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Abstract

Background and Purpose: Stroke-induced acute severe body weight (BW) loss is associated
with a high rate of mortality during a critical post-stroke period. Several interventions to reduce
the weight loss, however, have not been successful. Currently, the biological significance of this
extraordinary catabolic process is not well understood. Spleen-derived monocytes/macrophages
(MMs) are the major immune cells recruited to the injured brain. The trafficking of MMs has been
shown to be important for tissue repair and recovery. The purpose of the study is to investigate
whether the BW reduction is essential for MM-mediated immune response for mice to survive and
whether a corticosterone-mediated catabolic event underlies the processes.

Methods: C57BL/6 male mice (12-week-old) were subjected to transient middle cerebral artery
occlusion. BW, total MMs, and their Ly-6CM9" and Ly-6C!W subsets were determined in the
spleen, blood, and the brain in post-stroke mice. Post-stroke survival rate and MM subsets were
determined in mice with adrenalectomy (ADX), sham-ADX and ADX mice supplemented with
corticosterone.

Results: Stroke reduced BW with a maximum reduction at 3D post-stroke (17.2+5.2%). The
reduction at 3D was positively linked to injury severity and selective depletion of MMs, but no
other types of immune cells, in the spleen. Notably, the splenic MM depletion was significantly
greater in mice with severe BW reduction (=18% at 3D). In the blood, stroke depleted circulating
MMs to a similar degree in animals with moderate and severe BW loss. Ly-6C+ monocyte
infiltration in the post-stroke brain was greater in mice with severe BW loss. Blocking the
catabolic process by ADX significantly increased post-stroke mortality, but the mortality was
partially rescued by corticosterone supplement in ADX mice.

Conclusions: Stroke-induced BW loss facilitates MM-mediated immune response and the
adrenal corticosterone-mediated catabolic process is necessary for post-stroke survival.
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A proposed neuroimmune inter action to depict stroke-induced catabolic status and post-
stoke outcome. The severity of stroke causes proportional body weight reduction during an acute
phase of stroke (3D) and deployment of monocyte/macrophages (MMs). In mice with moderate
body weight reduction, circulating MMs infiltrate to the injured brain. In mice with severe body
weight reduction, additional MMs come from the spleen, seen as a significant depletion of MMs in
this organ. The broken arrow indicates reduced spleen MM deployment into the circulation.
Adrenalectomy (ADX) blocks catabolic processes and causes high mortality in stroke, which is
partially rescued by corticosterone (CT) treatment.
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Introduction

Stroke-induced body weight (BW) loss has been recognized as an adverse event in both
clinical and animal studies.1 There are numerous preclinical studies reporting stroke-
induced severe body weight loss.2 However, information on acute BW change in stroke
patients is relatively limited besides a report that shows an association between short-term
body weight loss during the initial hospital stay and unfavorable outcomes at 3 months.®
Neither the underlying severe acute catabolic event nor its functional significance has been
clearly defined. In our previous study, ischemic stroke caused more than 20% of BW
reduction in mice during the acute phase, ~10% at 2-4 weeks, which was gradually regained
toward baseline at 2 months.2 Considering that the rodent metabolic rate is 7-8 times higher
than in humans,® 2-4 weeks of post-stroke in rodents is roughly equivalent to 4-8 months in
humans. It has been reported that animals with severe BW loss during acute post-stroke
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period have higher mortality.”- 8 In a population-based study, stroke patients who
experienced weight loss greater than 3 kg at 4 months and 1 year had higher mortality
compared to the patients with less than 3 kg of weight loss at the same time points,
indicating the clinical relevance of a stroke-induced acute catabolic event on stroke outcome.

Post-stroke BW reduction is derived from the loss of body fat and lean body mass including
skeletal and cardiac muscle.3 Stroke leads to muscle phenotype shift and atrophy as early as
4 hours after an ictus. Muscle atrophy is observed even in the unaffected limb in stroke
patients. 9 In addition to sarcopenia, decreased anabolic and increased catabolic pathways,
malnutrition, pain, stress, and immaobilization have been suggested for potential causes for
the weight loss.2: 4 Accumulating evidence indicates that inflammation plays a key role in
stroke-induced weight loss/sarcopenia.10-12 Since stroke triggers multiple adaptive responses
in the periphery to cope with the primary injury, the entire body’s reactions in response to
the primary insult are likely to converge in BW reduction.

Stroke induces a profound immune response in the periphery and brain. Systemic
immunological change occurs in bone marrow, blood, and spleen.13 In the brain, early
activation of resident microglia triggers a post-ischemic inflammatory response, which is
exacerbated by immune cells infiltrating from circulation.1* 15 Within hours of primary
injury, neutrophils migrate into the brain, followed by macrophages and NK cells. T and B
lymphocytes infiltration during injury development.18: 17 Both preclinical and clinical
studies have shown that the inflammatory response correlates with injury size.18: 12 Among
peripheral immune cells, monocytes/macrophages (MMs) is the major cell type that elicits
post-ischemic inflammation in the brain.1®> Deployed from the spleen, pro-inflammatory
Ly-6Chigh subset has a short half-life and is recruited to the lesion acutely in a CCR2-
dependent manner, while anti-inflammatory Ly-6C'W subset has a long half-life and is
predominant in the resolution phase.2’ We previously reported that CCR2 mRNA level in
the brain is significantly correlated with infarct volume,?! suggesting a potential
involvement of the peripheral MMs in BW loss.

In response to various physiological and psychological stressors, tissue trauma, and stroke,
the hypothalamic-pituitary-adrenal (HPA) axis is activated and releases glucocorticoids from
the adrenal gland. Clinical studies showed increased plasma glucocorticoid levels in acute
stroke patients.?2: 23 Known actions of glucocorticoids are their regulation of immune
function during acute inflammation, immune cell mobilization, and inflammation resolution.
24 Catabolic effects of glucocorticoids have been well-established. Treatment of
glucocorticoids in rats causes muscle atrophy by augmenting myofibril protein proteolysis
and blocking protein synthesis.25: 26 Based on the regulatory role of glucocorticoids in
immunity and catabolism, the current study investigates the biological significance of post-
stroke BW reduction by determining whether glucocorticoid-mediated immune regulation
serves as an underlying mechanism for stroke-induced sarcopenia. Here, we provide
experimental evidence that BW reduction at 3D predicts stroke injury severity and that a
corticosterone-mediated catabolic process is necessary for post-stroke immunity and
survival.

Stroke. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al. Page 4

Materials and Methods

Detailed materials and Methods are described in the Supplementary Materials and Methods.

Animals

The use of animals and procedures was approved by the Institutional Animal Care and Use
Committee (IACUC) of Weill Cornell Medicine and in accordance with the IACUC,
National Institutes of Health, and Animal Research: Reporting of In Vivo Experiments
guidelines. Experiments were performed in 12-week-old C57BL/6 mice (Jackson Lab, Bar
Harbor, ME). Only male mice were used in this proof of concept study due to recognized
sex differences in stroke-induced injury size and body fat/muscle composition.

MCAO and stroke outcome analyses

Procedures for transient focal ischemia and infarct /swelling measurement were performed
as previously described®: 21

Bilateral Adrenalectomy and Corticosterone treatment

Adrenalectomy was performed just prior to MCAO procedure. A small dorsal midline skin
incision was made in isoflurane-anesthetized mice. A small incision was made on the muscle
layer below the rib cage on each flank to access and remove both glands. Adrenalectomized
mice were either treated with saline or subcutaneous injections of 10 mg/kg corticosterone
(Cat#27840, Millipore Sigma, St. Louis, MO) at the time of reperfusion and 2 mg/kg at 2h
of reperfusion.

Plasma Corticosterone Measurement

Blood was collected from the tail vein at different time points and the plasma was stored at
-80°C until use. The plasma was diluted 1:20 or 1:50 and corticosterone level was measured
using a corticosterone ELISA kit (Enzo Life Sciences) according to the manufacturer’s
instructions.

Flow Cytometry Analysis

Flow cytometry analysis for immune cells in the periphery and the brain was performed
according to the methods previously described.1® The single cells from the spleen and blood
were incubated with a cocktail of antibodies against T and B cells, NK cells and
granulocytes, CD11b antibody and Ly-6C antibody. Brain mononuclear cells were stained
with CD45 antibody, CD11b antibody, and Ly-6C antibody. Flow cytometry data were
analyzed using FlowJo software.

Statistics

Sample size (n7=13/group) was calculated based on predicting detectable differences to reach
a power of 0.80 at a significance level of <0.05, assuming a 33% difference in mean and a
25% SD at the 95% confidence level for brain injury size measurement. Animals’ identity
and treatment were blinded to the persons who assessed outcomes. Student’s #test was used
to compare between two groups. One-way ANOVA followed by post hoc Bonferroni tests
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were used for multiple comparisons. Correlation analysis was performed using Pearson’s
test. Statistical analyses were conducted using GraphPad Prism software. Infarct volume and
hemispheric swelling were expressed as mean+95% confidence interval and all other data
are reported as mean+s.e.m. Cluster analysis was performed using NCSS statistical software.

Stroke-induced BW loss at 3D is associated with stroke severity

Stroke reduced BW during the first 1-3 days (D), and the BW did not fully return to a pre-
ischemic level at 7D (Figure 1A). Infarct appeared at 1D and matured over 3-7D (Figure
1B). Stroke-induced brain edema was apparent at 1D and 3D but mostly resolved by 7D
(Figure 1B). The results show that infarct and edema formation after ischemic stroke evolves
over time and that 3D post-stroke is an optimal time point to assess both infarct volume and
edema in our animal model of stroke. Analyses between BW reduction and stroke severity
showed a significant positive correlation only at 3D, but not at 1D and 7D (Figure 1C).
Retrospective analysis with a total of 91 C57BL/6 male mice in a preclinical animal bank in
our laboratory further confirmed the significant association between weight loss and the
extent of stroke injury at 3D (Supplementary Figure 1A and B). Fuzzy cluster data analysis
based on BW reduction revealed two groups of mice representing moderate (<18%) and
severe (>18%) reduction of BW (Figure 1D, Supplementary Figure IC). The brain injury in
mice with moderate weight reduction (Mod) was mostly confined to the subcortical area,
while severe (Sev) mice showed additional cortical injuries (Figure 1D).

Stroke induces selective MM mobilization from the spleen only in mice with severe weight

loss

Stroke induces spleen contraction and deploys immune cells into circulation.1> Compared to
pre-stroke (pre) mice, significant spleen contraction was observed in Sev group at 3D post-
stroke (Figure 2A). To address which type of spleen-derived immune cell deployment is
associated with post-stroke BW loss, the number of neutrophils, NK cell, B cell, T cell, and
MMs was assessed in the spleen at 3D, a time point that reflects injury severity (Figure 1B).
Stroke-induced BW reduction was negatively correlated with the number of MMs in the
spleen, but not with neutrophil, NK cell, B cell or T cell (Figure 2B). The link between the
selective MM depletion and BW reduction was further addressed by assessing the total
number of MMs and their subsets based on Ly-6C expression (Figure 2C). The total number
of MMs and Ly-6CN9" and Ly-6C!oW subsets in the spleen was significantly depleted in Sev
group (Figure 2D). Unlike MMs, other immune cells did not show differences between Mod
and Sev groups except that the neutrophil was rather increased in the Sev group
(Supplementary Figure 11). These results provide a close association between BW reduction
and MM mobilization in the spleen after ischemic stroke.

Stroke depletes circulating MMs in both moderate and severe weight loss mice

We next investigated the effect of BW reduction on circulating monocyte populations.
Stroke reduced the number of total MMs, Ly-6C"9" and Ly-6C!°W subsets in the blood of
both Mod and Sev groups, without showing any significant difference between the two
groups (Figure 3A-C). Despite lacking group differences, the number of MMs in the blood
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showed a negative correlation with %BW,q at 3D (p<0.01, Figure 3D). Taken together, the
results showed that circulating monocytes are the primary MMs to be mobilized
proportionately to the extent of BW loss with additional depletion from splenic monocytes
only in Sev injury group.

Stroke-induced weight reduction is associated with the degree of peripheral monocyte
infiltration in the post-ischemic brain.

Stroke causes a massive infiltration of MMs into injured brain tissue. The effect of post-
stroke BW reduction on the infiltration of MMs in the brain was assessed by determining the
leukocytes antigen Ly-6C+ subset in the CD11b+ population at 3D post-stroke (Figure 4A).
The presence of CD45'° population in both hemispheres and an additional CD45Migh
population in the ipsilateral hemisphere indicates that CD45'°% and CD45"9" population
represent resident microglia and infiltrated MM, respectively, at this time.1> Unlike
periphery, brain CD11b+ cells did not show distinct Ly-6C"9" and Ly-6C'°" population due
to down-regulation of Ly-6C in monocytes as they differentiated into tissue macrophages.2’
Stroke increased the number of Ly6C+ cell in the CD45!%W subset in both Mod and Sev
groups but the extent of increase was similar between the groups (Figure 4B). Stroke,
however, significantly increased Ly-6C+ cells in the CD45M 9" subset in Sev group compared
to Mod animals (Figure 4C). Furthermore, greater BW reduction is positively correlated
with a higher number of CD45M9"/Ly-6C+ cells in the ipsilateral hemisphere (Figure 4D).
Taken together, the results show BW reduction has a significant link to monocyte trafficking
from the periphery to injured brain tissue.

Blocking the catabolic process causes high mortality in acute stroke

To address the biological significance of BW loss and immune cell mobilization, we next
investigated the involvement of glucocorticoids in this process. Corticosterone (CT) is a
major catabolic steroid hormone produced from the adrenal gland in rodents (cortisol in
humans). In mice subjected to stroke, corticosterone levels in the plasma sharply increased
around 1-3h and decreased back to the pre-stroke level around 6h after stroke (Figure 5A).
Bilateral adrenalectomy (ADX) causes a profound reduction of plasma corticosterone levels
at 3D post-stroke (Figure 5A). There was a striking increase in mortality in stroked mice
following ADX (7 out of 8) by 3D while all 9 mice with sham-ADX survived. Treating
ADX mice corticosterone partially rescued the high mortality (4 out of 10 at 3D). At 1D,
surviving ADX and ADX/CT mice showed less BW reduction compared to the sham-ADX/
stroke mice (Figure 5B), indicating a role of corticosterone in medicating post-stroke BW
loss. Moreover, all animals surviving up to 3D showed a similar degree of BW reduction
regardless of group (Figure 5B), suggesting that the corticosterone-mediated catabolic
process is necessary for post-stroke survival. Due to the high mortality in ADX mice, total
and MM subsets were analyzed only in sham-ADX and survived ADX/CT group. The total
number of MMs and MM subsets in the spleen and blood, as well as CD45M3"/Ly-6C+
MMs in the brain, were similar in the surviving animals in the two groups. Taken together,
the results show the importance of a corticosterone-mediated catabolic event for post-stroke
survival and MM mobilization.
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Discussion

Acute post-stroke BW loss is a recognized catabolic event that has a negative influence on
stroke outcome and recovery in preclinical and clinical studies.28: 2° With limited clinical
literature on acute BW change in patients, this preclinical study defined the biological
significance of the observed catabolic event during the acute critical stage to provide insights
in human stroke pathology. In addressing mechanisms underlying this catabolic process for
its functional significance, we have several important observations. Post-stroke BW loss at
3D, but not in 1D and 7D, estimates the severity of the stroke by both infarct size and
hemispheric swelling in our animal model of ischemic stroke. The weight loss at 3D is
accompanied by MM deployment from the spleen (source), their mobilization in the blood
(transit), and infiltration into the injured brain (destination). Blocking this catabolic process
by removing adrenal gland profoundly increased post-stroke mortality, which partially
rescued by corticosterone treatment. Notably, the MM mobilization from the spleen to brain
occurred similar extent in all surviving mice regardless of whether the mice received sham-
adrenalectomy or adrenalectomy with corticosterone replacement. The study demonstrates
the importance of stroke-induced BW loss in facilitating MM mobilization from the
periphery to the central nervous system and suggests the process is a critical event for post-
stroke survival.

As reported by others & 30, BW loss was evident in mice subjected to transient focal
ischemia in this study. An interesting observation in this study is the pattern of weight loss at
3D. Instead of a normal distribution, there was an apparent clustering divided around 18%,
(Figure 1D, Supplementary Figure 1C), suggesting the presence of a threshold in BW
reduction following the stroke. Studies have indicated potential cause(s) of stroke-induced
BW loss: impaired feeding, sympathetic over-activation, and infection3.1: 4. 31 However,
inability to prevent stroke-induced sarcopenia by counteracting these causes 3 argues for the
involvement of other factors. In agreement with literature that showed greater immune
response by severe stroke 18: 19, the current study provided experimental evidence that links
between the extent of monocytes/macrophages (MM) mobilization and BW reduction. Thus,
immune cell mobilization is likely one of the events that underlie the observed BW
reduction following ischemic stroke. A noted difference between the literature and current
study is that while we found the correlation between stroke severity with BW loss only at
3D, the other study showed the link at 1D.32, Type and duration of the stroke, species,
genetic background, sex, and age are likely contributing factors that influence the time
points for the reported association.

Post-ischemic inflammation leads to proportional infiltration of peripheral MM to the
injured brain. 1> Our working hypothesis is that stroke-induced MM-specific mobilization is
a potential trigger for BW loss after stroke. Significant spleen shrinkage and reduced spleen
MM numbers after stroke in our study are in line with previous reports.1® 33 Selective MM
deployment from the periphery to the brain after ischemic stroke is reported as a key factor,
as monocyte-depleted animals did not show neuroprotection after the intervention.34 Forty
percent of stroke patients also show spleen volume reduction, which further supports the
acute splenic response after ischemic stroke.3> Another intriguing finding relevant to the
weight loss is that the spleen shrinkage and MM number reduction occur only in the severe
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weight loss group. Since the pattern of BW reduction suggested a threshold effect at around
18% reduction, we speculate the threshold effect in BW reduction also occurs in MM
mobilization from the spleen. Although stroke reduces other types of immune cells from the
spleen after stroke, 33 36 these studies did not address whether the depletion of other
immune cells depends on BW reduction. Furthermore, we observed that the mobilization of
MMs, but T and B lymphocytes, neutrophils or NK cells from the spleen, was influenced by
the extent of BW loss at 3D (Figure 2B). Thus, the study suggests the specificity of MM
depletion/ mobilization relevant to weight loss at 3D, a time point where the injury severity
is best reflected.

Unlike the spleen where the MM depletion occurs only in the Sev weight loss group, the
depletion of circulating MMs occurred in both moderate and severe weight loss groups. The
findings indicate that MMs in the blood are likely to mobilize to the brain first to meet the
initial immune challenge upon stroke, but additional MM deployment from the spleen is
required to mount sustained immune response in mice with bigger brain injury, thereby
larger weight loss. Since the number of MMs in the spleen far exceeded the number of MMs
in the blood,3” MM deployment from the spleen likely replenishes depleted monocytes in
circulation to maintain peripheral immunity against post-stroke infection. While the
possibility of MM mobilization from bone marrow has not been addressed in this study, a
report showing increased MMs in bone marrow at 3D after strokel® does not indicate a
direct link between BW reduction and the egress of MMs from bone marrow at this acute
stage.

The presence of MM heterogeneity consisting of Ly-6C"9M and Ly-6C!oW subsets has been a
challenge to define the role for each subset. Approximately equal mobilization/depletion of
both subsets from the spleen and blood suggests the involvement of both subsets to elicit a
post-stroke immune response. Unlike the periphery, where we observe two distinct MM
subsets, the brain did not have distinct Ly-6C peaks. There was an apparent shift of mean
fluorescence from Ly-6CN9" toward Ly-6C'°" population in the post-stroke brain (mean
fluorescence of brain versus spleen Ly-6CNi9" 68,446 vs. 99,257 Ly-6C!oW 12,670 vs.
22,805). The shift is consistent with reports that Ly-6C loses its expression during the
transition of recruited monocytes in a sterile wound and in S. mansoni infected mouse
model.38: 39 |t also has been shown that Ly-6CM9" monocytes can transform into Ly-6C'oW
macrophages, 27 supporting the loss of Ly-6C expression as the infiltrated Ly-6CNigh
monocytes differentiate into tissue macrophage in the stroked brain and potential conversion
to a less inflammatory MMs in the brain milieu.40: 41 While the significance of this event is
unknown and remains to be investigated, infiltration of MMs to the injured brain is closely
associated with BW reduction. Analyses of MMs in the post-ischemic brain showed the
number of CD45M3"/Ly-6C+ MMs in the stroked hemisphere was significantly correlated
with BW reduction at 3D after stroke (Figure 4D). Notably, CD45!°%/Ly-6C+ MMs did not
significantly correlate with BW reduction (75, n=18, not shown), suggesting the involvement
of infiltrating MMs, rather than resident microglia, in the weight reduction/injury size in the
stroked brain. The specific involvement of MMs mobilization in the context of stroke
severity is supported in other disease context since the extent of infiltration of MMs, but not
CD4+ lymphocytes, was strongly associated with the severity of experimental autoimmune
encephalitis.*2
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Corticosterone is a major glucocorticoid produced in rodents in response to stress. As
reported in clinical literature,22 there was an acute increase in plasma corticosterone in mice
following stroke (Figure 5A). The role of CORT in ischemic stroke is controversial.#3-4 In
the current study, we observed increased post-stroke mortality at 3D (87.5%) in mice with
bilateral adrenalectomy while all sham-adrenalectomized animals survived. Partial rescue by
corticosterone treatment in adrenalectomized mice further indicates a critical role of
corticosterone in post-stroke survival. Although the dose and time of corticosterone
treatment used in the current study was based on the profile of corticosterone levels after
stroke (Figure 5A), it is possible to decrease the mortality with higher corticosterone dose in
ADX/CORT mice. Notably, all surviving animals among groups showed a similar degree of
BW reduction (Figure 5B), and MM mobilization (Figure 5C) at 3D. A recent study reported
the role of corticosterone in mediating stress-induced MM mobilization into the circulation,
46 indicating that a corticosterone-mediated catabolic event likely underlies post-stroke MM
mobilization and survival. We speculated that the other 7 dead mice of ADX group may
have undergone this catabolic process to a lesser extent than the one that survived.

In summary, the study revealed that the degree of weight loss at 3D, which estimates stroke
severity, determines the extent of MM-specific deployment in the spleen, their depletion in
blood, and the infiltration into the post-ischemic brain. MM infiltration into the stroke brain
is initially from the blood and additionally recruited from the spleen in mice with severe
weight reduction/brain injury. Furthermore, corticosterone is a critical catabolic hormone for
acute BW loss and survival after stroke. The study indicates that stroke-induced BW loss is
an essential catabolic event for immune regulation and post-stroke survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A, Acute post-stroke body weight reduction at 1-7 days(D). 7=26. B, Assessment of 1Vjnq
and %SW after stroke, 7/=14-17/group. C, Correlation between %BW,qq and infarct volume
or brain swelling. 7=14-17/group. D, Distribution of BW loss at 3D post-stroke. The dotted
line indicates 18% of BW loss (left). Cross-sections (+0.4 mm, —0.8 mm and —2.0 mm from
bregma) from a representative mouse with moderate (Mod) weight reduction (%BW,q 10.4
at 3D, 1Vijnq 17.7, %SW 8.0) and mouse with severe (Sev) reduction (%BW,q 25.5 at 3D,
IVing 61.9, %SW 41.5). n=26. Pre, pre-stroke baseline; 1Vjng, indirect infarct volume; %SW,

Percent hemispheric swelling; BW,q (3D), body weight reduction at 3D; *, ***,

****p<0.01, 0.001, 0.0001. s, n

ot significant.
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Figure 2. Post-stroke BW loss and spleen immune cell mobilization.
A, Spleen weight before (Pre) and 3D after stroke in mice with moderate (Mod) and severe

(Sev) weight loss. 7=10-15/group. B, Correlation between %BW,qq at 3D after stroke and
the number of immune cells in the spleen. C, Gating strategy to identify MM subsets: pro-
inflammatory Ly-6CNi9" and anti-inflammatory Ly-6C'°" subset. D, total MMs and
Ly-6Chigh and Ly-6C!oW MM subsets 7=6-11/group. 7s, not significant; pre, pre-stroke;
BW/¢q (3D), body weight reduction at 3D post-stroke, **, *** p<0.01, 0.001.
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Figure 3. Effect of post-stroke BW losson MM population in blood.
A, Circulating total MMs in the blood 3D before (pre) and 3D after stroke in mice with

moderate (Mod) and severe (Sev) body weight loss. B-C, Determination of Ly-6CM9" and
Ly-6C'°" monocyte subset 77=6-11/group. D, Correlation between BW reduction at 3D after
stroke and the number of total MMs in the blood. 7=28. R2=0.3392. *, *** **** pc() 05,
0.001, 0.0001.
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Figure 4. Effect of post-stroke BW loss on theinfiltration of MMsin thebrain at 3D post-stroke.
A, Gating of brain immune cells by CD45+/CD11b+ expression and leukocyte antigen

Ly-6C for identification of infiltrated peripheral monocyte in the brain. B,C, Number of
Ly-6C+ cells in CD45!%" and CD45Mi9" population in the post-stroke brain in mice with
moderate (Mod) and severe (Sev) BW loss. n=7-17/group. D, Correlation between BW
reduction at 3D after stroke and the number of Ly-6C+ cells in the CD45"9" population.
n=28. R2=0.3392, ** #*x* *¥xx nc() 05 0.01, and 0.0001 C vs. I; #p<0.01 Contra (C),
contralateral; Ipsi (1), ipsilateral
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Figure 5. Effect of corticosterone on BW reduction, post-stroke survival, and MM mobilization.
A, Sham-adenectomy (Sham) or adenectomy (ADX) was performed immediately before

stroke. Plasma corticosterone levels were measured before (pre) and several post-stroke time
points 7=2-4/time point. **p<0.01 vs pre. B, post-stroke survival rate and %BW loss at 1D
and 3D after stroke in mice with sham-ADX (n=9), ADX (n=8), or ADX with corticosterone
treatment (n=10). *, **p<0.01 vs. Sham. C, Number of total MMs and MM subsets in the
spleen and the blood, and Ly-6C+ cells in the CD45M9" population of the post-stroke brain.
n=9 (sham-ADX) and n=5 (ADX/CT animals). ADX, adrenalectomy; Sham, sham ADX;
CT, corticosterone; C, contralateral; I, ipsilateral.
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