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Scientists regenerate skin with stem cells to
see how DNA defects in kids cause cancer
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Shown are microscopic images of human epidermis with pluripotent stem cells
derived from donated skin cells. The images on the left are epidermis from a
healthy control subject, the images at right being from a person with Fanconi
anemia. The colorful confocal images (bottom) offer a more superficial view
that does not reveal differences between control and FA samples. The black and
white electron microscopic images, with 1,000-fold greater magnification, do
reveal defects in the FA epidermis. Researchers studying Fanconi anemia-related
skin disease and cancer report new data in Cell Stem Cell. Credit: Cincinnati
Children's

Physicians and scientists at Cincinnati Children's Hospital Medical
Center used new stem cell technology to regenerate and study living
patient-specific skin in the lab, giving them a precise close up view of
how inherited DNA defects cause skin damage and deadly squamous cell
carcinoma in children and young adults with Fanconi anemia (FA).

Reporting their findings in the journal Cell Stem Cell, the researchers are
now using the complex 3-D laboratory models of FA patient
epidermis—and the enhanced biological detail they provide—to screen
for drugs that could slow or stop the disease progression. Study authors
explain that new human stem cell-derived tissue models overcome
inherent limitations when studying human disease in mice, giving
researchers an innovative tool to finally solve what has been a long-
standing and dangerous molecular mystery.

"Squamous cell carcinoma is a global health problem, and DNA
instability in children with Fanconi anemia makes them extremely
susceptible," said Susanne Wells, Ph.D., the study's principal investigator
and a cancer biologist at the Cincinnati Children's Cancer and Blood
Diseases Institute. "Unlike the general population, squamous cell
carcinomas that arise in the head, neck, anogenital regions, and skin of
children and young adults with FA tend to be unusually aggressive and
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deadly."

Treatments are available for FA, but Wells explained that they come
with side effects because of how the disease works.

"We need effective treatments, but identifying the molecular and cellular
consequences of FA gene mutations has been difficult because mouse
models don't fully recapitulate human disease. Fortunately, our
bioengineered models of 3-D human epidermis are helping us overcome
this," said Wells, who is also director of the Epithelial Carcinogenesis
and Stem Cell Program.

A Pathway to DNA Instability

FA is an inherited disorder caused by loss of function mutations in over
20 genes in human reproductive (germline) cells. Usually, the FA
pathway plays an important role in normal skin structure and function.
And although all cells contain crosslinked DNA, defective DNA repair
machinery in people with FA causes the accumulation of defective
crosslinks. This makes kids with FA prone to DNA instability, bone
marrow failure, and cancer.

Researchers on the current study demonstrate this important role in their
most recent data. They conducted a small controlled clinical test to
demonstrate that patients with FA mutations are more prone to skin
damage and blistering from environmental stress. The test, approved by
the Cincinnati Children's Institutional Review Board, involved applying
moderate pressure to the arms of children and young adults with FA and
to a control group without FA.

Individuals with FA developed skin blisters much faster when compared
to individuals in the non-FA control group, suggesting intrinsic skin
fragility in this population.
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Mimicking Nature's Developmental Process

To track the biological development of epidermal vulnerabilities in
children with FA, donated skin tissue was used to generate patient-
derived pluripotent stem cells (PSCs). The PSCs take on embryonic-like
traits and can form any kind of tissue in the body. The patient-specific
stem cells in this study harbored FA gene mutations, which for the
purpose of direct comparison could be corrected by researchers using an
inducible system.

The PSCs were then biochemically converted into epidermal stem and
progenitor cells, the developmental stage at which FA mutations usually
begin to disrupt skin function. Epidermal stem and progenitor cells were
then used to generate complex 3-D epidermal models called organotypic
skin rafts, which also harbored FA mutations when left uncorrected.

The FA patient-specific tissues had diminished cell-to-cell junctions,
key biological connections important to skin formation and function,
together with other molecular and structural defects. These defects
translated into accelerated blistering of skin after mechanically induced
stress, which sets off disease processes that can progress into cancer.
Skin fragility in FA might also promote cancer via elevated exposure of
the body to carcinogens in the external environment.

According to the study's first author, Sonya Ruiz-Torres, Ph.D., a fellow
in the Wells laboratory, the researchers are continuing their project.
Because the study was limited by a small number of patients, the
researchers are generating 3-D human organotypic skin rafts to study a
broader range of people with FA mutations. This should give scientists a
more comprehensive look at different FA gene mutation disease
processes, understand how these promote squamous cell carcinoma, and
help advance the potential clinical impact of their work.
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More information: Cell Stem Cell (2020). DOI:
10.1016/j.stem.2020.10.012 , www.cell.com/cell-stem-cell/fu ...
1934-5909(20)30506-3
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