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The Pearl Meister Greengard Prize

The Pearl Meister Greengard Prize is awarded annually to outstanding female scientists. This year, two winners were
awarded the prize for their seminal work on the development and function of the nervous system: Lily Jan, PhD, and
Eve Marder, PhD. What drives Lily Jan is also one of the most fundamental expressions of curiosity: How does it work?
She has pursued scientific answers with a sense of freedom and fearlessness. Her guiding philosophy: “Experiments are
hard enough, no matter what question you are trying to answer. So you might as well go after a question that you believe
is really interesting.” For Eve Marder, a junior year course on abnormal psychology sealed her future career. She was
not only going to be a scientist, she was going to be a neuroscientist. “I kept reading neuroscience and turned all the
papers | wrote for other biology courses into neuroscience topics.” It was the beginning of 45 years of posing fundamental
questions about how the brain works. The contributions of both Jan and Marder to neuroscience have been recognized as

pioneering and inspirational for generations of scientists.

The Pearl Meister Greengard Prize was co-founded in 2000 by the late Nobel Laureate and founding director of the Fisher
Center Lab, Paul Greengard, PhD, and his wife, renowned sculptor Ursula von Rydingsvard. It was named in honor of

Greengard’s mother, who died giving birth to him.

The Fisher Center Lab at The Rockefeller University
The Fisher Center lab at Rockefeller University, led by Nathaniel Heintz, PhD, is focused on
identifying the precise molecular events that unfold in the very earliest stages of Alzheimer’s
disease before significant formation of AP plaques and tau tangles, two hallmarks of Alzheimer's
disease pathology in brain tissue. Focusing on early events in disease progression allows
investigators to understand why certain cell types are most vulnerable to degeneration, how
aging affects the nature of cells’ susceptibility to disease, and how genes implicated in Alzheimer's
disease are regulated across different cell types. This work relies on cutting-edge anatomical and

molecular methodologies developed within the laboratory.

Important strides toward these goals have been made in the past year. Although

the core methodologies for discovery of transcriptional and epigenetic events
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using fluorescence-activated nuclear sort sequencing (FANSseq) have been established in the laboratory for a number of
years, novel iterations of this approach are required each time the laboratory investigates a new brain structure that has
been implicated in the disease. For example, during the past year, several new protocols for deep molecular profiling of
specific cell types in the human hippocampus and entorhinal cortex have been tested and optimized. These allow a multi-
staged approach to analyze each critical cell type in these structures. This includes an initial comparison of all cell types of
interest in each structure and, in some cases, a more targeted approach for investigation of cell types and processes that

may vyield particularly critical insights into early stages of pathogenesis.

Platform to Determine Stage of Disease

One of the issues that arises in studies of human brain samples is accurate determination of the disease stage of each
sample according to established principles in the field. For Alzheimer’s disease, staging requires immunohistochemical
detection of phosphorylated TAU protein (encoded by the MAPT gene) in fixed sections from each brain structure being
analyzed. Characterization of disease burden by this method (referred to as Braak staging, named after the scientist who

established this system) is typically done by the neuropathologists curating donor samples in each brain repository.

However, this year the Fisher Center laboratory has established this platform within the lab to ensure that interpretation of
the molecular events discovered by the laboratory can be interpreted properly with respect to progression of the disease.
Using variations of this approach, intriguing new findings from the laboratory have revealed features of early stages of
Alzheimer’s disease that offer new and exciting avenues for investigation. The Braak stage was determined for tissue from
each donor used for molecular profiling experiments. Estimations of the abundance of cells in different parts and layers
of the prefrontal cortex from each sample indicated a loss of neurons from layers 2/3 and 4 (the most vulnerable regions
of the cortex) at Braak stages I-ll, which represents the earliest stages of disease. These layers are the most vulnerable in
Alzheimer's disease, and these results also indicate that no loss was seen in layer 5a pyramidal cells, which are known to

degenerate in Huntington’s disease (HD) but not Alzheimer's disease.

Intriguing new findings from the laboratory have revealed

features of early stages of Alzheimer’s disease that offer

new and exciting avenues for investigation.




Cell Type-Specific Molecular Profiling

This year, the laboratory has also collected the first deep molecular profiling data from a carefully chosen cohort of early
Alzheimer's donor samples and age-matched controls. Although analysis and validation of these data is just beginning,
and additional epigenetic profiling studies are needed to complement these results, these studies have both confirmed
previous findings in the field and extended them to reveal new molecular events that accompany Alzheimer's progression.
As the Fisher Center laboratory team continues to probe molecular aspects of the disease, it will be important to assemble
a second cohort of early Alzheimer's brains to complement these initial studies. Despite the need to continually source
and study early Alzheimer's pathophysiology in additional donors and appropriate controls, new insights into the disease
have already emerged from our data that alter interpretation of previous studies in the field, suggest novel mechanisms

for selective cellular vulnerability in the human Alzheimer's brain, and provide important new avenues of investigation.

So far, the Fisher Center lab has collected profiling data from hundreds of unique samples across 15 discreet cell types.
Remarkably, the number of significantly altered genes across the disease progression stages reflected these trends, with
larger numbers of gene changes in layers 2/3 and layer 4 cells at early (I-1l) stages and few gene changes in layer 5a
cells. We are now leveraging computational and bioinformatics tools to further understand differences in the molecular

events between the vulnerable and non-vulnerable cells. Understanding these differences will hopefully add to our

comprehension of the cellular level changes associated with Alzheimer’s disease.






