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Aging stem cells may explain higher
prevalence of leukemia, infections among
elderly

November 28 2011

Human stem cells aren't immune to the aging process, according to
scientists at the Stanford University School of Medicine. The researchers
studied hematopoietic stem cells, which create the cells that comprise
the blood and immune system. Understanding when and how these stem
cells begin to falter as the years pass may explain why some diseases,
such as acute myeloid leukemia, increase in prevalence with age, and
also why elderly people tend to be more vulnerable to infections such as
colds and the flu.

"We know that immune system function seems to decline with
increasing age," said Wendy Pang, MD. "This is the first study
comparing the function and gene expression profiles of young and old
purified, human hematopoietic stem cells, and it tells us that these
clinical changes can be traced back to stem cell function."

Specifically, the researchers found that hematopoietic stem cells from
healthy people over age 65 make fewer lymphocytes — cells responsible
for mounting an immune response to viruses and bacteria — than stem
cells from healthy people between ages 20 and 35. (The cells were
isolated from bone marrow samples.) Instead, elderly hematopoietic
stem cells, or HSCs, have a tendency to be biased in their production of
another type of white blood cell called a myeloid cell. This bias may
explain why older people are more likely than younger people to develop
myeloid malignancies.
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The study will be published online Nov. 28 in the Proceedings of the
National Academy of Sciences. Pang, who is in the Medical Science
Training Program at Stanford, is the first author of the research;
professor of pathology Irving Weissman, MD, is the senior author.
Weissman is also the director of Stanford's Institute for Stem Cell
Biology and Regenerative Medicine.

Pang began the study to understand whether human HSCs aged like
mouse HSCs. Previous studies had shown that mouse HSCs change in
number and function as a laboratory mouse grows older. She obtained
HSCs from 15 healthy elderly people and 28 healthy young people and
compared their prevalence, distribution and cell cycle profile.

She found that HSCs comprised a greater proportion of bone marrow
cells in older people than in younger people. They were also more likely
to be actively dividing than younger HSCs. But their greater numbers
and increased proliferation didn't translate into greater efficiency; like a
top wobbling out of control as its rotation slows, the aging HSCs instead
appear to be unsuccessfully trying to keep up with the demands of
everyday life.

When Pang purified the HSCs and grew them in laboratory dishes, she
found that HSCs from older people were less able to differentiate into B
lymphocytes and more likely to become myeloid cells. Furthermore,
immune-deficient laboratory mice given transplants of older, human
HSCs exhibited a higher proportion of myeloid to lymphoid cells in their
bone marrow in the weeks to months after the transplant.

Finally, Pang examined the gene expression profile of the two sets of
human HSCs, as well as five samples of HSCs from people ages 42 to
61. She found that HSCs from elderly donors express comparatively
higher levels of several age-related genes associated with the cell cycle,
proliferation and development, as well as genes associated with DNA
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repair and cell death. The higher levels of these genes suggests the cells
are less likely to wait quietly on the sidelines until new blood or immune
cells are needed and are instead entering the cell cycle inappropriately.

Overall, the results mirror those seen in studies of HSCs from laboratory
mice of varying ages. They suggest that human HSCs struggle as a
person ages, and that this struggle can sometimes lead not only to
inadequate immune responses, but also to inappropriate growth and
specific types of blood cancers, such as acute myeloid leukemia. They
also contribute valuable information for the study of many other
conditions.

"In both mice and humans, the puzzle has been how the system ages,"
said Weissman, who is also the Virginia & D.K. Ludwig Professor for
Clinical Investigation in Cancer Research and a member of Stanford's
Cancer Institute. "Because HSCs in old mice and humans are derived
from the HSCs they had in their youth, there are two possibilities to
describe how these differences occur. Either individual, young HSCs
change their gene expression patterns as they age, undergoing heritable
adaptations that favor the myeloid lineage, or each young HSC already
has a specific lineage bias and is battling for precious niches through the
natural selection of aging, which favors those biased toward myeloid
cells." Understanding which possibility is true could help clinicians of
the future encourage the survival of HSCs with more-appropriate
properties in patients with age-related diseases, Weissman believes.

"These findings will also serve as an important baseline for future studies
of age-related diseases, such as myeloid dysplastic syndrome, anemia
and leukemia," said Pang. "Now that we know how HSCs change and
function in elderly individuals who are not ill, we should be able to tease
out disease-associated changes from normal age-associated phenomena."
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