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Case

• 85 F with recent loss of her longtime husband.

• She was found by her daughter in the afternoon, who 
visits weekly and spoke to her the day before.

• Focal? 

• Exam shows left sided weakness, face and arm > leg. 

• Gaze preference.

• Neglect.

• Where is it?
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Case continued

• CTA shows proximal right MCA occlusion at M1 but 
no significant stenosis in the contralateral carotid, 
minimal calcifications.

• Likely etiology?

• Time of onset was unknown. 

• What would you do?
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Acute Imaging
Anything to save?



Etiology? 
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Cumulative frequency of stroke etiology in women and 
men with AIS
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Atrial Fibrillation
• Women experience more symptoms from AF
• Less likely to receive rhythm control or catheter ablation
• Poorer quality of life
• Higher risk for stroke and death than men with AF
• Biology vs. Sociology? 
• Women are more likely to be living alone or widowed before (and 

after) a stroke
• Less likely to be anticoagulated compared to age-matched men? 

“frailty”? 
• Under represented in clinical trials

Ko D. et al. Nat Rev Cardiol. 2017 Feb;14(2):113-124
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Ko D. et al. Nat Rev Cardiol. 2017 Feb;14(2):113-124
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So how is this women going to do?

• More likely to be disabled by her stroke
• More likely to die from her stroke
• More likely to end up in a skilled nursing facility 
• More likely to have cognitive disability after stroke
• More likely to develop post-stroke depression
• BUT also more likely to have functional deficits 

before her stroke
• AND more likely to live alone
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Age and other factors matter in outcome

Phan HT.  Epub 2017 Feb 22. Circ Cardiovasc Qual Outcomes. Sex Differences in Long-Term Mortality After Stroke in the 
INSTRUCT (INternational STRoke oUtComes sTudy): A Meta-Analysis of Individual Participant Data.
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Policy: NIH to balance sex in cell and 
animal studies

http://orwh.od.nih.gov/research/index.asp
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Hypertension and the SPRINT trial
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Psychosocial Factors
• Depression and psychosocial stress increase risk for incident stroke by 

25% to 45% in women

• Higher serum inflammation? Compliance?

• Social Isolation (loneliness) increases risk of mortality

• Isolation increases risk of first stroke Isolation leads to poorer 
recovery  (controlled for NIHSS)

• Stroke patients with low social support have increased risk of 
recurrent stroke 
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Epidemic of loneliness
• 52% of women live alone compared to 29% for men 

after the age of 80 
• May outlive not only spouses/partners but also their 

friends and children 
• Cardiovascular, nervous and immune targets



McGovern Medical School



McGovern Medical School

Biology: The detrimental effects of 
isolation can be modeled in animals!

SI femalePH female



McGovern Medical School

Infarct Size was equivalent at 30 and 90 
days when isolation occurred three days 
after stroke (to control for infarct size)
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Mortality
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Translational Failure: Estrogen

Female OVX Female
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Hendrix, S. L. et al. Circulation 2006;113:2425-2434

Ischemic stroke risk- WHI hormone trial
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Timing matters!
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ELITE

N Engl J Med. 2016 Mar 31;374(13):1221-31. doi: 10.1056/NEJMoa1505241.

https://www.ncbi.nlm.nih.gov/pubmed/27028912
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Case
• 41 yo G5P4 presented with an acute onset of right hemiparesis and 

aphasia at 9am

• Last seen at 8:30 am, called husband “not feeling well”

• On arrival she was mute, lying on the floor 

• In ED she had a NIHSS of 22.  Alert, awake, global aphasia, left gaze 
preference, visual field cut, normal pupils, right facial, 0/5 on right an  
moving spontaneously on left.

• 5 months pregnant-What next?  

• TPA?
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Microchimerism and Disease

• Humans…how these cells identified in humans

• “Good Microchimerism” Hypothesis: cure

• “Bad Microchimerism” Hypothesis: cause

Presenter
Presentation Notes
Stem cells and ischemic strokeRole of microchimerism in disease / ischemic heart injuryWhy we will study in stroke?!!!
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Mouse Model: Fetal Microchimera

x

GFP-/- ♀GFP+/+ ♂

GFP+/- GFP+/-

Induce 90min MCAO 
3-4 wks 

after delivery

Analyze Brain and Blood 
for GFP+ cells at 72hrs & 

30d post-MCAO

Presenter
Presentation Notes
How we study it….
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GFP+ Fetal Cells are Present in the 
Maternal Ischemic Brain

DAPI TexRed (autofluorescent)

GFP MERGE

Non-Stroke
Side

Stroke
Side

MERGE

DAPI

GFP 

Anti-GFP

Presenter
Presentation Notes
Widely distributed throughout, but confined to the stroke-damaged region.GFP+ cells are DAPI positive, do not autofluores in the Texas Red channel and bind to a monoclonal GFP antibody
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Homing of Fetal Cells to Ischemic Injury

Fetal Microchimera: 90min,72hr, 3-4 weeks post-partum

CV stain of adjacent section

Presenter
Presentation Notes
Maternal brain 1
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30 days after Stroke
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Presenter
Presentation Notes
GFP fetal cells adopt endothelial cell-like fate at 30 days, may have participated in angiogenesis response (resupplying ischemic areas with oxygen and nutrients – beneficial response)Very few scattered GFP/NeuN cortical neurons were also found, nothing much, but could be evidence of potential to take part in neurogenesis
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• Bi-directional communication between the 
immune system and the nervous system

• The CNS as an immune privileged site

• Inflammation plays a role in the etiology of a 
variety of neurological diseases

Background:  Neuroimmunology

Presenter
Presentation Notes
Bidirectional relationship, descending pathways of the nervous system innervate lymphoid tissue, effects of stress hormones on immune cells, and the presence of neurotransmitter receptors on immune cells (Dantzer, Konsman, Bluthé, & Kelley, 2000). In parallel, ascending pathways include the vagus nerve, expressing receptors for interleukin-1, brain regions lacking the blood-brainNeuroinflammation and neuroimmune activation have been shown to play a role in the etiology of a variety of neurological disorders such as stroke, Parkinson's and Alzheimer's disease, multiple sclerosis, pain, and AIDS-associated dementia. However, cytokines and chemokines also modulate CNS function in the absence of overt immunological, physiological, or psychological challenges. For example, cytokines and cytokine receptor inhibitors affect cognitive and emotional processes. Recent evidence suggests that immune molecules modulate brain systems differently across the lifespanDespite the brain's status as an immune privileged site, an extensive bi-directional communication takes place between the nervous and the immune system in both health and disease. Immune cells and neuroimmune molecules such as cytokines, chemokines, and growth factors modulate brain function through multiple signaling pathways throughout the lifespanNon-conventional lymphatic system, blood-brain barrier, Antigens from immune privileged regions have been found to interact with T cells in an unusual way inducing tolerance as previously opposed to a destructive response.[3] Immune privilege has emerged as an active rather than a passive process.  Physical structures surrounding privileged sites cause a lack of lymphatic drainage, limiting the immune system's ability to enter the site. Other factors that contribute to the maintenance of immune privilege include: low expression of classical MHC class Ia molecules expression of immunoregulatory nonclassical, low polymorphic class Ib MHC molecules increased expression of surface molecules that inhibit complement activation local production of immunosuppressive cytokines such as TGF-β[4] presence of neuropeptides constitutive expression of Fas ligand that controls the entry of Fas-expressing lymphoid cells.[1][5]  The nature of isolation of immunologically privileged sites from the rest of the body's immune system can cause them to become targets of autoimmune diseases or conditions, including sympathetic ophthalmia in the eye.Immune privilege is found at important sites like the testes, fetus, and brainSelective barrier, BBB impact on immune privilege (although not absolute barrier to immunoglobulins)H. Wekerle, C. Linington, H. Lassmann, and R. Meyermann, “Cellular immune reactivity within the CNS,” Trends in Neurosciences, vol. 9, no. 6, pp. 271–277, 1986. View at ScopusW. F. Hickey, B. L. Hsu, and H. Kimura, “T-lymphocyte entry into the central nervous system,” Journal of Neuroscience Research, vol. 28, no. 2, pp. 254–260, 1991. View at Scopus
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Systemic Effects of Stroke

• Peripheral Effects
• Role of Peripheral Leukocytes/Myeloid Cells
• Local Response…Microglia/Astrocytes?
• Aging… T cell deficits? Infections?

SH 

72 hr

ST 

72 hr

SH ST 

Presenter
Presentation Notes
Although this talk centers mostly on microglia, I don’t want to underplay the systemic effects of stroke and their contribution to injury and recovery, which can be seen by large influx of periperally circulating cells that are recruited and infiltrate the brain…SpleenThymusLymph NodeBone MarrowSerum levels



McGovern Medical School

32 year old 78 year old
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Hemorrhagic transformation (HT) after experimental stroke in aged mice: Blood 
marked by arrows-mimics clinical populations
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Fat in aged versus young mice
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Significantly higher peripheral cells in the aged 
brain AT BASELINE
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High expression of T cell adhesion markers 
on CD8 T cells in aged in blood and brain 
compared to young mice

Presenter
Presentation Notes
CD8 T cells in the aged brain expressed significantly higher levels of the adhesion molecules required for CNS entry, CD11a (LFA-1) and CD49d (VLA-4), compared to those in the blood
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Aged mice have smaller infarcts but much 
poorer recovery and high mortality

Presenter
Presentation Notes
A grading scale of 0-3 is used to assess behavioral deficits after stroke. This scoring scale is a simple way to reveal basic neurological deficits. Ischemic animals will have significantly more neurological deficits than non-ischemic animals, resulting in a higher scorethe modified Bederson score4 was used to determine global neurologic function according to the following scoring system: 0, no deficit; 1, forelimb flexion; 2, decreased resistance to lateral push; 3, unidirectional circling; 4, longitudinal spinning; 5, no movement. CV staining is widely used for neuronal tissue because the basic stain binds readily to the acidic components of the neuronal cytoplasm, such as the RNA rich ribosomes and it also binds to the nucleoli of the cells (stains neuron nissl substance non-specifically, dark blue in normal intact cells, light blue in damaged areas)
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YOUNG AGED

The Composition of Infiltrating 
Leukocytes Differs with Age

Monocytic Neutrophilic
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Young  Young
Old  Young

And

Young  Old
Old  Old

Generating Heterochronic Bone Marrow 
Chimeras (hBMC)

Iba1
DAPI
GFP

Cresyl Violet

Presenter
Presentation Notes
Present rationale
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Young bone marrow contributes to enhanced 
recovery in aged mice
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Aged bone marrow contributes to poorer 
recovery in young mice

Presenter
Presentation Notes
er



McGovern Medical School

Aged bone marrow increased hemorrhagic 
transformation in young mice and young BMT 
reversed this in aged mice
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Age and the Systemic Response to Stroke
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The amount AND the composition of systemic bacteria 
differ in young vs. aged mice

Young 
Sham (%)

Young 
Stroke (%)

Aged 
Sham (%)

Aged 
Stroke (%)

MLN 1/7 14.3 5/7 71.4 3/8 37.5 6/7 85.7

Spleen 0/6 0 4/10 40 1/8 12.5 6/7 85.7

Liver 0/7 0 8/10 80 2/8 25 7/7 100

Lung 0/7 0 3/10 30 1/8 12.5 5/7 71.4
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AgedYoung

Stroke-induced loss of the gut hypoxic barrier, O2 sensing 
pimonidazole (green) 

Lumen

Aging and stroke impair GI barrier function 
and allow for bacterial translocation
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A principle component analysis (PCA) showed significant separation between age groups (ANOSIM p
value = 0.005) Principle component 1 (PC1) explained 31.19% of variation seen in samples while PC2
(15.97%) further separated the different microbial populations from different microbiome. PCA plots were
generated using the raw abundances of microbial groups after 16s rRNA sequencing.

Age differences in the microbiome
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Biome transfers influence behavioral 
recovery



McGovern Medical School

Acknowledgements
• Venu Venna
• Rodney Ritzel
• Fudong Liu
• Joerg Graf (UCONN)
• Dave Durgan (BCM)
• Robert Bryan (BCM)
• Monica Spycchala

• Sarah Doran
• Lori Capozzi
• Ted Koellhofer 
• Josh Crapser
• Matt Howe
• Mike Jandzinski

Support from the NIH/NINDS and the American Heart Association


	Sex Differences in Stroke��
	Disclosures
	Slide Number 3
	Case
	Slide Number 5
	Case continued
	Acute Imaging�Anything to save?
	Etiology? 
	Slide Number 9
	Slide Number 10
	Atrial Fibrillation
	Slide Number 12
	So how is this women going to do?
	Age and other factors matter in outcome
	Slide Number 15
	Policy: NIH to balance sex in cell and animal studies�
	Hypertension and the SPRINT trial
	Psychosocial Factors
	Epidemic of loneliness
	Slide Number 20
	Biology: The detrimental effects of isolation can be modeled in animals!
	Infarct Size was equivalent at 30 and 90 days when isolation occurred three days after stroke (to control for infarct size)
	Mortality
	Translational Failure: Estrogen
	Slide Number 25
	Timing matters!
	ELITE 
	Case
	Slide Number 29
	Slide Number 30
	Microchimerism and Disease
	Mouse Model: Fetal Microchimera
	GFP+ Fetal Cells are Present in the Maternal Ischemic Brain
	Slide Number 34
	30 days after Stroke
	Background:  Neuroimmunology
	Systemic Effects of Stroke
	Slide Number 38
	Slide Number 39
	Fat in aged versus young mice
	Significantly higher peripheral cells in the aged brain AT BASELINE
	High expression of T cell adhesion markers on CD8 T cells in aged in blood and brain compared to young mice
	Aged mice have smaller infarcts but much poorer recovery and high mortality
	The Composition of Infiltrating Leukocytes Differs with Age
	Generating Heterochronic Bone Marrow Chimeras (hBMC)
	Young bone marrow contributes to enhanced recovery in aged mice
	Aged bone marrow contributes to poorer recovery in young mice
	Aged bone marrow increased hemorrhagic transformation in young mice and young BMT reversed this in aged mice
	Age and the Systemic Response to Stroke
	The amount AND the composition of systemic bacteria differ in young vs. aged mice
	Aging and stroke impair GI barrier function and allow for bacterial translocation
	Age differences in the microbiome
	Biome transfers influence behavioral recovery
	Acknowledgements

