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IN seafood to ALS,

ALZHEIMER'S, and PARKINSON'S discase.

I H E toxin is called BMAA. And its in the
By KATHLEEN McAULIFFE w A I F n




STOMMEL, A NEUROLOGIST AT THE DARTMOUTH-HITCHCOCK MEDICAL CENTER
in New Hampshire, often has to deliver bad news to his patients, but there is one
diagnosis he particularly dreads. Amyotrophic lateral selerosis, or ALS, kills motar
neurons in the brain and spinal cord. progressively paralyzing the body until even
swallowing and breathing become impossible, The cause of ALS is unknown. Though
of little solace to the afflicted, Stommel used to offer one comforting fact: ALS was
rare, randemly striking just two of 100,000 people a year. ¥] Then, a couple of years
ago, in an effort to gain more insight into the disease, Stommel enlisted students
to punch the street addresses of about 200 of his ALS patients into Google Earth.
The distribution of cases that emerged on the computer-generated map of New Eng-
land shocked him. In numbers far higher than national statistics predicted, his cur-
rent and deceased patients’ homes were clustered around lakes and other bodies of
water. The flurry of dots marking their locations was thickest of all around bucolic
Mascoma Lake, a rural area just 10 miles from Dartmouth Medical School. About
a dozen cases turned up there, the majority diagnosed within the past decade. The
pattern did not appear random at all. "l started thinking maybe there was some-
thing in the water] Stommel says.¥ That “something he now suspects, could be
the environmental toxin beta-methylamine-L-alanine, or BMaa. This compound

is produced by cyanobacteria, the
blue-green algae that live in 2oil,
lakes, and oceans. Cvanobacteria are
consumed by fish and other aquatic
creatures. Recent studies have found
BMAA In seafood, suggesting that
certain diets and locations may put
people at particular risk. More wor-
risome, blooms of cyunobacteria are
becoming increasingly commaon, fuel-
ing fears that their toxic by-product
may be quietly fomenting an upsurge
in aLs=and possibly other neurologi-
cal disorders like Alsheimer’s disease
and Parkinsons ag well.

The stakes are so high that :
research teams from 1 countries are
now investigating the potential dan-
gers of Buan. "One group has vocifer-
oushy denied the hypothesis!” says Wal-
ter Bradley, a neurologist and leading
authority on ALS at the Unmrersity of
Miami Miller School of Medicine. “But
more scientists are reallzing this is a

CASCOWER

viable hypothesis, and papers on the
tople are beginning to snowball”

HINTS ABGUT THE POTENTIAL HEALTH
threat of BMAA stretch back half a
century to the remote Pacific island
of Guam, There, In the aftermath
of World War 11, U.5. Army physi-
clans encountered an outhreak of
a strange syndrome that the native
peaple called Iytico-bodig—the term
frtico signifying paralysis and bodis
dermentla. Sorme victlima had acs-lika
symptoms, others exhibited the rigid
posture of Parkinsons dizease, and
still others disploved the mental fog-
giness typlcal of Alzheimers.

An Americon team headed by new-
rologist Leonard Kurland of the Mayo
Clinle determined that the highest
incidence af lytico-hodig occurred in
Umatac, an enclave of thatch-roofed
huts on Guam's southern coast, At
the peak of the epidemic, in the 19508,
almast every household in the village
had at least one afflicted member,
The islands indigenous peosple, the
Chamorros, were heavily affected.
Filipinos who had immigrated to
Guam and adopted native customs
also developed the disease at high
rates, but typically only if they had
lived on the island for at least 1o years.
That pattern suggested an infection
with a long Incubatien period or a
toxin that sceumulated over time.

bedical researchers from around
the world flocked to Guam, hoping
that lytico-bodig would provide a
window into the broader myster-
ies of neurodegenerative disease.
They quickly zeroed in on a distine-
tive component of the diet in Uma-
tac, primitive palmlike plants called
cycads, whose seeds were ground
into a floue that the Chamarnos made
into tertillas. Perhaps some com-
pound in the cycads was to blame.

In the 19608, British biochemists
Arthur Ball, Peter Munn, and Armeando
Wega of King's College analvzed cvead

May 2011



KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text
         

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text
 

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text
    May 2011

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text

KMcAuliffe
Typewritten Text


ST

s L

B

TEEA B

seeds and focused on a ::|.||‘."|JM|I||:'||.‘| 4]
them, Bhisa, What drew their atten
thom was its molecular structure: Baias
resembles beta-oxalylimino-L-alanine
poaal, a substanes found [ Azlan
chickpess that is known to cagse o par
alyzing disease. Test-tul= experiments
showed that BMAaA can kill motoer
nerve cella in the :1|'!u|'|:|.| ciord, the very
anes destroyed by ALS. More evidence
carme from a siudy of monkeys fed lugh
doses of the compound, The mon
LI!:l.';- '.’b-e-.l..::l.l'. to move inore slow |'.- and
to tremble, and their faces froze in a
masked exprassion, mirroring some
of the symptoms of vtico-bodig, On
autopsy, moreover, the animals’ brains
showed I.Ii.’lI'I'IiL‘I_.',,I."' by It Or meLEons.
Those hndings initially fed hopes
that schence had nabhed a hrain-
ravaging killer. Other researchers
I'i.li.!'il""ij IZI.LILI.:J[:"\:. ]'al.l'u"a evar MNeurasclen-

tist Mark Duncan of the National Insti

tutes of Health |:||_|||'|||_a|_| qist that enor-
mous doses of BaMA4 had been required
o produce symptams in the monkeys,
A Chamorro, he calculated, would
hawve to eat almost a ton -::-I'-:::.'l.::||.| floar
per month toget an equivalent dose, I
wing unfathomable hwe the toedn could
be consumed in such high amounts
an Guarm. No other plausible causes
of Iytico-bodig turmed up, By the early
15, the epidermic was in decline and

the trail of clues had proem cold,

JUST WHEN RESEARCH SEEMED TO
have come to a dead end, the issee was
revived by Paul Cox. then the direc-
tor of the Mational Tropical Botanical
Garden on the Hawallan island of
Kauai. As part of his research there,
Cox studied bats, and that waork Led
him to a flash of insight. He noted
that the Chamorros of Guam LHked to
eat o local fruit bat, to such an extent

—————

Water sampling al Copco Reservolr in Morthern California. Previous pages: Cyanobacterla at 300X magnification.

Blooms of

, Tueling fears that

may be quietly
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that the animals had been hunted
to near extinction by the lote w8os,
Cox was intrigued by the diet of those
bats: They feasted on cycad seeds.
He proposad that BMAA had hecome
concentrated—or as he put if, "bio
magnified”—in the bats to levels
miany times higher than those fownd
in eyead Hour. Among peaple who
regulary ate fruit bats, he hypoth-
esized, the cumulative dose of BMas
might have been sufficlent to indlict
brain damage, Moreover, the increas
img scarclty of frult bats (specifically,
the kind called thying foxes) on Guam
might explain why the outbreak of
Iytico-bodig had petered owt,

Best known for discovering pros-
tratin, an anti-ATDS drug derived
from the mamala tree of Samoa, Cox
was well respected in ethnobotany,
but veterans of the Guam epidemic
regarded him as a newcomer unlikely
to succeed where the giants of neuro-
science had falled. That did not stop
him from trying, Enlisting the help of
Sandra Banack, an expert on Pacliic
bats at California State University,
Fullerton, Cox tested three spaclimens
of fruit bat collected on Guam in the
1508, ab the height of the epidemic. In
2003 thiey published the results, All of
the hats weare chek-full of B

Cox then set about getting brain
tissue samples collected during
autopsies of six Chamorros who had
died of Iytico-bodig. He compared
those samples with brain tizsue
taken from 15 Canadians, two whio
had died of Aleheimers and 13 with
no signs of newropathology before
death. He contactad Suzan Murch,
a blochemist at the Hospital for Sick
Children in Toromto and an expert in
finding kiomolacules in human tis-
sues, o test the samples in o dowble
blind study. All six of the Chamorrog’
brains contained BMAA, Stunningly,
g0 did the two Alzhelmer’s brains
from Canada, while the 13 contrals
had not a trace. “Suddenly, this was
not & story about & remote people on
a small island,” Cox says.

AL this point, Cox had a fresh miys-
tery on his hands: How did Baias find
its wiay into the bralns of Alzhelmer’s

4
CASER

Three fish await
sale at a markat
in the Galapagos.
Could axposura
to cyanobacierla
and overload of
BMAA make tham
a health threat
imstead of a mutri-
tiaus meal?

victims so tar from Guam? An answer
came when he traced the origin of
the BMas in cyead seeds to cyano-
bacteria growing in the plant’s roots.
It was not the plant but the associ-
ated microbes that were churning
out the toxic chemical. The reach
of BMAR, Cox concluded, extended
far beyond the cvead trees of Guam.
Cranobacteria are among the most
ublquitous organisms on earth. They
are routinely found in seil but also
in water, where the microbes form
blooms familiar as the slimy green film
aften seen on the surlaces of rivess and
lakes. Constituting the foundation of
the aquatic food chain, cyanobacteria
are a favorite meal of fish and mol-
lusks, which are in turn eaten by us.

When Cox pondered cvanobacte-
rias central role in the planet’s food
web, he zays, *1 felt for a moment as
if [ were staring into the abyss)

TODAY THE DIRECTOR OF THE INSTI-
tute for Ethnomedicine in Jackson
Hole, Wyoming, Cox is on a one-man
crusade to shine a scientific spotlight
on the dangers of By, When | first
met him at a sympasium on the topic,
hedd at the University of Miami in 20004,
his efforts had already spawned a veri-
table cottage industry: Some 5o BMAL
researchers from around the waorld
had gathered there, each bringing
along a different piece of the puzzle,
Cox is a large-framed man in his
midfifties with a thatch of dark hair
Hecked with gray, and he speaks in
a colorful, down-to-earth style. He

describes BEMAA as a molecular pate-
cragher. It iz an aming ackd, e explaing,

o chemical relative of the 20 molecules
that make up all of the proteins in
pur cells. Most peoples bodies can
metabolize or excrete the chemical
intedoper, but that may not happen
in some genetically susceptible indi-
viduals. When they consume B3as-
tainted food or drink—be it bat stew,
shellfish, or contaminated water—the
medecule is not discarded: instend, it
15 taken up and deposited In the brain,
forming what Cox calls o “toxic reser-
voir” (nce there, he says. "BMan gets
incorporated into proteins, potentially
causing them to truncate or even col-
lapse” That is how It triggers neuro-
logical malfunction and disorders like
Alzhelmsers, he helleves,

After hearing about Cox’s theory,
rewrogcientist Debaorah Mazh, whao
directs the University of Miami's
Brain Endowment Bank, bacame con-
vinced that he was onto something. A
peetite womman with wavy brown hair
and plercing green eyes, Mash seems
as impassioned about BMAA as Cox
himzelf. In her laboratory, housed
in a squat redbrick building on the
unlversity’s downtbown medical cam-
pus, she describes how her team
attached a radioactive label to asaaa,
injected ik into redents, and tracked
it. Her results seemed to bolster Cox's
Lnterpretation,

“The BMAA gets taken up by the
brain, and then its level plateaus,
which suggests that it is being incor-
porated into proteins—it is being



trapped, she gays. “That sure sounds
like a toxic reservelr to me,”

At Cox’s urging, Mash set out to
conduct an independent study of ALs
and Alzheimer's brains using samples
from her own human braln bank.
Many of these specimens came from

The Miami team found

BMAA

in 23 OUT OF 24
samples from 12

ALZHEIMER'S patients.

donors who had spent much of their
lives outside of Florida and whose
lifetime exposures to BMAA there-
fore were probably quite varied. To
run a meaning ful experiment, Mash
wanted to replicate Cox’s methodal-
opy precisely, so she sent a colleague,
neurascientlat John Pablo, to the lab at
Jackson Hole, There, Pablo studied
Cox's technigue to distinguish ssas
from similar, naburally ecourmng aming
acids—a method that still provokes
debate, Once versed in the details,
Pahlo returmed torun his tests,

The results were dramatic. The
Miami team found BMAS in 23 out of
24 samples derived from 12 Aleheimers
patients but in onky 2 out of 24 sam-
ples taken from 12 controls. They also
tested samples from 13 ALS patients, all
of which tested positive for Bvas.

To explore whether the chemical
might be a reault of any disease that
kills meurons, rather than a specific
cauzse, Mash and Pablo ran another
experiment, They tested neural tissue
from penple who had died from Hun-
tington’s disease, a degenerative dis-

order of nerva cells in the base of the
brain. Huntingtons iz known to have
a purely genetic cause. The outcome
leoked wery different this time. [no16
samples from eight people, there was
barely a trace of Bmas.

Whether someone will fall il from
the neurotoxin probably depends on
muny factors, Mash speculates, These
include the amount of lifetime expo-
sure and individual differences in bio-
chemistry that affect whether Baaa
i5 anhsorbed by the gut, destroyed
by the liver, or allowed to cross the
blood-brain barrier, "More pileces of
the puzzle need to be figured oot she
says, “hat obviously the health mphi-
cations for humans could be huge!

In zoob Larry Brand, an expert
on phytoplankton and a colleague
of Mash's at the Rosenstiel School
of Marineg and Atmospheric Science
at the University of Mlami, started
gathering more evidence in the case
against Braa. Brand has spent a lot of
tirme af sea over the past 15 years study-
ing cvanohacteria blooms. “When Paul
Cox came out with his paper saying
that cyanobacteria produce BMAA.” he
says with a lingering Texan twang, 1
thought, whoa, wed better look into
this because here in Florida we get
some really big blooms.

Warldwide, he reports, blooms of
cyvanobacteria and alspe are happening
more frequently and over larger areas
of both freshwater and salt water, The
microbes reproduce more rapidly in
warmer wakers and thrive on runaff
trom sewage and agriculture. If fish eat
more cvanobacteria and accumulate
more BMAA in their bodies. he reasons,
then the health impact on humans
could well get worse,

Brand iz attempting to understand
that risk by tracking how BMAA moves
through the food chain in Florida
waters where regular cyanobacteria
blooms occur. Many of the fish and
shellfish specimens he sent to Mashs
lab contained no Bsa, but quite a
few did, Bottom-feeders registered
notably high, perhaps because cyano-
bacteria accumulate not only on the
ocean surface but also along the sea-

Aeer. Compared with the amount of

BaAA found in the fruit bats of Guam,
the levels of the toxin Brand found
in Florida oysters and mussels were
moderate, But pink shrimp, large-
monath bass, amd blue crabs—all eaten
by humans—contained levels com-
parable to or even excesding those
in the bats. (ne blue crab topped the
charts with 7oo0 parts per million of
BaaA, twlee as much toxin as found
in & Guam bat,

"That was a shocker) Brand says.
He wondered if it was a fluke, but blue
crabe collected by his team from bloom
areas bn the Chesapeake Bay had simi-
larly high levels of BMaA. Last year
Swedish researchers alzo found the
neurotoxin in bottom-feeding fish liv-
ing in the Baltic Sea, a hotbed for cya-
nobacteria booms, although at lower
levels than seen in the Chesapeake Bay
and along the Florids coast,

THE CORRELATIONS BETWEEN BMAA
and neurological disease seem
stromg—but as skeptics point out,
correlation does not prove cansation.
And that is just one problem they
have with Cox’s theory:

The fiekd has been dogged by clash-
ing findings, leading some critics to
question whether sman truly Is a
patent meurotosin, “You con stuff mice
with as much By as you ke and vou
simply don’t see it in the brain)” says
Christopher Shaw, a neurcacientist at
the University of British Columbia in
Vancowver. Furthermore, he says. no
kenown mechanizm can explain how an
aming acid that is alien to human biol-
ogy oould travel across the blood-beain
barrier, get incorporated into proteins,
and then trickle out to cause disaase.

Raising further doubt, a team led
b Douglas Galaske, director of the
Alzheimers Disease Research Cen-
ter at the University of California, San
Diego, twice tried to find BMAA in
Charmorros and Morth Americans who
died of bruin disepse=and both times
came up empty-handed, though using
o different method of chemical wdenti-
fication than the one emploved by Cox
and the Miami team.

David Thurman, a neurabogist and
epidemiologist at the Centers for

5, A0




PEOPLE ..

around the lakes MY  neurological diserders, learning more

have breathed in SHAL

FROM THE AIR,

fish CONTAMINATED with

eaten

it, or swallowed it while

Disease Control and Prevention
in Atlanta, adds that even If paas
is doing what Cox believes it is, it
appears unlikely to be a major factor
behind newrological disorders like
AaLs and Alzhelmers. Most experts,
he notes, think these brain afflic-
thons have multiple causes, including
genes, poor diet, lock of exercise, and
a variety of environmental agents,
including pathogens and pesticides,

Surprizingly, Cox agrees that the
overall risk from e is probably low,
In fact, he eats shrimp and crab with
rellsh. “ALS 15 very rare, and only a few
people are genetically ot risk? he says,
"Even if BMAA canses common disor-
ders like Alzheimer’s and Padsinson’s,
that still doesn’t mean we should shun
seafood.” Commercial Ashermen gen-
erally are not working in areas hemvily
contaminated with cyanobacteria, he
notes, so the danger of exposure in
the United States and Canada should
be modest for those who eat typi-
cal store-bought or homegrown food
and avoid drinking=—as Cox puts it=—
“green, smelly” water.

Mevertheless, Cox and his colleagues
press on, for the same reasons that
researchers flocked to Guam n the
1ggos: IF BMAA expogure accounts for
at least some of the most devastating

CASCOWER

Swimming .

about this ohscure compound could
have huge implications for understand-
ing the underlying disease. Recenthy,
Cox and colleagues have been study-
ing A15 clusters on the Kii Peninsula in
southeastern Japan, and he has joined
forces with University of Miami neu-
rodoggist Bradley to study a heightened
incldence of the disease among Ameri-
can veterans of the frst Guli War.

In conjunction with Elijah Stome
mel, the ALS specialiat at Dartmouth,
Cox 15 also investizating the peculiar
clusters of cases in New England. As
wird about their work has spread,
more doctors have come forward to
report cases in the region, with the
number of ALS victims jumping from
the 200 in Stormmels original database
to &oo today. Sometimes a disease can
be mare prevalent in one spot than
another due to random fluctuations,
&0 the two researchers are working
with epidemiologists who are using
gengraphic software programs to dis-
tinguish tree clusters from artifacts,

The data suggest that ALS is 2.5 times
more common than average within
one-half mile of & lake or pond where
cvanobacteria have bloomed. Stomrmel
hypothesizes that people living arcund
the lakes may have breathed in BMAs
from the air, eaten fish contaminated
with it, or accidentally swallowed it
while swimming, He and Cox are con-
ducting tests of brain bank tissue to
soe ifthe ALS patients in these regions
doin fact have elevated levels of BMAA,

WHILE THE EVIDENCE MOUNTS, COX 15
already thinking about wavs to detect
toxic exposure before it causes dis-
ease. He recalls the intriguing case of a
woman whe died of an AL5-like illness
called progressive supranuclear palsy.
For decades before ber death, she had

a habit of cutting her hair, dating iE,
and putting it in her diary, Since virtu-
ally everything consumed leaves a trace
residue in hair, Cox and biochemist
Mlurch realized they had an opportunity
Lo see if the woman had been exposed
to EMAA. Her hair, they discovered, had
been accumulating the toxin as early
a5 1939, with the leve] creeping upward
ower the next two decades, By 1957 the
neurotoxin had reached the kind of
abundance that Cox had measured
in Alzheimers patients, The amount
peaked around 1962 and then began to
decrease, with none detectable at the
time af the wormans death,

“If we had a time machine,” Cox
reflects, “we could have gone back in
1557 taken a halr sample, and told her,
Wou are accumulating a very welrd
neurstoxin, We would have found
out how she was getting exposed and
imbght have prevented her disease’”

In the future, docters might rou-
tinely test for Bmas overload. They
might even be able to counteract its
effects. Before health officials are likely
to consider limiting environmental
exposure to Byan, however, they
will need stronger proof of harm, To
that end, Mash would like to see tha
compound tested again in primates,
“The one monkey trial ever done was
certuinly very provocative, she says,
To her frustration, funding agencies
have been reluctant to spend money
on a theory so contentious.

For now, Mash and Cox grazp at
each clue hoping it will prove the
clincher. Researchers in France and
Sweden have, over the past couple
of years, shown that when BMAA is
inpected into rodentz it gets incorpe-
rated into their eyes, where it could
Budld wp and potentially cause dam-
apge to cells in the retina. Almost half
of the Chamorros who died of lytice-
bodig showed damage to retinal cells,
Mlost experts attribute that damage
to a parasite, not BMAA, But John
Steele, a neurologist at Guam Memg-
rial Hospital who led some of the key
rezearch on the diseaze, adds a detail
that sounds.. fishy: Despite intensmve
research, no one has yet identified
what the parasite could have been, [}
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