
 

New study describes neural inflammatory
processes in lab-developed human cells
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(a) Derivation of human iPSC-astrocytes. Human neural stem cells (NSC) were
differentiated from induced pluripotent stem cells (iPSC) and they were exposed
to astrocyte induction medium (AIM). After 21 days in AIM human iPSC-
derived radial glia-like cells (RCG) exhibited high proliferation rates and strong
labeling for neural precursor markers. After exposing RGC to astrocyte medium
for additional 4 weeks, human iPSC-derived astrocytes were obtained and used
in the experiments. (b) Induction of in vitro astrogliosis. Human iPSC-derived
astrocytes were exposed to serum-deprived culture medium for 24 h; then TNF-
α was added to the cells in order to analyze the canonical events over the course
of astrogliosis, as follows: i) NF-kB nuclear translocation was assessed 1 h after
TNF-α exposure; ii) expression of cytokines was evaluated in a time window
between 1.5 and 6 h following TNF-α exposure; iii) expression and secretion of
cytokines and D-aspartate uptake assay were performed 24 h following TNF-α
exposure; iv) densitometry of the intermediate filaments, vimentin and GFAP,
cell morphology and viability, D-aspartate uptake assays were performed 5 days
after TNF-α stimulation in order to investigate chronic stage of astrogliosis.
Credit: Pablo Trindade
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Astrocytes are neural cells with many important functions in the nervous
system. The inflammation of these cells occurs in brain infections and
neurodegenerative disorders, a process called astrogliosis. Aware of this
fundamental process for the prevention of diseases and improvement of
current treatments, a team led by researchers at the D'Or Institute for
Research and Education (IDOR) and five other Brazilian Federal
Universities published one of the first studies to categorically observe
this inflammatory reaction in human astrocytes created in the laboratory.

The term astrogliosis may sound unfamiliar to the general public, but
this inflammatory process is common to several diseases such as
Parkinson's, Alzheimer's, multiple sclerosis and congenital
malformations caused by the Zika virus. Although astrogliosis is well
studied in the neuroscience field, most of the knowledge comes from
animal models, an experimental strategy that contributes to scientific
advancement, but does not reproduce human brain complexity. "Animal
testing has its indubitable relevance in science, but the reality is that it
doesn't fully reproduce some human aspects, especially when related to
responses of the immune system. This is the case of human glial cells,
including astrocytes, which are responsible for the metabolic
maintenance of neurons and their nerve impulses," says Pablo Trindade,
the study's first author.

To understand the inflammatory process of astrogliosis, the research
coordinator and scientist at Federal University of Rio de Janeiro (UFRJ)
and IDOR, Stevens Rehen, adopted a cell culture procedure that is
already his signature in several other studies on the human
brain—among them, the development of brain organoids that helped to
correlate Zika virus infection to the onset of microcephaly. The method
used by Rehen's team is the reprogramming of human cells found in the
urine of voluntary donors, turning them into pluripotent stem cells.

These stem cells are then stimulated to become healthy astrocytes or any
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other human cell necessary for the research at the time. In this case,
from the creation of astrocytes, the scientists have put these cells to react
with an inflammatory protein, known as TNF, obtaining a map of human
astrogliosis in the laboratory. The observed results indicate that the
inflammation process already occurs within the first hour, and it
gradually impairs astrocyte function over time.

In addition to morphological changes of these cells, which start to show
smaller nuclei and stretched shapes, the inflammation also interfered
with the primary function of astrocytes: the regulation of
neurotransmitters, substances secreted by neurons responsible for
information transmission across synapses. The study identified that
human astrocytes under astrogliosis showed impairment in glutamate
uptake. Of note, glutamate is the most important stimulatory
neurotransmitter involved in many brain functions including learning and
memory.

The publication is a highlight in studies on astrogliosis, since the
approach allowed scientists to analyze the phenomenon in a non-invasive
way using human cells. The researchers point out that the evidence and
methods from this study can serve as a basis for other investigations,
including those aimed at discovering new treatments, which can improve
the quality of life of people suffering from brain inflammation triggered
by infections or neurodegenerative diseases.

  More information: Pablo Trindade et al, Short and long TNF‐alpha
exposure recapitulates canonical astrogliosis events in human‐induced
pluripotent stem cells‐derived astrocytes, Glia (2020). DOI:
10.1002/glia.23786
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