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Most elementary school students know that mitochondria are the powerhouses that supply cells with
their energy. But mitochondria contain their own set of genetic instructions completely separate from
the rest of a cell's DNA. Now a KU Medical Center researcher and his colleagues at the University of
Alabama–Birmingham (UAB) have discovered that mitochondrial DNA might play a role in whether
certain people are more susceptible to diseases than others. They have published their work in the

August 2013 issue of Biochemical Journal .

"A question that has long perplexed scientists," says Danny Welch, Ph.D., founding chair of the
University of Kansas Medical Center's Department of Cancer Biology, "is why, of two individuals who
are the same age and in the same environment, does only one develop cardiovascular disease or
metastatic cancer?"

With just 37 genes, the mitochondrial genome seems so small as to be irrelevant, particularly when
compared to the nuclear genome's 30,000 genes. Welch says. "But we think it may well be a co-pilot,
in terms of predisposition toward some complex diseases."

Of mice and men

In 2009, while on faculty at the University of Alabama at Birmingham, Welch gave a cancer biology
lecture on metastasis and highlighted a series of experiments carried out by his friend Kent Hunter,
Ph.D., head of the Metastasis Susceptibility section at the National Cancer Institute in Bethesda, Md.

Hunter had mated a male mouse carrying a breast tumor oncogene (a gene with the potential to

�  NEWS PAGE LIST

NewsOUR CAMPUSES MAKE A GIFT   INFO FOR � News  
                       Info for 

 
                 



āåƞƊĎ΄āåœāĎƂͭ΄ƶĳƖĮ΄̋̅΄ĈĳǖĎƂĎœƖ΄ƊƖƂåĳœƊ΄ŜĦ΄ĦĎőåŉĎ΄őĳāĎ͟΄�œåŉƼǆĳœħ΄ƖĮĎ΄āƂŜƊƊĀƂĎĈ΄ŜǖƊſƂĳœħ͚΄ĮĎ΄ŜĀƊĎƂƵĎĈ
that some were prone to metastasis, while in others, the tendency for their induced breast tumors to
ƊſƂĎåĈ΄ƖŜ΄ƖĮĎ΄ŉƞœħƊ΄ƶåƊ΄åŉőŜƊƖ΄ƊƖĳǚĎĈ͟

"Kent's research was percolating through my mind as I taught that class," Welch says. "The point of
mentioning it was to raise and discuss the concept of inherited susceptibility. But mitochondria didn't
ǙħƞƂĎ΄ĳœ΄ƖĮĎ΄ĎƁƞåƖĳŜœ΄ƂĳħĮƖ΄ƖĮĎœ͟͢

Shortly afterwards, Welch sat in on a lecture given by his UAB colleague Scott Ballinger, Ph.D., on a
ĈĳǖĎƂĎœƖ΄ƖŜſĳā͙΄ĮĎåƂƖ΄ĈĳƊĎåƊĎ΄ƂĳƊņ͟΄�åŉŉĳœħĎƂ΄œŜƖĎĈ΄ƖĮåƖ΄āĎƂƖåĳœ΄āåƂĈĳŜƵåƊāƞŉåƂ΄ſƂŜĀŉĎőƊ΄ĮåĈ΄ĀĎĎœ
mapped to defects in the mitochondria.

Mitochondrial DNA is maternally inherited, but Welch hadn't spent much time thinking about it. But
åĦƖĎƂ΄ƊŜőĎ΄āŜœƵĎƂƊåƖĳŜœƊ΄ĳœ΄ƖĮĎ΄ĮåŉŉƶåƼ͚ ΄ĮĎ΄ƊåƼƊ͚΄͢NƖ΄ĮĳƖ΄¢āŜƖƖ΄åœĈ΄őĎ͙΄_ĎœƖͣƊ΄ĈåƖå΄ƂĎƊƞŉƖĎĈ΄ĦƂŜő
breeding one΄őåŉĎ΄őŜƞƊĎ΄ƶĳƖĮ΄őåœƼ΄ĈĳǖĎƂĎœƖ΄ĦĎőåŉĎƊ͟΄¢Ŝ΄āŜƞŉĈ΄ƖĮĎ΄œĎƻƖ΄ħĎœĎƂåƖĳŜœͣƊ΄ƵåƂƼĳœħ
likelihood of metastasis have come from Mom, through the mitochondria?"

͢aĳņĎ΄aŜƞĳƊ΄�åƊƖĎƞƂ΄ŜœāĎ΄ƊåĳĈ͚ ͣ́Nœ΄ƖĮĎ΄ǙĎŉĈƊ΄ŜĦ΄ŜĀƊĎƂƵåƖĳŜœ΄āĮåœāĎ΄ĦåƵŜƂƊ΄ŜœŉƼ΄ƖĮĎ΄ſƂĎſåƂĎĈ΄őĳœĈͣ͟΄N
guess our minds were prepared. Neither of us would have come up with this idea on our own."

Theory testing

Welch and Ballinger set about engineering MNX (pronounced "minx") mice — named for the
technique, mitochondrial-nuclear exchange, used to produce these animals. The method allows
researchers to determine whether a given trait tracks with the nucleus or the mitochondria. The
ƖĎāĮœĳƁƞĎ΄ĳœƵŜŉƵĎƊ΄ſƞƊĮĳœħ΄å΄ǙœĎ΄œĎĎĈŉĎ΄ĳœƖŜ΄å΄ĦĎƂƖĳŉĳǆĎĈ΄āĎŉŉ΄åœĈ͚΄åſſŉƼĳœħ΄ŃƞƊƖ΄ƖĮĎ΄ƂĳħĮƖ΄åőŜƞœƖ΄ŜĦ
ſƂĎƊƊƞƂĎ͚΄ƂĎőŜƵĳœħ΄ĳƖƊ΄œƞāŉĎƞƊ͟΄¯ĮĎ΄ƊƖĎſ΄ĳƊ΄ƂĎſĎåƖĎĈ΄ƶĳƖĮ΄å΄ƊĎāŜœĈ΄ĦĎƂƖĳŉĳǆĎĈ΄āĎŉŉ΄ƖĮåƖ΄ĈĳƊſŉåƼƊ΄ƖĮĎ
opposite΄ŜĦ΄ƖĮĎ΄ƖƂåĳƖ΄ŜĦ΄ĳœƖĎƂĎƊƖͤ΄ĳƖƊ΄œƞāŉĎåƂ΄ĳƊ΄ƖĮĎœ΄ƖƂåœƊĦĎƂƂĎĈ΄ĳœƖŜ΄ƖĮĎ΄ǙƂƊƖ͟΄¯ĮĎ΄ŜƂĳħĳœåŉ΄ĦĎƂƖĳŉĳǆĎĈ΄āĎŉŉ
with its swapped nucleus then blossoms into a viable ball of cells before being implanted into a
female mouse that carries the pregnancy to term.

The resulting MNX progeny, Welch explains, contain nuclear and mitochondrial DNA that would not
œŜƂőåŉŉƼ΄ĀĎ΄åƊƊŜāĳåƖĎĈ͟΄�ĦƖĎƂ΄ĦĎőåŉĎƊ΄ĦƂŜő΄ƖĮĳƊ΄ǙƂƊƖ΄ikÓ΄ħĎœĎƂåƖĳŜœ΄åƂĎ΄őåƖĎĈ΄ƶĳƖĮ΄őåŉĎƊ΄ƖĮåƖ΄ƊĮåƂĎ
their nuclear genome, their΄ŜǖƊſƂĳœħ΄åƂĎ΄ƖĮĎ΄ŜœĎƊ΄ĳœ΄ƶĮĳāĮ΄ƖĮĎ΄ƖƂåĳƖƊ΄ŜĦ΄ĳœƖĎƂĎƊƖ΄åƂĎ΄åāƖƞåŉŉƼ΄ƊƖƞĈĳĎĈ΄ͮ
ƖĮĎƂĎĀƼ΄āŜœǙƂőĳœħ΄å΄ƖƂåĳƖͣƊ΄őåƖĎƂœåŉ΄ĮĎƂĳƖåĀĳŉĳƖƼ΄ŜƂ΄ŉåāņ΄ƖĮĎƂĎŜĦ͟

"It takes impeccably precise hands to maneuver the nucleus out of a cell without contaminating it with
mitochondrial DNA," Welch notes. He credits Robert Kesterson, Ph.D., and Larry Johnson of UAB's
Transgenic Mouse Facility for mastering this feat of dexterity.

The researchers generated mice with interchanged nuclear and mitochondrial genomes from two
ƊƖƂåĳœƊ͙΄�̊̌ͥ�a̋΄ͬŜƂ΄ƊĳőſŉƼ΄�͚̊̌ͭ΄ƶĮĳāĮ΄ĳƊ΄ſƂŜœĎ΄ƖŜ΄ĮĎåƂƖ΄ĈĳƊĎåƊĎͤ΄åœĈ΄�̈I͚΄ƶĮĳāĮ΄ĳƊ΄ƂĎƊĳƊƖåœƖ͟΄¯ĮĎƼ



then exposed the mice to various forms of cardiac stress.

͢ÎĎ΄ĦŜƞœĈ΄ƖĮåƖ΄ikÓ΄őĳāĎ΄ƶĳƖĮ΄�̊̌΄œƞāŉĎåƂ΄$k�΄åœĈ΄å΄�̈I΄őĳƖŜāĮŜœĈƂĳåŉ΄ĀåāņħƂŜƞœĈ΄ĮåĈ΄ĈĳǖĎƂĎœƖ
energy metabolism; they were also much less sensitive to conditions capable of inducing heart
failure," Welch says. MNX mice created through the opposite exchange, meanwhile, proved more
vulnerable to heart failure.

]ĎƊƊĳāå΄AĎƖƖĎƂőåœ͚΄�Į͟$͚͟΄ƖĮĎ΄ſåſĎƂͣƊ΄ǙƂƊƖ΄åƞƖĮŜƂ͚ ΄ĦŜƞœĈ΄å΄$k�΄ƖƶĎåņ΄ĀƼ΄ƶĮĳāĮ΄āƼƖŜāĮƂŜőĎ΄ŜƻĳĈåƊĎ΄NNN͚
å΄őĳƖŜāĮŜœĈƂĳåŉ΄ſƂŜƖĎĳœ΄āĎœƖƂåŉ΄ƖŜ΄ĎœĎƂħƼ΄őĎƖåĀŜŉĳƊő͚΄ĈĳǖĎƂƊ΄ĳœ΄�̊̌΄åœĈ΄�̈I΄őĳāĎ͟΄͢ÎĎ΄ƊſĎāƞŉåƖĎ΄ƖĮåƖ
ƖĮĳƊ΄őĳœƞƖĎ΄āĮåœħĎ΄őĳħĮƖ΄åŉƖĎƂ΄�tNNNͣƊ΄ƊĮåſĎ΄åœĈ͚΄ĳœ΄ƖƞƂœ͚΄ĳƖƊ΄ĎœǆƼőĎ΄åāƖĳƵĳƖƼ΄ĳœ΄ƖĮĎ΄őĳƖŜāĮŜœĈƂĳå͚͢
Welch says.

�̊̌΄őĳāĎ΄åƂĎ΄åŉƊŜ΄ĦåƂ΄ŉĎƊƊ΄ƊƞƊāĎſƖĳĀŉĎ΄ƖŜ΄őĎƖåƊƖåƖĳā΄āåœāĎƂ͚ ΄ĎƵĎœ΄ƶĮĳŉĎ΄ĀĎĳœħ΄ſƂŜœĎ΄ƖŜ΄ĮĎåƂƖ΄ƖƂŜƞĀŉĎ͟

Welch and Ballinger have been tinkering with other MNX mice in additional experiments. Preliminary
ĎƵĳĈĎœāĎ΄ĳœĈĳāåƖĎƊ΄å΄ƂĎĈƞāĎĈ΄őĎƖåƊƖåƖĳā΄ĀƞƂĈĎœ͚΄ŜƂ΄ƖŜƖåŉ΄ƖƞőŜƂ΄őåƊƊ͚΄ĳœ΄ikÓ΄őĳāĎ΄ƶĳƖĮ΄ƖĮĎ΄�̊̌
mitochondrial genome, and further research is underway.

Out of the shadows

"What we're learning here is that instead of unidirectional signaling from the nucleus to the rest of the
cell, there's a language of communication involving the mitochondria that hasn't been fully
appreciated," Welch says.

Given that it currently takes about one day, at the cost of a few thousand dollars, to sequence the
nuclear genome (and the cost is going down), Welch doesn't see why parallel sequencing of, say, a
breast cancer patient's mitochondrial genome couldn't be included in the diagnostic toolbox. "We're
talking a mere 16,000 mitochondrial versus three billion nuclear base pairs; that's 100,000-fold less
DNA to deal with," he says.

Beyond metastasis, several of Welch's peers have also suggested another way that potentially relates
energy production in mitochondria to cancer. Perhaps tweaks in the mitochondrial genome similarly
ĳœǚƞĎœāĎ΄ƶĮĎƖĮĎƂ͚ ΄åœĈ΄ĮŜƶ΄őƞāĮ͚΄å΄ſåƖĳĎœƖ΄ƊƞǖĎƂƊ΄ĦƂŜő΄ſŜƊƖͲāĮĎőŜƖĮĎƂåſƼ΄ĦåƖĳħƞĎ͠

"What it all comes down to is a change in perspective," he says. "We've focused on the 800-pound
gorilla, ignoring the monkey on its accordion in a corner of the same room. But no longer should
anyone trying to do so-called precision medicine draw conclusions based solely on nuclear DNA."

Figuring out how to interpret and use these observations will take some time, Welch says. "But in the
immediate future, I think scientists will take time to look more closely at what our mitochondria may
have to tell us."


