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New study establishes platform for investigating chromosome regulation during early
human development
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January 21, 2014—Our DNA contains the genetic information that guides our body on
how to develop and function. But sometimes, the DNA is altered—by radiation, aging or
other events—and mutations and serious diseases can result. In a study published in the
latest issue of the journal Nature, a team of investigators from the University of California,
San Francisco (UCSF) and the Gladstone Institutes describe a new technique that will
help scientists better understand how stem cells maintain proper chromosome numbers
during development—and what happens when that process goes awry.
“The ability to maintain the right chromosome number and DNA integrity is absolutely
critical for the development of a healthy child,” said Marina Bershteyn, PhD, a
postdoctoral fellow at UCSF and the paper’s lead author. “However, how this is achieved
in rapidly dividing stem cells is not completely understood.”
Before a “parent” cell divides-a process known as mitosis, two copies of each
chromosome are made, and one copy is passed along to each “daughter” cell. During
this process, special proteins identify DNA mutations, which then kick-start a process to
either repair the damage or, if the damage is too great, kill the cell. In some cases,
however, these “quality control” systems fail. They miss the mutation and the cell
survives with the DNA damage intact. These types of chromosomal malformations can
lead to birth defects, mental disabilities, and growth retardation.
The research team, led by former UCSF investigator Anthony Wynshaw-Boris, MD, PhD
(now at Case Western Reserve University), studied a specific aberration called a ring
chromosome. Normally, chromosomes are linear. However, in rare cases, the ends of the
chromosome become either damaged or broken, and fuse together forming a circle, or
ring. These changes in chromosome shape then affect how the cell divides and how
genetic information is passed on to new cells.
The scientists took advantage of a 2007 discovery by Gladstone Investigator Shinya
Yamanaka, MD, PhD. Using methods developed by Dr. Yamanaka and his research team,
Dr. Bershteyn and Gladstone Postdoctoral Researcher Yohei Hayashi, PhD, the paper’s
other lead author, reprogrammed adult skin cells into cells that are nearly identical to
embryonic stem cells. These cells, called induced pluripotent stem cells (or iPS cells)
can then develop into virtually any type of the cell in the body. This discovery, which
earned Dr. Yamanaka the 2012 Nobel Prize in Physiology or Medicine, has revolutionized
the fields of stem cell biology and regenerative medicine and has allowed scientists to

model disease from patient-derived cells in a dish, thus working towards a new era of
personalized medicine.
In this study, the team obtained skin cells from patients with Miller Dieker syndome
(MDS), a brain disease characterized by a smooth brain surface and defective neuronal
migration. While MDS is typically caused by deletions at one end of chromosome 17, in
one of the patients the deletion was also associated with a ring chromosome. After
transforming MDS skin cells into iPSCs, the team looked at the number and structure of
all 23 pairs of chromosomes inside each cell.
Interestingly, the MDS iPSCs derived from skin cells with ring 17 showed little evidence of
the ring chromosome. They also found that the suite of genes normally missing from
chromosome 17—a hallmark of MDS—reappeared in MDS patient-derived iPSCs.
“This suggests that the reprogramming process may repair or replace the ring
chromosome in these cells,” explained Dr. Hayashi. “This may have valuable implications
in treating or curing diseases caused by chromosome mutations.”
How exactly does the reprogramming process fix the broken chromosome? The research
team proposed two possibilities. First, another DNA break might occur in the ring
chromosome sometime during reprogramming, causing the structure to open and be
repaired. Alternatively, the mutated chromosome might be completely replaced with a
normal chromosome.
In their analysis, the research team found that a process called compensatory uniparental
disomy (UPD) was responsible for the complete replacement of the ring chromosome
with a normal copy of chromosome 17. UPD occurs when a person receives two copies of
a chromosome, or of part of a chromosome, from one parent and no copies from the
other parent. They speculate that because the process of reprogramming increases the
number of cell divisions that take place (as compared to what happens in adult skin cells),
there are more opportunities for the cell cycle checkpoints to correct for the
chromosomal breakage.
“Our findings are proof of principle that reprogramming can be used to repair certain
chromosomal aberrations such as ring chromosomes,” said Dr. Bershteyn. “We hope that
this technology will eventually evolve into chromosome therapy for various mutations,
potentially improving the outlook of those suffering from a wide variety of genetic
diseases.”
***
Gladstone scientist Salma Sami also contributed to the study, as did UCSF scientists
Guillaume Desachy, Edward C. Hsiao, Kathryn M. Tsang, Lauren A. Weiss and Arnold R.
Kriegstein.

The study was supported by grants from the National Institute of Health, the California
Institute for Regenerative Medicine the Uehara Memorial Foundation and UCSF’s
Program for Breakthrough Biomedical Research, the Leading Project of MEXT (Japan),
the Funding Program for World-Leading Innovative R&D on Science and Technology
(FIRST Program) of the JSPS (Japan), Grants-in-Aid for Scientific Research of the JSPS
and MEXT (Japan), the Program for Promotion of Fundamental Studies in Health
Sciences of NIBIO (Japan), the L. K. Whittier Foundation and the Roddenberry
Foundation.
Authors’ note: an earlier version of this article incorrectly described the contributions of
the study’s lead authors.

