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Blood vitronectin induces detrimental brain IL-6 and correlates
with outcomes after stroke only in female mice
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Abstract

Background and purpose: Women have worse stroke outcomes than men, especially after
menopause. Few studies have focused on female-specific mechanisms, other than hormones. We
investigated the role of the blood protein vitronectin after ischemic stroke in mice.

Methods: Adult male and female vitronectin knockout and wildtype littermates, and C57BL/6
mice received a middle cerebral artery occlusion and the injured brain tissue analyzed 24 hours to
3 weeks later for cell loss and inflammation, as well as neurological function. Blood vitronectin
levels were measured before and after stroke.

Results: Intravenously injected vitronectin leaked extensively from bloodstream into brain
infarct and penumbra by 24 hours after stroke. Strikingly, vitronectin was detrimental in female,
but not male mice, as shown by reduced brain injury (26.2+2.6 vs. 13.4+3.8%, p=0.018, n=6,5)
and forelimb dysfunction in female vitronectin knockout mice. Stroke increased plasma
vitronectin 2- to 8-fold at 24 hours in females (364 vs. 145+24 ug/ml, p<0.0001, n=10,7), but not
males (62+8 vs. 68+6, p>0.99, n=10,7), and returned to control levels by 7 days. Individually
variable vitronectin levels at 24 hours correlated with stroke-induced brain injury at 7 days only in
females. Vitronectin promoted stroke-induced microglia/macrophage activation and leukocyte
infiltration in females. Pro-inflammatory interleukin-6 greatly increased in the striatum at 24 hours
in wild type mice but was increased ~60% less in female (739159 vs. 268+111, p=0.02, n=7,6),
but not male (889+178 vs. 1179+295, p=0.73, n=10,11), knockout mice. In individual wildtype
females, plasma vitronectin levels correlated with striatal interleukin-6 expression at 24 hours. The
female-specific effect of vitronectin-induced interleukin-6 expression following stroke was not due
to gonadal hormones, as shown by ovariectomy and castration. Lastly, intrastriatal injection of
interleukin-6 in female mice immediately before stroke reversed the vitronectin knockout
phenotypes of reduced brain injury and microglia/macrophage activation.

Conclusion: Vitronectin plays a novel sexually dimorphic detrimental pathophysiological role in
females and might ultimately be a therapeutic target to improve stroke outcomes in women.
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Blood vitronectin, produced by the liver, leaks into injured brain regions after ischemic stroke in
mice. Vitronectin worsens cell loss and neurological dysfunction only in females, through
increased local IL-6 and inflammation. In females, stroke causes an increase in blood vitronectin
levels at 24 h, which correlates with worse outcomes. Vitronectin might be a target to improve
stroke outcomes in women.
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Introduction

Women have worse outcomes after ischemic stroke, particularly after menopausel-23. Early
treatment with tissue plasminogen activator has more robust effects in women?. Despite sex
differences in stroke patients, few preclinical and clinical studies focus on sex-specific
mechanisms, other than hormones2-3. A better understanding of female-specific stroke
mechanisms will help to develop novel strategies for stroke prevention, diagnosis and
treatments in women.

Vitronectin (VTN) is a glycoprotein produced primarily by liver and released into the
bloodstream, and affects hemostasis, immune responses, cell migration and attachment®.
Blood VTN®7, fibrinogen® and fibronectin® do not normally enter into brain, but leak across
regions of disrupted blood brain barrier under pathological conditions. VTN immunostaining
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is present after ischemia-induced cerebral hemorrhagic transformation in primates’. VTN is
one of the most abundant blood proteins, with a large variation in individual values in
healthy humans and rodents19. Higher levels are associated with worse outcomes in
coronary disease!112 and traumatic brain injury13. Blood fibrinogen levels are associated
with stroke severity in humans!4 but it is not known whether VTN would be detrimental, or
beneficial like leaked plasma fibronectin which reduces stroke injury in male mice?®.

The pathophysiological mechanisms and consequences of leaked VTN are not well-
understood. VTN activates microglia in vitro and promotes matrix metallopeptidase-9
expression’®. Microglia and macrophages contribute to detrimental inflammation after
stroke in part by producing pro-inflammatory cytokines16. We previously found that VTN
was unique among five tested ECM and plasma proteins, including fibronectin and
fibrinogen, to induce interleukin-6 (IL-6) in vitro, and that VTN promotes IL-6 expression in
the brains of naive mice and after intracerebral hemorrhage®1. IL-6 increases rapidly after
stroke from almost non-existent levels!®19 and induces cytotoxic cytokines such as
TNFa20.21, |L-6 reportedly is beneficial after stroke but those studies used males?2:23. The
mechanism(s) that induce 1L-6 after stroke may involve NMDA receptors but remains
largely unresolved24,

Here, we compared the role of VTN-induced IL-6 on stroke outcomes in male and female
mice.

Materials and Methods

Mice

This manuscript follows ARRIVE guidelines and adheres to the AHA Journals’
implementation of Transparency and Openness Promotion Guidelines. Additional
methodological details are provided in the supplemental material. All data, analytic
methods, and study materials are available from the corresponding author upon reasonable
request. All analyses were done blinded to the genotype, sex or treatment.

A total of 317 mice were used. VTN breeders (B6.129S2(D2)-Vtn<tm1Dgi>/J, JAX
00437125; backcrossed 13 times to C57BL/6) and C57BL/6 mice (JAX 000664) were from
Jackson Laboratory. Heterozygotes were bred to yield VTN+/+ (wildtype) and VTN-/-
littermates. All animal work was approved by our University Committee on Animal Care
and complied with the NIH Guide on Care and Use of Animals.

Surgical procedures

Mice were anesthetized with Avertin (i.p., 400 mg/kg 2,2,2-tribromoehtanol in 20 ml of 2%
2-methyl-2-butanol in saline, T48402, Sigma). A reliable unilateral 30 min MCAQ or sham
(without filament insertion) was performed in 12-16 week old mice. In some mice, 1 pl of
PBS or recombinant human IL-6 (100 ng, 200-06, Peprotech) was stereotactically injected
into the middle of ipsilateral striatum immediately before MCAQO. In others, recombinant
human VTN (rhVVTN, 50 pg/100 pl saline, SPR3186, Sigma) was injected via the right
jugular vein. This dose (50 pg/1.7 ml plasma for a 25g mouse equals 29.4 pg/ml) mimics
normal plasma VTN levels (16—24 pg/mi26, 29.5 pg/ml in C57BL/6 and 35.6 pug/ml in VTN
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+/+ females, as described in the results). Cases of ovariectomy or castration were performed
two weeks before MCAO.

Motor function tests

Forelimb motor functions were tested by a neurological deficit score system at 24 hours after
MCAQ and from videos taken during cylinder and grid walk tests at —1, 7, 14 and 21 days.

Histological analyses

Series of every sixth 30 um thick sections through the injury were stained with antibodies
(Supplementary Table I) and imaged in their entirety using mosaic stitching and 10x
objectives. Injury size was measured by the GFAP-negative area surrounded by activated
GFAP-positive astrocytes, or the area with cell loss (Cresyl Violet, NeuN staining), and
normalized to the contralateral side (Image J software, NIH). Inflammation was quantified
by the area and intensity/density of CD68 and CD45 staining.

Protein and mRNA measurements

Plasma VTN concentrations were measured by ELISA (MVNKT-TOT, Molecular
Innovations) and in the injured striatum by western blot. Striatal IL-6, CNTF or LIF mRNA
levels were quantified by Tagman probe RT-gPCR.

Statistical analyses

Data are presented as mean=SEM (or SD as indicated). Significance was set at p<0.05 and
determined by t test (2 groups), one- or two-way ANOVA followed by Bonferroni post hoc
tests (more than 2 groups), repeated measures ANOVA, or Pearson correlation analysis
(GraphPad Prism 6.0).

Results

Blood VTN leaks into injured brain regions following stroke

To show that VTN leaks from the bloodstream into the brain, male and female VTN-/- mice
were injected intravenously with rhVTN 24 hours after MCAO. Four hours later, extensive
and intense VTN staining was seen in the injured striatum and cortex of both male and
female mice, with no sex difference in the VTN-positive area and integrated density (Fig.
1A, B). VTN was present around microvessels and in the parenchyma among neurons (Fig.
1C). Peri-vascular VTN was also present in C57BL/6 mice 24 hours after MCAO
(Supplementary Fig. 1A), and increased after intravenous injection of rhVTN
(Supplementary Fig. IB) despite reduction in local VTN mRNA (Supplementary Fig. IC).
Thus, substantial amounts of VTN leak into the injured brain tissue over the first day
following MCAQ.

VTN increases stroke injury only in females

In female VTN-/- mice, the area of cell loss at 14 days after MCAO was decreased from
26% to ~17% of the contralateral hemisphere compared to VTN+/+ littermates, as measured
in cresyl violet-stained brain sections and confirmed by GFAP staining (Fig. 2A). The
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reduction in cortical blood flow during the MCAQ was not different between VTN+/+ and
VTN-/- female (Fig. 2B, left) or male mice (not shown) in any of the experiments.
Neurological deficit scores for the affected forelimb at 24 hours were not different between
VTN+/+ and VTN-/- females (Fig. 2B, right). Thus, the MCAO conditions and initial
stroke injury was comparable between the two genotypes. However, motor function of the
affected forelimb was improved in VTN-/- compared to VTN+/+ females at 7 days and
beyond (Fig. 2B), as shown by the higher limb use index in a cylinder test and fewer
placement errors in grid walking. This genotype difference remained after 7 days, suggesting
that VTN plays a role during the first week following stroke. In these females, injury size
was defined by the area of obvious loss of the neuronal nuclear maker NeuN (Fig. 2C,
Supplementary Fig. 11B) because GFAP had appeared within the injured tissue
(Supplementary Fig. 11A), making analyses difficult. These VTN-/- females had a smaller
injury area (Fig. 2C). Injury size correlated to worse motor performance (Figure 2C).
Remarkably, male VTN-/- and VTN+/+ mice showed no difference in injury size (Fig. 2D)
or 24 hour IL-6 levels (see below). Therefore, we did not perform behavioral studies. The
injury size was not different between VTN+/+ females and males (Fig. 2A,D, 26.2+2.3% vs.
20.6+1.8, p=0.095). Others found that female mice have smaller infarct sizes, as measured
by TTC up to 3 days. Our results at 1-2 weeks, using histology noted to be good methods
for chronic damage?’, are consistent with findings that sex differences are not maintained
after 7 days?8.

Plasma VTN levels increase only in female mice after stroke and correlate with brain injury

Strikingly, plasma VTN was increased 4-fold at 24 hours after MCAQ in females but
remained the same in males (Fig. 3A, left). The concentrations before MCAQO were not
significantly different between females and males. In C57BL/6 mice, levels also increased
only in females (Fig. 3A, middle vs. right). In another study, repeated measurements in
C57BL/6 mice showed that VTN had returned to normal levels in females by 7 days after
MCAO, without changes in males (Fig. 3B). In individual C57BL/6 females, the highly
variable VTN concentrations at 24 hours after MCAO correlated positively to brain injury
size at 7 days (Fig. 3C, left) but not in males (Fig. 3C, right). This again suggests that VTN
plays a unique detrimental role in females. Lastly, as a control, we showed that plasma VTN
in female C57BL/6 mice was increased at 24 hours after the MCAO compared to both naive
and sham operated mice (Fig. 3D).

VTN promotes cerebral inflammation following stroke in females

Activated microglia and macrophages exacerbate cell loss after stroke!®. The area and
density of CD68-positive activated microglia/macrophages (Fig. 4A) and infiltration of
CD45-positive leukocytes (Fig. 4B) was reduced in female VTN—/— mice at 14 days after
MCAO. Plasma VTN concentrations at 24 hours positively correlated with CD68 and CD45
density within the injured area at 7 days after MCAQ in the same C57BL/6 females (Fig.
4C). In C57BL/6 males, no correlation was detected (Fig. 4D).

VTN promotes IL-6 expression acutely following stroke only in female mice

At 24 hours following MCAO, VTN+/+ female mice had a 738-fold increase in striatal IL-6
mRNA compared to sham-operated ones, but this extreme induction was markedly reduced
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in VTN-/- females to 276-fold (Fig. 5A). The levels of IL-6 in sham females were not
different between genotypes. The closely related IL-6 family members CNTF and LIF were
induced to the same extent in both genotypes, suggesting a specificity of VTN in promoting
IL-6 expression. In males, IL-6, CNTF and LIF induction was not significantly different
between genotypes (Fig. 5B), suggesting that VTN does not regulate these cytokines in
males after MCAO. Further, MCAO-induced IL-6 in female and male VTN+/+ mice was
comparable and not significantly different. The female-specific VTN-induced IL-6 following
MCAO is independent of gonadal hormones because the different levels of IL-6 between
VTN+/+ and VTN-/- females after MCAO are not affected by ovariectomy, nor by
castration in males (Supplementary Fig. III).

Supporting the idea that leaked blood VTN acutely induces striatal I1L-6 mRNA at 24 hours
after MCAO in females, we found a positive correlation between VTN and IL-6 in the same
female VTN+/+ and C57BL/6 mice (Fig. 5C). CNTF and LIF mRNA expression levels also
positively correlated to plasma VTN concentrations. IL-6 also correlated to CNTF (r=0.76,
p=0.003) and LIF (r=0.85, p=0.0004) levels, consistent with our finding that intrastriatal
IL-6 injection regulates their expression?!. In contrast, in males, there were no correlations
of plasma VTN with striatal IL-6, CNTF and LIF (Fig. 5D).

Acute IL-6 expression is a major contributor to the detrimental effects of VTN after stroke

To determine whether VTN is detrimental in female mice by inducing excessive IL-6, we
performed a “rescue” experiment by injecting IL-6 into the striatum of VTN+/+ and VTN-/
- females immediately before the MCAO. This mimics the peak IL-6 expression at 24 hours
that returns to baseline levels by 48-72 hours after MCAQ18:29, Because intrastriatal
injection of IL-6 increased GFAP in injured regions making it difficult to define the injury
area (Supplementary Fig. 1V), we used NeuN. The IL-6 injection did not affect the injury
size in VTN+/+ mice compared to PBS, as measured by the area absent of NeuN staining in
the striatum (Fig. 6A,B). In VTN-/- mice, the reduced injury size (PBS) was reversed by
the IL-6 injection. The IL-6 injection also reversed the reduced microglia/macrophage
activation seen in VTN-/- mice (Fig. 6C). It did not affect leukocyte infiltration in VTN-/-
mice (Fig. 6D).

Discussion

VTN is a novel female-specific detrimental protein after stroke

Our results suggest that blood VTN leakage into the brain was detrimental after ischemic
stroke in a female-specific pathophysiological mechanism. Following MCAO, VTN entered
male and female brains equally but only VTN-/- females had smaller injuries and plasma
VTN levels correlated with injury in females only. VTN induced IL-6 in female brains after
stroke, leading to increased inflammation and cell loss, and worse neurological recovery. It
remains to be determined whether injection of VTN or overexpression in the liver would
“rescue” the VTN-/- phenotype. This study identified blood VTN as a first-in-class
detrimental female-specific soluble protein after ischemic stroke. Potential mechanisms
underlying the sex differences remain to be identified but might include VTN isoforms and
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VTN integrin receptor expression and downstream intracellular signaling pathways in the
cells it binds to.

A number of mechanisms show sexual dimorphism after ischemic strokel:3. Female rodents
initially have smaller injuries and better functional outcomes due to the neuroprotective
effect of estrogen and progesterone-30:31, Qur data suggest that gonadal sex hormones do
not explain the effects of VTN on MCAO-induced harmful IL-6 in females, although we
cannot exclude other sources. It remains to be confirmed that the hormones do not affect
VTN-mediated MCAO infarct size. None of the more than 800 genes on the X chromosome
appear to be connected to VTN or its signaling. Stroke-induced cell death is affected more
by mitochondrial cytochrome-c release and caspase activation in females than in males32.
Moreover, increased caspase activity by inhibition of X-link inhibitor of apoptosis enhances
stroke-induced injury only in females33. Pannexini, a gap-junction membrane channel, is
also detrimental after ischemic stroke in females, but not males34. Besides the well-known
protective role of estrogen and progesterone, the anti-inflammatory cytokine IL-4 is required
for female-specific protection in mice3°. Poly(ADP-ribose) polymerase-1 pathway is
detrimental only in males36:37, TRPM2 channels are detrimental only in male mice38,
whereas hemeoxygenase-1/Wnt signaling protects males, but not females39. It remains to be
determined whether or not VTN signaling intersects with any of these sex-specific
pathophysiological mechanisms.

We cannot exclude the contribution of VTN produced by pericytes following MCAQS. The
majority of VTN derives from the bloodstream, as shown by the leaked rhVVTN injected into
VTN-/- mice at 24 h, consistent with BBB breakdown*?, and reduced local VTN mRNA.

Variably induced plasma VTN levels positively correlate to brain injury outcomes after

stroke

The VTN-/- data, showing reduced injury only in females, suggest that when VTN leaks
into the brain, it is detrimental in females, but not in males, despite similar baseline plasma
levels and leakage. Plasma VTN levels in females were increased by 24 hours after the
MCAO and were reduced again to normal levels by 7 days, acting like other acute phase
proteins made by the liver*!. The substantially different individual levels of VTN in females
after MCAO correlated with worse outcomes such as the injury size. Plasma VTN vary
among presumed healthy people and also in patients10-11.12 raising the possibility that prior
higher plasma VTN levels caused by other diseases would impact stroke outcomes. High
plasma VTN is associated with worse outcomes after cardiovascular disease10-11.12:25 |t will
be important to determine whether reducing VTN levels before or after, stroke would be
beneficial. The acute nature of the increased VTN is consistent with the functional motor
improvement in VTN-/- female mice by 7 days which is retained afterward. This suggests
that treatments intervening with the acute VTN spike would result in lasting
neuroprotection. It remains to be determined what regulates VTN in the liver but could
include circulating IL-6, which also correlates to worse outcomes after human stroke*2 and
can induce liver VTN in rats*3. It will be important to test whether pharmacological drugs
that reduce VTN production or integrin signaling would lack neuroprotective efficacy in
VTN-/- females and might be specific treatments for females.
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Female-specific harmful VTN-induced IL-6 and microglial activation

Ischemic stroke rapidly induces IL-6 expression in the brain that peaks around 24 hours and
is reduced again after 2 days824. This peaking response paralleled MCAO-induced acute
increase of plasma VTN in female mice and overlapped with the acute VTN leakage into the
brain. Moreover, elevated plasma VTN correlated positively to IL-6 expression in the female
striatum at 24 hours after MCAQO. Indeed, VTN rapidly increases IL-6 expression in cultured
cells and in naive micel’. In female VTN—-/- mice, the more than 700-fold MCAO-induced
striatal 1L-6 was reduced by ~60% compared to VTN+/+ females. Thus, VTN substantially,
although not exclusively, regulates IL-6 expression in females. IL-6 is also much reduced but
not completely blocked in VTN-/- mice in a hemorrhage modell’. Thus, other mechanisms,
including other blood-derived proteins probably play a role in inducing IL-6 as well,
including the high concentrations of fibrinogen and fibronectin, which can induce
inflammation in the brainl®. In males, IL-6 increased to similar levels as in females, yet did
not correlate with plasma VTN levels at 24 hours, which did not correlate with injury size at
7 days. This suggests that brain IL-6 is not detrimental in males, which would not be
inconsistent with the apparent beneficial role of blood 1L-622:23, It remains to be determined
which brain cells respond differently to IL-6, and which cells respond to VTN to produce
IL-6 in females, but not in males. VTN can activate microglial4 and promote macrophage
adhesion1®44, Microglia play a role in BBB breakdown after stroke®®. Thus, VTN leakage in
females may exacerbate microglia activation and macrophage infiltration, which play a
predominantly detrimental role® and produce IL-6 after stroke*’. Indeed, the female VTN-/
- mice had reduced microglia/macrophage activation and leukocyte infiltration after MCAO.
Microglia have a sexually dimorphic response to ischemic stroke*8. Astrocytes also produce
IL-6 after stroke24 and may play a sexually dimorphic role because I1L-6 deletion in
astrocytes reduces demyelination and inflammation in a multiple sclerosis mouse model
only in females®9. 1L-6 reportedly is beneficial after ischemic stroke in male mice?2. Here,
female VTN-/- mice had reduced IL-6 expression and their smaller injuries after MCAO
were reversed by intrastriatal 1L-6 injection. This suggests that VTN-induced IL-6 after
stroke in females is detrimental. The IL-6 injection did not affect leukocyte infiltration in
either VTN+/+ and VTN-/- females, suggesting that leaked blood VTN activates local brain
cells, including microglia.

Conclusions

This study identified blood VTN as a first-in-class detrimental female-specific blood protein
after ischemic stroke that acted by inducing excessive IL-6 expression in the brain. It points
to opportunities to investigate whether VTN blood levels are prognostic for stroke outcomes
and tailoring neuroprotective treatments that target VTN in women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Blood vitronectin (VTN) leaksinto brain following ischemic stroke.
A) VTN injected i.v. into VTN-/- mice at 24 hours after a unilateral MCAO leaks into the

injured brain regions, as shown by VTN immunostaining 4 h later. Cc, corpus callosum, Ctx,
cortex, Str, striatum. Dashed lines delineate the lateral ventricles. A higher magnification
shows intense VTN staining in the striatum among DAPI-stained nuclei. * indicate white
matter tracts. B) The VTN-positive area and VTN integrated density was not different
between females and males (N=4,4). C) Leaked VTN was present around blood vessels
(BV) and in the parenchyma intermixed with NeuN-positive neurons shown in a 0.67 pm
thick confocal image. Arrows indicate an area of substantial VTN leakage. D) No staining
was present using purified 1gG as primary antibody, confirming immunostaining specificity.
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Figure2. VTN increases strokeinjury only in female mice.
A) At 14 days after MCAO, VTN-/- females had smaller injuries (dashed lines) than VTN

+/+ females as shown by Cresyl Violet (CV) and GFAP staining and quantification of the
area of cell loss (N=6,5, confirmed in Fig. 3 by inflammatory markers). B) Reduced cortical
blood flow during MCAO and neurological deficit scores (NDS) at 24 hours were not
different between genotypes (N=12,8). These VTN-/- females had a higher (better) index of
impaired forelimb use in a cylinder test (N=12,8), and made fewer stepping errors with the
impaired forelimb in a grid walk test (N=8,8, 4 VTN+/+ excluded for technical video
issues). C) The injury was identifiable by a NeuN-negative area (dashed lines) at 21 days
after MCAO (Supplementary Fig. 11B). The bright area in the injury area is a staining
artifact. VTN-/- females had smaller injuries, accounting for substantial ipsilateral
hemisphere shrinkage (Supplemental materials) that did not differ between genotypes
(79.0% vs. 81.1% of contralateral, p=0.70). The injury size negatively correlated to the
impaired forelimb index (lower is worse) and positively to placement errors (higher is
worse) at 21 days. D) MCAO-induced injured size measured in GFAP-stained sections was
similar in VTN+/+ and VTN-/- males at 14 days (N=9,6). * p<0.05, ** p<0.01, ***
p<0.001.
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_Fi_gure 3. Plasma VTN increases only in female mice after stroke and are prognostic of brain
njury.

AJ) Pl}jasma VTN concentrations were increased 24 hours after compared to 24 hours before
MCAO in female, but not male, VTN+/+ (N=10,7,10,12) and C57BL/6 mice (N=13,11). B)
At 7 days, plasma VTN returned to baseline levels in females, but MCAQ did not change
plasma VTN in males (N= 6,7, repeated measures). C) Plasma VTN concentrations in
female, but not male, C57BL/6 mice at 24 hours after MCAO correlated to injury size at 7
days, measured in GFAP-stained sections (N=6,7). D) MCAO increased plasma VTN at 24
hours compared to both naive and sham operated C57BL/6 female mice (N=6,7,4). *
p<0.05, ** p<0.01, *** p<0.001, **** or #### p<0.0001
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Figure4. VTN promotes microglia/macrophage activation and leukocyte infiltration in females
following stroke.

At 14 days after MCAO, VTN-/- female mice showed less A) CD68-positive activated
microglia/macrophages and B) CD45-positive infiltrated leukocytes than VTN+/+ females,
as shown by area and density measurements (N=6,5; * p<0.05, ** p<0.01). Dashed lines
delineate injured areas with dense immunostained cells. C) Plasma VTN concentrations in
female C57BL/6 mice at 24 hours correlated to CD68 and CD45 density at 7 days after
MCAO (N=6). D) No correlation was present in males (N=7).
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Figure5. VTN promotes|L-6 expression acutely following M CAO only in female mice.
A) In VTN-/- females, MCAOQO-induced IL-6 in the injured striatum at 24 hours after

MCAQO was much less compared to VTN+/+ females. There were no genotype differences in
MCAO-induced ciliary neurotrophic factor (CNTF) or leukemia inhibitory factor (LIF).
N=5,7,6,6, * or # p<0.05, ** p<0.01. B) Males did not show genotype differences in
MCAQO-induced IL-6, CNTF or LIF (N=6,10,8,11). Plasma VTN concentrations correlated
with IL-6, CNTF and LIF expression in females C), but not males D), N=11/group.
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Figure6. IL-6isamajor contributor to the detrimental effectsof VTN after stroke.
A) Loss of NeuN-positive neurons (dashed lines) was reduced in VTN-/- females when

injected with PBS into the striatum just before MCAO. IL-6 injection reversed this
neuroprotective phenotype in VTN—-/- females (right panels). High magnification images of
areas indicated by arrows are shown below. Cc, corpus callosum, Ctx, cortex, Str, striatum.
B) Quantification of the area of neuronal loss. C) IL-6 injection also reversed the VTN-/-
phenotype of reduced microglia/macrophage activation (CD68 area and density), but D) did
not affect genotype differences in CD45-positive leukocyte infiltration (N=8,6,5,5). *
p<0.05, ** p<0.01.
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