








Table 1. Example of Mentor/Mentee Expectations 

Choice of a research project. As you and your chosen mentor narrow down the potential projects, it is 
important to keep a few general guidelines in mind. First, the project should serve as the foundation for 
your path to independence. Second, the project should lead to an eventual K-award application. Third, the 
project should be transportable and provide you with independence. This is an important conversation with 
your prospective mentor to avoid any misunderstandings down the road.  

 

  













Effects of apoE-dependent glial lipid metabolism on Alzheimer disease pathology 
Applicant: Michelle Diane Rudman, M.D., Ph.D. 

Mentor: David M. Holtzman, M.D.
 

Overview 
My overarching goal is to become a physician-scientist working in an academic center and pushing forward the 
boundaries of modern medicine. My stimulus is the understanding of the basic underpinnings of the human 
mind and how that biology breaks down in disease states. Alzheimer disease (AD) is a neurodegenerative 
condition that robs people of that which makes us human  our experiences, our personality, and our 
memories  and impacts almost every person due to its high prevalence, my family included. This is what has 
made AD such a compelling focus of research and why I plan to devote my career to its study. My background, 
including a Ph.D. in neuroscience and specifically in the mechanisms of cell death and inflammation in CNS 
injury, as well as my ongoing residency training in neurology, will provide a strong foundation for the proposed 
studies. In the highly collaborative environment of Washington University and under the guidance of my mentor 
Dr. David Holtzman (B. Burton & R.M. Morriss III Professor of Neurology, scientific director of the Hope Center 
for Neurological Disorders, and Associate Director of the Knight ADRC), I will be optimally poised to develop 
my skills in the study of AD and more broadly as a physician-scientist. Dr. Holtzm  expertise in the study of 
the underlying mechanisms of AD, including many of the foundational studies on the role of apoE and glial 
cells in the development of AD pathology, is unparalleled. He has trained over 70 graduate students, post-
doctoral fellows, and physician-scientists, many of whom have gone on to successful careers in academia. For 
my project, I plan to study the contribution of different apoE isoforms to perturbations in lipid metabolism in the 
setting of AD pathology in mouse models. The goal of this project is to determine the effects of apoE-mediated
lipid accumulation in glial cells on AD pathology and whether this may be targeted for therapeutic intervention. 
Ultimately, I plan for this project to lay the groundwork for my future research endeavors in identifying novel 
targets for therapeutic intervention in Alzheimer disease. 

Background and Significance 
Alzheimer disease is the leading cause of dementia and results in progressive cognitive impairment, disability, 
and death.[1] There are no treatments proven to prevent or slow cognitive decline in AD and the pathology 
remains incompletely understood. Therefore there is an urgent need for additional research to elucidate the 
pathologic mechanisms and help identify targets for clinical intervention. The pathologic hallmarks of AD 
include accumulation of amyloid plaques and neurofibrillary tangles with synapse loss, neuronal death, and 
brain atrophy.[2, 3] The strongest genetic risk factor for late-onset AD is the apolipoprotein E (APOE) gene 
which has three major alleles  APOE2, 3, and 4  that confer variable risk for acquiring AD. The APOE3 allele 
is the most prevalent form in the United States and relative to this allele, APOE2 decreases while APOE4
increases the risk of developing AD.[4-8] This 
has led to intense investigation into the 
mechanisms by which apoE isoforms may 
modulate the development and progression of 
AD pathology.  

ApoE is expressed in the brain by astrocytes and 
to a lesser degree by neurons and microglia, [9-
12] and is found in HDL-like particles.[10, 12-14] 
In AD, apoE has been implicated in promoting 
amyloid-   aggregation and inhibiting its 
clearance as well as modulating 
inflammation.[15-17] ApoE is also involved in 
regulating lipid metabolism given its presence on 
the surface of lipoprotein particles but the types 
of lipid species it helps regulate and the 
differential effects of its isoforms on this process 
are not known. In the setting of demyelinating 
injury, excitotoxicity, or oxidative stress, glia have 
been shown to accumulate lipid droplets in an 
apoE-dependent fashion.[9, 18-20] Interestingly, 

Figure 1. Microglia in 9 month old P301S-Tau;E4 (TE4) mice 
accumulate many more lipid droplets than TE3 or TEKO mice.  
Hippocampal staining for BODIPY (lipid droplets, CD68 (activated 
microglia), and Iba1 (microglia) in 9 month old mice. Scale: 50 µm.



preliminary data from the Holtzman laboratory has 
demonstrated that microglia accumulate lipid droplets in a 
mouse model of tauopathy and that this is exacerbated by the 
apoE4 isoform compared to apoE3 or apoE KO (Figure 1). 
Furthermore, post-mortem studies have shown that human 
brains develop similar pathology with intracellular lipid droplet 
accumulation correlating with AD pathology.[21, 22] The 
implications of this lipid accumulation for the development of 
AD pathology is not known. The depletion of apoE via genetic 
knockout, antisense oligonucleotide knockdown, or 
overexpression of the apoE receptor low-density lipoprotein 
receptor (LDLR) is protective in a mouse model of 
tauopathy.[23-25] The Holtzman laboratory has been 
exploring pharmacologic methods for lowering apoE in the 
brain and has recently discovered that certain commonly used 
cholesterol-lowering drugs known as statins are able to 
substantially lower apoE levels in the brain when given orally 
(Figure 2) via increasing brain expression of LDLR. This 
provides a highly translational experimental paradigm in which 
to study whether pharmacologic lowering of apoE may be beneficial not only in mouse models of tauopathy but 
also in combined amyloid-tau pathology models that more closely mimic human pathology in AD.  

Overall, this project seeks to address the role of apoE in modulating cell-specific lipid metabolism in aging and 
in the presence of AD pathology and would determine whether pharmacologic lowering of apoE may be 
beneficial in a combined amyloid-tau model of AD. These results will lay the groundwork for future studies 
aimed at elucidating the role of apoE-dependent lipid metabolism in the development of AD and may help 
identify novel targets for intervention. 

Approach 
For the proposed experiments, I will be using the APP/PS1;P301S-Tau mouse model recently generated in the 
Holtzman laboratory in combination with already available human apoE3 and apoE4 knock-in (KI) mouse lines. 
This experimental model allows us to study the effects of different human apoE isoforms with combined amyloid 
and tau pathology which more closely mimics the pathology observed in AD. Preliminary data from the Holtzman 
laboratory has demonstrated that this mouse model develops 
starting at 5 months, and measurable neurodegeneration by 9 months of age (Figure 3). Using this model, I will
study the effects of different apoE isoforms on the development of multiple key aspects of AD pathology including 
changes in glial lipid 
metabolism and gene 
expression, amyloid and tau 
deposition, inflammation, and 
neurodegeneration. I will also 
use this model to assess 
pharmacologic interventions 
for modulating apoE with the 
goal of ameliorating AD 
pathology and cognitive 
decline. Ultimately, this work 
will contribute to our 
understanding of the role of 
apoE in glial lipid metabolism 
and shed light on how 
aberrations in lipid metabolism 
may be targeted to alleviate 
pathology in Alzheimer 
disease. 

Figure 2. Simvastatin significantly decreased apoE 
levels in the mouse brain. Oral gavage of 200mg/kg 
simvastatin-lactone or vehicle with sacrifice at 3, 6, 
12, 24, or 48 hrs and measurement of water-soluble 
apoE protein levels in whole-brain homogenate.

Figure 3. Hippocampal volume quantification of 9-month old female and male Control, 
APPPS1, P301S, and APPPS1/P301S mice that express either human apoE3 or apoE4 
(human apoE knockin) in place of murine apoE. Data expressed as mean ± SEM, Two-way 

post hoc test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.



Aim 1: Effect of apoE isoforms on cell-specific lipidomes and transcriptomes and on the development 
of amyloid and tau pathology in the APP/PS1;P301S-Tau mouse model of Alzheimer disease.
Preliminary data from the Holtzman laboratory has demonstrated that microglia accumulate lipid droplets in the 
P301S tauopathy mouse model and that this lipid accumulation is exacerbated by the apoE4 isoform (Figure 1).
Other recent studies also demonstrate apoE-dependent glial lipid droplet accumulation and inflammatory 
activation in the setting of demyelination, excitotoxicity, or oxidative stress.[9, 18-20] These findings suggest that 
changes in glial lipid metabolism occur in various disease states in the brain in an apoE-dependent manner. I 
hypothesize that astrocytes and microglia will develop altered lipid metabolism with lipid accumulation in normal 
aging but to a greater extent in the setting of AD pathology. The apoE4 isoform will have impaired lipid 
metabolism relative to apoE3, resulting in exacerbated inflammation and AD pathology. 
Aim 1.1: Assess the differential effects of apoE3 and apoE4 on cell-specific lipidomes and transcriptomes in the 
setting of AD pathology. Using the APP/PS1;P301S-Tau mouse model of AD, I plan to compare the effects of 
different apoE isoforms on cell-specific lipidomes and transcriptomes at 3 months before the development of 
pathology and at 7 and 9 months after accumulation of amyloid and tau pathology. APP/PS1;P301S-Tau;E3 or 
E4 KI mice will be compared to E3 or E4 KI mice. At each time point, there will be N = 10 mice for each sex for 
a total of N = 20 mice. One half of the brain will be used to prepare a single cell suspension for sorting CNS cells 

 130-107-677). 
Cells will be Fc blocked and stained for flow cytometric analysis as previously described.[19] CD11b+/CD45low 
microglia and ACSA-2+ astrocytes will be sorted on a FACS Aria III (BD Biosciences). Sorted cells will be 
processed for downstream lipidomic analysis as previously described[19] or submitted to 10X Genomics 
workflow at the McDonnell Genome Institute at Washington University for RNAseq analysis. Bioinformatic 
analysis for differential lipid presence as well as RNA seq analysis will be performed as described.[23, 26] 
Aim 1.2: Assess the differential effects of apoE3 and apoE4 on the development of AD pathology, lipid 
accumulation, and cognitive function. Using the same mouse groups and time points as described above, I will 
assess the nesting behavior of mice a day prior to sacrifice as described.[26] This test has previously been 
shown to be abnormal in P301S;E4 mice and improved with apoE depletion. I will then use the remaining 
hemi-brain for histopathology including immunohistochemistry and volumetric analysis. Specifically, I will stain 
sections and perform histological quantification for pathologic markers including , tau, p-tau, lipid droplets, 
reactive astrocytes and microglia, neuronal number, and synapse density. For the volumetric analyses, I will 
measure the volume of the piriform/entorhinal cortex, hippocampus, and posterior lateral ventricles, and 
measure the thickness of the granule cell layer of the dentate gyrus and CA3/CA1 layers. 

Aim 2: Effects of APOE KO and pharmacologic lowering of apoE on the development of pathology in the 
APP/PS1;P301S-Tau mouse model of Alzheimer disease 
In mouse models of  and tauopathy, apoE4 exacerbates pathology while depletion of apoE via 
genetic knockout or antisense oligonucleotide knockdown ameliorates pathology.[24, 25, 27] Similarly, 
decreasing apoE levels via overexpression of the apoE receptor LDLR was also shown to attenuate
deposition and tau-mediated neurodegeneration.[23, 28] The mechanisms by which decreasing apoE leads to 
improved outcomes in models of either  or tauopathy are still being elucidated and whether this 
effect will also be observed in models of combined amyloid-tau pathology is not known. The Holtzman 
laboratory has also been exploring pharmacologic methods for lowering apoE in the brain and has recently 
discovered that the commonly used cholesterol-lowering drugs in the statin class, and in particular simvastatin, 
are able to substantially lower apoE levels in the brain when given orally (Figure 2). This therefore presents an 
opportunity to attempt to modulate apoE levels in vivo in a highly translational paradigm using well-tolerated 
drugs. I hypothesize that APOE KO or simvastatin-mediated decreases in apoE in APP/PS1;P301S mice will
attenuate the development of AD pathology and this will correlate with improved glial lipid metabolism.
Aim 2.1: Determine the best pharmacokinetic/pharmacodynamic for simvastatin to lower brain apoE in apoE4 
knock-in mice. Preliminary data from the Holtzman laboratory has demonstrated that simvastatin reaches 
effective brain levels for several hours following a single oral dose and that for at least 48 hours after 
administration simvastatin results in about a 50% decrease in levels of apoE in the cortex (Figure 2). This is 
comparable to the depletion observed with apoE knockdown using antisense oligonucleotides.[25] Based on 
these results I plan to assess the effects of 3 different doses at 20, 60, or 200 mg/kg of simvastatin vs vehicle
following a single oral gavage at 6, 24, 48, 72, and 96 hours on soluble brain apoE levels in apoE4 KI mice. I 
will determine the lowest dose of drug that decreases apoE4 levels by at least 30% as well as the frequency of 
dosing needed to maintain this effect.  



Aim 2.2: Determine the effect of APOE KO or simvastatin treatment on the levels of apoE and apoE receptors, 
glial lipids, and the development of pathology in the APP/PS1;P301S;E4 KI mouse model of AD. To determine 
whether APOE KO or pharmacologically decreasing brain levels of apoE can attenuate the development of 
pathology in a combined amyloid-tau mouse model of AD, APP/PS1;P301S mice will be crossed with APOE 
KO or human APOE4 KI mice. The APP/PS1;P301S-Tau;E4 KI mice will be treated via oral gavage with one of 
2 doses of simvastatin vs vehicle control beginning at 3 months. The doses and frequency of dosing of 
simvastatin will be determined as per Aim 2.1 with one dose likely being 200 mg/kg and the lower dose being 
the dose determined to lower brain apoE levels by at least 30%. Just prior to sacrifice at 9 months, mice will 
undergo behavioral assessment as in Aim 1. Following sacrifice, half of the brain will be processed for 
histology to assess for the presence of amyloid and tau deposits, activated astrocytes and microglia, neuronal 
and synaptic density, and volumetrics. The other half of the brain will be processed for FACS cell-based sorting 
for downstream qPCR quantification of apoE and apoE receptors including LDLR, unbiased RNAseq, and 
lipidomics as in Aim 1.  

Pitfalls, Interpretations, and Future Directions: The mice for these studies are currently available and breeding 
in the Holtzman laboratory. The protocols for FACS-based cell-specific lipidomic and transcriptomic analyses 
are also already well-established. Based on unpublished results in a tauopathy mouse model, I anticipate the 
lipidomic analyses will demonstrate apoE isoform-dependent shifts in cellular cholesterol and lipid species. 
These results will be the basis for future studies to determine whether these cellular shifts have an impact on the 
development of AD pathology and the mechanisms by which lipid signaling pathways may impact AD. 

Regarding Aim 2, pilot studies have already demonstrated that oral administration of simvastatin lowers brain 
apoE levels significantly (Figure 2) and we will also include genetic deletion of apoE as a control. Other 
approaches to decreasing apoE could include antisense oligonucleotide knockdown of apoE or use of small 
molecules that increase glial lipid efflux such as LXR agonists to assess whether apoE/lipid efflux is 
necessary/involved in the development of pathology in a mixed amyloid-tau mouse model of AD. The tools and
protocols to perform these studies are also already well-established in the Holtzman laboratory. Alternatively, we 
could study the effects of simvastatin administration in mouse models with isolated amyloid or tau pathology to 
gain a better understanding of whether statin-mediated lowering of brain apoE affects each of these components 
individually. This study has important translational implications for not only AD but many other neurodegenerative 
conditions for which APOE4 has been shown to be a risk factor. The results of these experiments could therefore 
also be used to guide similar experiments in other models of neurodegenerative disease.   

Statistical analysis: Lipidomic data will be analyzed via ANOVA on log transformed data. APP/PS1;P301S-
Tau;E3 or E4flox/flox and E3 or E4flox/flox mice will be compared using two-way ANOVA with Tukey posthoc test. For 
histologic studies, similar prior studies from the Holtzman laboratory analyzing histologic outcomes have shown 
that treatment groups of N = 10-15 mice per sex generally achieve a power of at least 80% assuming a 
significance level of 0.05 with a two-tailed equal variance T-test. Group effects will be compared using one- or 
two-way ANOVA with appropriate post-hoc testing. 

Research Training and Career Development 
In collaboration with my mentor, I have devised a career development plan that will foster my growth as a 
physician scientist and clinical neurologist. The proposed studies will build on my prior experience using primary 
cell cultures and mouse lines to study genetic and pharmacologic interventions to target neuroinflammation. I 
will gain new skills including biochemical techniques such as RNAseq and lipidomic analysis as well as histologic 
techniques such as volumetric analyses and train in new behavioral assays specific for cognitive impairment. I 
plan to dedicate 6 months of my PGY4 and the first year of fellowship training to completing the proposed 
experiments. I plan to complete my fellowship training in dementia to complement my scientific interests in 
Alzheimer disease. The clinical fellowship training will be done in coordination with John Morris, MD, Professor 
of Neurology, head of the Aging & Dementia section, and director of the Knight ADRC. The studies proposed in 
this grant will provide the preliminary studies to apply for a future NIH career development award in addition to 
foundation grants. Ultimately the experience gained through this grant and through my clinical training in 
neurology and dementia will position me for a successful career as a physician scientist at an academic institution 
studying the basic mechanisms of Alzheimer disease pathogenesis and translational approaches to developing 
novel therapeutic interventions.  



References

1. Hebert, L.E., et al., Alzheimer disease in the US population: prevalence estimates using the 2000 census. Arch 
Neurol, 2003. 60(8): p. 1119-22. 

2. Alzheimer, A., et al., An English translation of Alzheimer's 1907 paper, "Uber eine eigenartige Erkankung der 
Hirnrinde". Clin Anat, 1995. 8(6): p. 429-31. 

3. Hardy, J. and D.J. Selkoe, The amyloid hypothesis of Alzheimer's disease: progress and problems on the road to 
therapeutics. Science, 2002. 297(5580): p. 353-6. 

4. Corder, E.H., et al., Protective effect of apolipoprotein E type 2 allele for late onset Alzheimer disease. Nat Genet, 
1994. 7(2): p. 180-4. 

5. Strittmatter, W.J., et al., Apolipoprotein E: high-avidity binding to beta-amyloid and increased frequency of type 4 
allele in late-onset familial Alzheimer disease. Proc Natl Acad Sci U S A, 1993. 90(5): p. 1977-81. 

6. Roses, A.D., Apolipoprotein E affects the rate of Alzheimer disease expression: beta-amyloid burden is a secondary 
consequence dependent on APOE genotype and duration of disease. J Neuropathol Exp Neurol, 1994. 53(5): p. 
429-37. 

7. Farrer, L.A., et al., Effects of age, sex, and ethnicity on the association between apolipoprotein E genotype and 
Alzheimer disease. A meta-analysis. APOE and Alzheimer Disease Meta Analysis Consortium. JAMA, 1997. 278(16): 
p. 1349-56. 

8. Holtzman, D.M., J. Herz, and G. Bu, Apolipoprotein E and apolipoprotein E receptors: normal biology and roles in 
Alzheimer disease. Cold Spring Harb Perspect Med, 2012. 2(3): p. a006312. 

9. Ioannou, M.S., et al., Neuron-Astrocyte Metabolic Coupling Protects against Activity-Induced Fatty Acid Toxicity.
Cell, 2019. 177(6): p. 1522-1535 e14. 

10. Pitas, R.E., et al., Astrocytes synthesize apolipoprotein E and metabolize apolipoprotein E-containing lipoproteins.
Biochim Biophys Acta, 1987. 917(1): p. 148-61. 

11. Mahley, R.W., Apolipoprotein E: cholesterol transport protein with expanding role in cell biology. Science, 1988. 
240(4852): p. 622-30. 

12. Grehan, S., E. Tse, and J.M. Taylor, Two distal downstream enhancers direct expression of the human 
apolipoprotein E gene to astrocytes in the brain. J Neurosci, 2001. 21(3): p. 812-22. 

13. Fagan, A.M., et al., Unique lipoproteins secreted by primary astrocytes from wild type, apoE (-/-), and human apoE 
transgenic mice. J Biol Chem, 1999. 274(42): p. 30001-7. 

14. Pitas, R.E., et al., Lipoproteins and their receptors in the central nervous system. Characterization of the lipoproteins 
in cerebrospinal fluid and identification of apolipoprotein B,E(LDL) receptors in the brain. J Biol Chem, 1987. 
262(29): p. 14352-60. 

15. Huynh, T.V., et al., Age-Dependent Effects of apoE Reduction Using Antisense Oligonucleotides in a Model of beta-
amyloidosis. Neuron, 2017. 96(5): p. 1013-1023 e4. 

16. Castellano, J.M., et al., Human apoE isoforms differentially regulate brain amyloid-beta peptide clearance. Sci 
Transl Med, 2011. 3(89): p. 89ra57. 

17. Ulrich, J.D., et al., ApoE facilitates the microglial response to amyloid plaque pathology. J Exp Med, 2018. 215(4): 
p. 1047-1058. 

18. Cantuti-Castelvetri, L., et al., Defective cholesterol clearance limits remyelination in the aged central nervous 
system. Science, 2018. 359(6376): p. 684-688. 

19. Nugent, A.A., et al., TREM2 Regulates Microglial Cholesterol Metabolism upon Chronic Phagocytic Challenge.
Neuron, 2020. 105(5): p. 837-854 e9. 

20. Liu, L., et al., The Glia-Neuron Lactate Shuttle and Elevated ROS Promote Lipid Synthesis in Neurons and Lipid 
Droplet Accumulation in Glia via APOE/D. Cell Metab, 2017. 26(5): p. 719-737 e6. 

21. Hamilton, L.K., et al., Aberrant Lipid Metabolism in the Forebrain Niche Suppresses Adult Neural Stem Cell 
Proliferation in an Animal Model of Alzheimer's Disease. Cell Stem Cell, 2015. 17(4): p. 397-411. 

22. Gomez-Ramos, P. and M. Asuncion Moran, Ultrastructural localization of intraneuronal Abeta-peptide in 
Alzheimer disease brains. J Alzheimers Dis, 2007. 11(1): p. 53-9. 

23. Shi, Y., et al., Overexpressing low-density lipoprotein receptor reduces tau-associated neurodegeneration in 
relation to apoE-linked mechanisms. Neuron, 2021. 109(15): p. 2413-2426 e7. 

24. Shi, Y., et al., ApoE4 markedly exacerbates tau-mediated neurodegeneration in a mouse model of tauopathy.
Nature, 2017. 549(7673): p. 523-527. 



25. Litvinchuk, A., et al., Apolipoprotein E4 Reduction with Antisense Oligonucleotides Decreases Neurodegeneration 
in a Tauopathy Model. Ann Neurol, 2021. 89(5): p. 952-966.

26. Wang, C., et al., Selective removal of astrocytic APOE4 strongly protects against tau-mediated neurodegeneration 
and decreases synaptic phagocytosis by microglia. Neuron, 2021. 109(10): p. 1657-1674 e7. 

27. Holtzman, D.M., et al., Apolipoprotein E isoform-dependent amyloid deposition and neuritic degeneration in a 
mouse model of Alzheimer's disease. Proc Natl Acad Sci U S A, 2000. 97(6): p. 2892-7. 

28. Kim, J., et al., Overexpression of low-density lipoprotein receptor in the brain markedly inhibits amyloid deposition 
and increases extracellular A beta clearance. Neuron, 2009. 64(5): p. 632-44. 















 

Department of Neurology 

Mentor Qualifications 

Dr. David M. Holtzman is the B. Burton & R.M. Morriss III Professor of Neurology, Professor of 
Developmental Biology, Scientific Director of the Hope Center for Neurological Disorders, and Associate 
Director of the Alzheimer Disease Research Center. His clinical responsibilities include serving as the 
attending on the general neurology ward service and seeing patients for evaluation and treatment of cognitive 
disorders and dementia in the Memory Diagnostic Center. He also participates in resident education by 
precepting the weekly Morning Report clinical case presentations. In addition, Dr. Holtzman leads a highly 
successful basic science and translational research laboratory in the BJC Institute of Health at Washington 
University. Dr. Holtzman has spent the last 30 years studying the underlying mechanisms of Alzheimer disease 
(AD) and has published extensively on the neurobiology of apoE including its effects on the innate immune 
response and the metabolism of amyloid  (A ) and tau. His lab has also developed and assessed antibodies 
against A , apoE, and tau, some of which have demonstrated efficacy in animal models and 2 of which have 
gone on to clinical trials, one currently in progress. 

Dr. Holtzman has a strong record of federal research funding from the National Institutes of Health (NIH) 
including ongoing support on 2 R01 grants on which he is the Principle Investigator (PI): Effect of apoE on 
CNS Neurons: Role of LRP (9R01NS090934) and Novel Stretegies and Mechanisms to Target APOE and 

 (1R01AG047644). He is also the PI on a program project: Regional, Synaptic, Cellular 
Modulation of Abeta Metabolism (1P01NS074969), co-PI on a U19 grant: Biology and pathobiology of apoE in 

 (U19AG069701), and Co-PI on an additional R01 grants: Sleep and Circadian 
Rhythms in Alzheimer Disease: Potential Bi-Directional Relationship with Tau (1R01AG061776). In addition, 
Dr. Holtzman continues to receive support from private foundations including the JPB Foundation, the Cure 

 

Dr. Holtzman has received numerous honors including being a recipient of a Paul Beeson Physician Faculty 
Scholar Award in Aging Research, the Potamkin Prize from the American Academy of Neurology (AAN) for 

the National Institute on Aging (NIA), election to the National Academy of Medicine of the National Academy of 
Sciences, election to the National Academy of Inventors, appointed to the National Advisory Council of the 
NINDS and the NIA, 
most recent President of the American Neurological Association (ANA). He has trained and mentored over 70 
graduate students, post-doctoral fellows, and physician scientists, many of whom have gone on to successful 
careers in academia and industry, including Anne Fagan, PhD, John Cirrito, PhD, John Fryer, PhD, Randall 
Bateman, MD, David Brody, MD, PhD, Suzanne Schindler, MD, PhD, Greg Zipfel, MD, Tim Miller, MD, PhD, 
Jungsu Kim, PhD, Miranda Lim, MD, PhD, Erik Musiek, MD, PhD, Yo-El Ju, MD, Joseph Castellano, PhD, and 
Gus Davis, MD, PhD all of whom have gone on to successful independent careers in academia and 10 of 
whom had K-awards with Holtzman as mentor. He was also mentor to Ron DeMattos, PhD, Helen Hu, PhD, 
Phillip Verghese, PhD, Tim West, PhD, Adam Bero, PhD, Kiran Yanamandra, PhD, Fan Liao, PhD, Jerrah 
Holth, PhD, and Cheryl Leyns, PhD, who have gone on to successful careers in biotech/industry.  These 
qualifications make Dr. Holtzman an exceptional research and career mentor for Dr. Rudman. 

Dr. John C. Morris is the Harvey A. and Dorismae Hacker Friedman Distinguished Professor of Neurology at 
Washington University School of Medicine, where he is Director and Principal Investigator for the Knight 
Alzheimer Disease Research Center (ADRC; P50AG05681). He is also Principal Investigator for two program 
project grants affiliated with the Knight ADRC, Healthy Aging and Senile Dementia (HASD; P01 AG0391) and 
the Adult Children Study (ACS; P01AG026276).  Dr. Morris has a long and successful track record of 
mentoring clinician-scientists in patient-oriented research.  Since 2004, he has served as primary mentor for 
Chengjie Xiong, PhD (K25 AG025189), Catherine Roe, PhD (K30 RR022251), Susan Stark, PhD (K01 
DDD00033301), Nupur Ghoshal, MD, PhD (K12 HD001459), Jason Hassenstab, PhD (K23 0K094982), 
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Consuelo Wilkins, MD (K23 AG026768), and Gregory S. Day, MD, MSC (K23AG064029). Currently, at 
Washington University Dr. Xiong is Professor of Biostatistics and Neurology and has been awarded R01 
AG034119 and R01 AG053550; Dr. Roe is Associate Professor of Neurology and has been awarded R01 
AG043434 and R01 AG056466; Dr. Stark is Professor of Occupational Therapy and has been awarded R01 
AG0057680;  Dr. Ghoshal is Associate Professor of Neurology and Psychiatry; and Dr. Hassenstab is 
Associate Professor of Neurology and of Psychological and Brain Sciences and has been awarded R01 
AG057840.  Dr. Wilkins is Professor of Medicine at Vanderbilt University Medical Center where she is Vice 
President for Health Equity.  In 2020, Dr. Wilkins was elected to the National Academy of Medicine. In addition 
to these mentees, since 2004 Dr. Morris has served or is serving as a co-mentor for other Washington 
University clinician-scientists during their career development awards:  Randall J. Bateman, MD (K08 
AG027091), who also was elected to the National Academy of Medicine in 2020; Erik Musiek, MD, PhD (K08 
NS079405); Suzanne Schindler, MD, PhD (K23 AG053426); Eric McDade, DO (K23 AG046363); Brian 
Gordon, PhD (K01 AG053474); and Justin Long, MD, PhD (K08 AG068611).  Drs. Bateman, Musiek, 
Schindler, and Long were co-mentored with David M. Holtzman, MD, the primary mentor for Dr. Rudman. 

Dr. Morris therefore has the experience to successfully co-mentor Dr. Rudman during her Career Development 
Award. 

Dr. Holtzman and Dr. Morris make an ideal mentorship team for Dr. Rudman due to their overlapping 
expertise in dementia research and clinical training that is directly relevant to the proposed training plan. They 
have a long track record of successfully collaborating scientifically with 113 co-authored peer-reviewed 
manuscripts and have also collaborated to co-mentor multiple early-career physician-scientists, with recent 
trainees including Randall J. Bateman, MD, Suzanne Schindler, MD, PhD, Erik Musiek, MD, PhD, Justin Long, 
MD, PhD. Their clinical and research endeavors are highly complementary, and their combined mentorship 
provides an optimal environment for both exceptional clinical training in the Knight ADRC Fellowship in 
Dementia and Aging as well as rigorous training in basic and translational research in AD.  



Training Plan and Assessment of Applicant

Dr. Holtzman has spent the last 30 years studying the mechanisms underlying neurodegeneration, with a focus 
on Alzheimer disease (AD). 
studying AD by both addressing the knowledge gaps in the basic pathophysiology of AD as well as targeting 
known dysregulated pathways in clinical trials to identify novel therapeutics. Dr. Holtzman has published 
extensively on the neurobiology of apoE including its effects on the innate immune response and the 
metabolism of amyloid  (A ) and tau. His lab has also developed antibodies against A , apoE, and tau which 
have demonstrated efficacy in animal models of neurodegeneration and of which two have gone on to clinical 
trials with one trial ongoing and one about to begin. 

current basic science efforts are broadly focused on studying the role of the AD risk factor 
genes APOE and TREM2 and the glial cells that express them in the pathogenesis of AD using biochemistry, 
cell culture systems, and novel mouse models. One of the areas in which the lab is currently working is the role 
of apoE in the aggregation and clearance of A . They have found that apoE regulates clearance of A  in an 
isoform-specific manner that is congruent with the effects of apoE isoforms on AD pathogenesis in humans, 
and that the effects of apoE on A  clearance may also be modulated by apoE receptors including the LDL 
receptor (Kim, et al. 2009; Castellano, et al. 2011; Huynh, et al. 2017; Shi, et al. 2017). Other areas in which 

 
release et al. 2005; Cirrito, et al. 2008; Bero, et al. 2011; Kang, et al. 2009; 
Roh, et al. 2012; Lucey, et al. 2019; Holth, et al. 2019). For the last 7 years, the Holtzman laboratory has also 
been studying the role of the microglial-expressed AD risk factor TREM2 as well as glial expressed apoE in the 
innate immune response and neurodegeneration in the setting of A  and tau pathology (Ulrich, et al.2014, 
Wang, et al. 2016, Leyns, et al. 2017, Leyns, et al. 2019, Shi, et al. 2017).  

The Holtzman laboratory has also undertaken translational efforts to identify therapeutics to slow the 
progression of cognitive decline in AD. To this end, they have developed antibodies against the major 
pathogenic hallmarks off AD  A , apoE, and tau  and demonstrated that in mouse models of A  and tau 
pathology, treatment with these antibodies attenuates the development of pathology and neurodegeneration 
(DeMattos, et al. 2001, DeMattos, et al. 2002, Kim, et al. 2012, Yanamandra, et al. 2013, Liao, et al. 2018). 
Some of these antibodies were further developed for human applications and are now in clinical trials for mild 
AD (A4 (NCT02008357), DIAN-TU (NCT01760005), and NCT02880956).  

Recent work related to this proposal includes the findings that depletion of apoE via genetic knockout, 
antisense oligonucleotide knockdown, or over-expression of the apoE receptor LDL receptor is protective in 
mouse models of tauopathy (Shi, et al. 2017, Shi, et al. 2021, Litvinchuk, et al. 2021). In addition, preliminary 
data from the laboratory has shown that in the setting of tau pathology, microglia accumulate intracellular lipids 
in an apoE isoform-specific manner. These findings suggest that there are apoE-dependent alterations in glial 
lipid metabolism that take place in the setting of tau pathology, but it is not yet clear what lipid species are 
involved and whether similar abnormalities may be observed in the setting of combined A  and tau pathology 
such as in AD.  

The research proposed by Dr. Rudman will expand on these studies but with a focus on glial lipid metabolism 
and how differential regulation of lipid metabolism by apoE isoforms may contribute to the development of AD 
pathology. This will allow Dr. Rudman to build on the decades of experience and significant resources 
available for studying AD in the Holtzman laboratory while also establishing a niche from which to branch out 
and establish an independent research career.  

Plan to develop the  
This training plan has been designed by Dr. Rudman in collaboration with her sponsor Dr. Holtzman and 
clinical co-sponsor Dr. Morris. This plan will provide the necessary resources, time, and mentoring support to 
develop a research program that will be used to apply for a K08 and other early investigator awards. 
Ultimately, this training plan will provide the foundation of scientific skills and clinical acumen needed to 

becoming an independent physician scientist studying the pathologic 
underpinnings of AD. 



Research Responsibiliities 
Dr. Rudman will be responsible for carrying out all of the experiments proposed in this application. She will 
have a dedicated workspace in the Holtzman laboratory in the BJC Institute of Health at Washington University 
School of Medicine. The Holtzman Laboratory already has the supplies, equipment, and protocols in place to 
complete all of the proposed studies. Specifically, the mouse lines needed for this proposal including 
APP/PS1;P301S-Tau mouse model of AD as well as the various human apoE knockin and the apoE knockout 
mouse lines are actively breeding in the mouse colony. In addition, the protocols for FACS-based primary cell 
purification, RNAseq, lipidomic analysis, behavioral assays, and volumetrics and histopathology for AD 
pathologic hallmarks are already well-established in the laboratory. Under the guidance of Dr. Holtzman and 
with the assistance of the numerous other post-doctoral and early career-level physician scientists in the 
laboratory, Dr. Rudman will learn new biochemical techniques such as RNAseq and lipidomic analysis while 
continuing to build on her prior experience creating and maintaining mouse lines and using FACS-based 
primary cell purification, fluorescent microscopy, and histopathologic analyses. This training will add to the 
skills Dr. Rudman obtained during her predoctoral research and will create a strong foundation on which to 
build her research moving forward.  

Review of the Literature 
Dr. Rudman will familiarize herself and continue to stay up to date with literature in the fields of glial lipid 
metabolism in neurodegeneration and other diseases of the central nervous system through independent 
literature review. This will be supplemented with attendance at departmental journal clubs and laboratory 
meetings where relevant new literature will be presented and discussed. She will also co-review a manuscript 
with Dr. Holtzman about every 3 months on topics related to neurodegeneration. This mentoring experience 
will provide for insights into experimental design, data assessment, and the process of manuscript review.  Any 

be addressed with recommended readings 
suggested by her mentor and colleagues in the Holtzman laboratory. In addition, Dr. Rudman will write a 
literature review on glial lipid metabolism in neurodegeneration in collaboration with Dr. Holtzman. These 
activities will provide a strong knowledge base on which to build a research program on glial lipid metabolism 
in AD. 

Meetings, Research Seminars, and Presentations 
Dr. Rudman will meet on a weekly basis with Dr. Holtzman to review progress on the proposal, interpret the 
data, and plan future experiments. She will also attend and participate in the weekly Holtzman laboratory 
meetings and journal clubs as well as departmental research presentations sponsored by the Office of 
Neuroscience Research, the Knight Alzheimer Disease Research Center, and the Hope Center for 
Neurological Disorders which include internal, national, and international invited guest speakers and occur on 
almost a daily basis.  

Dr. Rudman has a history of successful scientific presentations for which she has received multiple awards and 
honors, and she will continue to develop her public speaking and scientific presentation skills by presenting her 
own research at laboratory meetings and at departmental seminars including the annual Neurology Resident 
Research Symposium. Once sufficient preliminary data has been collected, Dr. Rudman will also apply to 
present at national and international meetings such as the annual meetings of the American Academy of 
Neurology and the American Neurological Association. Dr. Holtzman will support her attendance at such 
meetings to disseminate her work, participate in career development activities, and network with other 
scientists in her field to facilitate future potential collaborations.  

Grant Writing 
Dr. Holtzman has an extensive track record of successful grant funding and will be an invaluable resource for 
guidance becoming an 
academic neurologist and physician-scientist, this will be a particularly important skill to develop. Dr. Rudman 
will participate in writing applications for institutional and foundational grants to help fund her work while in the 
Holtzman laboratory. She will also participate in the NIH Mock Study Section through the Research 
Development Program at the Institute of Clinical and Translational Sciences at Washington University. 
Ultimately, the data obtained during the course of this training grant will be used as preliminary data to apply 
for a future NIH K08 award and other early career development awards.  



Overall Development of the Applicant 
This training plan provides a multifaceted approach for developing all of the skills necessary to be a successful 
clinician-scientist. Dr. Rudman will continue to hone the scientific skills she obtained during her pre-doctoral 
training and expand upon those with new techniques to uniquely address the scientific questions posed in this 
research proposal. She will also continue to expand her knowledge of the relevant literature with guidance from 
her mentors as well as through departmental presentations and national and international meetings. She will 
gain invaluable experience discussing and presenting her work in these settings and will gain further 
experience presenting her work through writing in submissions for publication and grant applications. Dr. 
Rudman has previously demonstrated exceptional skill in laboratory benchwork as well as strong scientific 
curiosity which will provide a strong foundation for the successful completion of the work outlined in this 
training plan as well as her future scientific endeavors.  

Other Related Training and Course Work 
Clinical Training 
Dr. Rudman has collaborated with her clinical co-mentor Dr. John Morris (Harvey A and Dorismae Hacker 

 (ADRC), 
Director of the Center for Aging, and Director of the Memory and Aging Project) to craft a clinical training 
program that will complement her scientific interests in AD and provide a framework from which she will be 
optimally poised to develop clinically relevant scientific questions. Dr. Rudman plans to pursue a clinical 
fellowship through the ADRC Fellowship in Aging and Dementia. Clinical duties during this time would include 
a half-day of dementia clinic per week in the Memory Diagnostic Center as well as a half-day of clinical trials 
evaluations per week, with total time not to exceed 20% of the covered funding period. Under the supervision 
of Dr. Morris and other faculty in the MDC, Dr. Rudman will develop expertise in the diagnosis and 
management of patients with dementia. She will also meet with Dr. Morris at least once monthly to review 
progress and plan for the next steps in her career development. Overall, the clinical training through the ADRC 
Fellowship in Aging and Dementia will provide well-rounded training in clinical dementia and exposure to 
clinical trials work to complement her scientific endeavors in studying the pathologic mechanisms of AD.  

Career Development 
Throughout this training period, Dr. Rudman plans to stay engaged in clinical teaching and cultivate her skills 
as a mentor and leader. To this end, she will participate during her PGY4 year in informal medical student 
teaching with students rotating on the inpatient neurology services as well as more structured resident teaching 
including Morning Report clinical case presentations, Movement conference, EEG conference, and Journal 
Club. Dr. Rudman ultimately aims to be an academic leader in the field of neurology and to this end, she will 
also apply for additional training in leadership skills through programs such as the AAN Enhanced Resident 
Leadership Program or Emerging Leaders Program. 

 
The research and clinical programs proposed in this application will provide the necessary training for Dr. 
Rudman to achieve her ultimate goal of becoming a clinician-scientist at an academic institution working on 
cutting edge research in AD. The research proposed will build on her prior experience studying injury and 
inflammation in the central nervous system in mouse models and will also provide training in new techniques 
important for her planned research career studying AD. Under the exceptional mentorship of Dr. Holtzman, Dr. 
Rudman will also obtain invaluable training in core skills for running an independent laboratory including grant 
writing, effective dissemination of results through publications and research presentations, networking and 
collaborations, and mentoring and training of junior laboratory members. Dr. Rudman will also continue to hone 
her clinical skills in dementia and clinical trials enrollment through a uniquely tailored clinical training plan in a 
dementia fellowship under the mentorship of her clinical co-mentor Dr. Morris. Overall, this training plan 
provides all the necessary components to ensure Dr. Rudman will be successful in obtaining early career 
development training though NIH K08 and similar foundational grants, and ultimately establish a career as an 
independent academic neurologist and clinician-scientist. 

Role of the Fellow in the Development of the Research Proposal 
Dr. Rudman first approached Dr. Holtzman during the second year of residency training with the goal of 
developing a project to investigate the basic pathologic mechanisms of AD. She met independently with 



multiple members of the Holtzman laboratory and read the relevant primary literature to identify a specific area 
of interest. Dr. Rudman crafted and subsequently refined the primary hypothesis and specific aims through 
several rounds of constructive feedback and revisions with Dr. Holtzman to help strengthen the proposal. The 
specific aims set forth in this research proposal demonstrate the ability of Dr. Rudman to formulate scientifically 
rigorous hypotheses and experimental designs. 

Assessment of the Applicant 
Dr. Rudman graduated Summa Cum Laude from the University of South Carolina Honors College where she 
received a Bachelor of Arts and Sciences with a focus in biochemistry and additional coursework in business 

supervision and approval of the Honors Collage and a panel of professors specifically picked by Dr. Rudman 
based on the expertise needed for the desired degree. During her undergraduate training, Dr. Rudman also 
sought out research experience and worked in the laboratory of Dr. Paul Housley studying the effects of site-
specific phosphorylation on the activity of the glucocorticoid receptor. For this work, she received multiple 
awards for undergraduate funding including the Science Undergraduate Research Fellowship and the 
Magellan Scholarship program, each for two consecutive years.  

Dr. Rudman then went on to obtain her M.D. from the University of Miami Miller School of Medicine where she 
also obtained her Ph.D. in neuroscience as part of the combined MD-PhD program. During that training, she 
was awarded multiple honors including the Lois Pope Fellowship Award (2016), selection for an oral 
presentation at the National MD/PhD Student Conference (2017), and the distinction of being the first 
representative from the program to receive sponsorship from the Clinical and Translational Science Institute at 
the University of Miami to participate in the Summer School in Translational Medicine at the University of 
Utrecht, Utrecht, Netherlands (2016). Dr. Rudman presented her research at multiple national and international 
meetings including the International Symposium on Neural Regeneration (2015) and the Society for 
Neuroscience Annual Meeting (2016), and she was also one of two graduate students selected by her program 
to attend and present at the National MD/PhD Student Conference in 2017. Ultimately, Dr. Rudman authored 4 
peer-reviewed publications during her PhD training including two as first author, and the results of her thesis 
were published in Experimental Neurology (Rudman, et al. 2018).  

Dr. Rudman has demonstrated productivity and scientific rigor in research, is well-regarded by her clinical 
training program in Adult Neurology, and has demonstrated drive throughout her career in pursuing a clinician-
scientist career path. These qualities make her an excellent applicant for the R25 training grant and portend a 
successful future career in academic neurology.  

Funding 
The proposed studies will be completed using mouse lines and protocols already established in the Holtzman 
laboratory. They do not require the purchase of new equipment and the major expenses will be the 
maintenance of the necessary mouse colonies, use of core facilities, and biochemical supplies and reagents. 
These expenses as well as those related to the career development opportunities described above will be 
supported by funding from the Holtzman laboratory. The Holtzman laboratory currently has funding from 
multiple grants from the NIH and foundations that will facilitate carrying out the proposed work.  

Regulatory Approval 
All of the protocols proposed 
has previously completed training as required by the IACUC for animal studies and responsible conduct of 
research and will renew this training through the BJC Learn @ Work portal prior to the initiation of the studies 
proposed herein. 
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NAME OF APPLICANT: Michelle Diane Rudman 

POSITION TITLE:  Resident Physician 

EDUCATION/TRAINING (Most applicants will begin with baccalaureate or other initial professional education, 
such as nursing. Include postdoctoral training and residency training if applicable.  High school students should 
list their current institution and associated information. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) 
 

START 
DATE 

MM/YYYY 
 

END DATE  
(or expected 

end date) 
MM/YYYY 

FIELD OF STUDY 
 

University of South Carolina 
Honors College, Columbia, SC 

B.S./B.A. 08/2007 05/2011 Biochemistry 

    
University of Miami Miller 
School of Medicine, Miami, FL 

Washington University School 
of Medicine, Saint Louis, MO 

M.D./Ph.D. 
 
 
 

08/2011 
 
 

07/2019 

05/2019 
 
 

06/2023 

Medicine/ 
Neuroscience 

 
Neurology 

A. Personal Statement 

My overarching goal is to become a physician-scientist working in an academic center and pushing forward the 
boundaries of modern medicine. My stimulus is the understanding of the basic underpinnings of the human 
mind and how that biology breaks down in disease states. Alzheimer disease (AD) is a neurodegenerative 
condition that robs people of that which makes us human  our experiences, our personality, and our 
memories  and impacts almost every person due to its high prevalence, my family included. This is what has 
made AD such a compelling focus of research and why I plan to devote my career to its study. My background, 
including a Ph.D. in neuroscience and specifically in the mechanisms of cell death and inflammation in CNS 
injury, as well as my ongoing residency training in neurology, will provide a strong foundation for my planned 
career as an academic neurologist and physician scientist studying the pathologic mechanisms of AD with the 
ultimate goal of identifying novel targets for therapeutic intervention.  

As an undergraduate at the University of South Carolina Honors College I began my research career studying 
the modulation of glucocorticoid signaling pathways under the mentorship of Dr. Paul R. Housley. During these 
two years, I gained experience in many key biochemical and cell culture techniques, and I funded my work with 
undergraduate research grants including the Science Undergraduate Research Fellowship and the Magellan 
Scholarship Program. I then built upon this experience during my Ph.D. training in the University of Miami 
Miller School of Medicine MD-PhD Program where I studied epigenetic mechanisms of innate inflammation in 
neurotrauma using mouse models of spinal cord injury under the joint mentorship of Dr. Jae K. Lee and Dr. 
Nagi G. Ayad. I received multiple awards and honors for this work including the Lois Pope Fellowship and 
sponsorship to attend the National MD/PhD Student Conference, and successfully published multiple peer-
reviewed manuscripts. Throughout this training I continually demonstrated dedication to pursuing a career as a 
physician scientist and have participated in networking and leadership training including as the first attendee 
sponsored by the Clinical and Translational Science Institute to attend the Summer School in Translational 
Medicine at the University of Utrecht, Netherlands as well as the Combining Clinical Careers in Neuroscience 
symposium and networking event at the NIH in Bethesda, MD. 

In the highly collaborative environment of Washington University and under the guidance of my mentor Dr. 
David Holtzman (B. Burton & R.M. Morriss III Professor of Neurology, scientific director of the Hope Center for 
Neurological Disorders, and Associate Director of the Knight ADRC), I will be optimally poised to develop my 



skills as a physician-scientist. expertise in the study of the underlying mechanisms of AD is 
unparalleled, and he has trained over 70 graduate students, post-doctoral fellows, and physician-scientists, 
many of whom have gone on to successful careers in academia. For my project, I plan to study the contribution 
of different apoE isoforms to perturbations in lipid metabolism in the setting of AD pathology in mouse models. 
The goal of this project is to determine the effects of apoE-mediated lipid accumulation in glial cells on AD 
pathology and whether this may be targeted for therapeutic intervention. Ultimately, I plan for this project to lay 
the groundwork for my future research endeavors in identifying novel targets for therapeutic intervention in 
Alzheimer disease. 

B. Positions, Scientific Appointments, and Honors 

ACTIVITY/ 
OCCUPATION 

START 
DATE 

(mm/yy) 

ENDING 
DATE 

(mm/yy) 
FIELD 

INSTITUTION/ 
COMPANY 

SUPERVISOR/ 
EMPLOYER 

Student Research 
Assistant 
 
Student Research 
Assistant 

05/08 
 

06/09 

08/08 
 

06/11 

Physics 
 

Cell 
Biology 

University of South Carolina  
 
University of South Carolina 
School of Medicine 
 

Dr. Scott Crittenden 
 
Dr. Paul R. Housley 

 
Student Interest Group 
in Neurology, Vice 
President 

 
08/12 

 
05/13 

 
Neurology 

 
University of Miami Miller 
School of Medicine 

 
Dr. Richard Isaacson 

 
MD/PhD Student 
Research Symposium 
Committee, Member 
 
American Physician 
Scientist Association 
Student Chapter, 
International Liaison 
 
Student Interest Group 
in Neurology, Research 
Liaison 

 
08/13 

 
 
 

04/17 
 
 
 
 

04/17 

 
08/14 

 
 
 

04/18 
 
 
 
 

04/18 
 

 
MD/PhD 
Program 

 
 

Medicine 
 
 
 
 

Medicine 

 
University of Miami Miller 
School of Medicine 
 
 
University of Miami Miller 
School of Medicine 
 
 
 
University of Miami Miller 
School of Medicine 

 
Dr. Sandra Lemmon 
 
 
 
Dr. Emmanuel 
Thomas 
 
 
 
Dr. Yolanda Reyes-
Iglesias 

 
Class Representative 

 
10/20 

 
Present 

 
Neurology 

 
Washington University Adult 
Neurology Program 

 
Dr. B. Joy Snider, 
Program Director 

Academic and Professional Honors 
National Merit Finalist                                2007 
National Merit Scholarship                         2007-2011 
Palmetto Fellows Scholarship Recipient, University of South Carolina              2007 - 2011 

, University of South Carolina              2007 - 2011 
Science Undergraduate Research Fellowship (SURF), University of South Carolina             2009 and 2010 
Magellan Scholarship, University of South Carolina                 2009 and 2010 
B.S./B.A. awarded with high honors, University of South Carolina              2011 
Summer School in Translational Medicine, Travel Award Recipient         2016 
Lois Pope Fellowship Winner              2016 
National MG/PhD Student Conference, Sponsorship and Selection for Oral Presentation      2017 
Combining Clinical and Research Careers in Neuroscience, Selection for Attendance and Sponsorship    2018 

Memberships in Professional Societies 
American Academy of Neurology           2017-present 
American Neurological Association               2017-2019 



Society for Neuroscience 2016-2018
American Physician Scientist Association              2016-2019 
American Medical Association 2007-2019

C. Contributions to Science  

I. Characterization of Myeloid Cell labeling in the CNS of LysM-Cre Mouse Line. 
During my second year of medical school, I volunteered in the lab of Dr. Jae Lee to study the cell-specificity of 
the LysM-Cre mouse line. I characterized cell-specific Cre recombinase expression in LysM-Cre/ROSA26-TdT 
mice with conditional knock-in of the TdTomato red fluorescence protein.  I found that, although this mouse line 
was believed to specifically label myeloid cells, approximately 34% of labeled cells were neurons. This finding 
is an important consideration in any studies proposing to use this mouse line to target myeloid cells in the 
CNS. The results of this study were published in conjunction with additional studies using this mouse line in 
spinal cord injury and stroke. 

Publications:  
Zhu Y, Soderblom C, Trojanowsky M
J Neurotrauma 2015 Aug 1;32(15): 1158-67. 

Clausen BH, Degn M, Sivasaravanaparan M, Fogtmann T, Andersen MG, Trojanowsky MD, Gao H, Hvidsten 
S, Baun C, Deierborg T, Finsen B, Kristensen BW, Bak ST, Meyer M, Lee J, Nedospasov SA, Brambilla R, 
Lambertsen KL. Conditional ablation of myeloid TNF increases lesion volume after experimental stroke in 
mice, possibly via altered ERK1/2 signaling. Sci Rep 2016 Jul 7;6:29291. 

II. Kinase Signaling Networks Regulating Cell Cycle Protein Turnover  
In 2013, I rotated in the lab of Dr. Nagi Ayad at the Center for Therapeutic Innovation at the University of Miami 
Miller School of Medicine. The goal of my project was to discover novel kinase signaling networks that may 
regulate the turnover of cell cycle proteins, especially the cyclin-dependent kinase inhibitors p27Kip1 and 
p21Cip1.  I screened the Library of Pharmacologically Active Compounds in HeLa cells transfected with 
plasmids encoding luciferase fusion cell cycle proteins and collaborated with the lab of Dr. Stephan Schurer to 
perform parallel in silico kinome profiling to determine the probability that each compound in the library would 
inhibit various enzymes involved in regulating the cell cycle.  These methods successfully uncovered known 
regulators of p27Kip1 protein turnover, indicating that similar methods may be used to uncover signaling 
networks for other proteins regulated by proteasomal degradation. 

Publications:  
Trojanowsky M Screening of Cell Cycle Fusion 
Proteins to Identify Kinase Signaling Networks Cell Cycle 2015; 14(8): 1274-81. 

III. The Role of Bromodomain and Extraterminal Domain-Containing Proteins in Inflammation after 
Spinal Cord Injury 
For the past three years, I have been working under the mentorship of Drs. Jae Lee and Nagi Ayad studying 
the role of bromodomain and extraterminal domain-containing proteins (BETs) in inflammation after spinal cord 
injury (SCI).  BETs are known to play an important role in the inflammatory response in many peripheral 
tissues but have not yet been studied in the central nervous system (CNS). I have discovered that CNS cells 
not only express BETs but that inhibition of BET activity attenuates expression of proinflammatory cytokines 
and chemokines.  Excitingly, BET inhibition after experimental SCI decreases the expression of many 
proinflammatory cytokines and chemokines and may improve lesion pathology and promote locomotor 
recovery. 

Publications: 
Rudman MD, Choi JS, Lee HE, Tan SK, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-
Containing Protein Inhibition Attenuates Acute Inflammation after Spinal Cord Injury. Exp Neurol 2018 Aug 
19;309: 181-192. PMID: 30134146. 



Abstracts:

Rudman MD, Ayad NG, and Lee JK. Inhibition of an Epigenetic Reader Decreases Inflammation after 
Spinal Cord Injury. National MD/PhD Student Conference, July 2017, Keystone, CO.
Rudman MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Protein 
Inhibition Decreases Inflammation After Spinal Cord Injury. The Annual MD/PhD Student Research 
Symposium, April 2017, Miami, FL. 
Trojanowsky MD, Ayad NG, and Lee JK. Inhibition of an Epigenetic Reader Decreases Inflammation After 
Spinal Cord Injury. Distinguished Lecture Series, Feb 2017, Miami, FL. 
Trojanowsky MD, Ayad NG, and Lee JK. Inhibition of an Epigenetic Reader Decreases Inflammation After 
Spinal Cord Injury. Neuroscience Research Day, Nov 2016, Miami, FL. 
Trojanowsky MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Proteins 
Modulate the Inflammatory Response After Spinal Cord Injury. Society for Neuroscience Annual Meeting, 
Nov 2016, San Diego, CA. 
Trojanowsky MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Proteins 
Modulate the Inflammatory Response After Spinal Cord Injury. MD/PhD Program Annual Research 
Symposium, April 2016, The University of Miami Miller School of Medicine, Miami, FL. 
Trojanowsky MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Proteins 
Modulate Inflammatory Signaling After Spinal Cord Injury. Miami Winter Symposium, Jan 2016, Miami, FL. 
Trojanowsky MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Proteins 
Modulate Inflammatory Signaling After Spinal Cord Injury. International Symposium on Neural 
Regeneration, Nov 2015, Pacific Grove, CA. 
Trojanowsky MD, Ayad NG, and Lee JK. Bromodomain and Extraterminal Domain-Containing Proteins 
Modulate Inflammatory Signaling in Astrocytes. Neuroscience Research Day, Nov 2015, University of 
Miami Miller School of Medicine, Miami, FL. 
Trojanowsky MD, Penas C, Soderblom C, Lee DH, Ayad NG, and Lee JK. BET Proteins Modulate the 
Inflammatory Response After Spinal Cord Injury. The Annual MD/PhD Student Research Symposium, April 
2015, The University of Miami Miller School of Medicine, Miami, FL. 
Trojanowsky MD, Penas C, Zhu Y, Stathias V, Ayad NG, and Lee JK. Epigenetic Modulation of 
Inflammation in Spinal Cord Injury. Neuroscience Research Day, Nov 2014, The University of Miami Miller 
School of Medicine, Miami, FL. 

Fellowship Applications:  
F30 Predoctoral Application, submitted Aug 2015 

Complete List of Published Work in MyBibliography: 
https://www.ncbi.nlm.nih.gov/sites/myncbi/1HofjiJiMiYQH/bibliography/41507253/public/?sort=date&direction=ascending  

D. Scholastic Performance 

YEAR 
University of South Carolina 

SCIENCE COURSE TITLE 
GRADE YEAR 

University of South Carolina 
OTHER COURSE TITLE 

GRADE 

2008 General Chemistry I A 2007 Principles of Microeconomics A 
2008 Essentials of Physics I A 2007 Composition A 

2008 Nuclear Reactor Physics  B 2007 Calculus II A 

2008 Biological Principles I A 2007 Introduction to Music A 

2008 General Chemistry II A 2007 Intermediate Spanish I A 

2009 Biological Principles II A 2008 Composition & Literature A 

2009 Quantitative Analysis, Chemistry A 2008 Vector Calculus A 

2009 Cell & Molecular Biology  A 2008 Intermediate Spanish II  A 

2009 Organic Chemistry I A 2008 Survey of Accounting A 

2010 General Physiology A 2008 Advanced Spanish Language I  A 



YEAR 
University of South Carolina

SCIENCE COURSE TITLE 
GRADE YEAR 

University of South Carolina
OTHER COURSE TITLE 

GRADE 

2010 Organic Chemistry II A 2009 Principles of Macroeconomics A

2010 General Physics II A 2009 
Classical Origins of Western Medical 
Ethics A 

2010 Principles of Biochemistry A 2009 Advanced Spanish Language II   A 

2010 Immunobiology A 2009 Spanish for Healthcare Professionals A 

2010 Algorithmic Design I A 2009 Introduction to Finance A 

2010 Statistical Methods I A 2009 Principles of Marketing A 

2011 Fundamentals of Genetics A 2010 Business and Professional Speaking A 

2011 Senior Thesis/Project A 2010 Contemporary Dance Technique I A 

  2011 
Entrepreneurship and Small 
Business A 

  2011 
Independent Study: Contemporary 
and West African Dance A 

YEAR 
University of Miami 

Miller School of Medicine GRADE YEAR 
University of Miami 

Program in Biomedical Sciences GRADE 

2011 
Human Structure (embryology, 
histology, cellular biology, gross 
anatomy) 

89 2013 PIBS 602: Scientific Reasoning S 

2011 
Molecular Basis of Life (medical 
genetics, biochemistry) 

88 2013 PIBS 600: Journal Club S 

2011 
Host Defenses, Pathogens & 
Pathology 

84 2013 PIBS 680: Research Ethics S 

2012 Cellular Function and Regulation 90 2013 PIBS 682: Survival Skills I & II S 

2012 Neuroscience and Behavioral Science 88 2013 Neuroscience II A 

2012 Cardiovascular System 95 2013 Developmental Neuroscience A 

2012 Epidemiology 97 2014 Neuroscience I B+ 

2012 Respiratory System 87 2014 
Principles of Membrane Physiology 
and Biophysics II A+ 

2012 Renal System 89 2014 PIBS Bioinformatics Workshop S 

2012 Gastroenterology and Nutrition 83 2014 NEU 600: Neuroscience Seminar A 

2012 Doctoring I 98 2014 
Principles of Membrane Physiology 
and Biophysics I A+ 

2012 Doctoring II 98 2015 NEU 600: Neuroscience Seminar A- 

2012 Doctoring III 93 2016 NEU 700: Neuroscience Seminar A 

2013 Doctoring IV 94 2016 
NEU 731: Advanced Topics in 
Neuroscience A 

2013 Problem-Based Learning P    

2013 Case-Based Infection & Inflammation 85    

2013 Hematology and Oncology 96    

2013 Endocrine and Reproductive Systems 89    

2013 Ophthalmology and Dermatology 86    

2010 MCAT 34 2013 USMLE Step 1 245 

P = pass, S = satisfactory, 1-100: 70 is passing, A-F: C is passing. 
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