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Christina Pike knew she had landed in the right 
place when, in her first year of medical school, 
a physiology lecturer handed out temperature-
sensitive biofeedback stickers and led the class 
through a guided meditation.

The stickers would change color from green 
to deep blue as students relaxed, the lecturer 
explained. “Mine got a little closer to blue, 
though we were still in med school,” Pike recalls. 
“I don’t think you can get all the way there.”

At age 20, Pike had cancer of the parotid gland 
and underwent surgery and radiation. But when 
she asked about alternative therapies, she says, 
her doctors weren’t interested. She ended up 
seeking out art therapy and acupuncture on 
her own.

Now a second-year medical student at 
Georgetown University in Washington, DC, 
Pike says she sought out the prestigious 
university because of its emphasis on integrating 
complementary and alternative medicine 
(CAM) into the traditional curriculum.

Georgetown’s seven-year effort includes 
an exchange program with a massage school, 
popular mind-body medicine courses, and 
the option to complete an additional degree in 
physiology with an emphasis on CAM, as Pike 
is doing.

“Physicians need to be prepared to be open to 
CAM and able to discuss it with their patients,” 
says Pike. “I think Georgetown does a good job 
with that.”

Georgetown is one of a growing number of 
US medical schools that are actively seeking 
to teach medical students about alternative 
therapies. The aim is not so much to teach 
the students to become herbalists or massage 
therapists as it is to expose them to a wide range 
of practices and help them communicate better 
with their patients. 

Studies have shown that more than a third of 
Americans use alternative therapies, but more 
than half of those people don’t feel comfortable 
confiding in their doctors about it (JAMA 280, 
1569–1575; 1998).

The new programs also seek to educate 
medical students on how prescription drugs and 
herbal remedies might interact adversely and 
how to build relationships with their colleagues 
in complementary medicine, greasing referral 

Alternative therapies finding acceptance in mainstream medicine

wheels for later on.
The Consortium of 

Academic Health Centers for 
Integrative Medicine, which 
includes the University of 
California at San Francisco 
and Duke, Harvard and 
Columbia Universities, is a key 
driver behind the movement. 
The consortium has grown 
from 11 founding members in 
2002 to 38 this year, roughly 
a third of accredited North 
American medical schools.

At Duke University, a 
popular ‘PDA boot camp’ 
for medical students helps 
them mine the internet for 
information on botanicals 
and dietary supplements with 
handheld devices. Optional 
lunchtime lectures on 
acupuncture and meditation 
that once struggled for 
attendees are attended by 
more than half of first-year 
medical students.

That’s not surprising, given 
the widespread and growing 
use of alternative therapies, 
says Aviad Haramati, 
founding vice chair of the 
consortium and a professor 
of physiology at Georgetown. 
“As soon as you come in contact with patients, 
you begin to realize that this is information that 
is important.”

In a 2002 survey of the University of 
Minnesota’s medical school faculty, for instance, 
86% said CAM practices should be included 
in the curriculum. This year, 75% of medical 
students at Georgetown agreed (Altern. Ther. 
Health Med. 13, 30–35; 2007).

“[This] is going to advance medical education 
in ways that wouldn’t be possible without it,” 
says Haramati. “To bring in an acupuncturist 
or a massage therapist for the benefit of the 
patient requires a certain degree of humility and 
teamwork on the part of the physician. And isn’t 
that what we want?”

Still, most medical students don’t appear to 
believe in the CAM treatments’ effectiveness. 
With the exception of acupuncture and 
chiropractics, fewer than half say they want to 
learn enough about other CAM approaches such 
as homeopathy, aromatherapy and biofeedback 
to advise their patients, let alone practice the 
techniques themselves.

Many students also bypass the courses unless 
they are required. “The way medical education 
is organized, you do what you have to do,” 
says Maggie Kuhn, a second-year orthopedics 
resident at Washington University in St. Louis. 
“To be honest, by the time I got to the fourth 
year, if it wasn’t required, my preferences just 
steered away from it.”

Meredith Wadman, Washington, DC
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Soft science: Some medical schools are teaching students about 
alternative approaches such as accupuncture and massages.
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Allegations of bias cloud conflicting reports on bisphenol A’s effects
Bisphenol A is found in everything from plastic 
baby bottles to the liners of tin cans—and it may 
or may not be bad for you.

Since the mid-1990s, the estrogen-like 
chemical has been the focus of an escalating, ugly 
debate between two groups of scientists. One 
group has argued vehemently that the chemical is 
dangerous and must be banned even as the other, 
equally vigorously, has defended its safety.

In late July, a group of scientists published 
a report concluding that exposure to even 
low levels of bisphenol, particularly during 
development, can cause serious reproductive 
problems (Reprod. Toxicol., doi:10.1016/
j.reprotox.2007.07.005).

But less than two weeks later, an independent 
panel assembled to advise the US government 
expressed “negligible concern for adverse 
reproductive effects.”

The public disagreement has incited 
accusations of bias on both sides and left 
consumers bewildered. Should they avoid the 
chemical? Or not?

“It’s certainly confusing and I wish it 
weren’t,” says Michael Shelby, director of the 
US National Toxicology Program’s (NTP) 
Center for the Evaluation of Risks to Human 
Reproduction, which convened the government 
panel. “According to the panel results, if there is 
concern, it’s not great,” Shelby says.

Critics have accused the government panel 
of industry bias, forcing the NTP in April to 
dismiss a contractor that had ties to the chemical 
industry. The US Environmental Protection 
Agency has also come under fire for considering 
scientists with conflicts of interest to assess the 
safety of acrylamide, a neurotoxin found in fried 
and baked goods.

Some experts also question the government 
panel’s methods, in particular the decision 
to exclude as sources of information more  
than half of the 124 papers published on 
bisphenol A’s effects on development.

“I was shocked,” says Beverly Rubin, a 
bisphenol A expert at Tufts University in Boston. 
“[The review] was bizarre, sloppy and very 
arbitrary. They discounted a lot of very good 
work and then left in a lot of work that’s not 
so good.”

What’s more, the panel accepted 70% of 
industry-funded papers, but only 30% of those 
from academia, notes Ana Soto, a developmental 
biologist at Tufts. “Why would they do that?” 
Soto asks. “It’s mind-boggling.”

Richard Chapin, a researcher at the 
pharmaceutical company Pfizer and chair of the 
advisory panel, denies allegations of industry 
influence. “We established scientifically valid 
criteria and then we held those up to each study 
in turn,” he says. 

Chapin says Soto and others may be too 
passionate to be scientifically rigorous. “This 
might be a case where people are putting 
advocacy before science,” Chapin says.

Some of the uncertainty about bisphenol 
A is the result of a dearth of human studies, 
which have to last through the long lag time 
between exposure and any effects. The National 
Children’s Study, scheduled to begin next year, 
aims to follow 100,000 American children from 
the womb until age 21, and will assess exposure 
to bisphenol A as well as to heavy metals, 
pesticides and other pollutants. But the first 
results won’t emerge for at least five years.

The NTP is also not likely to have an official 
position on bisphenol A for at least six months. 
In the meantime, Shelby recommends that those 
consumers who are concerned should switch to 
bisphenol A–free alternatives, such as glass baby 
bottles instead of plastic, and fresh and frozen 
foods as opposed to canned goods.

Kimberly Thompson, a risk analysis 
expert at Harvard University, advocates that 
individuals become informed so that they can 
assess their own risk. “[But] it’s very tricky,” 
she says. “People really do rely on experts to 
understand whether they should or shouldn’t 
be concerned.”

Cassandra Willyard, New York

The notorious pesticide dichloro-diphenyl-
trichloroethane (DDT), maligned for 
decades because of its alleged effect 
on ecosystems, is highly effective at 
repelling mosquitoes that are resistant to 
it, according to a new study published in 
August.

Malaria prevention programs have 
chosen pesticides for their ability to kill—
not deter—mosquitoes. But a pesticide 
that repels mosquitoes can also be used 
against those that are resistant to it, 
making it a more attractive option.

Faced with malaria’s unrelenting death 
toll, particularly in Africa and in some 
parts of Asia, international agencies last 
year renewed support for DDT (Nat. Med. 
12, 870–871; 2006). The insecticide is 
now one of 12 recommended for indoor 

residual spraying by the World Health 
Organization’s malaria program.

Anti-DDT campaigns launched by 
environmental groups in the 1970s 
had led the US and many European 
countries to ban the pesticide’s use. Its 
return last year met with criticism from 
environmentalists and from scientists who 
noted that mosquitoes have developed 
resistance to the chemical.

The new study lays that latter criticism 
to rest (PLoS ONE 2, e716; 2007).

“If the primary action of the insecticide 
is not to kill but to repel, then it can 
remain effective,” says Richard Tren, 
director of Africa Fighting Malaria, a 
Washington, DC–based nonprofit health 
advocacy group that advocates DDT use 
and that publicized this study.

Based on the study, the researchers 
propose a new classification system for 
insecticides that considers their repellent, 
irritant and toxic effects.

In their work, the researchers studied 
DDT-resistant strains of Aedes aegypti 
mosquitoes, which transmit dengue 
and yellow fever, but not malaria. They 
looked at how the mosquitoes responded 
to three different insecticides: dieldrin, 
alphacypermethrin and DDT.

In huts sprayed with dieldren, 
92% of mosquitoes that touched the 
chemical died. Mosquitoes exposed to 
alphacypermethrin became irritated after 
making contract with the chemical and 
quickly left the hut or died, effectively 
reducing the number of mosquitoes that 
can transmit disease by 61%.

DDT’s ability to repel mosquitoes trumps resistance, scientists say
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Hidden menace? Experts sharply disagree on 
whether bisphenol A, found in many consumer 
products such as baby bottles, is safe.
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Bone marrow transplant paper revives contentious debate on fertility
Are women born with a fixed supply of eggs 
that cannot be replenished? That is still an 
open question.

Scientists have sought answers with 
studies on mice, but after three years, the 
debate about whether mice can regenerate 
eggs is far from settled, and work from 
Jonathan Tilly’s laboratory at Massachusetts 
General Hospital (MGH) continues to fuel 
disagreement in the field.

Tilly’s group reported in 2005 that stem 
cells in the bone marrow replenish the egg 
supply in mice, suggesting adult females can 
make new eggs under the right conditions 
(Nat. Med. 11, 911; 2005). His results were 
met with widespread skepticism.

The following year, another group, also 
at MGH, showed that mice receiving bone 
marrow transplants failed to ovulate—or 
release from the ovary for fertilization—
donor-derived eggs (Nature 441, 795; 2006), 
seemingly refuting Tilly’s work.

Tilly’s group has now come back with 
yet another study, reporting in August that 
bone marrow transplants restore fertility 
in chemotherapy–treated mice, but that the 
pups born are from the transplant recipient’s 
own eggs (J. Clin. Oncol. 25, 3198–3204; 
2007).

“I feel pretty darn comfortable that there 
is regeneration,” says Tilly. “But the real 
point of this paper is to tell people that 
stem cell–based technologies do hold future 
promise for ovarian rescue.”

A few formerly critical peers, such 

as Evelyn Telfer of the University of 
Edinburgh, concede that this work raises 
interesting questions, but note that how the 
transplanted stem cells might help ovaries 
without actually contributing functional 
eggs remains a mystery.

Critics chalk up the improved fertility 
to the transplanted cells restoring the 
recipient’s overall health, or contributing 
a factor that helps eggs that survive the 
chemotherapy.

“[The new work] is inconsistent with 
Tilly’s two prior papers, and there’s no 
evidence that this idea [of regeneration] is 
not just a figment of one’s imagination,” 
says David Keefe, chair of obstetrics and 
gynecology at the University of South 
Florida in Tampa.

The high stakes—potentially overturning 
the long-held paradigm that female 
mammals are born with a fixed pool of 
eggs, and providing methods to preserve 
fertility—has led to particularly passionate 
arguments from both sides.

Tilly points to recent studies in mice that 
show no decline in egg numbers with age, 
and indicate that bone marrow–derived cells 
can generate sperm. Keefe and colleagues 
have in turn reported that adult human 
ovaries don’t express genes involved in 
meiosis or oogenesis.

One finding from Tilly’s work stubbornly 
remains unresolved: the identity of the 
donor-derived cells that make their way 
into recipient ovaries. Tilly argues that the 

cells are immature eggs that may somehow 
help support ovulation of the recipient’s 
eggs.

Telfer agrees that the cells appear to be 
immature oocytes enclosed in a follicle 
structure, and that the ‘helper cell’ idea is 
plausible. But she stops short of supporting 
the idea of regeneration. “The [recipient 
eggs] are there from the start,” she says.

Keefe contends that the donor cells may 
in fact be immune cells, cleaning up after 
chemotherapy-induced cell death, and have 
nothing to do with fertility.

Not surprisingly, Tilly rejects that 
suggestion. “The burden of proof our critics 
want is a moving target—it has morphed 
toward the point that unless we produce a 
baby, these cells aren’t oocytes.”

Still, Tilly admits that these cells may 
be peripheral to the restored fertility, and 
other transplanted cells could be involved 
in restoring signals that support the ovary’s 
stem cell niche.

That’s consistent with ovarian transplants 
that have restored natural fertility to the 
once-menopausal ovaries of human cancer 
survivors, says Kutluk Oktay, a reproductive 
endocrinologist at Weill Cornell Medical 
College in New York City.

“The ovarian transplant might provide 
the niche that the other ovary is lacking. A 
bone marrow transplant might be doing 
something similar,” says Oktay. “This paper 
continues the discussion—it both confirms 
and refutes Tilly’s earlier work. But that’s 
how science works.”

Kendall Powell, Denver

But DDT acted as a ‘chemical screen’, 
keeping 59% of mosquitoes out of the 
hut entirely. Combined with its moderate 
irritant and toxic properties, DDT reduced 
the number of mosquitoes that can 
transmit disease by 73%, the researchers 
found. 

“If the house wall is sprayed with DDT, 
the mosquitoes will stop entering,” says 
Donald Roberts, professor emeritus of 
tropical disease at the Uniformed Services 
University of the Health Sciences. “If they 
don’t enter, they can’t touch people while 
they sleep. In terms of disease control, it 
works beautifully.”

Others, however, are skeptical.
The study did not measure how much 

DDT vaporizes, which would support 
the idea of its repellent power, says 
Gregory Lanzaro, director of the Mosquito 
Research Program at the University 

of California, Davis. DDT might keep 
mosquitoes out of some homes, Lanzaro 
adds, but they would still be able to 
transmit malaria in untreated houses or 
outside.

What’s more, says Maureen Coetzee, 
chief of vector control research at 
South Africa’s National Institute for 
Communicable Diseases, the researchers 
did not test mosquitoes that transmit 
malaria. “Mosquitoes will not all respond 
the same,” Coetzee says.

Roberts says that DDT may be even 
more effective against Anopheles 
mosquitoes, which transmit malaria, 
because some studies have suggested 
that they are more sensitive to chemicals 
than are A. aegypti. “It’s time to stop 
ignoring the repellent action of DDT,” 
Roberts says.

Alisa Opar, New York
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Egg drop: A donor-derived cell (brown) is seen 
in the ovary of the bone marrow transplant, but 
it is unclear whether the cell is an oocyte.
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Lack of training in biodefense research leading to dangerous leaks
In February 2006, a researcher at Texas 
A&M University came down with 
brucellosis—a cattle disease that can cause 
fever and recurring sweats in people—
after disinfecting a chamber used to expose 
mice to the bacteria.

She was later found to lack both the 
authorization and training needed to 
work with the pathogen. In April 2006, 
the university found that three other 
researchers in a different lab had been 
exposed to the bacteria that cause Q fever.

Labs that work with dangerous microbes 
are required to report accidents to the 
US Centers for Disease Control and 
Prevention (CDC) within a week, but 
the university waited until April 2007 to 
inform the agency, and even then only 
under pressure from the Sunshine Project, 
a watchdog group that had uncovered the 
incidents by filing freedom of information 
requests.

In late June, the CDC shut down the 
labs.

The workers have since fully 
recovered, but critics say the slip-ups 
are symptomatic of widespread lapses 
in lab safety worldwide. “The issues at 
Texas A&M really represent the tip of 

the iceberg,” says Richard Ebright, a 
biodefense expert at Rutgers University.

In August, for instance, the UK 
announced that the virus that caused an 
outbreak of foot-and-mouth disease had 
almost certainly escaped from a nearby 
lab. In 2004, two researchers at Beijing’s 
National Institute of Virology contracted 
severe acute respiratory syndrome, 
infecting seven other people and killing 
one. Later that year, a Russian scientist 
died after accidentally injecting herself 
with the Ebola virus. 

Critics say such mishaps are the 
inevitable consequence of a rapid 
expansion in biodefense research 
combined with too little federal oversight 
and training. 

In the US alone, funding for biodefense 
has skyrocketed from $576 million in 
2001 to more than $5 billion this year, 
contributing to the construction of new 
buildings and attracting thousands of 
scientists.

More than 14,000 researchers at 327 
insitutions are approved to work with the 
most dangerous pathogens. And thousands 
more will be needed to staff another 
32 high-security labs that are planned, 

including at least 5 that will house life-
threatening pathogens.

“It’s a shift for workers that are going 
into the biodefense world,” says Gigi 
Kwik Gronvall, a senior associate in the 
Center for Biosecurity at the University of 
Pittsbugh Medical Center. “I’m concerned 
they’re not being given the tools to protect 
themselves.”

Although the CDC requires training 
for people who work with the deadliest 
microbes—those that cause Ebola, the 
plague and brucellosis, for example—the 
burden of providing the training falls to 
individual labs.

As a result, training schemes can vary 
wildly.

For instance, at the University of Texas 
Medical Branch, trainees must pass a 
written test and a physical examination 
before they are allowed in a secure lab and 
must log 100 hours under supervision 
before they can work alone.

The rules are different at the Southwest 
Foundation for Biomedical Research in 
San Antonio. 

“There were no guidelines when we 
got started [in 2000], so we just used 
common sense for the most part,” says 
Jean Patterson, who oversees the high-
containment lab there. For example, new 
recruits are made to recite the names of 
state capitals the first time they put on 
their protective suit “to make sure they’re 
not wigging out,” she says.

Those seeking more rigorous 
preparation have a few options. The 
University of Texas Medical Branch 
offers training in its high-containment 
labs to outside researchers. But because 
trainees must first be cleared by the US 
Department of Justice, the program has 
had few recruits.

Emory University’s program, which 
relies on a mock high-containment facility, 
has had more success, last year training 
more than 50 researchers from the US, 
Switzerland, Thailand and Pakistan.

Still, these programs can’t cope with 
the large number of researchers expected 
to enter the field. “There just are not 
anywhere near enough experienced 
people to go around,” notes Karl Johnson, 
a retired virologist who established the 
first CDC lab for lethal airborne viruses. 
“There’s going to be an awful lot of on-the-
job training.”

Cassandra Willyard, New York
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Lethal lapses: Massive boosts in the funding for biodefense research are bringing untrained scien-
tists into contact with deadly microbes.
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Arsenic patent keeps drug for rare cancer out of reach of many
For thousands of years, arsenic has been 

known to have medicinal properties. It has 
been used at various times to treat syphilis and 
sleeping sickness, or occasionally to poison 
unsuspecting rats and husbands. 

In the past few decades, some scientists 
have discovered arsenic’s ability to cure acute 
promyelocytic leukemia (APL), a rare and fatal 
cancer that strikes relatively young people.

But despite its abundance and long history, 
arsenic treatment is inaccessible to all but 
the richest of people—because an American 
company holds the patent on a drug called 
Trisenox, a soluble form of arsenic trioxide.

Pharmaceutical companies point to the high 
cost of research and development as the reason 
for exorbitant drug prices. But in this case, critics 
charge, little research was necessary, and the 
patent that keeps the price high should never 
have been granted.

“When you have a miracle drug and it’s not 
used, it’s unacceptable,” says Hugues de Thé, 
professor of molecular biology at the University 
of Paris, who has worked on arsenic therapy for 
more than 15 years. “I would never have even 
thought about patenting a drug that is 3,000 
years old,” de Thé says. “The idea that this drug 
is not used drives me crazy.”

Arsenic’s use to treat APL began in the 
1970s, when researchers at Harbin Medical 
University in northeast China used a crude 
mix of arsenic trioxide and mercury to treat 
various cancers. But the work did not attract 
broader attention until the early 1990s, when 
it was published in a Chinese journal (Chin. 
J. Intergr. Med. 12, 170–171; 1992). In their 
study, the researchers found that arsenic 
trioxide brought on complete remission for 
about two-thirds of those with APL.

In 1996, the researchers collaborated with 
another team at the Shanghai Second Medical 
University, led by the current Chinese Health 
Minister Zhu Chen, and presented the results 
to an international audience (Blood 89, 3345–
3353; 1997).

Raymond Warrell, chairman of the New 
Jersey–based company Genta Incorporated, 
recalls that when he reviewed the Blood article 
for publication, he recommended that it should 
be accepted “with extremely high priority.” 

But the Chinese group did not, as the reviewers 
had requested, describe how they had produced 
the arsenic they used, says Warrell, who was then 
a researcher at the Memorial Sloan-Kettering 
Cancer Center in New York.

The Chinese researchers had learned how to 
produce an inorganic, stable, soluble form of 
arsenic, which is generally insoluble. But because 

they did not describe the recipe in the literature, 
Warrell says, they left the door open for someone 
else to make a patentable formula.

It took no more than a couple of months 
for Warrell’s group to make its own soluble 
arsenic trioxide. The results matched the success 
reported in China. In 1998, Warrell and his 
colleagues filed a patent for their formulation 
and launched a company dubbed PolaRx (N. 
Engl. J. Med. 339, 1341–1348; 1998).

Because arsenic is toxic to animals, the 
researchers had trouble finding companies 
to develop the drug, but based partly on the 
Chinese results, they convinced the US Food and 
Drug Administration to allow a small clinical 
trial. “We agreed to give day-to-day feedback,” 
Warrell says.

In 2000, Seattle-based Cell Therapeutics 
acquired PolaRx, including its arsenic 
trioxide patents, for $15 million in stock. “It 
was practically nothing—an embarrassing 
amount,” says Warrell, who says he receives “a 
small amount” in royalties. In June 2005, Cell 
Therapeutics sold the drug to Pennsylvania-
based Cephalon for $70 million.

Under international patent law, according 
to a Cephalon representative, the basis for the 
patent is the clinical use of arsenic trioxide and 
not the chemical itself. But de Thé notes that 
the clinical efficacy had already been shown 
by the Chinese. “The patent was taken after all 
the work was done,” de Thé says, adding that 
making arsenic trioxide soluble “basically 
means they boiled it.”

But Warrell defends the patent, saying 
that it at least helped generate companies’ 
interest in bringing the drug to market. 
“Without the patent, it would have 
remained a curious Chinese drug, not 
available to anyone else,” he says. “Most 
of the patients are young, and it gives 
them another 60 years of life. Relative to 
the benefit, it’s cheap.”

Still, at up to $50,000 for a 
full course, Trisenox is out of 
reach for most people in 
developing countries.

In Lebanon, for 
example, where the 
average income is 
$5,000 per year, it has 
been prescribed to just 
five people over the past 
two years. Four of them 
recovered from the cancer. 
The fifth died because his 
illness had progressed too far 
while he tried to raise money 

to buy the drug, according to Ali Bazarbachi, a 
medical professor at the American University 
of Beirut. The drug is also awaiting approval in 
Brazil, where its high price is likely to make it 
a last resort for those who fail treatment with 
other alternatives.

“Many hematologists around the world, 
including in Europe, think that both the patent 
and the price of arsenic are outrageous,” says 
Bazarbachi.

Desperate for the drug, some countries are 
looking to scientists in Iran, where the patent 
is not valid, to produce the drug cheaply. 
Cephalon is also working with various countries 
to set up compassionate use programs. “It is not 
Cephalon’s intent or practice to keep products 
away from patients in need,” says Candace Steele, 
a spokeswoman for the company.

Because APL affects only two people in a 
million on average, and because there are other 
alternatives, such as retinoic acid, available—
albeit with more side effects—arsenic is unlikely 
to become the focus of a large lobby group in 
any country.

In the meantime, arsenic is finding wider 
acceptance. At the annual meeting of the 
American Society of Clinical Oncology in June, 
Irani researchers presented data from the largest 
trial to date on arsenic trioxide alone, showing 
that of 141 individuals with APL treated with the 
compound, 85% had healed completely.

David Cyranoski, Tokyo

Sweet poison: The high price of an arsenic-
based cancer drug is “outrageous”, says 
Lebanese scientist Ali Bazarbachi.
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Timeline of events…a brief history of the important news stories this month

Jul 18
About 75% of adults in the 
US will be overweight and 
41% will be obese by 2015 if 
Americans continue to gain 
weight at the current rate 
(Epidemiol. Rev. 29, 6–28).

Jul 19
Drinking a glass of wine or beer each 
day increases the risk of bowel cancer 
by 10%, say researchers who collected 
diet and health information from more 
than 500,000 people in Europe (Int. J. 
Cancer, doi:10.1002/ijc.22966)

Jul 24
A review of more than 700 studies 
finds that echinacea reduces the risk 
of catching a cold by 58% and may 
shorten a cold’s duration, effects that 
have long been contested (Lancet Inf. 
Dis. 7, 473–480).

Jul 27
The US government awards national 
medals of science to 30 researchers, 
including Anthony Fauci, head of 
the National Institute of Allergy and 
Infectious Diseases, and Massachusetts 
Institute of Technology bioengineer 
Robert Langer.

Jul 28
Marijuana smokers have a 40% 
higher risk of developing a 
psychotic illness than those who 
abstain, and the risk appears 
to increase with more frequent 
smoking, UK scientists report 
(Lancet 370, 319–328).

Jul 29
Mutations in two genes increase the 
risk of multiple sclerosis by as much 
as 30%, scientists report, the first such 
associations to be uncovered in the past 
30 years (N. Engl. J. Med., doi:10.1056/
NEJMoa073493; Nat. Genet., doi:10.1038/
ng2103 and doi:10.1038/ng2106).

Jul 29
Scientists identify more than 
8 million single-nucleotide 
polymorphisms within 15 
mouse strains commonly used 
in biomedical research (Nature, 
doi:10.1038/nature06067).

Jul 30
The first mouse model for 
schizophrenia carries a mutated 
human gene linked to the disease 
and accurately recapitulates the 
physical and psychological symptoms, 
researchers say (Proc. Natl. Acad. Sci. 
USA, doi: 10.1073/pnas.0704774104).

Jul 30
A new portable oral cancer 
test can yield results in just 
ten minutes, much faster 
than the current standard, by 
scanning mouth cells for a 
protein marker of the disease 
(Lab Chip 7, 995–1003).

Aug 7
Terminally ill individuals 
do not have the right to 
access experimental drugs, 
even if those drugs are 
their best hope of survival, 
a US appeals court rules 
(Nat. Med. 13, 111).

Aug 12
The West Nile viruses 
responsible for outbreaks of 
human encephalitis in recent 
years all carry a single mutation 
that makes them more deadly 
and able to replicate faster, 
researchers report (Nat. Genet., 
doi:10.1038/ng2097).

Aug 14
An entire class of diabetes 
drugs that includes 
Avandia will carry a strong 
‘black box’ warning about 
the associated risk of 
heart failure, the US FDA 
announces. 

Aug 12
Australia bans the Novartis 
painkiller Prexige, a COX-2 
inhibitor not yet approved 
in the US, after eight reports 
of serious liver problems, 
including two deaths.

Aug 14
Symptoms of Parkinson’s disease 
result partly from a lack of the 
neurotransmitter norepinephrine, 
not just the previously observed 
loss of dopamine, scientists 
report (Proc. Natl. Acad. Sci. USA 
doi:10.1073/pnas.0702753104).

Aug 14
Colon cancer is three times more 
likely to recur in individuals who 
eat red meat, fats and refined 
grains than in those who eat 
fish, poultry and plenty of fruits 
and vegetables, researchers say 
(JAMA 298, 754–764).
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Jul 24
Drinking soda nearly doubles 
a person’s risk of metabolic 
syndrome, a cluster of symptoms 
that includes abdominal 
obesity and high blood pressure 
(Circulation, doi:10.1161/circulat
ionaha.107.689935).

Jul 24
Genetically modified goats can 
produce milk containing 
commercial quantities of 
butyrylcholinesterase, an antidote 
to the nerve agent sarin, scientists 
report (Proc. Natl. Acad. Sci. USA, 
doi:10.1073_pnas.0702756104).

Jul 25
Ugandan men who wash their penises 
after sex are no less likely to contract 
HIV than those who don’t, dashing 
hopes that genital hygiene can protect 
against infection, researchers report 
at an AIDS conference.

Jul 25
After years of international outcry, 
Libya releases the Bulgarian medics 
imprisoned for allegedly infecting 
children with HIV, in exchange 
for foreign aid, debt forgiveness 
and stronger diplomatic ties with 
Europe and the US.

Jul 23
The antidepressant ketamine blocks 
one brain receptor and ramps up 
another, making it much faster-
acting than other antidepressants, 
but researchers say the side effects are 
severe (Biol. Psychiatry, doi:10.1016/
j.biopsych.2007.05.028).

Jul 26
Oral contraceptives protect women 
from ovarian cancer for up to 20 years 
after they stop taking the drugs, based 
on the US Nurses’ Health Study, which 
followed more than 100,000 women 
over 28 years (Am. J. Epidemiol. 
doi:10.1093/aje/kwm157).

Aug 1
Women with breast implants are 
three times more likely to commit 
suicide than those without breast 
implants, and the risk is greatest 
among those who wait until they 
are older than 45 to have the surgery 
(Ann. Plast. Surg. 59, 119–123).

Aug 2
Disgraced Korean biologist Woo 
Suk Hwang’s human embryonic 
stem cells arose from a 
parthenote, making them the first 
stem cells from an unfertilized 
egg, a new genetic analysis reveals 
(Cell Stem Cell, doi:10.1016/
j.stem/2007.07.001).

Aug 2
Deep-brain stimulation achieved 
through implanted electrodes 
restored a minimally conscious 
man’s ability to talk and eat, and 
may help others with severe head 
injuries, doctors say (Nature 448, 
600–603).

Aug 2
The prevalence of HIV among 
pregnant women in South 
Africa fell from 30.2% in 2005 
to 29.1% in 2006, suggesting 
that prevention efforts are 
finally working, according to a 
government survey.

Aug 2
An ovarian transplant from 
her younger sister allowed a 
woman who had become sterile 
as a result of chemotherapy to 
conceive, although the embryo 
did not survive, doctors report 
(Hum. Reprod. doi:10.1093/
humrep/dem211).

Aug 6
The US approves Pfizer’s HIV 
drug maraviroc, a drug that 
stops the virus from entering 
cells, providing an alternative 
for individuals who are 
resistant to existing types 
of antiretrovirals.

Aug 16
The World Health Organization 
calls for mass distribution of free 
or low-cost insecticide-treated 
bed nets to prevent malaria in 
entire populations, expanding 
its recommendation from 
just children and pregnant 
women.

Aug 16
Drug companies have increased 
spending on consumer advertising 
in the US by more than 300% since 
1996, but the government reviewed 
fewer than a third of those drug 

ads in 2004 (N. Engl. J. Med. 357, 
673–681).

Aug 22
Scientists create a mouse model for 
obsessive-compulsive disorder by 
knocking out a gene called Sapap3, 
and ease their symptoms with the 
antidepressants often prescribed to 
people with the disorder (Nature 
448, 894–900).
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The death of a participant in a gene therapy trial has thrown the 
entire field into question—as it did once before in 1999. Can the 
field survive this second setback? Virginia Hughes investigates.

Therapy on trial

Three weeks after receiving a second knee 
injection of an experimental gene therapy to 
treat her rheumatoid arthritis, 36-year-old 
Jolee Mohr lay unconscious at the University 
of Chicago Medical Center, breathing through 
a ventilator while her liver gave out. On 24 July, 
her family opted to remove life support.

Mohr had been transferred to the intensive 
care unit in Chicago from her local hospital 
five days earlier, in the middle of the night. 
More serious than her liver damage was an 
overwhelming infection that was causing 
internal bleeding, respiratory failure and kidney 
failure, says Kyle Hogarth, Mohr’s doctor in 
Chicago.

As Mohr’s condition worsened, Hogarth’s 
team tried to locate the infection’s source. 
“[The gene therapy] was definitely on our list 
of possible causes, because of the timing of her 
symptoms,” Hogarth says. Mohr had already 
been vomiting and feverish the night after she 
received the first injection.

Shortly after she was admitted, Hogarth 
called the US Food and Drug Administration 
(FDA), which oversees clinical trials in the 
US, to alert them of her deteriorating status. 
The FDA immediately suspended the trial, 
banning further treatments or recruitment 
of new patients. None of the trial’s other 126 
participants have experienced serious side 
effects.

Gene therapy aims to cure diseases by 
using genetically engineered viruses to deliver 
functional genes that can replace the faulty ones 
that cause disease. Scientists have long touted 
gene therapy’s promise, but the approach has 
shown little success so far. 

In 1999, the field took a major hit when 18-
year-old Jesse Gelsinger died in a gene therapy 
trial at the University of Pennsylvania. Mohr’s 
death has once again thrown the field’s entire 
future into question, with bioethicists and 

scientists questioning 
whether the risks of 
gene therapy far exceed 
its long-promised, 

but largely unproven, 
therapeutic benefits.

Mohr’s death hasn’t yet 
been definitively linked to 

gene therapy. A postmortem 
investigation found Histoplasma 

capsulatum, a common respiratory fungus, and 
herpes simplex virus disseminated throughout 
her body. Neither microbe is normally deadly, 
but Mohr’s immune system may have been 
weakened by the gene therapy.

On 17 September, the Recombinant DNA 
Advisory Committee (RAC), a panel of scientists 
and bioethicists that reviews research protocols 
and makes recommendations to the FDA, plans 
to discuss the Mohr case. If her death is proven 
to be a result of the gene therapy, says viral 
immunologist Hildegund Ertl, who is a member 
of the RAC but does not speak on its behalf, “I 
think it would harm the field—badly.”

Tainted past
Gene therapy has had limited success so far. 
It has repaired the immune systems of an 
estimated 30 children with severe combined 
immune deficiency (SCID). This summer, 
scientists also reported promising safety data 
from the first trial of gene therapy for Parkinson’s 
disease (Lancet 369, 2097–2105; 2007). And 32 
phase 3 trials are underway for various diseases 
including melanoma, head and neck cancer, and 
myocardial ischemia.

Since 1990, scientists have led more than 
1,300 gene therapy trials worldwide. Only 
one, in China, has so far yielded a marketable 
product.

“Investors want quick returns, and it’s taken 
longer than predicted for it to be proven to 
have therapeutic benefit,” says Mark Kay, a 
Stanford University geneticist who has led two 
gene therapy trials. But in the long term, “gene 
therapy’s going to be a very important addition 
in our medical arsenal,” Kay says. “There’s no 
doubt in my mind.”

Gene therapy was first tested in people in 
1990, when four-year-old Ashanthi DeSilva was 
treated for SCID, or the so-called ‘bubble boy 
disease’. DeSilva is still alive. But scientists say 
that may be because of a new drug that she also 
received at the time.

Soon afterward, the number of gene therapy 
trials—targeted against dozens of illnesses, 
including cancer—skyrocketed. “Twenty years 
ago, the field was incredibly upbeat,” Ertl recalls. 
“They thought they could fix it all.”

But Gelsinger’s death demoralized the 
entire field. About a third of the members of 
the American Society for Gene Therapy, the 

field’s primary professional organization, 
did not renew their memberships in 2000. 
Several academic institutions and companies 
abandoned ongoing gene therapy trials. The 
FDA initiated an inspectional blitz of about 70 
trials—although it later allowed most of them 
to resume.

Another blow came in 2003, when French 
scientists announced that gene therapy had 
repaired the immune systems of ten children 
with SCID, but had triggered leukemia in two 
of those children. One has since died, and two 
others from the same trial have been diagnosed 
with leukemia.

“Gene therapy has been fraught with disaster,” 
says University of Pennsylvania bioethicist 
Arthur Caplan. “It’s not for want of oversight 
that there are problems,” he says. “The research 
is just risky.”

But some experts say gene therapy is unfairly 
maligned and is no riskier than other new 
therapies.

“If the [SCID] story had been a fatal cancer in 
a handful of patients treated with a new drug,” 
Kay argues, “a cure rate of 60% or 80% would 
have read differently in the headlines.”

Virulent vector
In Mohr’s case, the gene therapy was not for a 
lethal cancer, but for rheumatoid arthritis. An 
adeno-associated virus (AAV) was twice injected 
into her arthritic knee, which was swollen 
because of a buildup of a protein called tumor 
necrosis factor-alpha. The virus delivered a gene 
that encodes for another protein that would bind 
to the factor and reduce inflammation.

About 600 people have so far participated in 
clinical trials that use AAV vectors. Mohr’s is the 
first to report a serious adverse event.

Even if Mohr’s death is linked to gene therapy, 
experts say the AAV vector is unlikely to be the 
culprit.

Gelsinger’s death was proven to be the result 
of the adenovirus used in that trial. But “there 
was lots of evidence that adenoviruses could 
have severe toxic responses in animals,” says Kay. 
“The debate was over the dose.”

AAV vectors, in contrast, had never been 
observed to elicit an immune response in 
people—until recently.

Researchers have been studying the use of 
AAV vectors to treat hemophilia, an inherited 
bleeding disorder. The animal studies looked 
promising, but when the researchers began 
testing the approach in people, one woman 
developed an immune response to the vector’s 
protein shell (Nat. Med. 13, 419–422; 2007).

“It’s not terribly surprising that when you 
go into the clinic, sometimes you uncover 
things that were not anticipated by the animal 
studies,” says Katherine High, a hematologist at 
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the Philadelphia Children’s Center, who led the 
study.

In 2001, another team found that a high 
proportion of mice treated with the AAV vector 
as newborns later developed liver tumors, 
prompting the FDA to halt two clinical trials that 
used the vector. An expert panel later concluded 
that the tumors were not caused by AAV, and 
the trials resumed. But when the same team 
injected AAV into healthy mice, more than half 
of the mice developed liver tumors, compared 
with eight percent of untreated animals (Science 
317, 5447–5477; 2007).

Preliminary findings from Mohr’s autopsy 
investigation suggest that AAV might have 
contributed to her weakened immune system. 

The gene therapy was targeted to Mohr’s 
knee and was supposed to stay confined there 
because the AAV vector lacks the genes it needs 
to replicate.  “The reason everyone likes using 
AAV is that it can’t grow,” says Hogarth. “But 
it’s conceivable, though not proven, that the 
virus she was injected with was able to replicate 
because herpes was present.”

If AAV did somehow spread—perhaps by 
hijacking the replicating capabilities of the 
herpes virus—then the immune suppression 
triggered by the gene therapy could have 
activated the fungus, Hogarth says.

However, Mohr was also taking the anti-
inflammatory drug Humira (adalimumab), 
which is known to make people susceptible to 
the fungal infection.

Hogarth’s team is looking for remnants of 
AAV in Mohr’s tissues, as well as for the protein 
the gene therapy was supposed to make. The 
final cause of death is not expected to be known 
until late September. 

Ethical questions
When Seattle-based Targeted Genetics first 
proposed the arthritis trial, the FDA sent a copy to 
the RAC, as it does for all gene therapy proposals. 
At a public meeting in September 2003, eight RAC 
members voted for a closer review of the study. 
Some members also raised concerns about the 
AAV vector possibly spreading throughout the 
body, according to meeting minutes published 
on the RAC’s website. 

Committee members also questioned whether 
such a risky treatment is justified for people 
with arthritis, a non–life threatening disease, 
and whether the informed consent documents 
fully described the risks involved. Finally, they 
requested a “clearer description of the role of 
the sponsor and possible conflicts of interest on 
the part of the investigators.”

Responding to these concerns, the company  
agreed to consider involving a neutral third 
party in the recruitment and enrollment.

The study was then unanimously approved—

under the condition 
that when a 
recruiter was also 
the participant’s 
personal physician, 
“an independent 
third party should 
discuss the details 
of the study with the 
patient and carry 
out the consent 
and enrollment 
processes.”

When trial 
researchers recruit 
their own patients, 
“it confuses the line 
between research 
and therapy,” says 
Caplan. “Subjects 
tend to think that 
what’s being offered 
in the name of safety 
research is actually 
therapeutic.” Targeted Genetics officials did not 
return phone calls made for this article.

Just how much Mohr knew about the 
risks involved in gene therapy is unclear. But 
she signed up for the safety trial during an 
afternoon office visit with Robert Trapp, her 
rheumatologist of seven years. She signed the 
13-page consent form during the same visit, 
without the counsel of an independent third 
party, according to her husband.

Since her death, Trapp has told her husband 
that he thought the trial was designed to test 
both safety and efficacy—it was an early trial 
designed to assess only safety—and that he had  
been told so at a training session organized by 
the company. Targeted Genetics paid Trapp’s 
clinic for each participant recruited into the 
trial, but Mohr says his wife had not known of 
Trapp’s financial tie to the study. Trapp declined 
to comment on the case.

“My wife’s always been a very quiet, trusting 
person,” her husband says. “But I wasn’t there, 
and can’t speculate on what was said between 
the two of them behind closed doors.”

Undue risk
Mohr was taking three standard drugs for 
joint pain, but her husband says her arthritis 
was hardly debilitating. She never had trouble 
playing with their five-year-old daughter, and 
at her data-entry job, where wages are based 
on typing speed, she was at the top of the pay 
scale.

“A lot more thought needs to go into what 
diseases really are the best candidates for this 
emerging technology,” says Jeff Chamberlain, a 
molecular geneticist and member of the FDA’s 

Cellular, Tissue and Gene Therapies Advisory 
Committee.

But others say that rather than passing 
generalized restrictions, it would be more 
worthwhile to evaluate each proposal more 
carefully.

“I’m not sure any change in guidelines or 
enforcement would have prevented this death,” 
says Caplan. “There’s definitely room for more 
oversight,” he says, “but you’re never going to 
eliminate the risk.”

In the aftermath of Mohr’s death, experts are 
calling for changes in the way all clinical trials 
are handled. 

For instance, the California–based Center for 
Genetics and Society, a public interest group, is 
calling on the FDA to make public all of the 
information from the Targeted Genetics trial, 
including full details about informed consent 
documents and payments to doctors.

Ethical issues aside, High points out that 
several now-routine technologies, such as 
monoclonal antibodies and bone marrow 
transplantation, took a long time to develop. 
“Sometimes it’s not clearly appreciated that 
it could take as many as 30 years of clinical 
investigation for something to really become 
an accepted therapeutic,” High says.

Mohr, who does not plan to pursue legal 
action but will attend the RAC meeting, says 
he does not blame gene therapy for his wife’s 
death—at least not until there is scientific proof 
of a direct link. “There’s a lot of hope in [gene 
therapy] research,” he says  “and the opportunity 
to help many people.” 
Virginia Hughes is a freelance writer based in 

New York.
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Unproven idea: Gene therapy aims to replace the faulty genes that cause 
disease with healthy genes delivered by a virus.
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Q  &  A

Straight talk from... James Love
In early August, a court in the southern Indian city of Chennai dismissed a lawsuit filed by pharmaceutical giant Novartis. The lawsuit was 
seemingly about Novartis’ application for a patent on its cancer drug Gleevec. But the pharmaceutical company’s loss in the courtroom 
was celebrated by activists worldwide as a victory for public health and for those who need access to affordable drugs in developing 
countries. James Love, director of the nonprofit organization Knowledge Ecology International, explains the local lawsuit’s global impact.

What was the dispute at the heart of this lawsuit?
For more than 30 years, India granted patents on the processes used to 
make pharmaceutical products, but not the products themselves. This 
allowed Indian companies such as Cipla, Ranbaxy and Dr. Reddy’s to 
make generic versions of medicines, but using different processes than 
the original drug makers had used. The Indian companies were clever 
at developing newer and often better ways to manufacture medicines, 
and today they are the most important global suppliers of generic 
medicines, including very inexpensive treatments for AIDS, cancer and 
other conditions.

The World Trade Organization (WTO) was created in 1995 with a 
new obligation to protect intellectual property, set out in the TRIPS 
agreement. According to the agreement, most WTO members, including 
India, had until 2005 to extend patent protection to pharmaceutical 
products. When that deadline approached, India changed its patent law. 
But in the final weeks of that process, the Indian Parliament offered 
several amendments to soften the impact of those changes. Some of 
these changes limited the situations in which product patents would 
be issued. In particular, section 3(d) of the new patent law was written 
to limit the ‘evergreening’ of patent protection for medicines—a term 
used to describe the extension of monopolies by patenting new uses or 
minor improvements—and also to discourage the granting of frivolous 
patents.

In May 2006, Novartis filed a lawsuit in a dispute over patents on 
Gleevec, its highly profitable leukemia drug, claiming that the Indian 
Patent Controller had erred in rejecting a patent application on the drug. 
The lawsuit also alleged that section 3(d) of the Indian law is vague, 
ambiguous and contrary to the TRIPS agreement.

What did the courts decide?
Novartis lost every argument in the case. The amendments to India’s 
patent law stand, and it will be difficult to obtain patents in India for 
new uses of known substances—unless the invention enhances the 
effectiveness of the known substance, or results in a new product that 
differs significantly in efficacy.

Nearly half a million people signed a petition, floated by Médecins 
sans Frontières, calling on Novartis to drop this case. Why? What was 
at stake in the outcome?
India has the most important patent law in the world, in terms of global 
health. India is also the primary supplier of cheap generic drugs to the 
rest of the world. If India has tough patent laws and routinely extends 
patent protection to new uses of old medicines, it will reduce global 
access to medicines. On the other hand, if India wins the lawsuit, other 
countries will undoubtedly consider similar changes in their own patent 
laws.

What impact will the ruling have in other countries, such as Brazil and 
Thailand, that have refused to comply with patents on expensive drugs?
There is a lot of confusion about what the WTO rules actually say, and 
what some countries are doing. Under the WTO rules, only the 50 least 
developed countries can eliminate patents on pharmaceutical products. 

Everyone else, including India, Brazil and Thailand, must grant and 
enforce patents. However, any country can issue a compulsory license 
on a patent and allow third parties, including generic drug companies, 
to use the patent in return for the payment of a royalty to the patent 
owner. Brazil and Thailand issued patents, but also granted compulsory 
licenses in return for royalty payments.

Compulsory licensing is not limited to public health 
crises or developing countries. The US has issued at 
least a half-dozen compulsory licenses on patents 
in the past 
15 months, 
including on 
a u t o m a t i c 
transmissions, 
s o f t w a r e 
technologies 
and medical 
devices. Italy 
has issued 
compulsory licenses on three different drugs 
since 2005.

The Indian Novartis dispute is about a different issue. How much 
discretion do WTO members have in deciding what constitutes a 
patentable invention? This is not only an issue in India, it is a question 
that was also addressed recently in the US Supreme Court.

Unless Novartis drops the suit, the Indian court case may be subject 
to further appeals. But assuming this decision stands, other developing 
countries will probably make it more difficult to obtain patents on minor 
innovations or on new uses for old drugs.

Novartis says the decision will destroy India’s research enterprise and 
that companies will instead invest in China. Do you think that’s true?
I don’t think local patent laws are very important. The availability of 
domestic public-sector spending on research and development (R & D)  
is quite important, as is the availability of skilled researchers. Both India 
and China have impressive biomedical industries and growing R & D 
capacities. The relevant market for new inventions is not India or China, 
but the world, including the US, Europe and Japan. For years, Indian 
firms have been filing patents in Europe and in the US that they cannot 
obtain in India—and this will continue.

Over the longer run, people have to recognize that the current 
system is broken and needs to be fixed. We should not rely upon  
20-year monopolies to stimulate R & D of new medicines if that system 
excludes most of the global population from access. The World Health 
Organization and some US leaders are looking at new methods of 
stimulating R & D that don’t rely on high drug prices.

In the future, we will be talking more and more about prizes 
replacing high prices as the mechanism to stimulate innovation. If we 
can more directly reward innovators for the impact of their inventions 
on health care outcomes, we may be able to avoid the monopolies and 
the price-related access problems altogether.

Apoorva Mandavilli, New York

“Other countries will 
undoubtedly consider 
similar changes  
in their own  
patent laws.”
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