
How do you solve a problem like Alzheimer’s 
disease? “For starters”, says Russell Swerdlow, 
M.D., “you look to see what clues are around, 
even if you have no idea what those clues mean.” 

One clue that has long intrigued researchers 
is that the brains of people with Alzheimer’s  
disease are riddled with plaques made of a pro-
tein called beta-amyloid and tangles of another 
protein called tau. “The big hypothesis here is 
that amyloid causes Alzheimer’s, so if we could 
just get rid of it or keep it from being made, we 
could cure this disease,” says Swerdlow, who 
directs the University of Kansas Alzheimer’s 
Disease Center, designated one of 29 centers of 
excellence by the National Institute on Aging 
last year. 

The idea that amyloid causes Alzheimer’s 
arose following the discovery – in the early 
1990s – of families where approximately half of 
each generation developed brain plaques and 
tangles, and dementia, in their 40s. Scientists 
found three genes that were associated with the 
disease in these families.

“Based on these findings, the ‘amyloid cas-
cade hypothesis’ gained steam because it made 

sense,” Swerdlow says. However, he questions 
whether this heritable dementia occurring in 
middle age is, in fact, the same as the more typ-
ical Alzheimer’s seen in older patients without 
a clear-cut family history of the disease.

“If it’s the same disease, then the amyloid  
cascade hypothesis could be right; if not, it’s 
probably wrong,” he says. “Right now, those 
studying Alzheimer’s are divided very uneven-
ly into two camps.”

Researchers in the larger camp are sure that 
amyloid drives the disease. Colleagues in the 
smaller group aren’t convinced and are explor-
ing other possibilities – including tau tangles, 
inflammation in the brain, and perturbed brain 
energy metabolism – that could be at the root 
of Alzheimer’s. The dividing lines are usually 
evident at scientific conferences. 

“Every now and then, there are attempts to have 
debates over different hypotheses, and those are 
the most entertaining,” Swerdlow says. 

For Swerdlow, the real problem that needs to 
be solved is why protein plaques and tangles 
develop in the first place.

“Scientists tend to study what they can see, 
which is why they’re investigating both  
amyloid and tau,” he says. “On the other hand, 
I say, ‘Well, amyloid and tau are present in 
Alzheimer’s, so something must be driving their 
formation, and we need to figure that out.”

Swerdlow is in the minority. 

“I believe plaques and tangles occur not as a 
cause, but as a consequence, of Alzheimer’s,” 
he says. “You may have plaques in your brain, 
but that doesn’t necessarily mean you have 
Alzheimer’s disease. It merely indicates that 
your brain is aging.”

While malformed proteins such as amyloid and 
tau are a byproduct of Alzheimer’s and probably 
contribute to its deadly progression, Swerdlow 
believes efforts to clear them from patient’s 
brains won’t ultimately cure the disease. 

“My pet theory is that we’ll find a fix for 
Alzheimer ’s when we understand what  
regulates aging,” he says. “We know some 
things slow the changes that come with aging 
– for example, exercise improves motor function 
and muscle strength, while restricting the caloric 
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“As you become more fit,  
  your body handles         
  hormones like insulin     
  differently, which changes  
  metabolism in the brain.”

intake of mice makes them live a lot longer. So 
how do we apply these concepts to the brain?” 

Swerdlow and his research group are working 
to understand how brain energy metabolism 
differs between younger and older brains. He 
thinks metabolism in an older brain might be 
boosted by tinkering with its mitochondria. 
Mitochondria are the energy powerhouses 
of cells, and cells employ various biochemi-
cal pathways to maintain them. Manipulating 
these pathways can influence aging in animals. 

“One of the big clues I’m working on is that 
people with Alzheimer’s have mitochondria 
that function differently, although we don’t yet 
know why,” he says. 

W. Davis Parker, M.D., for whom Swerdlow 
worked as a research fellow at the University of 
Virginia, agrees with Swerdlow’s theory. Parker 
believes that Alzheimer’s disease results from 
problems in the electron transport chain, which 
mitochondria use to generate energy for cells. 
In blood samples from Alzheimer’s patients, 
Parker has found that a specific electron trans-
port chain protein, called cytochrome oxidase, 
is defective. 

Parker, now a pediatric neurologist at the 
University of Illinois College of Medicine at 
Peoria, has introduced defective mitochondri-
al cytochrome oxidase into rats. The animals 
developed profound dementia, even in the 
absence of amyloid plaques. 

In other experiments while he was in Virginia, 
Parker and Swerdlow transferred mitochon-
drial genes from blood samples of Alzheimer’s 
patients into laboratory-cultured nerve cells. 
Those cells began behaving like diseased brain 
cells. Among other things, they produced  
amyloid plaques. 

Parker’s argument has yet to gain widespread 
acceptance, though. “Most others in the field 
are so entrenched in the amyloid cascade 
hypothesis that they ignore other ways of 
studying Alzheimer’s,” he says. “I’ve heard 
years of my work dismissed as ‘too ridicu-
lous to even mention’ at a major international  
conference. I was encouraged that it had been 
sufficiently noteworthy to merit dismissal.”

Swerdlow’s and Parker’s observations suggest 
that changes in mitochondria lead the way in 
Alzheimer’s. “As we age, our mitochondria 

decline to the point where signs of Alzheimer’s 
are seen,” Swerdlow explains. “How quickly 
individuals reach that point depends on how 
well their mitochondria were put together 
in the first place. Some people might need to 
reach 200 years of age before experiencing real 
cognitive problems. Others could get into trou-
ble at 60. A lot of this is probably genetically 
determined, but environmental factors could 
also be involved.” 

Someday, Swerdlow hopes to learn how to 
manipulate brain metabolism to help older 
brains regain function. Meanwhile, Swerdlow 
wholeheartedly endorses the beneficial effects 
of exercise on the brain – which his KU Medical 
Center colleague Jeffrey Burns, M.D., has been 
studying for years. 

“When it comes to working out, you’re not 
really exercising the brain,” Swerdlow says. 
“Yet, as you become more fit, your body  
handles hormones like insulin differently, 
which ultimately changes metabolism in the 
brain. Your muscles also churn out lactic acid 
during exercise, which the brain uses as fuel. 
We want to find ways to produce these good 
effects more robustly.” 

Burns, co-director of the KU Alzheimer ’s 
Disease Center, is one of the main reasons 
Swerdlow decided to relocate from the 
University of Virginia – where he mentored 
Burns – to Kansas City. 

Burns’s perspective on brain metabolism is pri-
marily clinical. “He focuses on how lifestyle fac-
tors like fitness and physical activity affect aging 
and Alzheimer’s disease,” Swerdlow explains. 
“Mine is more of a bench science perspective, 
exploring brain metabolism at the molecular 
and biochemical levels. Jeff and I work so well 
together because we’ve known each other for so 
long, and we pretty much cover everything from 
molecule to patient.” 

Back in 2005, Howard Hughes Medical Institute 
researchers found – through MRI images and 
PET scans – that in Alzheimer’s patients, a 
specific area of the brain normally used while 
daydreaming becomes infested with amyloid 
plaques. This area, called the default mode 
network, is active when a person is musing 
on familiar thoughts and not focusing on a  
particular task. 

“The default mode network isn’t defined by 
amyloid. It’s present your entire life and classi-
fied by its particular pattern of energy metabo-
lism,” Swerdlow says. “For me, this study dem-
onstrated that the pattern of this particular area 
is amenable to plaque deposition later in life. It 
bolsters my opinion that amyloid formation is 
exquisitely regulated by different factors, some 
of which – including energy metabolism – are 
perturbed in Alzheimer’s. These are what we 
need to fix.” 

More recently, independent research groups 
at Harvard and Columbia suggested that 
Alzheimer’s occurs gradually as distorted tau 
proteins fan out from one brain cell to the next, 
forming tangles that eventually destroy the 
brain’s centers of thought and memory. The 
scientists genetically modified mice to express 
abnormal human tau in a specific region of 
the brain, only to find that malformed tau  
unexpectedly showed up elsewhere, spreading 
destruction along the way. 

“They concluded that tau proteins were 
being transferred like a toxic payload from 
one neuron to another,” Swerdlow says. “But 
Alzheimer’s doesn’t happen because abnormal 
genes are inserted into the brain. These studies 

still don’t address the trigger – the why of the 
disease’s late-life manifestations.” 

Based on these recent findings, many in the field 
are abuzz over the possibility of developing 
drugs to stop tau in its tracks and halt the spread 
of Alzheimer’s. “It’s theoretically possible, if 
you assume that whatever triggers Alzheimer’s 
is found in only a few neurons and then seeds 
itself throughout the brain,” Swerdlow says. 
“But the potential trigger related to bioenerget-
ics and metabolism that I’m talking about is 
present throughout the whole body.” 

Or, in the words of his former mentor Parker: 
“Alzheimer’s is a systemic illness, not just a 
brain problem.”

Swerdlow agrees, though, that when it comes 
to misfolded proteins like amyloid and tau, 
or faulty mitochondria in the brain, “we still 
can’t say for sure which is the chicken and 
which the egg.”

Clinical trials have been designed around drugs 
tailored to rid the brain of protein plaques and 
tangles. However, success is still elusive; in 
these trials, patients who received treatments 
designed to eliminate amyloid or prevent its 
formation did no better, and sometimes worse, 
than those taking placebos. 

“I believe that the mice used in preliminary 
studies aren’t modeling the correct disease, so 
treatments that appear to work for them fail in 
people,” Swerdlow remarks. “We have to catch 
and treat Alzheimer’s much earlier.” 

Swerdlow isn’t willing to wait another decade 
or longer to see if new clinical trials show 
that anti-amyloid therapies are effective in 
younger people who aren’t showing signs of  
dementia. “To me, that’s a tacit surrender for 
all the people who currently have Alzheimer’s 
or will develop it in the next couple of years,” 
he says. He feels that until the true cause of 
Alzheimer’s is found, researchers are essen-
tially swinging with their eyes closed.

“I have my own ideas of how I would treat 
the disease and they’re not proven either,” he 
adds. “But you do have to start somewhere. 
Hopefully in all this mess someone’s going to 
stumble across something that works.” 
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