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Detrimental Aspects of Aging
• Age-related cognitive decline is one of the fastest-growing health 

concerns
• Aging is associated with reductions in: 

• Processing speed 
• Inductive reasoning
• Learning and memory

• Decreased synaptic structure; reduced neurotransmitter synthesis 
• Altered receptor signaling; dysregulated neuronal gene and protein 

expression
• Comorbidities

• Diabetes Mellitus, Hypertension, Cardiovascular Disease (i.e. Stroke), 
Dementia

3As reviewed by Hedden and Gabrieli, Nat Rev Neurosci 2004;  Rjell et al, Rev Neurosci 2010; 
VanGuilder et al, Front Aging 2011; Sonntag et al, Front Aging 2013 



Insulin-like Growth Factor-1 (IGF-1)
• Pleiotropic hormone
• Regulated by pituitary and 

produced in liver 
• Crosses the blood brain 

barrier
• Growth factor

Hayes CA. et al (2021) Journal of Cerebral Blood Flow and 
Metabolism pp. 2475-2491
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Mayo Clinic Reference Guide
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Hypothesis: Reductions in hippocampal neuronal IGFR in adulthood 
increases cognitive deficits. 

Methods:
• Male and female transgenic mice

• igfrf/f 
• Stereotaxic injections of AAV9-Syn-Cre or 

control AAV9-Syn-GFP (control) in the 
dentate gyrus and CA1 subregions of the 
hippocampus 

• Behavioral assessments
• RAWM
• NOR
• Golgi-Cox Stain

• Osmotic pump implantation (14 
days)

• Primary neuronal cultures
6Hayes et al. 2021 bioRxiv 2021.08.08.455596



Behavioral Changes 
with Neuronal IGF-1 
Reductions



Reduced Synaptic Boutons

Method: 45µm brain slices were stained using Golgi’s method 
and boutons were quantified in CA1 region of hippocampus.
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A. B.

Hayes et al. 2021 bioRxiv 2021.08.08.455596
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Neuronal Growth is Restored with ROCK Inhibition

Method: Primary cortical neurons treated with picropodophyllin 
toxin (IGFR Inhibitor) & ROCK activity assay.
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A.

B.

Hayes et al. 2021 bioRxiv 2021.08.08.455596
Method: Male mice received a ROCK inhibitor (HydroxyFasudil) through 
implanted osmotic pumps and tested in RAWM. ROCK activity within the 

brain was quantified and boutons using Golgi’s method.



Conclusions of Neuronal IGFR Study

• Male IGFR-KOs exhibit spatial learning and memory impairments in 
RAWM

• IGFR reductions results in upregulated ROCK activity both in vitro and 
in vivo

• ROCK inhibitor in vitro restores neurite outgrowth but does NOT 
restore observed spatial learning and memory impairments in RAWM 

10Hayes et al. 2021 bioRxiv 2021.08.08.455596
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Hypothesis: Astrocytic IGF-1 is an essential component in maintaining 
proper cognition throughout adulthood. 

Methods:
• Male and female transgenic mice

• GFAP-Cre/ERT+ igfrf/f and igfrf/f  (Control)

• Tamoxifen injections to induce KO
• Behavioral assessments:

• RAWM
• Barnes Maze

12



^-Day ^-Day

A. B. C. D.

Astro-KO does not alter cognition
Method: Two months post-knockdown, male and female 6-month-old mice were tested in RAWM.
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Findings: IGF-1R Inhibition disrupts glutamate uptake in vitro 
and in vivo
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Prabhu, D et al (2019). Journal of neurochemistry, 151(6), 689-702.

In Vitro In Vivo 

A. B. C.



Astro-IGFR Consensus

• Neither males or females KO have cognitive impairments in either 
RAWM or Barnes Maze

• Reduced glutamate uptake when IGFR is inhibited in vitro and in vivo
• Glutamate machinery is altered in male and female KOs

15



Sci-Comm



Sci-Comm



The Graduate School Snap Shot



IGF-1 Signaling Within the Brain

Hayes CA. et al (2021) Journal of Cerebral Blood Flow and Metabolism pp. 2475-2491
https://www.frontiersin.org/articles/10.3389/fncel.2020.00051/full
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Results: Astrocytes fail to protect against excitotoxicity when IGFR is inhibited.

Hayes CA. et al (2021) Frontiers in Aging Neuroscience Volume 13 20

Method: Triple cell culture; Live-dead assay using fluorescence microscopy 
Statistics: p<0.05 via one-way ANOVA
Equation: % Toxicity = (dead/total cells)*100
Abbreviations: PPP-picropodophyllin toxin; E-stim-100μM Glutamate



Stroke-A World Leading Cause of Death
• 2020-1 in 6 deaths
• Every 40 seconds someone in the 

United States has a stroke
• Every 3.5 minutes, someone dies 

of stroke
• 2017-2018-$53 billion dollars in 

care

Centers for Disease Control and Prevention. Underlying Cause of Death, 1999–2018. 
CW, Aday AW et al. Heart Disease and Stroke Statistics—2022 Update: 
A Report From the American Heart Association  external icon. Circulation. 2022;145(8):e153–e639.
. 
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http://wonder.cdc.gov/ucd-icd10.html
https://www.ahajournals.org/doi/10.1161/CIR.0000000000001052
https://www.ahajournals.org/doi/10.1161/CIR.0000000000001052


Hypothesis: Reductions in IGF-1R in astrocytes attenuate 
neuroprotective functions of IGF-1 in stroke.

--

22



Dissertation Research Design
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Methods:
• Transgenic Models; Photothrombosis
• Behavior: Neurological Deficit Score and Cylinder
• Ex Vivo: Blood Brain Barrier Damage (Evan’s Blue/ Fluorescence Microscopy); Microglia Infiltration (IHC IBA1+/Confocal Microscopy; 

Inflammation (Cytokine/Chemokine Multiplex/FM3D); Chemical Shifts (Fourier Transform Infrared Spectroscopy (FTIR)) 



Results: Microglia Infiltration Into the Infarct Core

nKO

Sham WT

aKO
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Method: IHC IBA1+; confocal microscopy; Image J/Fiji
Statistics: * p<0.05 compared to surgical sham; $ p<0.05 compared to WT ischemic stroke via 
one-way ANOVA
Abbreviations: WT-wildtype; aKO-astrocytic IGF-1R knockout; nKO-neuronal IGF-1R knockout

A. B.



Results: Astrocytic IGF-1R Reduction Exerts Neuroprotection

WT-wildtype; aKO-astrocytic IGF-1R knockout; nKO-neuronal IGF-1R 
knockout; S-intranasal saline treatment; 1-intranasal IGF-1 treatment

Method: TTC & Image J 
Statistics: #-p<0.05 group differences via two-way ANOVA
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Overall Findings 

• aKOs and nKOs have neuroprotective phenotypes at 3 hours post-stroke
• BBB
• Lipid/Protein distribution
• Microglia
• Systemic Inflammation

• aKOs and nKOs have neuroprotective phenotypes at 3 days post-stroke 
• Infarct size

26



SREB AND SMITH SCHOLARS



The Jackson Heart Study
• “The JHS is the largest single-site, 

community-based epidemiologic 
investigation of environmental 
and genetic factors associated 
with cardiovascular disease 
among African Americans ever”

   -The JHS

In addition, the JHS conducts community education and outreach activities to promote healthy lifestyles and 
reduce disease risk burden, undergraduate- and graduate-level research training programs, and high school 
science and math enrichment programs to prepare and encourage underrepresented minority students to 
pursue biomedical careers. 

28



High Sensitivity C-Reactive Protein

• Inflammation (hs-CRP) is arguably the major contributor to ongoing stroke damage. 
• Elevated hs-CRP levels correlate with the risk of ischemic stroke and stroke incidence (Rost 

et al 2001),(Dawood et al 2016), (Ford et al 2000).

• African Americans have a higher hs-CRP levels compared to Caucasians, Hispanic and 
Japanese individuals (Kelley-Hedgepeth et al 2008), (Veeranna et al 2013), (Cushman et al 2009).

Measuring Inflammation in the Clinic

29Sobowale, O.A., et al., Interleukin-1 in Stroke: From Bench to Bedside. 
Stroke, 2016. 47(8): p. 2160-7

Hypothesis: Increased levels of inflammation as measured by 
high sensitivity-C reactive protein are positively associated 
with stroke incidence among African Americans. 

J. Renneker R. Thorpe Jr.



Results: hs-CRP and Stroke Incidence Association
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Methodology
• Analytical sample included:

• All 3 visits (2000-2013)
• Hs-CRP level (independent variable) 

divided into quintiles
• Stroke incidence (dependent variable)
• Covariates

• Demographics (age and sex)
• Anthropometrics (body mass index (BMI) and 

obesity status)
• Health conditions (high cholesterol, 

hypertension, and diabetes statuses)
• Behavioral risk factors (smoking status and 

alcohol intake status)
• Cardiovascular History

• Exclusion criteria:
• Missing hs-CRP or stroke at visit 1
• Missing stroke data at visits 1-3
• Medical record refusals at visits 1-3

Table. Hazard ratios and 95% confidence intervals of stroke incidence among hs-
CRP quintiles in the unadjusted and fully adjusted model controlling for known 
stroke risk factors 

Sequential Models
hs-CRP quintile (mg/L) Unadjusted Model Adjusted Model

Quintile 1
< 0.084 mg/L
n=923

1.0 (ref) 1.0 (ref)

Quintile 2
0.085-0.189 mg/L
n=919

1.48 (0.96-2.29) 1.27 (0.79-2.03)

Quintile 3
0.19-0.36 mg/L
n=922

1.44 (0.93-2.24) 1.18 (0.73-1.91)

Quintile 4
0.361-0.675 mg/L
n=918

1.09 (0.68-1.74) 0.91 (0.55-1.52)

Quintile 5
> 0.676 mg/L
n=919

1.78 (1.17-2.72) 1.87 (1.17-2.98)

Abbreviations: Highly sensitive C reactive protein - hs-CRP
Unadjusted model only included hs-CRP. 
Adjusted Model hs-CRP + age, sex, obesity category, total cholesterol, 
hypertension status, diabetes status, alcohol status, current smoking status, ever 
smoking status, cardiovascular history 



So… what did it actually look like for me ?



KEY ISSUES OF GRADUATE SCHOOL



Greatest lesson was time management and self-preservation through self-
investment

• Pre-pandemic work hours
• Pandemic work hours
• Post-pandemic work hours
• Graduate school hours
• Postdoc hours

Theoretical Expectations? Realistic Expectations? Self Expectations



You Learn More In Failure Than You Ever Do In Success – Jay Z

Successful Grants

• UM Grant 

• NIH NRSA F31
• Propel Stanford

Failed Grants

• NSF GRFP

• NSF GRFP 
• Ford Predoctoral Fellowship

• American Heart Association Predoctoral 
Fellowship

• NIH NRSA F31



2019 Strength: Science Communication
2019 Weakness: Scientific Writing

• Scientific reading takes more strategy than it 
does skill. 

• To develop a strategy, you need practice and 
time. 



Then & Now 

• Paper Tracking • Digital Obsidian Tracking 
Software



A Black Academic Journey

Hayes CA; ACS Chemical Neuroscience 2021



Postdoctoral Appointment ~ Stanford University
(2022- )

Interest ResearchThe Realization



National Alzheimer’s Disease 
Coordinating Center Dataset

B. Mormino K. Poston K. Younes



POSTDOC RESEARCH TRAJECTORY

Prins, N. et al, Nat Rev Neurol 11, 157–165 (2015).

Zdanovskis, N. et al Medicina 2022, 58, 887. 



POSTDOC TRAINING PLAN



“Obstacles” = “Opportunities”



You are who you hang around -Whoever



Contact Information:
cellashayes.com

cahayes3@stanford.edu
Twitter: @c3llas


