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1. Introduction

Despite the presence of oligodendrocyte progenitor cells (OPC) capable of regenerating myelin after its
loss, chronic multiple sclerosis (MS) lesions in the brain and the spinal cord are characterized by
remyelination failure. Cell-based therapies involving progenitors derived from autologous stem cells are
a promising approach for the treatment of chronic MS'2. However, transplants delivered into CNS areas
with extensive damage often result in poor cell engraftment and survival 3. Recent studies have also
demonstrated that mechanical cues delivered by the extracellular matrix (ECM) are capable,
independently of chemical signals, of directing the differentiation of stem cell populations or promoting
the differentiation of mesenchymal stem cells into specific cell types. Similarly, while soft artificial
substrates mechanically similar to the healthy brain promote neurogenesis and axonal growth,®’, work
from our laboratory and others has demonstrated that oligodendrocytes (OL), the myelinating glia of the
CNS, are also mechanosensitive®!? and that increases in ECM stiffness inhibit their differentiation!?.

The abnormal accumulation of a wide range of ECM proteins in demyelinated lesions has repeatedly
been shown to inhibit remyelination'3141> However, despite the evidence that mechanical signals may
play an important role in CNS development and repair, and the fact that changes in ECM deposition
resulting from injury or demyelination must change the mechanical properties of the ECM, there has
been very little systematic investigation of this problem. More critically, very little is known about how
the ECM changes mechanically during the time course of disease and recovery in the CNS. Although it is
accepted that chronic demyelination ultimately causes remyelination failure®, and that chronic and
acute demyelination are associated with different types of ECM molecules deposition>1>, there has
been no systematic analysis of how demyelinating insults affect the mechanical properties of the ECM
in the CNS. Attempts to measure the mechanical properties of the brain parenchyma in animal models
of demyelination!” and human aging®® using non-invasive methods such as magnetic resonance
elastography (MRE) have been limited to a macroscopic spatial resolution. Atomic force microscopy
(AFM) provides an alternative that allows the examination of tissue stiffness at scales relevant to cellular
mechanotransduction.

To this end we developed a protocol which allowed us to capture both optical images and AFM
measurements of the brain tissue at micrometer scales. This information used in combination with
immunohistochemistry (IHC) of the same region, made it possible to correlate changes in tissue stiffness
with ECM structure and cellular composition of the area being examined. This innovative approach
provided unprecedented level of detail on the mechanical properties of the CNS and the mechanical
stimuli experienced by specific cells populations within demyelinated lesions. We found that acute and
chronic demyelination affect the mechanical properties of CNS tissue in distinct ways when examined at
cellular rather than macroscopic resolution. Specifically, acute demyelinated lesions are softer than
healthy tissue, while chronic demyelinated lesions exhibit increased stiffness, which is associated with
elevated ECM deposition. Thus, changes in ECM mechanical properties may be an important contributing
factor to the rapid remyelination observed in acute softer lesions and the failure to remyelinate typical
of chronic stiffer lesions.
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3. Accomplishments

Major Task 1: Characterization of the mechanical properties of active and chronic demyelinating MS
plagues in human brain tissue in conjunction with analysis of ECM and cellular composition

Subtask 1: Regulatory Review and approval by the USAMRMC Human Research Protection Office (HRPO).
Completed
Subtask 2: AFM and histological analysis of human MS tissue.

Completed. A total 12 human MS samples have been analyzed to date (tissue was not mechanically
damaged and identifiable lesions were found). Among these six lesions from two samples were adequate
for further AFM and histological studies. The results obtained from these studies were published in
Scientific Reports.

The milestones for this major task 1 are completed and a paper was published in Scientific Reports.
Follow-up studies will require obtaining more MS tissue from the tissue bank to further characterize the
nature of the cellular and molecular changes driving the changes in stiffness in acute and chronic
demyelination. An application has been submitted for these studies to both the National Multiple
Sclerosis Society and NIH.

Major Task 2: Characterization of mechanical tissue properties and ECM deposition in a mouse model
of demyelination

Subtask 1: Regulatory Review and approval by the USAMRMC Animal Care and Use Review Office
(ACURO)

Completed
Subtask 2: Setup and maintenance of the mouse cuprizone-induced demyelination cohort.
Completed

Subtask 3: Assess the mechanical properties of the corpus callosum brains slices generated in subtask 2
via atomic force microscopy (AFM) to generate high resolution force maps of brain tissue.

Completed

Subtask 4: Perform IHC of the same regions measured via AFM to determine the extent of demyelination,
oligodendrocyte differentiation and survival, monitor gliosis and deposition of extracellular matrix (ECM).

Completed

The milestones for this major task 2 were met and a paper was published in Scientific Reports.

Major Task 3: Establish the ex vivo culture system of cuprizone-demyelinated brain slices and hOPC
Subtask 1: Regulatory Review and approval by the USAMRMC Human Research Protection Office (HRPO)
Completed

Subtask 2: Induction of human OPC (hOPC) from iPSC.



Completed. We completed the expansion of 3 human cell-lines in January 2020 and have frozen stocks
to be used in the pre-conditioning experiments and started their characterization in matrices of variable
stiffness

Subtask 3: Pre-conditioning of hOPC prior to co-culture with mouse brain slices.

In progress: Human iPSC cultures attach and survive on hydrogels matrices of variable stiffness. After 3
weeks we are able to detect both Olig2+ (oligodendrocyte lineage) and GFAP+ (astrocytes) cells. More
importantly, as predicted, we observed a change in the proportion of OPC and astrocytes present in
these cultures at different stiffness. Thus, at 1.4kPa, conditions that mimic a soft acute demyelinating
lesion (ADL) Olig2+ represented on average 33% of the total cells while GFPA+ made 12%. By contrast,
at 5 kPa, a condition that mimics a stiff chronic demyelinated lesion (CDL) Olig2+ decreased to 19% while
GFAP+ cells increased to 26%.

Subtask 4: Setup and maintenance of the mouse cuprizone-induced demyelination cohort.

Pending. These experiments could not be initiated as planed due to lab shutdown for COVID-19 in March
2020.

Subtask 5: Co-culture of hOPC on brain slice cultures.

Pending. We have tested the viability of adult mouse brain slices and determined they can be maintained
ex-vivo for up to a week. We have not started to culture human-iPSC in these cultures as we need to
obtain sufficient numbers.

Subtask 6: IHC analysis of co-cultures and data analysis.

Subtasks 4-6 are still pending. Due to laboratory closure we were unable to initiate the studies with the
cuprizone model and hOPC.

Pending.

Major task 3 is still ongoing. Ace Alcantara a PhD student recruited last year is the person directly working
on this task a spart of his thesis project. He was fully trained by Dr. Urbanski.

4. Impact

We have provided novel insights regarding micro-scale changes in the mechanical properties of acute
and chronic demyelinating MS lesions, and how these changes might correlate to remyelination failure
in advance stages of disease. These findings have the potential to help optimize the methods currently
used to generate human OPC for autologous transplantation using iPSC technology, as well as guide the
efforts for the efficient targeting and delivery of these cells to MS patients.

5. Changes/Problems

The laboratory has to be closed due to the COVID-19 on March 13, 2019. This delayed significantly our
research progress, especially for major task 3, sub-task 4-6 which require animal work. We have
requested a 12-month extension to complete these experiments. Laboratories at Hunter College have
been allowed to resume research (starting in mid-July) and we are planning to re-initiate this work soon.
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