were abolished by PPARy inhibitor
GW9662 [8]. Therefore, we could speculate that simvastatin accelerates
hematoma cleanup post-ICH via facilitating erythrocyte endogenous
phagocytosis by microglia/macrophages through activation of PPARy
and microglia M2 polarization.

Taken together, clinical evidence is still required to approve these
potential pleiotropic effects of statins in animal models, which could be
beneficial to neurological recovery and better outcome for patients with
ICH in the future.
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