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This is a 4-year-old boy with Hutchinson-Gilford Progeria Syndrome. Credit:
Photo: Courtesy of The Progeria Research Foundation

The current pace of population aging is without parallel in human history
but surprisingly little is known about the human aging process, because
lifespans of eight decades or more make it difficult to study. Now,
researchers at the Salk Institute for Biological Studies have replicated
premature aging in the lab, allowing them to study aging-related disease
in a dish.
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In the February 23, 2011 advance online edition of the journal Nature,
Juan Carlos Izpisúa Belmonte, Ph.D. a professor in the Salk Institute's
Gene Expression Laboratory, and his team report that they have
successfully generated induced pluripotent stem (iPS) cells from skin
cells obtained from patients with Hutchinson-Gilford Progeria
Syndrome—who age eight to 10 times faster than the rest of us—and
differentiated them into smooth muscle cells displaying the telltale signs
of vascular aging.

"The slow progression and complexity of the aging process makes it very
hard to study the pathogenesis of cardiovascular and other aging-related
disorders," says Izpisúa Belmonte. "Having a human model of
accelerated aging will facilitate the development of treatments and
possibly a cure for Progeria and give us new insights into how we age. It
may also help prevent or treat heart disease in the general aging
population."

Progeria's striking features resemble the aging process put on fast-
forward and afflicted people rarely live beyond 13 years. Almost all of
the patients die from complications of arteriosclerosis—the clogging or
hardening of arteries or blood vessels caused by plaques—which leads to
heart attack and stroke.

Scientists are particularly interested in Progeria in the hopes that it might
reveal clues to the normal human aging process. However, the disease is
exceedingly rare and only 64 children living with progeria are known
making access to patients very difficult.

Hutchinson-Gilford Progeria Syndrome is caused by a single point
mutation in the gene encoding lamin A, which forms a protein scaffold
on the inner edge of the nucleus that helps maintain chromatin structure
and organize nuclear processes such as RNA and DNA synthesis. The
mutation creates an alternative splice site that leads to the production of
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a truncated version of the protein known as progerin. Unlike the full-
length protein, progerin does not properly integrate into the nuclear
lamina, which disrupts the nuclear scaffold and causes a host of
problems.

"There is also evidence that defective lamin A accumulates during the
normal aging process via the sporadic use of the alternative splice site, "
explains Izpisua Belmonte. "Therefore we are very keen on using our in
vitro iPS cell-based model to identify new aging markers and explore
other aspects of human premature and physiological aging."

Compared to normal skin fibroblasts, cells from Progeria patients have
misshapen nuclei and a range of other nuclear defects, including a
disorganized nuclear lamina, loss of super-condensed DNA, telomere
shortening and genomic instability. Yet, despite their "old" appearance
and characteristics, these cells could be readily converted into iPS cells.

"The reprogramming process erased all nuclear and epigenetic defects
and the rejuvenated pluripotent cells looked and acted like perfectly
normal healthy cells," says first author Guang-Hui Liu, Ph.D., a
postdoctoral researcher in the Belmonte lab.

Since lamin A is only expressed in differentiated cells but is absent from
embryonic stem cells, he wondered whether iPS cells produce lamin A
and/or progerin, which should follow the same expression pattern as
lamin A. In his experiments, he couldn't detect either one. "The
biological clock is reset in these cells because lamin A is silenced,"
explains Liu.

As soon as the Salk researchers differentiated Progeria-derived iPS cells,
progerin expression was reactivated. "This reversible suppression of
progerin expression by reprogramming and subsequent reactivation
during differentiation, provides a unique model system to study human
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premature aging pathologies," says Izpisúa Belmonte.

Progerin accumulates mainly in smooth muscle cells found within the
walls of arterial blood vessels, and vascular smooth muscle cells
degeneration is one of the hallmarks of Hutchinson-Gilford Progeria
Syndrome-associated arteriosclerosis. In fact, vascular smooth muscle
cell senescence also plays a role in advanced arteriosclerosis within the
normal aging population.

Upon directed differentiation of Progeria-derived iPS cells into smooth 
muscle cells the premature aging phenotype, including misshapen nuclei,
the loss of gene silencing marks and compromised proliferation,
reappeared. Genetically modifying progeria-derived iPS cells to shut
down the expression of progerin staved off the premature appearance of
aging phenotypes after differentiation. "Transplantation of the
progenitor cells derived from the "corrected" progeria iPS cells might
hold the promise to treat these progeria children in the future." says Liu.
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