
 

New clues on stem cell transplant rejection
revealed in study
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In 2006, scientists discovered a way to "reprogram" mature cells—adult
skin cells, for example—into stem cells that could, in principle, give rise
to any tissue or organ in the body. Many assumed it was only a matter of
time until this groundbreaking technique found its way into the clinic
and ushered in a regenerative medicine revolution.

Because the same patient would be both the donor and the recipient of 
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cells derived from these so-called induced pluripotent stem cells (iPSCs),
these cells would be seen as "self" by the immune system, the thinking
went, and not subject to the problems of rejection that plague
conventional transplants.

But iPSCs haven't emerged as the cure-all that was originally envisioned,
due to unforeseen setbacks, including the surprising preclinical finding
that iPSC-derived cell transplants are often rejected, even after being
reintroduced into the organism the cells were sourced from.

Scientists have struggled to understand why this rejection occurs. But a
new study from the UC San Francisco Transplant and Stem Cell
Immunobiology (TSI) Lab, in collaboration with the Laboratory of
Transplantation Genomics at the National Heart, Lung, and Blood
Institute (NHLBI) and Stanford University, shows that the adult-to-iPSC
conversion process can mutate DNA found in tiny cellular structures
called mitochondria. These mutations can then trigger an immune
response that causes mice and humans to reject iPSCs, and stem cell
transplants more generally.

"The role of mitochondria has been largely ignored in the field of
regenerative medicine, but earlier efforts in our lab suggested that they
may affect the outcome of stem cell transplants, said Tobias Deuse, MD,
the Julien I.E. Hoffman Chair in Cardiac Surgery at UCSF and lead
author of the new study, published August 19 in Nature Biotechnology.
"It's important that we understand their role so that we're able to reliably
quality-control our engineered cells and make sure stem cell products
can be transplanted into patients without rejection."

Often referred to as the cell's powerhouses, mitochondria produce the
energy that fuels nearly every biological process on Earth (bacteria,
which don't have mitochondria, are the exception). But mitochondria are
special for another reason: they contain their own genome.
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The "nuclear" human genome, so called because it resides in the cell's
nucleus, contains more than 20,000 protein-coding genes and 3 billion
DNA bases—the four-letter chemical alphabet that constitutes the
genetic code. The human mitochondrial genome, by contrast, contains
only 13 protein-coding genes and fewer than 17,000 bases. However, in
tissues with high energy demands, the tiny mitochondrial genome can
contribute disproportionately to cells' total protein content.

"In cells that do a lot of work, like heart muscle cells, up to a third of the
cell's protein-producing mRNA molecules are mitochondrial in origin.
This means that the burden of a single mitochondrial mutation may be
tremendous. You don't end up with just a few proteins that can
potentially provoke an immune response—you end up with thousands,"
said Sonja Schrepfer, MD, Ph.D., professor of surgery and senior author
of the new study.

To show that such mitochondrial mutations can trigger an immune
response, the scientists created hybrid stem cells with nuclear DNA from
one mouse strain and mitochondrial DNA from another. They
transplanted these cells into mice with identical nuclear DNA, but whose
mitochondrial DNA differed by a single base in two protein-coding
genes. A few days post-transplant, they harvested immune cells from the
mice and exposed the cells to various mitochondrial protein fragments.
The only proteins that triggered a response were those produced by the
two "foreign" mitochondrial genes.

Though similar experiments can't be performed in humans, the scientists
were able to devise a clever workaround. "We recruited liver and kidney
transplant patients and designed experiments that took advantage of
naturally occurring sequence differences in the mitochondrial DNA of
donors and recipients," Deuse said.

As in the mouse experiments, the researchers isolated immune cells from
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each transplant recipient—three and six months later in this case—and
exposed the cells to mitochondrial protein fragments. The results were
identical: the recipient's immune cells were only triggered by the
"foreign" mitochondrial proteins that originated from the organ donor.

"In both mouse and human, even one mitochondrial mutation is enough
to have a recognizable immune response," Schrepfer said.

But an important question remained: would iPSC-derived cells behave
the same way as the liver and kidney cells?

It turns out that the iPSC conversion process is highly mutagenic, and
gives rise to many new, immune-activating mitochondrial mutations, said
Deuse. "Under normal physiological conditions, mitochondrial DNA is
10 to 20 times more susceptible to mutation than nuclear DNA.
Transforming adult cells into stem cells is a harsh process, so we
expected mutation rates to be just as high or higher."

Moreover, unlike the nucleus, mitochondria lack the molecular
machinery that repairs DNA. Instead, the body relies on the immune
system to find and destroy cells that produce unfamiliar mitochondrial
proteins—a clear sign that the mitochondrial DNA has mutated.

But cells that become iPSCs are reprogrammed and grown outside of the
body, and do not undergo this weeding out process by the immune
system, Shrepfer said. "We don't make iPSCs in an organism, we make
them in a petri dish in the absence of immune surveillance. The longer
we culture these cells, the greater the chance that new mutations will be
introduced, or that very rare mutations that are already present will be
amplified. This makes iPSCs more likely to be rejected when
transplanted."

Study co-author Hannah Valantine, MD, whose lab performed the
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genetic sequencing to identify these mitochondrial DNA mutations, said
that the findings could have a significant impact on the field of
transplantation.

"This study uncovers a possible new mechanism by which transplants are
rejected, and which might be leveraged in the future to develop better
diagnostic and immunosuppressive agents," said Valantine, lead
investigator of the Laboratory of Organ Transplant Genomics in the
Cardiovascular Branch at NHLBI, part of the National Institutes of
Health.

But iPSC transplants aren't doomed, say Deuse and Schrepfer, who 
previously discovered a way to make iPSCs "invisible" to the immune
system—a technique that could ensure that iPSCs and other stem cells
with mitochondrial mutations aren't rejected. But without this sort of
invisibility cloak, the new study suggests that clinicians may need to
perform careful screenings for mitochondrial mutations before
administering stem cell therapies.

"The bottom line is that we want to make people aware of this
phenomenon. Just because iPSCs are derived from your own cells
doesn't necessarily mean they won't induce an immune response,"
Schrepfer said. "It's very easy to introduce mutations during iPSC
production, so it's critical that iPSC and stem cell products used
therapeutically are screened for mitochondrial mutations prior to
transplant."

  More information: De novo mutations in mitochondrial DNA of
iPSCs produce immunogenic neoepitopes in mice and humans, Nature
Biotechnology (2019). DOI: 10.1038/s41587-019-0227-7 , 
nature.com/articles/s41587-019-0227-7
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