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Mohit Kwatra, PhD

Johns Hopkins University

Mentor: Hanseok Ko, PhD

Awardee Amount: $130,000
Disease Target: Parkinson's Disease

Shalini Sharma, PhD

University of Maryland, Baltimore
Mentor: Miroslaw Janowski, MD, PhD
Awardee Amount: $130,000

Disease Target: Stroke

Role of OSM OSMR Signaling in Human Microglia
Astrocyte Axis Mediated Neurodegeneration in
Parkinson Disease

Neuroinflammation is @ prominent process in Parkinson's disease (PD), with
a-synuclein (a-syn) aggregates recognized as a key trigger for brain
microglial activation. In primary murine cultures, we observed that a-
synuclein preformed fibrils (PFF), mirroring PD-related misfolded a-
synuclein, activate microglia, generate neurotoxic reactive astrocytes, and
induce neurodegeneration. However, the precise cellular mechanisms
behind these neuroinflammatory events, particularly reactive astrocyte
formation triggered by a-syn PFF, remain unclear. To comprehensively
understand a-syn PFF-induced microglial activation and the ensuing
formation of neurotoxic reactive astrocytes leading to neurotoxicity, we
conducted mass spectrometry (MS) analysis combined with SILAC (Stable
Isotope Labeling by Amino acids in Cell culture) using neurotoxic astrocytes
induced by conditional medium (MCM) collected from a-synuclein
preformed fibrils (a-syn PFF)-activated microglia. Intriguingly, Oncostatin M
receptor (OSMR) was identified from the MS analysis. Preliminary findings
show notable OSM release from PFF-treated murine microglia, elevated
OSMR levels in PFF-MCM-treated murine and human astrocytes, and PD
brain samples. OSM plays a role in reactive astrocyte formation, and an OSM
specific antibody effectively rescues neurotoxic astrocytes-induced
neuronal death. This suggests OSM/OSMR signaling involvement in PFF-
induced microglial activation, astrocyte formation, and neurodegeneration.
Based on these observations, our investigation aims to explore the pivotal
role in the microglia/reactive astrocyte axis and neurodegeneration in PD,
utilizing genetic depletion and pharmacological intervention strategies in
human microglia, astrocytes, and dopamine (DA) neurons. This investigation
provides novel insights into PD pathogenesis and potential therapeutic
treatment strategies. This proposal is based on accomplishment of two
foremost aims:

Aim 1: To investigate the preventive effect of the OSM-specific antibody on
neurotoxic astrocyte-induced neuronal death: OSM-specific antibody
mediated pharmacological Inhibition of PFF-stimulated released OSM

(from reactive human Microglia) on reactive astrocyte formation mediated
toxicity in DA neurons.

Aim 2: Determine the impact of depletion of OSMR in astrocytes in PFF
microgliainduced reactive astrocyte formation and neurotoxicity: Effect of
PFF-intoxicated microglia released OSM on genetically depleted OSMR in
astrocyte mediated toxicity in DA neurons.

Magnetic and Radioactive Labeling of Human
Mesenchymal Stem Cells Secreting P2X7-Blocking
Nanobody for their Precise Intra-Arterial
Delivery in Stroke

Stroke is the third leading cause of death of women in the United States and
the second leading cause of death globally. Currently available treatments
for acute ischemic stroke are limited to mechanical thrombectomy and
pharmacological thrombolysis but unfortunately, most patients nevertheless
develop lifelong neurological deficits. These clinical consequences may
result from secondary brain damage upon initiation of the neuroinflammatory
processes at the time of insult and subsequent pericyte dysfunction.
However, importantly, thrombectomy elicits reperfusion and access of
therapeutic agents to the infarcted area. Therefore, human mesenchymal
stem cells (hMSCs) secreting P2x7 nanobody are a very attractive two-prong
approach to address key pathological features of acute stroke and recently
has been funded by MSCRF Discovery Grant. It has previously been shown
that intra-arterial delivery of hMSCs is more effective than intravenous
administration, as it benefits from the effect of a first pass through cerebral
circulation and avoids pulmonary entrapment. However, clinical translation of
this approach may be hindered by a variability of outcomes due to
imprecision of cell delivery, both spatial (delivery of cells to the desired brain
area), as well as quantitative (delivery of the desired number of cells via the
first pass). We have successfully labeled hMSCs and tracked them in vivo by
MR, but the signal decayed within a few days. Radioactivity is generally more
sensitive and quantitative, but it is logistically more demanding. Therefore,
the overarching goal of this project is to compare two most frequently
applied clinically applicable cell labeling strategies, magnetic and
radioactive, to report on the location and dose of intra-arterially infused
hMSCs in terms of signal-to-noise ratio and potential negative impact on cell
quality. We expect that radiolabeling will be superior to magnetic labeling for
tracking of intra-arterially delivered hMSCs, and the benefits will offset
additional logistical efforts. Our deliverable will be an optimal protocol for
labeling and in vivo imaging of hMSCs secreting P2x7 nanobody. ready for
turning into standard operating protocol (SOP) under current Good
Manufacturing Practice cGMP conditions whenever needed.
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Neelima Thottappillil, PhD

Johns Hopkins University

Mentor: Aaron James, MD, PhD

Awardee Amount: $130,000

Disease Target: Bone Defects & Other Orthopaedic Conditions

Jinghui Wang, PhD

University of Maryland, Baltimore
Mentor: Yajie Liang, MB, PhD
Awardee Amount: $130,000
Disease Target: Stroke

Endothelial Protein C Receptor Expression
Identifies Perivascular Osteoprogenitors
Modulated by WNT Signaling for
Bone Regeneration

Bone defects either due to trauma or diseases are common and devastating
conditions which cause a substantial socioeconomic burden. Therapeutic
strategies for bone healing should target improved bone regeneration with
ease of translation. The application of autologous stem/progenitor cells to
promote bone healing is promising and is under active research. The stromal
vascular fraction of adipose tissue is known to house multipotent progenitor
cells6, including skeletogenic cells. However, to date, no adipose-derived
stem cell therapies have met the clinical capability to heal bone defects8.
Based on these past results, our group has held that translatable stem cell-
based therapies for bone regeneration hinge on the identification of a more
well-defined osteoprogenitor subpopulation. Our team has a long-standing
interest in perivascular stem/progenitor cells from adipose tissue for bone
engineering and regeneration (reviewed ing), having been first described by
our group. Vascular structures are composed of three concentric layers, of
which the outermost is termed the tunica adventitia. A major pool of
unipotent, bipotent or multipotent progenitors within adipose stromal
vascular fraction is believed to originate from the tunica adventitia (termed
adventitial cells or adventicytes). Recent single-cell molecular analysis by
our group identified several immunophenotypes of adventitial cells with
distinct multilineage differentiation potential, which has also been confirmed
by others using alternative approaches. In a series of new observations, we
recently employed several high throughput approaches, including spatial
transcriptomics and single-cell RNA sequencing to further define the
continuum of CD34+ human adventicytes that exist within the perivascular
stem cell niche. Our preliminary findings suggest that 1) novel cell surface
markers such as CD201(Endothelial Protein C Receptor/PROCR) highlight
histologically restricted and functionally relevant adventitial subpopulations
with distinct osteogenic potential, and 2) CD201 may play important
regulatory functions of adventitial progenitor cell behaviour via the novel
canonical Wnt regulatory protein DACT2 (DAPPER2). In aggregate, our
findings have uncovered an unexpected and functionally relevant stem cell
subtype based on the expression of CD201 within the outermost layer of
blood vessels in human white subcutaneous adipose tissue. This marker
procures progenitor cells in sufficient numbers for bone tissue regeneration.
This MSCRF proposal capitalises on this series of new observations. In an
exploratory approach, we seek to define the cellular properties of
perivascular stem cells characterised by the cell surface marker CD201 and
leverage this knowledge for improved skeletal tissue regeneration (Aim 1).
We further seek to determine the role of CD201 and its downstream
intermediary DACT2 in the regulation of stemness/differentiation potential
via canonical WNT signalling (Aim 2).
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Multiphoton Imaging iPSC Derived NPCS
Co-Transplanted with Helper Cells Expressing
VEGF for Stroke Treatment

Stroke is an abrupt interruption of constant blood flow to the brain that
causes loss of neurological function. The interruption of blood flow can be
caused by a blockage, leading to the more common ischemic stroke, or by
bleeding in the brain, leading to the more deadly hemorrhagic stroke. The
advancement in clinical outcomes owes much to endovascular clot removal.
However, a considerable number of patients fail to regain their pre-injury
status, particularly when the clot removal treatment window is missed. One
promising solution, out of many, lies in the restoration of damaged neuronal
circuits through the transplantation of neural stem or progenitor cells.
Unfortunately. progress in this endeavor faces challenges as current studies
heavily depend on static outcome measures, such as post-mortem assess-
ments. These approaches lack the ability to provide insights into the dynamic
and functional aspects of cell integration with the host neuronal circuits. Dr.
Liang's group developed the functional longitudinal tracking of individual
cells (fLoTIC) under 2-photon microscopy and developed the cell labeling
strategy LIASN (Location, Identify, Activity of Self and Neighbors) for fLoTIC
toward observation of the migration, fate and function of transplanted cells
as well as their communication with the host brain. From the therapeutic
perspective, Dr. Liang's group invented the Helper-cell strategy and success-
fully showed its efficacy for improving survival of grafted neural stem cells
co-transplanted with helper cells expressing bFGF. In this postdoc fellowship
application, the applicant (Dr. Jinghui Wang) will leverage her prior experi-
ence in culturing and manipulating human iPSC-derived neural progenitor
cells (NPCs) and push forward the endeavor in Dr. Liang's lab from both the
imaging and therapeutic perspectives. In Aim 1, she will work on the imaging
branch by optimizing our current multicolor cell labeling kit for functional
single-cell tracking of human iPSC-NPCs in live animals. This effort may
develop an enabling technology for the study of the dynamics of stem cell
behaviors in live animals after transplantation. In Aim 2, she will delve into the
Helper-cell strategy by testing another growth factor, VEGF, hypothesizing
that the survival and integration of human iPSC-NPC will be significantly
improved by co-transplanting helper cells expressing VEGF after stroke
through enhanced vascularization of the graft. This is one step further into
the Helper-cell strategy that Liang lab has developed. Overall, our study will
address the most burning and vital issue in regenerative medicine: survival
and integration of grafted cells into adult neural circuits in the injured brain.
By developing innovative approaches for tracking and enhancing the
integration of grafted cells with host cells, this study will produce results that
may reinvigorate the neural cell transplantation field for the treatment of
neurological disorders, which perfectly fits the mission of the MSCRF
program.
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Wenshen Wang, PhD

Hugo W. Moser Research Institute at Kennedy Krieger
Mentor: Guanshu Liu, PhD

Awardee Amount: $130,000

Disease Target: Myocardial Infarction

Feiyu Yang, PhD

Johns Hopkins University
Mentor: Deok-Ho Kim , PhD
Awardee Amount: $130,000
Disease Target: Neuropsychiatric Disorders

ModRNA-Delivering, Engineered Human iPSC-
Derived Extracellular Vesicles for Image-Guided
Targeted Treatment of Myocardial Infarction

ccording to 2023 statistics update from the American Heart Association
AHA), approximately every 40 seconds, someone in the United States will
ave a myocardial infarction (MI). Due to the low intrinsic regenerative
apacity in adult mammalian hearts, cardiac function was permanently
npaired after MI due to cardiomyocyte death and heart failure (HF). Effec-
ve regenerative treatments for myocardial infarction remain an unmet need.
luman stem cells (hSCs) derived extracellular vesicles (EVs) have entered
linical trials, showing great potential as a cell-free regenerative therapy for
rotecting and repairing myocardial damage following MI. However, there
re a few formidable challenges in the path towards the clinical application
f hSC-EVs. First, native EVs exhibit limited targeting ability upon systemic
dministration. While cell engineering strategies have been successfully
mployed in engineering EVs for highly specific targeting of diseased organs
r tumors, along with the benefits of high-quality and scalable production,
1e use of cell engineering for developing heart-homing EVs to better treat
ardiovascular diseases is still largely unexplored. This study aims to
everage the advanced genome editing technology to endow hSC-EVs with
n ischemic myocardium-targeting peptide (IMTP) to achieve substantially
nhanced targeting and subsequent higher therapeutic efficacy. Secondly,
/hile hSC-EVs exhibit strong regenerative potential, they may not be able to
ddress all the treatment requirements satisfactorily when used alone. To
vercome this challenge, a combination treatment that integrates EVs with
ther advanced therapies is expected to be more effective in rescuing
lamaged cardiomyocytes. In this context, we propose utilizing hSC-EVs as
ectors for delivering modified mMRNA (modRNA). We anticipate that
corporating vascular endothelial growth factor (VEGF) modRNA will
ignificantly improve treatment outcomes due to its established effects in
ducing angiogenesis, a crucial process in cardiac tissue regeneration. Third,
e large-scale production of hSC-EVs presents technical challenges that
ould limit their clinical utility. To tackle this, our approach will use induced
luripotent stem cells (iPSCs) to generate Mitargeted iPSC-EVs (iEVs) instead
f the commonly used mesenchymal stem cells (MSCs). iEVs offer 16-fold
igher yields and can be autologously produced directly from the patients
nemselves. Finally, extensive preclinical optimization and rigorous clinical
als are needed before these EV products can be made clinically available.
1 this stage, non-invasive, quantitative imaging methods are crucial for
ccurately assessing the delivery efficiency of therapeutic EVs to MI-
\duced damage sites and for predicting therapeutic outcomes on an
dividual basis. In our design, we will employ magnetic particle imaging
MPI), an emerging imaging technology providing hotspot imaging (without
ackground signal) and linear signal from agents like superparamagnetic
on oxide nanoparticles (SPIONs). Based on the optimized electroporation
rotocol established in our preliminary studies, we will load EVs with both
nodRNA and Resovist, a commercially available SPION, simultaneously

Dorsal-Ventral and Rostral-Caudal Patterning of
Brain Organoids using a Localized Passive
Diffusion-Based Morphogen Gradient Generator

The goal of the proposed research is to Rationally design a novel
bioengineering device and protocols to reliably establish human pluripotent
stem cells (hPSCs)-derived brain organoids with dorsal-ventral (D-V) and
rostral-caudal (R-C) patterning. Map the whole spatial atlas and analyze the
gene developmental trajectories of patterned brain organoids using spatial
transcriptomic technology. The positional identity patterning during human
brain development is orchestrated in a highly coordinated manner by a
handful of inductive signals locally produced by surrounding tissues. The
signal dynamics, such as the duration, timings, and concentrations, are
precisely controlled by genetic programs, which play vital roles in the proper
completion of embryogenesis. While previous studies have used animal
models to reveal general signaling pathways during the early developmental
process, the signal dynamics underlying the proper development of the
human brain remain obscure. Recent studies highlight the unique advantage
of brain organoids in modeling neurological development and disease. Aim 1,
we propose to develop a diffusion-based morphogen gradient generator to
establish precise extrinsic morphogen gradients in brain organoids. To
investigate the role of signaling dynamic for organoid differentiation, we plan
to make the device flexible for tuning the morphogen source during
culturing. We will then develop reproducible protocols by combining small
molecules and growth factors for D-V and R-C brain organoid patterning
using the device. The proposed method will reveal how spatial-temporal
morphogen dynamics regulate the cell fate specification and axis formation
of hPSCs-derived brain organoids. As patterned brain organoids mature, a
highly diverse group of neurons and glial cells are expected to be spatially
distributed in multiple regions. Aim 2 proposes to map the spatial gene atlas
at single-cell resolution and profile the gene trajectories of patterned brain
organoids with spatial context using the Visium spatial transcriptomic
technology. We plan to collect patterned organoids at various ages to
analysis neurodevelopment trajectories. Moreover, we will model the
interneuron saltatory and tangential migrations using D-V patterned
organoids, which is difficult to study using animal models. This study will
build a comprehensive, spatial transcriptomic atlas and decipher key
developmental trajectories using patterned brain organoid models. Human
and animal brains significantly differ in functionality, complexity, and
structure. Neurulation-stage human embryos are ethnically restricted in
accessQ. Moreover, neuropsychiatric disorders are difficult to model using
animal models. In contrast, hPSCs-derived brain organoids provide a unique
opportunity to study the early developmental process of the human brain
and the mechanisms underlying neuropsychiatric disorders. This study will
unveil the fundamental mechanisms that govern the propagation of signaling
activation for patterning brain organoids. Furthermore, the proposed
approach can be broadly applied to study not only the basic developmental
process of the human brain but also the genetic trajectories and pathological
mechanisms of neuropsychiatric disorders. In the future, the proposed
approach and patterned brain organoids can be used to study diseases such
as Timothy syndrome and Rett syndrome, which involve the dysfunctions of
cross-regional interactions of the cortex and ganglionic eminence in vivo.
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Johns Hopkins University

Mentor: MoonJung Jung, PhD
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Heng Zhao, PhD

Johns Hopkins University
Mentor: Dian Arifin, PhD
Awardee Amount: $130,000
Disease Target: Diabetes

Epigenetic Regulation Underlying Chronic
Alcohol-Induced Double-Stranded RNA
Accumulation and Inflammation in Hematopoietic
Stem Progenitor Cells

Pitt-Hopkins Syndrome (PTHS) is a rare form of autism spectrum disorder
(ASD) characterized by developmental deThe primary goals of this project
are to: 1) elucidate the effects of chronic alcohol exposure on the
hematopoietic stem and progenitor cell (HSPC) epigenome, and, 2) develop
cell-based therapy to reverse the effects of alcohol on HSPCs. Chronic
alcohol drinking negatively affects hematopoietic stem cells, leading to
impairment of blood cell production, such as anemia, thrombocytopenia,
leukopenia, and pancytopenia. The negative effects of alcohol stem from its
metabolites, such as reactive oxygen species and acetaldehyde, both of
which cause DNA damage, culminating in senescence, stem cell exhaustion,
and inflammation during aging. DNA damage also reactivates retro
transposable elements (RTE). Mechanistically, DNA damage redistributes
chromatin-modifying enzymes, such as Sirtuins (SIRT1 and SIRT6),
preventing them from repressing RTE-enriched genomic. Notably. the
absence of SIRT6 reactivates RTE in ging and cellular stresses, fueling
inflammation. Moreover, RTE-derived RNA forms double-stranded RNA
(dsRNA) that can also elicit inflammation via the activation of nucleic acid
sensors. Prior studies established the importance of RTE in promoting
inflammation: Inhibition of the transposition activity by nucleoside reverse
transcriptase inhibitor (NRTI) reduced inflammation in human fibroblasts,
neurons, and retinal pigmented epithelium. Finally, owing to their capacity to
inflict DNA damage and inflammation, we hypothesize that alcohol disrupts
the epigenetic silencing of RTE, leading to dsRNA accumulation. However,
whether alcohol causes the epigenetic reactivation of RTE or targeting RTE
epigenetic regulation ameliorates alcohol-induced HSPC inflammation is
unknown. Our scientific premise that alcohol causes epigenetic dysreg-
ulation in HSPCs leading to dsRNA accumulation is based on our compelling
preliminary data in human CD34+ (huCD34+) HSPCs: 1) Alcohol promotes
myeloid-biased differentiation and Type | interferon (IFN-1) signature in
xenotransplanted huCD34+ HSPCs. 2) In vitro alcohol exposed huCD34+
HSPCs downregulate DNA methylation and histone modification signatures.
3) Alcohol-exposed huCD34+ HSPCs upregulate RTE. 4) dsRNA accumulates
in alcohol-exposed huCD34+ HSPC. To determine if patient-specific
mutations in TCF4 results in dysregulation of the OL lineage we first
differentiated iPSC using a two-dimensional OL differentiation protocol.
Preliminary results show increased proliferation of OLIG2+ OPCs at early time
points, and a reduction in the expression of mature OL genes, consistent with
phenotypes observed in PTHS mouse models. In addition, using a previously
described three-dimensional differentiation protocol that generates human
oligodendrocyte spheroids (hOLS), we observed a significant variation in the
diameter of hOLS derived from PTHS lines that appears specific to patients
harboring mutations causing TCF4 haploinsufficiency. Together, these
results suggest TCF4 to be a critical regulator of OL development and
therefore predict myelination deficits as a potential pathophysiological
mechanism underlying neurodevelopmental abnormalities in PTHS. The goal
of this proposal is to identify cellular and molecular mechanisms underlying
OL deficits in a PTHS patient-derived iPSC model and to test the efficacy of
promyelinating therapeutic interventions for the treatment of PTHS.
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Theranostic Mesenchymal Stem Cell-Derived
Extracellular Vesicle-Liposome Hybrids as
Adjuvant Therapy for Pancreatic Islet
Transplantation

Type 1 diabetes mellitus (TiDM) or juvenile-onset DM is a chronic disorder
characterized by immune-mediated destruction of pancreatic insulin-
producing B cells. TIDM accounts for an estimated 5-10% of diabetic
Americans. Islet transplantation has shown promising potential to provide
long-term and precise glucose control for TiDM patients. However, in
addition to a shortage of donor islets, other challenges, such as islet
recipients’ immune rejection and excessive oxidative stress, lead to a low
islet graft survival or function. Extracellular vesicles (EVs) are lipid
membrane-enclosed vesicles which play key roles in a diverse range of
biological processes. EVs, mainly from stem cells, have recently gained
considerable attention as an adjuvant therapy to improve the therapeutic
efficacy of islet transplantation. Human mesenchymal stem cells (MSCs)
derived-EVs possess regenerative and immunomodulatory functions similar
to MSCs but with lower immunogenicity, and, more importantly, without
tumorigenicity risks. MSC-EV therapy also benefits from ease of storage and
transport of EVs. However, developing theranostic (ie. a combination of
therapy and diagnosis in one platform) EV therapy is constrained by low
tunability, poor reproducibility, single modal imaging. and even
unsatisfactory therapeutic outputs. We propose to develop a novel
multifunctional, liposome-EV hybrids (LPEV) for multimodal in vivo tracking,
enhanced inflammation modulation, and to support islet transplantation for
TiDM treatment. The hybrids will be created by fusing MSC-EVs with
liposomes. Herein, liposomes will be loaded with two promising
nanoparticles (NPs). biosafe, renal clearable supersmall anti-oxidative
nanozyme CeO2 NPs and superparamagnetic iron oxide (SPIO) NPs. In
addition to their anti-oxidative and anti-inflammatory property, CeO2 NPs are
good tracers for computed tomography (CT). SPIO NPs act as strong
magnetic particle imaging (MPI) tracer as well as T2-w magnetic resonance
imaging (MRI) contrast agent. Liposome membranes will be decorated with
triphenylphosphonium (TPP) for targeting mitochondria. The TPP strategy has
been shown to enhance the anti-inflammatory property of CeO2 NPs. LPEV
will therefore retain the therapeutic property of MSC-EVs with an enhanced
anti-inflammatory function and CT/MRI/MPI imaging capability. EVs will be
isolated from MSCs using differential centrifugation and qEV purification,
followed by fusion with magnetic anti-oxidative liposomes in the assistance
of polyethylene glycol-8000 (PEG8000). EV biomarkers (CD63, CDg, CD81),
nanozyme content, and integrity of LPEV will be examined by Oni super-
resolution microscopy. quantitative real-time polymerase chain reaction
(QRT-PCR), inductively coupled plasma atomic emission spectroscopy (ICP-
MS), cryogenic transmission electron microscopy (Cryo-TEM) and dynamic
laser scattering (DLS). Their in vitro imaging sensitivity, anti-oxidative, anti-
inflammatory and islet protective properties will also be examined by CT, MRI
and MPI, reactive oxygen species, inflammatory molecules secretion and
islet cell viability assays, respectively. As a proof-of-concept, LPEV will be
co-transplanted with human islets into immunodeficient mice. We will follow
the graft survival and function, and to test if LPEV can be detected in vivo
using pre-clinical CT, MPl and T2-w MRI. This research may aid the
development of MSC-EVs therapy for clinical applications and potentially
contribute to the goals of MSCRF.








