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In June 2018 the FDA approved the drug Epidiolex, the first pharmaceutical drug made from cannabidiol (CBD) and 
intended to treat two very severe forms of epilepsy. The announcement seemed to add to the growing prominence of 
CBD—although it remains a Schedule I controlled substance in the U.S. In many health food stores and head shops, 
you can find CBD in everything from body lotion and bath bombs to chocolate and pet treats. A friend recently re-
ported that she spotted CBD-infused condoms while traveling in Amsterdam. CBD is certainly having its moment.  
It is purported to calm inflammation, anxiety and pain. But the science on the efficacy of CBD is scant. As Amber 
Dance reports in “CBD: Hype or Promise?” the number of peer-reviewed studies on the compound barely numbers 
in the dozens. Which is sobering for an industry expected to grow to nearly $15 billion, by some estimates, in the 
next five years. 

In Japan, deregulation of experimental stem cell treatments may prove harmful to many, as David Cyranoski writes in 
“Stem Cells 2 Go.” And so-called vaccine hesitancy—the resistance by small clusters of individuals to get their chil-
dren vaccinated—is spurring new strategies to track and tackle the spread of deadly diseases, as Lynne Peeples 
describes in “Rethinking Herd Immunity.” As always, enjoy the issue!

Andrea Gawrylewski
Collections Editor
editors@sciam.com
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Can Rabbits Help 
Unravel the Mystery 
of Female Orgasm? 
A study suggests the phenomenon 
may have evolved from a mechanism 
for triggering ovulation

FEMALE ORGASM HAS LONG been 
a subject of fascination, dating back 
to Aristotle. Male orgasm is required 
for ejaculation and transporting 
sperm for fertilization—but sexual 
climax is not necessary for a woman 
to become pregnant. In addition, 
many women do not reliably experi-
ence an orgasm during intercourse. 
So how did such an elaborate neuro-
chemical process evolve?

Many hypotheses have attempted 
to explain the origin of female 
orgasm. One suggests it helps bond 
women to their partners, increasing 
the chances of reproduction. Another 
idea, the so-called upsuck theory, 

suggests that the contractions 
caused by orgasm help to draw 
sperm deeper into the reproductive 
tract and thus increase the chances 
of conception. The few studies that 

have tested this idea do not mimic 
the conditions of actual sex, however. 
Others believe female orgasm may 
simply have evolved as a by-product 
of male orgasm because male and 

female sexual anatomy share a 
common developmental root.

In any case, there must be a 
reason. “This neuroendocrine reflex 
is too complex to be an evolutionary 
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accident,” researchers write in a new 
study published in September in the 
Proceedings of the National Academy 
of Sciences USA.

The authors recently proposed an 
alternative hypothesis: the phenome-
non evolved from a mechanism for 
stimulating ovulation. Humans and 
great apes are known as sponta-
neous ovulators—they are fertile at 
certain times during their menstrual 
cycle, regardless of whether or not 
they have sex. But for some animals, 
such as rabbits, cats and camels, 
ovulation is triggered by sex it-
self—a process known as copula-
tion-induced ovulation. Could female 
orgasm have developed from a 
similar mechanism?

To test the idea, Mihaela Pavlicev, 
a professor of pediatrics at the 
University of Cincinnati College  
of Medicine, and her colleagues 
conducted a series of experiments  
in female rabbits. For two weeks, 
they gave the animals daily doses  
of the antidepressant fluoxetine, a 
selective serotonin reuptake inhibitor 
(SSRI). SSRIs have been found to 
cause sexual dysfunction in both 
men and women, so Pavlicev and her 
team wanted to see if the drug would 
impact ovulation in the rabbits. A set 

of control rabbits did not receive 
fluoxetine. The researchers then had 
the female rabbits mate with a single 
male—named Frank—and measured 
the number of times the females 
ovulated. They found that the rabbits 
who received the drug had about  
30 percent fewer ovulations after 
mating than the control animals.

But Pavlicev and her colleagues 
wanted to confirm fluoxetine was 
reducing ovulation by way of the 
central nervous system rather than 
somehow affecting the ovaries 
directly. So in a second experiment, 
they gave some rabbits the drug—
but instead of having those rabbits 
mate with Frank, they injected the 
animals with human chorionic 
gonadotropin, a hormone that 
stimulates ovulation. This time the 
fluoxetine-treated rabbits experi-
enced roughly the same number  
of ovulations as the untreated ones, 
suggesting the drug indeed acts on 
the central nervous system and not 
the ovaries. At high doses, fluoxetine 
is known to cause weight loss—
which could, in theory, affect ovula-
tion. But the researchers did not find 
any relation between the rabbits’ 
body weight and the number of 
ovulations caused by copulation.

Fluoxetine works by preventing  
the reabsorption of serotonin in the 
synapses of brain cells, as well as 
other tissues. The team conducted 
a final set of experiments in which it 
treated rabbit ovaries with fluoxetine 
in a lab dish and showed that 
serotonin does not collect in the 
ovaries—further supporting the 
notion that it acts at the brain level.

Julie Bakker, a neuroendocrinolo-
gist at the University of Liège in 
Belgium, who studies ovulation in 
ferrets, was skeptical of the findings, 
however. A “30 percent reduction in 
the number of ovulations is very 
marginal. It would have been much 
more convincing if there was no ovu-
lation at all,” says Bakker, who was 
not involved in the work. “It would 
have been nice if the authors had 
actually measured serotonin in the 
brain of their rabbits to determine 
whether their treatment protocol  
with fluoxetine” raised levels of  
the neurotransmitter.

Studying orgasm in animal models 
in tricky. “There’s no such thing as 
orgasm in rabbits,” Bakker says—it  
is more like a light switch, in which 
male stimulation triggers the brain, 
which triggers ovulation. In addition 
to ferrets, she has studied ovulation 

in mice and rats, and the only kind  
of orgasmic behavior she has seen is  
in female rats: It is, she says, “kind of 
a thrashing behavior—stretching their 
legs in certain way that might have 
been uterine contractions.” The rabbit 
experiment is an interesting idea,  
she adds, but she would like to see  
more convincing evidence. “It’s a door 
opener,” she says.

Raúl Paredes, director of the 
Juriquilla unit at the National Autono-
mous University of Mexico’s National 
School of Higher Education, agrees 
the study is interesting, but he says it 
is “very reductionist [to assume] that 
female orgasm consists of a copula-
tion-induced reflex.” The bigger issue 
is how one defines orgasm, he adds. 
“This is a human construct because, 
aside from the physiological changes 
that can occur during sex, the 
definition involves feelings of plea-
sure,” he says. “This certainly can’t be 
measured in animals.”

—Tanya Lewis

   Editor’s Note (10/01/19): This story 
was updated after publication to 
include comments from Raúl 
Paredes, director of the Juriquilla  
unit at the National Autonomous 
University of Mexico’s National 
School of Higher Education. 
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Why U.S. Officials 
Investigating 
Mysterious  
Vaping Deaths  
Are Focusing  
on Flavorings 
As lung injuries among e-cigarette 
users mount amid a youth vaping 
epidemic, the impact of new  
restrictions remains unclear

AN OUTBREAK OF DEADLY lung 
injuries in vapers in the U.S.—many 
of them adolescents—shows no 
signs of stopping. So far 805 e-ciga-
rettes users have fallen ill, 12 of 
whom have died. The illnesses are 
fueling a push among lawmakers 
and regulators to rein in the sale of 
e-cigarettes, in particular those with 
flavors that could be contributing to 
a worrying surge in youth vaping.

It’s illegal for vendors in the U.S. 
to sell e-cigarettes to those younger 
than 18; in some states and cities, 
the age limit is 21. Yet more than 
a third of the sick vapers are  
younger than 21, according to the 
U.S. Centers for Disease Control  
and Prevention.

Public health officials have yet to 
find a definitive cause for the lung 
injuries, according to the CDC.  
And they worry that some of the 
affected adolescents might never 
fully recover. But it’s unclear what 
impact, if any, the new restrictions 
on e-cigarette sales will have on  
the health crisis or the problem of 
youth vaping.

Nature takes a look at the issues.

WHAT EXACTLY ARE  
U.S. REGULATORS AND 
LAWMAKERS DOING?

In response to the recent spate 
of lung injuries, the U.S. Food and  
Drug Administration—which regu-
lates tobacco products, including 
e-cigarettes—announced on Sep-
tember 11 that it plans to remove 
flavored devices from the market, 
at least temporarily.

The decision came as the agency 
was already seeking to regulate 
e-cigarettes after years of lax 
enforcement. Under FDA regula-
tions, e-cigarette manufacturers 
must apply for agency approval to 
market their products. So far none of 
the companies has submitted an 
application, but the FDA has none-
theless allowed their devices to stay 

on the market. The agency has given 
manufacturers until May 2020 to 
submit applications to continue 
selling their products.

Some states aren’t waiting for  
the federal government to act. In 
response to the recent surge in lung 
injuries and deaths, New York, Michi-
gan and Rhode Island banned sales 
of flavored e-cigarettes in Septem-
ber. And on September 24, Massa-
chusetts declared a four-month halt 
on the sale of all e-cigarettes.

WHY THE FOCUS  
ON FLAVOR?

Public health officials have long 
suspected that e-cigarettes with 
flavors based on fruit or sweet 
snacks such as “cupcake,” “bubble 
gum” and “apple crack” are designed 
in particular to appeal to young 
people. Most adolescents report that 
flavored e-cigarettes were a key 
reason they took up vaping, said 
Anne Schuchat, deputy director of 
the CDC during testimony before the 
U.S. House of Representatives on 
September 24 and 25. “We’re 
extremely concerned about flavors 
and the role that they play in hooking 
young people to a life of nicotine.”

Data from a national survey 
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published in the New England Journal 
of Medicine on September 18 
showed that adolescent vaping in  
the U.S. more than doubled from 
2017 to 2019. More than one 
quarter of U.S. high school seniors, 
typically 17 to18 years old, reported 
vaping at least once in the previous 
30 days.

DOES ANYONE THINK 
FLAVORED VAPES SHOULD  

STAY ON THE MARKET?
Some tobacco-control researchers 
worry that banning flavors could deter 
adults from using e-cigarettes in 
attempts to quit smoking. Seventy to 
80 percent of adults say that using 
flavored vapes was crucial to their 
smoking-cessation efforts, says David 
Abrams, a behavioral scientist at New 
York University. “You don’t want 
something that reminds you of your 
old cigarette taste or smell,” he says.

But the CDC says that adult vapers 
are more influenced by the nicotine 
content of an e-cigarette than by its 
flavor. And despite the fact that many 
people use e-cigarettes to help them 
quit smoking, there’s little evidence 
that they are more effective than 
other tools, said Schuchat at the 
congressional hearing.

COULD THE FLAVORS 
THEMSELVES THEMSELVES  

BE DANGEROUS?
It’s unclear. Some chemicals used to 
flavor e-cigarettes might be toxic, 
and it’s possible that they can 
damage the lungs, says Albert Rizzo, 
chief medical officer of the Ameri-
can Lung Association in Chicago. 
One 2016 study of 51 e-cigarette 
flavors found that 39 of them con- 
tained diacetyl, an additive linked to 
lung damage.

Another study, published in 
February, found that some vaping 
liquids were up to 34 percent 
cinnamaldehyde, a chemical that  
can kill lung cells. “When you get  
to levels like that of a compound like 
cinnamaldehyde, having some lung 
difficulties isn’t very surprising,” says 
study co-author James Pankow,  
a chemist at Portland State Universi-
ty in Oregon.

These analyses focused on the 
liquids that e-cigarettes heat and 
turn into a vapor that users breathe  
in. The liquids come in cartridges 
that vapers can swap out of their 
devices. But that heating process 
changes the chemical composition 
of the liquid, says Mignonne Guy,  
a biobehavioral researcher at 

Virginia Commonwealth University  
in Richmond. And scientists are  
still struggling to identify all the 
chemicals in the vapor. The plethora 
of devices and user modifications 
that are available to consumers 
results in a complex array of heat-
ing conditions and liquid concentra-
tions that complicates the research-
ers’ task.

WILL REMOVING FLAVORS 
FROM THE MARKET  

REDUCE YOUTH VAPING?
Although numerous studies have 
shown that young people are 
attracted to flavored e-cigarettes, 
there are no data yet on what  
would happen to the number of 
teenage vapers if officials removed 
these devices from the market, says 
social scientist Jessica Pepper of 
RTI International, a nonprofit re-
search group in Research Triangle 
Park, N.C.

Banning flavored e-cigarettes could 
also drive demand to the black 
market, Guy says. She supports the 
move to pull the devices from the 
market. But Guy says that as long as 
refillable e-cigarette cartridges exist, 
vapers will be able to mix their own 
liquid and include flavoring chemicals.

WHAT OTHER  
APPROACHES COULD  

REDUCE YOUTH VAPING?
Lawmakers have proposed eliminat-
ing online sales of e-cigarettes to 
make it more difficult for adoles-
cents to buy the products. And the 
FDA has launched an educational 
program to inform young people 
about the risks of vaping.

But some lawmakers are pushing 
for more drastic measures. These 
include a ban on all e-cigarettes  
until manufacturers demonstrate 
that the benefits of using the 
devices—such as help for people 
who want to quit smoking ciga-
rettes—outweigh the risks.

“How many children are we going 
to allow to die before this is consid-
ered the emergency it is and we just 
say no?” asked Jan Schakowsky, 
Democratic representative from 
Illinois, at the congressional hearing 
on September 25. “We should be 
saying ‘no’ right now.”

                             —Heidi Ledford 

This article is reproduced with 
permission and was first published in 
Nature on October 1, 2019.
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Could 
Immunotherapy 
Treat Diseases 
Besides Cancer?
Approaches for boosting the body’s 
immune system are being tried for 
autoimmune and heart conditions, 
but it is too early to know how well 
they will work in people

IMMUNOTHERAPY HAS trans-
formed cancer care. Now the tools 
and new knowledge created by this 
strategy for treating disease by 
stimulating the body’s immune 
system are beginning to be em-
ployed for everything from fighting 
autoimmune illnesses to preventing 
tissue rejection in organ transplants.

Though still mostly confined to 
scientific labs, the use of this ap-
proach outside of cancer has tremen-
dous potential, researchers say, be- 
cause the immune system is funda-
mentally involved in every organ and 
in many health conditions. “The 
opportunity exists to move what we 
call the immunorevolution beyond 
cancer,” says Jonathan Epstein, a 
cardiologist and chief scientific officer 

for the University of Pennsylvania 
Health System (Penn Medicine).

In one type of cancer immunother-
apy, immune cells called T cells are 
removed from the body and engi-
neered to target cells that are found 
only in cancers. The engineered 
cells, called chimeric antigen recep-
tor T cells (CAR-Ts), have proved 
exceedingly effective against some 
types of blood cancers, particularly 
acute lymphocytic leukemia. Scien-
tists have now started engineering 
T cells to attack other disease-relat-
ed cells.

Cancer was a logical first step for 
immunotherapies, says Marcela 
Maus, director of cellular immuno-
therapy at the Massachusetts 
General Hospital’s Cancer Center 
and an assistant professor at Har-
vard Medical School. The need for 
life-extending therapies in cancer is 
indisputable. There is a willingness  
to take risks to fight tumors that 
might otherwise be fatal, she says. 
Doctors are likely to be more cau-
tious in fighting autoimmune diseas-
es, which can be terrible but also 
have some existing—if imperfect—
treatments. Now that the immuno-
therapy work has proved so success-
ful in cancer, it makes sense to push 

it into other illnesses, Maus says.
A group led by Aimee Payne, a 

dermatologist at Penn Medicine, is 
currently preparing for human trials 
using reengineered T cells to treat  
an autoimmune-triggered skin 
disease called pemphigus. In one 
subform of the affliction that affects 
about 4,000 Americans, the immune 
system produces antibodies against 
proteins that hold the skin together, 
resulting in painful, debilitating 

blisters. Payne and her colleagues 
direct engineered T cells to destroy 
the immune cells that make these 
antibodies, and their work has shown 
promise in animals. Payne says she 
got the idea for this approach from 
all the attention successful CAR-Ts 
were receiving at Penn Medicine. It 
seemed so simple in retrospect: 
“You’re like, ‘Why didn’t we think of 
this earlier?’” she adds. Others had 
tried to target the antibodies that 
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Illustration of chimeric antigen receptor T cell (CAR-T) immunotherapy.

https://www.ncbi.nlm.nih.gov/pubmed/27365313
https://www.ncbi.nlm.nih.gov/pubmed/27365313


cause this skin disease before, 
without success. Payne says she is 
more optimistic about the engineered 
T cells she is using, which she calls 
CAAR-T cells (with an extra “A”),  
for chimeric autoantibody receptor 
T cells because they can make more 
copies of themselves, so their effects 
could be long-lasting.

Even decades-old immunothera-
pies are inspiring present-day work. 
In Paris, David Klatzmann, an immu-
nologist at Sorbonne University, is 
experimenting with treating autoim-
mune disorders with low levels of 
interleukin-2 (IL-2), an immune-sig-
naling molecule first used to treat 
cancer in the mid-1980s. Back then, 
high doses of IL-2 proved effective 
 in a small fraction of metastatic 
tumors—mainly kidney cancer and 
melanoma—but caused terrible side 
effects. Klatzmann’s research 
suggests low doses may be able to 
treat a wide range of autoimmune 
conditions by boosting levels of a 
type of cell called a regulatory T cell, 
or Treg, which naturally muzzles the 
immune response. He uses immuno-
therapy to suppress the immune 
system—the opposite of what cancer 
researchers do.

Klatzmann’s university and two 

other French institutions hold a 
patent on low-dose IL-2, and he is 
hosting a meeting in November with 
other researchers and pharmaceuti-
cal companies who are exploring its 
potential for a wide range of diseas-
es. He says IL-2 is the only molecule 
that preferentially activates Tregs, 
and “there is Treg insufficiency in 
almost every autoimmune disease 
and also inflammatory disease,” 
including atherosclerosis, or the 
hardening of the arteries. He is now 
testing his approach in phase II 
clinical trials for autoimmune illness-
es, including lupus, type 1 diabetes 
and multiple sclerosis.

Jerome Ritz, who runs a cell-manu-
facturing lab at the Dana-Farber 
Cancer Institute, says CAR-Ts made 
with engineered Tregs could also  
be used against inflammation or  
in transplant patients to prevent 
rejection. Stem cell transplants can 
cure some blood cancers but can 
also lead to life-threatening graft 
versus host disease, in which im-
mune cells from the donor attack  
the recipient. It should be possible  
to engineer so-called CAR-Tregs to 
induce tolerance to recipient cells—
or even to an entire transplanted 
organ to prevent rejection, says Ritz, 

who is also a professor at Harvard 
Medical School.

Penn Medicine’s Epstein recently 
engineered T cells in mice to attack 
cells that produce scar tissue after 
the heart suffers damage. Known as 
fibrosis, this scarring initially keeps 
the heart from rupturing, but it can 
also impair the organ’s ability to fill 
with blood and pump efficiently. 
Epstein’s approach worked in mice, 
reducing the amount of scar tissue, 
a study recently published in Nature 
shows. He hopes to test the method 
in larger animals.

But some experts remain skeptical. 
Eric Topol, a cardiologist and execu-
tive vice president of the Scripps 
Research Institute, says he doubts 
Epstein’s approach will work in 
humans. “It’s interesting science,  
but it’s a long way off from having 

implications for people with heart 
disease,” Topol says. Many treatments 
that work in mice do not translate 
well in people, he notes. And al-
though fibrosis is clearly a problem  
in heart failure, it is not as clear that 
targeting fibrotic tissue will help 
patients. He also worries about the 
safety of any intervention that might 
affect the beating of the heart. “If  
you muck around with it, you could 
actually engender serious heart-
rhythm problems,” he says, “which 
can be deadly.”

Even if this specific work never 
pans out, Epstein and others say  
the larger approach is still valid: 
learning how to manipulate the 
immune system to fight cancer has 
taught researchers information they 
can now use to fight diseases 
ranging from infections to arthritis.

Maus agrees: “I think we are 
definitely in a moment where this  
kind of science, this kind of potential 
product—engineered T cells—is 
transformational. They can be ap- 
plied in so many different settings 
and diseases,” she says. But “I think 
it’s still a little bit early to know 
whether it’s going to be a commer-
cial product for patients.” 

—Karen Weintraub
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A Newly Identified 
Protein May Be the 
Key to Vanquishing 
the Common Cold 
Inactivating this protein in  
human cells and mice provided  
immunity to a range of viruses,  
but an effective treatment is still  
a long way off

DEFENDING AGAINST VIRUSES IS 
one of the thorniest problems in 
medicine. Vaccines have been a ma-
jor success story but can still only 
fend off a fraction of known viruses. 
They work by “teaching” our immune 
system to recognize a specific virus 
so it can mount an effective immune 
response if it spots that invader in 
future. Another approach is the use 
of antivirals, which prevent viruses 
from replicating and can be used to 
treat a current infection if adminis-
tered quickly. Developing safe antivi-
rals is difficult, however, because 
viruses hijack the host’s own cellular 
machinery to replicate, so interfering 
can also harm host cells.

A problem for both approaches is 
the huge diversity of viral pathogens. 
For instance, the viral group respon-

sible for at least half of all cases of 
the common cold—rhinovirus—has at 
least 160 different types. Developing 
more than 100 vaccines to cure one 
illness is obviously not practical, and 

in any case, other viruses also cause 
colds. Complicating matters further, 
many viruses can mutate in ways  
that make them resistant to drugs or 
capable of overcoming immunity. All 

of which is why an important goal in 
virology is the development of “broad 
spectrum” antivirals that are effective 
against many viruses simultaneously.

In a study published in September 
in Nature Microbiology, microbiologist 
Jan Carette of Stanford University 
and his colleagues report they have 
found a human gene that produces 
a protein essential to the function 
of numerous enteroviruses, a genus 
that includes rhinoviruses. Experi-
ments in human cells and mice 
showed a range of enteroviruses 
cannot replicate without this host 
protein. The work could pave the  
way for antivirals effective against 
multiple illnesses—including most 
cases of the common cold—and 
sheds new light on how viruses 
exploit their host’s own cellular 
material. Carette and his colleagues 
have “done a tour de force here, to 
find this gene and characterize it,” 
says Ann Palmenberg, a virologist  
at the University of Wisconsin–Madi-
son, who provided some advice and 
materials for the study but was not 
directly involved in it. “It’s a beautiful 
piece of work.”

Enteroviruses also include poliovi-
rus, coxsackievirus (which causes 
myocarditis, or heart inflammation) 
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and EV-D68, a virus that has been 
linked to acute flaccid myelitis. To 
search for commonalities between 
these viruses, the researchers used 
cutting-edge gene-editing technolo-
gy to inactivate single genes from 
human cells grown in a lab dish. First 
they created a bank of cells that each 
lacked a different gene, spanning the 
whole human genome. Then they 
infected these cells with two entero-
viruses: EV-D68 and a “type C” 
rhinovirus called RV-C15. The latter 
is a fairly newly discovered rhinovirus 
type that can seriously exacerbate 
asthma symptoms and increase the 
risk of infected infants developing 
asthma and chronic obstructive 
pulmonary disease. Although they  
are both enteroviruses, EV-D68 and 
RV-C15 are relatively distant rela-
tions that mostly make use of 
different host-cell proteins. The team 
then looked at which genes were 
missing in cells that continued to 
flourish after infection, focusing on 
the few whose absence thwarted 
both viruses. In addition to two genes 
that produce proteins known to be 
needed by enteroviruses, one little- 
known one stood out: SETD3, which 
makes a protein of the same name.

Carette and his colleagues next 

investigated how widely enterovirus-
es, in general, depend on the protein 
SETD3. They created cells lacking 
SETD3 and infected them with seven 
viruses representative of the different 
species of human enteroviruses: one 
of each of the three types of rhinovi-
rus (A, B and C), poliovirus, two types 
of coxsackievirus and EV-D68. None 
of these could flourish in SETD3- 
deficient cells—their replication rate 
was reduced 1,000-fold as compared 
with control cells that possessed the 
gene. “We could barely detect any 
virus being replicated in the knockout 
cells,” Carette says, referring to cells 
engineered not to have the gene.  
The findings suggest that targeting 
SETD3 could produce a broadly 
effective therapeutic. “We really tried 
to maximize the diversity of enterovi-
ruses we screened for, and [SETD3] 
was important for all of them; that 
was quite striking,” Carette says. “I’d 
be surprised if there are enterovirus-
es that don’t require this host factor.” 
This process was done in a widely 
used cancer cell line, but the team 
repeated some tests in a cell type 
that resides in the entrance to the 
lungs and got similarly impressive 
results. “For the respiratory viruses, 
like rhinovirus and EV-D68, the 

important part is the bronchial 
epithelial cells because those are 
where the virus actually replicates,” 
Carette says.

Finally, Carette and his team 
genetically engineered mice that 
lacked the SETD3 gene. “To our 
great surprise, if you make mice that 
lack this SETD3 enzyme, they’re 
viable and apparently healthy,” he 
says. They did find one defect: the 
mice had difficulty giving birth. In a 
recent study, biologist Or Gozani, also 
at Stanford and co-senior author 
of the new study, and his colleagues 
found that in a process called 
methylation, the SETD3 protein 
modifies actin, a protein important  
in cell shape and division and muscle 
contraction. “It seems actin methyla-
tion is important for smooth muscle 
contraction during childbirth,” Carette 
says. He and his colleagues injected 
these mice with two enteroviruses— 

a coxsackievirus and EV-A71, both  
of which cause fatal neurological 
disease involving paralysis and brain 
inflammation. Mice missing SETD3 
appeared immune to both viruses.

The researchers next tried to 
identify why the viruses need the 
SETD3 protein. They ruled out its 
normal function (the actin-modifying 
role), raising hopes that it could be 
targeted in ways that do not interfere 
with this function. Beyond that, they 
only narrowed it down to something 
to do with replication. Viruses use 
a combination of their own compo-
nents and parts they pillage from the 
cell to build a “replication complex” 
that acts like a copy machine. “The 
virus gets in, but it can’t start making 
photocopies of itself,” Carette says.  
“It requires this SETD3 as an essen-
tial part of this photocopier.”

There are two possibilities: either 
the viruses use SETD3 in a unique 
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“For the respiratory viruses, like rhinovirus  
and EV-D68, the important part is the bronchial 

epithelial cells because those are where  
the virus actually replicates.”  

—Jan Carette
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way, or they co-opt an as yet un-
known function of SETD3. The latter 
possibility means drugs targeting 
SETD3 could have unforeseen side 
effects. “There’s a long way to go 
before we’ll know if we can develop 
an antiviral that targets this protein; 
we’re talking many years of work,” 
says microbiologist Vincent Racani-
ello of Columbia University, who was 
not involved in the new study. “Just 
because you can take it out in mice 
doesn’t mean you could take it out in 
people.” The only way to know for 
certain whether a drug targeting 
SETD3 was toxic to humans would 
be to test it in a small human trial. 
“And if it is, that’s the end of the 
story,” Racaniello says. “That really 
tempers my enthusiasm.”

Knowing what the viruses use 
SETD3 for will largely determine  
the likelihood of this new target 
leading to effective therapeutics, 
Palmenberg says. It will answer 
questions such as what proportion 
of SETD3 needs to be blocked to 
stop viruses replicating and whether 
that amount applies across many 
enteroviruses uniformly. This infor-
mation will determine what a thera-
peutic would look like, how it would 
be delivered and whether it will even 

be feasible. “We simply don’t know, 
because we don’t know why the 
[virus] binds that protein in the first 
place,” Palmenberg says.

In addition to tackling such ques-
tions, Carette’s team plans to search 
for drug candidates by screening  
for chemicals that either stop entero-
viruses interacting with SETD3 or 
degrade the protein. “We have the 
target but not yet the drug,” he says. 
“We’re now focusing on that part.” 
Ultimately he and his colleagues 
hope to circumvent the problem of 
viruses developing drug resistance. 

Traditional antivirals target viral 
proteins, making them easy for  
viruses to thwart. “We do it in a 
slightly more circumspect way, 
where you target a host protein,  
so tha the virus cannot simply 
mutate away the drug-binding site,” 
Carette says. The approach is  
known as host-directed therapy 
because the treatment alters 
something in the host that the  
virus needs to function. “It has the 
potential to be broad spectrum, and 
there’s less chance of developing 
antiviral resistance,” Carette says. 
“There’s real enthusiasm for this  
kind of approach.”  
� —Simon Makin

Discovery of 
Molecular Switch  
for How Cells Use 
Oxygen Wins  
2019 Nobel Prize  
in Medicine 
Research by William Kaelin, Jr., 
Peter Ratcliffe and Gregg  
Semenza led the way for  
applications in treating anemia, 
cancer and other diseases

THIS YEAR’S NOBEL PRIZE in 
Physiology or Medicine was awarded 
to three researchers who helped re-
veal the mechanism by which cells  
in the body sense and adapt to oxy-
gen availability. William Kaelin, Jr.,  
Peter Ratcliffe and Gregg Semenza 
shared the prize for their work, which 
has played a critical role in under-
standing—and ultimately treating—
diseases such as anemia and cancer. 
The scientists will share the prize, 
worth nine million Swedish kronor 
($907,695).

“Oxygen is essential for life and is 
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used by virtually all animal cells in 
order to convert food to usable 
energy,” said Randall Johnson of the 
Karolinska Institute, a member of the 
Nobel Committee, at a press confer-
ence in Sweden announcing the 
award. “This prize is for three physi-
cian scientists who found the molec-
ular switch that regulates how our 
cells adapt when oxygen levels drop.”

Oxygen levels can fall throughout 
the body—for example, at high 
altitudes or during exercise—or in a 
local area, such as at a wound site. 
Low oxygen levels, or hypoxia, lead 
to new blood vessel formation, blood 
cell formation, or glycolysis (anaero-
bic fermentation). Hypoxia was 
known to trigger a rise in the hor-
mone erythropoietin (EPO), which is 
involved in producing red blood cells, 
but the prizewinning scientists 
revealed the mechanism for how this 
process works.

The hypoxia response affects 
many aspects of physiology, includ-
ing conditions such as anemia, 
cancer, stroke, infection and heart 
attack. Cancer cells, for instance, 
need a blood supply to grow, and 
they can hijack this oxygen-sensing 
system to create more blood vessels. 
The research is already leading to 

the development of new treatments.
Semenza, who is at Johns Hopkins 

University, showed that hypoxia 
triggers expression of the EPO gene. 
Using genetically modified mice, he 
revealed that certain DNA segments 
next to this gene regulate its re-
sponse to low oxygen levels. Semen-
za discovered a protein complex 
called hypoxia-inducible factor (HIF), 
which is composed of two transcrip-
tion factors—proteins that control  
the transcription of DNA into RNA—
called HIF-1α and ARNT. When 
oxygen levels are high, HIF-1α is 
constantly degraded. But when 
oxygen is low, HIF-1α increases, 
binding to the EPO gene and other 
genes and triggering red blood  
cell formation. Ratcliffe, who is at  
the University of Oxford and the  
Francis Crick Institute in England, 
also studied how oxygen regulates 
the EPO gene. Both his team and 
Semenza’s demonstrated this 
mechanism was present in all cells.

Meanwhile Kaelin, who is at the 
Dana-Farber Cancer Institute in 
Boston, was studying an inherited 
syndrome called von Hippel-Lindau 
(VHL) disease, which greatly increas-
es the risk of certain cancers in some 
families. He showed that the VHL 

gene encodes a protein that pre-
vents cancer from developing and 
that cancer cells lacking this gene 
also had high levels of activity in 
genes regulated by hypoxia. When 
the VHL gene is introduced to these 
cells, it restores the activity levels of 
the genes to normal. But scientists 
still did not know how oxygen levels 
regulated this molecular switch. In 
2001 Kaelin and Ratcliffe simultane-
ously demonstrated that when there 
is enough oxygen present, hydroxyl 
groups are added to HIF-1α, allow-
ing VHL to bind to it and leading to 
its degradation.

The research is already leading to 
clinical applications. Lowering the 
expression of the HIF-1α gene could 
limit a tumor’s ability to grow a new 
blood supply. In contrast, increasing 
its expression could help treat people 
with anemia.

“It’s a good day for [Johns] Hop-

kins,” Semenza said in a livestreamed 
press conference at the university. 
The message he had for every 
scientist training today was: “I was 
once where you are now, and 
someday you will be where I am now. 
We’re very lucky to have this career 
where we get to follow our interests 
and dreams wherever they lead.”

“I’m honored and delighted at the 
news,” Ratcliffe said in a statement. 
“It’s a tribute to the lab, to those who 
helped me set it up and worked with 
me on the project over the years, to 
many others in the field, and not least 
to my family for their forbearance of 
all the up and downs.”

“I will confess, like most scientists, 
I did allow myself to dream that maybe 
one day this would happen,” Kaelin 
said in a livestreamed press confer-
ence at Dana-Farber. “When I was 
young, my father’s favorite activity was 
fishing; part of the secret is knowing 
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“When I was young, my father’s favorite 
activity was fishing; part of the secret is 

knowing where to fish. One thing I got right 
was understanding that von Hippel-Lindau 

disease was the right place to go fishing.”
—William Kaelin, Jr.

https://www.crick.ac.uk/news/2019-10-07_peter-ratcliffe-awarded-nobel-prize


where to fish. One thing I got right was understand-
ing that von Hippel-Lindau disease was the right 
place to go fishing.”

Kaelin’s colleagues praised the work. The discov-
eries “fundamentally defined how cells in the body 
sense oxygen and how the cells respond to an abun-
dance of oxygen or an absence of oxygen,” said 
Betsy Nabel, president of Brigham Health, where 
Kaelin is a senior physician, at the Dana-Farber 
press conference. At the same event, George Daley, 
dean of Harvard Medical School, added that the 
work “is a powerful reminder of how critical discover-
ies and transformative therapies flow from [the] 
deepest understanding of basic mechanisms.” 

The awardees were, in some ways, a surprise. 
There had been speculation that this year’s prize 
would honor the discovery of the gene-editing tool 
CRISPR, of receptors for immune cells called 
T cells, or of optogenetics—a technique for using 
light to control living cells.

Last year’s prize was awarded to immunologists 
James P. Allison and Tasuku Honjo for their work 
showing how the immune system can be harnessed 
to fight cancer �

—Tanya Lewis

Editor’s Note (10/7/19): This story was updated 
after publishing to include quotes from Gregg 
Semenza of Johns Hopkins University, William 
Kaelin, Jr., of the Dana-Farber Cancer Institute, 
Peter Ratcliffe of the Francis Crick Institute, Betsy 
Nabel of Brigham Health and George Daley of 
Harvard Medical School.
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The compound is found in 
everything from coffee to 
cookies, but the research 
on its efficacy is scant
By Amber Dance C
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I
N NOVEMBER 2017 SCIENTISTS 

AT a subsidiary of Artelo Bioscienc-

es in Manchester, U.K., tasked an 

intern with compiling any scientif-

ic study published on the body’s 

absorption, distribution and 

metabolism of cannabidiol. The 

company hoped to treat stroke with 

the compound, which is derived 

from the cannabis plant and com-

monly known as CBD, and this 

background research was crucial.

When the intern returned with all the literature she 

could find, it was a short stack: only a couple of dozen 

papers. The scientists were stunned. They’d expected 

more from a molecule receiving so much attention from 

the biomedical world and consumers. As they surveyed 

the scant literature, they wondered: Is this all there is?

The desire for more information about how CBD acts 

in the body is growing as various companies pursue it in 

drug development. It’s only in the past decade that the 

first CBD drugs have been approved: Sativex for multi-

ple sclerosis symptoms, in multiple countries; and Epid-

iolex for certain kinds of epilepsy in children, in the U.S. 

GW Pharmaceuticals, the maker of both medications, 

expects European Union approval for Epidiolex soon. 

Beyond that, there are dozens of ongoing clinical trials 

for conditions ranging from schizophrenia to Crohn’s 

disease to graft-versus-host disease—not to mention the 

appearance of CBD in consumer products ranging from 

oils to coffee to tampons.

“CBD is exploding in popularity,” says Nick Jikomes, a 

neuroscientist and principal research scientist at the can-

nabis information site Leafly in Seattle. “It seems that 

every corner store you walk into is selling a CBD some-

thing or other.” In the U.S. alone, a recent Gallup poll 

found 14 percent of Americans use CBD products, and the 

CBD market is projected to top $20 billion per year by 

2024, according to one analysis.

CBD could, potentially, treat such a wide variety of con-

ditions because it binds to various receptors in the body, 

particularly in the endocannabinoid system, which is 

involved in pain, mood, metabolism, reproduction, and 

more. These receptors are found in the nervous system, 

as well as many other tissues, including heart, liver and 

immune cells. CBD can cause side effects such as nausea, 

fatigue and irritability but doesn’t make people feel high.

Considering that people have used cannabis for mil-

lennia, scientists still know surprisingly little about how 

CBD, often the second most prevalent active compound 

in the plant, is absorbed and metabolized by the body. 

“Unfortunately,” Jikomes adds, “we don’t have the infor-

mation we would like to have about dosing.”

The U.S. National Academies of Sciences, Engineering 

and Medicine bemoaned the lack of information to help 

consumers make smart choices about cannabis products 

in a 2017 report. The authors recommended more research 

on the biological actions and transportation within the 

body of cannabis compounds, as well as the effectiveness 

of different delivery avenues and dose-response curves in 

diverse populations. Both CBD’s complex biochemistry 

and government regulations that restrict cannabis stud-

ies, mostly in the U.S., have conspired to slow a detailed 

understanding of its metabolism.

The fact that cannabis and CBD are readily available in 

many parts of the world, sometimes legally and some-

times not, and with or without a prescription, has creat-

ed a unique medical, commercial and legal conundrum, 

says Arno Hazekamp, a cannabis researcher and consul-

tant in Leiden, the Netherlands. CBD is being tested in 

uncontrolled home-based experiments even as scientists 

strive to match defined doses to medical conditions in 

official trials.

In fact, GW Pharmaceuticals’ early CBD research 

helped give families of children with epilepsy the idea 

to try it, with success, well before it was an approved 

medication. Justin Gover, CEO of the company in Carls-

bad, Calif., says of those families, “They inspired and 

motivated us.”

DEARTH OF DATA
By early 2018 Artelo had decided not to pursue CBD for 

stroke, but the researchers wanted to share what they’d 

managed to dig up on the compound. In a review of the lit-

erature on CBD processing, collaborators at Artelo and the 

University of Nottingham, U.K., discussed 24 papers, 

mostly studies of healthy adults.

According to their literature survey, CBD’s half-life 

ranged from one hour to five days, depending on the 

route of administration: delivering the compound by a 

Science writer Amber Dance lives in the Los Angeles area.
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mouth spray meant it lasted just hours, for example. In 

contrast, injected and smoked CBD persisted for about a 

day. One study reported that 31 percent of smoked CBD 

reached the bloodstream. The fraction that reaches the 

bloodstream from pills or mouth sprays is thought to be 

much lower, says Sophie Millar, the intern who had been 

tasked with the literature search at Artelo two years ago 

and who is now completing a Ph.D. in the endocannabi-

noid system at the University of Nottingham.

The team went further in a second article, analyzing 

the doses used in 35 clinical studies. The papers were a 

“mixed bag,” notes study co-author Andrew Yates, a con-

sultant at Artelo. The conditions under study included 

anxiety, diabetes, chronic pain, and more. Doses ranged 

from less than one to 50 milligrams per kilogram body 

weight per day, but no study reported CBD plasma con-

centrations. About two thirds of the studies reported CBD 

to be associated with improved outcomes.

“The more successful trials tended to use a higher dose,” 

Yates says. Lower doses seemed to work for anxiety, 

though. “More research needs to be done, and it needs to 

be done in a controlled, pharma-like way,” Yates says.

That’s what companies like Artelo and GW are doing. 

Since Millar and her colleagues completed their litera-

ture searches in August 2018, GW has published more 

on CBD metabolism in healthy subjects, under various 

dosing regimens with up to 6,000 milligrams at a time. 

CBD reached the blood quickly after a single oral dose, 

hitting its maximum plasma concentration within four 

or five hours. With twice-daily dosing, the compound 

reached fairly steady blood levels after two days, al

though bloodstream CBD did continue to rise over a 

week. The company concluded that twice-daily treat-

ment provided a steady supply of CBD, with minimal 

side effects, including nausea, headache and sleepiness.

But that does not mean that other CBD oils would work 

similarly. “Those data are specific to Epidiolex and the 

formulation,” Gover asserts. “One can’t just read through 

from Epidiolex data into other CBD formulations.”

The lack of reliable data on dosing means that some 

clinical trials might fail not because CBD doesn’t help 

but because they didn’t use the right amount. Other tri-

als may land on a dose that’s okay but doesn’t maximize 

benefit while minimizing side effects.

Many patients aren’t waiting around for more infor-

mation on dosing. They are eager to try CBD products 

for many different ailments and going to their physi-

cians for guidance. But in a recent review, physicians 

noted that many clinicians don’t know how much CBD 

to prescribe, especially if they venture beyond well-un-

derstood indications such as epilepsy and psychosis.

It would help if doctors had formulas to predict a 

starting dose for a given individual with a particular con-

dition, says Jennifer Martin, a pharmacologist and physi-

cian at the University of Newcastle in Australia. For many 

other medications, such as antibiotics, doctors and phar-

macists can enter a patient’s characteristics—such as age, 

sex or kidney function—into such equations to receive a 

suggested dosage. This can be particularly helpful if tri-

als haven’t offered up dosing data for every possible 

patient group, such as people of certain races, Martin 

says. She is working on such formulas for CBD and THC, 

another prominent cannabis compound that is responsi-

ble for marijuana’s high but also has medical benefits.

When Martin searched the literature for CBD 

dose-guidance equations for a recent review, she, like 

Millar, came up short. She couldn’t find even one paper 

that met her criteria: intravenous dosing and reporting 

of individual patient bloodstream concentrations. In con-

trast, 12 studies were available for THC, which has a lon-

ger clinical history.

Martin and her colleagues are now collecting the nec-

essary CBD data: they need correlations between plas-

ma concentration and effects, starting with healthy vol-

unteers, as well as those with liver or kidney problems 

that might alter drug processing. Data from people who 

use CBD to treat specific conditions would be useful, too.

“It’s a bit scary, really, isn’t it?” Martin says. “There’s 

not really much evidence to tell us how much better 

[CBD] is than other therapies that we’ve currently got, 

how much better it is than placebo, and also what dose 

we should use.”

DOSING DIFFICULTIES
CBD’s behavior makes it tricky to understand. It may bind 

to different cell receptors in the endocannabinoid system 

and beyond—including receptors in the serotonin, opioid 

and dopamine systems. And where it binds depends on 

the dose, Jikomes says. At different concentrations, “it can 

essentially behave as a different drug,” he says. So, more 

isn’t necessarily better. In fact, in one study, antianxiety 

effects peaked after a 300-milligram dose; 900 milligrams 

proved less effective.

“There’s not really much evidence to tell us how much better  
[CBD] is than other therapies that we’ve currently got,  

how much better it is than placebo, and also  
what dose we should use.” 

—Jennifer Martin
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Another complication: CBD is oil-soluble. The amount 

of drug absorbed into the bloodstream increases if it’s tak-

en with food or infused into oils. GW reported in its 2018 

study that plasma concentrations more than quadrupled 

when the liquid medicine was taken with a high-fat meal, 

including fried eggs and bacon, compared with the medi-

cine alone. CBD can also be absorbed by the body’s fat 

stores and released later.

All of this means that the ideal prescription will vary 

by many factors, including but not limited to sex, weight 

and medical conditions. In the case of the Sativex mouth 

spray, new users start with one spritz in the evening and 

slowly work up to an effective dose, with a maximum of 

12 sprays daily. Sativex also contains THC, so patients 

can feel when they’ve had too much. With Epidiolex, 

kids start at five milligrams per kilogram body weight 

per day but can go as high as 20 milligrams if needed to 

reduce seizures.

Whatever the indication, the best approach is to start 

with a low dose and raise it slowly over up to two weeks, 

says Ethan Russo of Vashon, Wash., director of research 

and development for the International Cannabis and 

Cannabinoids Institute in Prague.

Another issue is that CBD is a botanical, from a plant 

that makes more than 100 compounds that come only 

from cannabis, called cannabinoids, plus other potential-

ly bioactive molecules such as terpenoids. Cannabis 

extracts available over the counter contain varying 

amounts of CBD itself, along with other compounds. 

Indeed, some over-the-counter products, on testing, turn 

out to have no CBD at all. Even if some CBD is present, it’s 

probably not enough to have an effect, Hazekamp says. 

“People are massively underdosing themselves.”

Even more standardized products, from pharmaceuti-

cal companies or the government, can vary in form and 

purity. “We’re not dealing with a single molecule, in 

known amounts, as it would be with standard pharma-

ceutical agents,” Russo says. That means that aside from 

the two government-approved medications, doctors can-

not necessarily look to clinical trials to find the right 

dose to prescribe to a patient, who might get the prod-

uct from a different source.

There are some in the scientific community who believe 

that the myriad chemicals in cannabis extracts might be 

a good thing. The additional compounds can create a sort 

of synergy known as the entourage effect. In fact, one 

review found that CBD-rich extracts, compared with puri-

fied CBD, worked against epilepsy at lower doses and with 

fewer side effects. Using such extracts could result in 

more effective, less expensive medications, Russo sug-

gests. On top of all that, CBD trialists must also consider 

drug-drug interactions. Like grapefruit juice, CBD can 

block liver enzymes that break down other drugs.

Despite these myriad challenges, researchers are forg-

ing ahead. Some are monitoring people who are already 

using over-the-counter CBD, from diverse sources and 

for a variety of ailments, to get a better sense of how 

much of the compound might work for different condi-

tions. “If you have those data, it doesn’t mean you have 

proof, but then you can narrow down the combinations 

of products and diseases that really seem to matter,” 

Hazekamp says.

Martin notes that after she published her review on the 

dearth of data on CBD, she received many calls from sci-

entists eager to collect and share the right information.

This article is reproduced with permission and was first 

published in Nature on September 6, 2019.
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Stem  
Cells  
2 Go

Japan has turned 
  regenerative medicine 

 into a regulatory 
free-for-all. 

    Patients across 
             the world could 

     pay the price 
         By David Cyranoski 
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Tucked away in Tokyo’s trendiest fashion district—two floors above 
a pricey French patisserie and alongside nail salons and jewelers— 
the clinicians at Helene Clinic are infusing people with stem cells to 
treat cardiovascular disease. Smartly dressed female concierges with 
large bows on their collars shuttle Chinese medical tourists past an 
aquarium and into the clinic’s examination rooms.

During a typical treatment at Helene, clinicians take 

skin biopsies from behind the ear and extract stem cells 

from the fat tissue within. Then they multiply the cells, 

infuse them intravenously and, they claim, let them 

home in on the damage—in this case, arteries stiffened 

by atherosclerosis.

Two posters on the wall outline promising results 

backed by major pharmaceutical companies and pub-

lished in top scientific journals. They lend an air of legiti-

macy, but neither presents data on treatments offered at 

the clinic. When pressed for details by a visitor (who did 

not identify himself as a journalist), a concierge said that 

she could not offer evidence that Helene’s services are 

effective at treating the condition, mainly because results 

vary by patient. She eventually explained that the treat-

ment is more for prevention. “It’s for antiaging,” she said.

When Nature later contacted the company with a list 

of questions, a representative declined to provide evi-

dence that the treatment works or information on the 

number of people treated or their outcomes, saying that 

the company would be announcing the results in future 

conference presentations. He affirmed that Helene Clin-

ic conducts all the necessary reviews and approvals for 

the procedures it performs as required by law and that 

patients have not developed side effects.

Clinics such as this, which sell unproven cell-based 

therapies, aren’t new and aren’t unique to Japan. They’ve 

become common globally, from Mexico to Ukraine, India 

and Australia, and regulators are struggling to keep up. 

In the U.S., authorities have grappled with a surge of 

clinics selling therapies that are unsupported by evi-

dence and, in some instances, have harmed people. In 

Japan, however, the proliferation of stem cell clinics is 

different: it is sanctioned and promoted at the top eche-

lons of government, thanks to a pair of regulatory acts 

designed to stimulate business and position Japan as a 

world leader in regenerative medicine.

Five years after Japan adopted these regulations, more 

than 3,700 treatments, including many based on stem 

cells, are on offer at hundreds of clinics across the coun-

try, and a wave of foreign companies has set up shop 

there. “Japan has become a focal point for the develop-

ment of innovative therapies,” says Gil Van Bokkelen, 

chief executive of the biotechnology company Athersys 

in Cleveland, Ohio, which is pursuing clinical trials of a 

stem cell–based treatment for stroke and respiratory 

disease in Japan.

Many companies, however, are taking advantage of 

the regulatory paths to avoid rigorous testing of their 

therapies and get them on the market fast. Scientists say 

that people who use them are probably not getting effec-

tive treatments. Most of the therapies approved for seri-

ous illnesses are supported by scant evidence, and there 

have been at least four reports of adverse events, includ-

ing one death. Even government researchers and aca-

demic scientists who support the regulations say that 

changes are necessary.

Clinics maintain that they are operating within the 

law. And government officials argue that Japan’s system 

is safer than those in other countries because it keeps 

tabs on the treatments being offered. But the policies 

might be giving people false hope about how effective 

these therapies are.

Meanwhile Japan’s bold experiment in deregulation is 

beginning to influence others. Taiwan and India, for exam-

ple, have started to follow the country’s lead, and regula-

tors elsewhere are feeling pressure from companies, 

patients and other advocates to speed up the approval 

process. “If we’re left with very different global regulatory 

standards, it’s going to be a really big problem,” says Peter 

Marks, director of the Center for Biologics Evaluation and 

Research at the U.S. Food and Drug Administration.

David Cyranoski works for Nature magazine.T
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One of the harshest critics, cardiologist 

Yoshiki Yui of Kyoto University in Japan, says 

that the regulation made quick gains in terms 

of business development but were shortsight-

ed. “They’ve given no thought to what hap-

pens when things go wrong,” Yui says.

SAFETY, NOT EFFICACY
Shortly after taking office in December 2012, 

Japanese Prime Minister Shinzo Abe prom-

ised to invest ¥110 billion (U.S.$1 billion) over 

the next decade into regenerative medicine. 

The bullish attitude came just months after 

Shinya Yamanaka of Kyoto University won the 

Nobel Prize in Physiology or Medicine for his 

work on induced pluripotent stem cells. Abe 

boasted that Japan is the world leader in 

regenerative medicine research but lamented 

the slow pace of clinical application. He soon 

announced two measures that he hoped would 

change that (see “Deregulation in Two Acts”).

One of these, the Act on the Safety of Regen-

erative Medicine (ASRM), adopted in Novem-

ber 2014, allows hospitals and clinics to mar-

ket cellular therapies without going through 

the usual kinds of trials to prove that a medi-

cine is effective. To start offering such treat-

ments, hospitals need to show that they have 

a cell-processing facility that is certified by 

the Ministry of Health, Labor and Welfare 

and then pass their proposal by an indepen-

dent review committee, which must also be 

certified by the ministry.

Before the legislative change, rogue clinics 

were springing up and taking advantage of 

medical tourism. The act was meant to make 

sure that all clinics are registered so there 

would be no surprises, says Masayo Takahashi, 

an ophthalmologist and prominent member 

of the Japanese Society for Regenerative Med-

icine, who has been on government regenera-

tive medicine advisory panels. “The strategy is 

to include everyone, then get gradually strict-

er” about what deserves to be listed, she says.

But the ASRM’s registry can be misleading, 

critics say. Doug Sipp, who researches regula-

tory policy at RIKEN in Kobe, says that it has 

brought “more transparency to the industry.” 

It has forced rogue clinics to meet some basic 

standards. There is a real risk, however, that 

patients will view the registry, “as a kind of 

validation,” he says.

For example, Avenue Cell Clinic, a sleek 

operation in Tokyo that looks more like a spa 

than a medical center, features the fact that 

its treatments are listed on the ASRM registry 

prominently on its Web site. At least 10 

patients have had fat-derived stem cells 

injected into their blood to cure or slow the 

progression of the neurodegenerative disor-

der amyotrophic lateral sclerosis (ALS).

An Avenue Cell Clinic customer service rep-

resentative said on the phone to someone 

calling for information (who did not identify 

himself as a journalist) that the symptoms of 

50 to 70 percent of patients improved after 

the therapy, which costs ¥1.5 million yen per 

dose. Those who benefit are advised to con-

tinue infusions every two or three months. 

“Some people can afford that,” the represen-

tative said. The clinic has about 1,000 patients 

per year for other indications.

Five scientists working on regenerative 

medicine for ALS who were contacted for this 

The Pharmaceutical and Medical Devices Act allows for conditional 
approval of treatments that have gone through some clinical testing. It gives 
companies the opportunity to market a treatment nationally and to receive 
insurance payments, but companies must collect extra data on efficacy over 
a seven-year period. Only three treatments have received this approval. 

Treatment Purpose

HeartSheet Cells from skeletal muscle are used to seed a sheet of tissue 
designed to help heal damaged heart muscle.

Stemirac Uses stem cells derived from bone marrow to try to treat 
spinal-cord injury.

CLBS12 Uses blood-forming stem cells to treat critical limb ischemia.

Classification Requirements Number of  
therapies registered  
(by June 2019)

Class III 
(low risk)

Treatments using cells from a patient and 
performing a function similar to the one 
they originally served, such as immune 
cells activated to fight cancer.

3,373

Class II 
(moderate risk)

Treatments using cells from a patient  
but performing a different function, such 
as stem cells derived from fat used to  
treat atherosclerosis or amyotrophic  
lateral sclerosis.

337

Class I 
(high risk)

Treatments using cells from a riskier source 
such as embryonic stem cells, gene-edited 
cells or cells from another person.

0 

Deregulation in Two Acts
Two laws introduced in Japan in 2014 offer a fast track to the market  
for stem cell–based treatments and other types of regenerative medicine.  
The Act on the Safety of Regenerative Medicine (ASRM) allows companies  
to register a therapy under one of three risk categories. 

Conditional Approvals

Fast-Track Categories 
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story said that there was no convincing evidence that 

this kind of stem cell treatment would help people with 

the disease, and there are several reasons to think that 

it wouldn’t work. Robert Baloh, who studies ALS at the 

Cedars-Sinai Regenerative Medicine Institute in Los 

Angeles, put it bluntly: “Quackery and false treatments 

have been marketed directly to patients for hundreds of 

years, and this is no different.” A representative from 

Avenue Cell Clinic refused a formal request for an inter-

view from Nature but stated in an e-mail that the clinic 

is acting in accordance with the ASRM. When pushed 

for a response to the verdict from ALS scientists, the rep-

resentative said that they were too busy treating patients 

to respond.

In addition to the questions about evidence and effica-

cy, there are also concerns about the qualifications and 

independence of the committees that approve such treat-

ments for inclusion in the registry. The health ministry 

requires that these committees comprise five to eight 

people and include specialists in cell biology, regenera-

tive medicine, clinical research and cell culture. It also 

requires input from lawyers, bioethicists and biostatisti-

cians. But rules about conflicts of interest on the commit-

tee have been lax.

Helene Clinic, for example, had an in-house committee 

that approved some of its therapies, including a treat-

ment for atherosclerosis. A representative for the compa-

ny says that this therapy was never given to patients, and 

Helene now uses an independent, third-party committee. 

The in-house committee was disbanded in March, accord-

ing to the health ministry. The ALS treatment and sever-

al other therapies offered by Avenue Cell Clinic were 

approved by a committee that includes a staff physician. 

The clinic did not respond to questions about this.

The ministry instituted policies in April to prevent 

such conflicts. But even with fully independent commit-

tees, clinics can shop around for the answer they want. 

Yoji Sato, who heads the cellular therapeutics unit of 

Japan’s National Institute of Health Sciences in Kawasa-

ki and who sits on two committees himself, says that 

“committee surfing” is a big problem.

The government is considering extra fixes, such as 

requiring training to make the committee system better. 

“Maybe there is a conflict of interest in the committees, 

maybe the treatments are not effective, but that’s our lim-

it right now,” Sato says.

He nonetheless argues that the system is superior to 

what exists in the U.S., where regulators are continually 

chasing rogue clinics. Sato cites the case of two people 

who lost their sight after receiving an unproven and 

unapproved stem cell treatment in Florida. It took the 

FDA four years and a tortuous legal battle to stop the 

company from offering the treatment. In Japan, for those 

lacking committee approval, “the police can go and arrest 

people,” Sato says.

CONDITIONAL APPROVAL
The other important policy that Abe’s government imple-

mented in 2014 is known as the Pharmaceutical and Med-

ical Devices Act. Under it, a company can earn “condi-

tional approval” to sell a treatment nationwide—not just 

at a single clinic or hospital—and have the costs covered 

by the insurance system. Unlike with the ASRM, the firm 

needs to present data that suggest efficacy from a small 

clinical trial. It can then sell the treatment for up to sev-

en years, as it ostensibly collects better efficacy data. So 

far only three treatments have earned conditional approv-

al: one for spinal-cord injury, one for heart disease and 

one for critical limb ischemia, a painful condition char-

acterized by reduced blood flow to the extremities.

But the pared-down clinical trials necessary for condi-

tional approval have stoked concern in the scientific com-

munity. A 2016 report from the International Society for 

Stem Cell Research said that giving marketing approval 

on the basis of small-scale trials could slow down rigor-

ous evaluations of the treatments and “erode confidence 

in the scientific standards of the field.”

Anecdotally, some people have reported issues. One 

man with a chronic heart condition, who asked not to be 

named to protect his privacy, tried an experimental treat-

ment that involves creating a thin sheet of tissue using 

Japanese Prime Minister Shinzo Abe (right) with stem cell 
biologist Shinya Yamanaka (left) and then RIKEN president 
Ryoji Noyori (center) at a lab visit in 2013.
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transplanted muscle cells extracted from a patient’s 

thigh and placing it onto the damaged heart during 

open-chest surgery. A version of the treatment, called 

HeartSheet, was conditionally approved for treating a 

condition known as ischemic cardiomyopathy in 2015. 

The man, who had a different type of cardiomyopathy, 

met one of the technology’s co-creators, Yoshiki Sawa, a 

surgeon at Osaka University in Japan. Sawa told the 

man that he would be a good candidate for the experi-

mental treatment.

The patient, who was under the impression he was 

receiving HeartSheet, was worried because few people 

with his diagnosis had received the treatment, and he had 

never had heart surgery before. But he gave it a chance.

The man says that he never felt his condition improve. 

Nine months later he suddenly started feeling a shortness 

of breath he had never experienced before. Diagnosed 

with cardiac failure, he was hospitalized for a month. A 

month after being released, he was hospitalized again.

A little more than a year after trying the procedure, he 

was told he needed a heart transplant. “I was told things 

were getting worse,” he says.

Without more information, it is impossible to say 

whether the experimental treatment contributed to the 

man’s cardiac failure. It is just one case, and other expla-

nations are possible. But the uncertainty illustrates part 

of the problem. The clinical trial that led to HeartSheet’s 

conditional approval included only seven people. Terumo 

Corporation, which markets the treatment, is still collect-

ing data on its effectiveness for ischemic cardiomyopa-

thy; it says the patient did not receive HeartSheet as part 

of his treatment. Little is known about the rate and type 

of adverse events that people might encounter.

Central to the debate over Japan’s policy is the value of 

randomized, placebo-controlled trials. These are conven-

tionally considered to be the gold standard for clinical 

research, but Japan’s government followed a position 

floated by the Japanese Society for Regenerative Medi-

cine in 2012, which specifies that trial designs to prove 

efficacy should not always require control groups receiv-

ing a placebo or conventional therapies.

In clinical trials leading to the approval of HeartSheet, 

Sawa stated that the natural progression expected for such 

patients was steady degeneration. Five of the seven people 

who received HeartSheet didn’t get worse, and so the 

treatment looked like it was helping. But a study of some 

3,500 individuals in Japan shows that most people with a 

similar severity of heart disease to the people in Sawa’s tri-

al get better or are stable without drastic intervention. 

Sawa did not respond to a request for comment.

Japan’s health ministry has stuck by its stance on pla-

cebo-controlled clinical trials for regenerative medicine. 

Following the criticism of a treatment for spinal-cord 

injury called STR01 that went on sale in May, Shinji Miy-

amoto, a health ministry representative, argued that 

double-blinded experiments with the therapy were 

“structurally impossible” and said that a sham procedure 

or placebo “would raise ethical issues.”

Bioethicists have long debated the potential harms 

caused by sham treatments in clinical trials and wheth-

er they are fair to participants. Some are certainly too  

invasive, says Jonathan Kimmelman, a bioethicist at 

McGill University, who has advised the Japanese govern-

ment on clinical-trial policy. But doctors researching 

stem cell therapies for spinal-cord injury say that a  

placebo-controlled trial for this condition would be  

relatively easy.

Osamu Honmou, a neurosurgeon at Sapporo Medical 

University in Japan, who offers STR01, had previously 

advocated for double-blinded, placebo-controlled trials 

to prove the treatment’s efficacy in people who have had 

a stroke. According to a 2016 publication, he expected to 

be in the middle of carrying out just such a trial by now. 

But he did not respond to Nature’s request for clarifica-

tion as to what makes such trials appropriate for treating 

the damage caused by stroke but not for spinal injuries. 

A health ministry representative says that a sham proce-

dure would be unethical in the latter case because 

patients need treatment within a certain window of time, 

after which therapy might prove less effective. Such argu-

ments, however, assume that the procedure is effective.

Several prominent scientists in Japan have told Nature 

that STR01, also known as Stemirac, shouldn’t have been 

approved for spinal-cord injury. “Abe’s cabinet needs one 

or two examples of success in science urgently,” says one 

cardiologist, who did not want to be named. “Abe’s cabi-

net is being too aggressive.” The administration did not 

respond to requests for comment.

GLOBAL AMBITIONS
Despite holes in the system, Japan is trying to get its regen-

erative medicine policies adopted elsewhere, in part to 

secure markets for its treatments. According to a five-year 

“The law was made for men of good nature,  
but there are many that are not good.  

In 10 years, cell therapy will be very good.  
So we can tolerate criticism now.”

—Masayo Takahashi
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plan released this March by the health ministry’s drug-reg-

ulating division, the government funds outreach pro-

grams aimed at disseminating Japan’s model for regulat-

ing regenerative medicine products and fostering trust 

toward Japanese regulatory agencies and getting Japan’s 

regulatory model introduced in other countries.”

The efforts seem to be making an impact, Sato says. 

Taiwan has drafted a conditional-approval law for regen-

erative medicines based on Japan’s legislation, and South 

Korea approved a system similar to Japan’s in August. 

India mentioned Japan’s system in deliberations leading 

to its first regenerative medicine conditional approval in 

2015. And this year mainland China announced a draft 

policy that would give hospitals free rein to use stem cells 

as “medical practice.” “Several other countries have 

responded in kind, prioritizing a skewed vision of eco-

nomic competitiveness over patient welfare,” Sipp says.

Some hope to see a similar system in the U.K., and say 

that the timing—with the country’s exit from the Europe-

an Union looming—is right. In a February 2018 interview 

with the BBC, Ajan Reginald, co-founder and chief exec-

utive of Celixir, a company in Stratford-upon-Avon, that 

makes a cellular therapy called Heartcel for heart disease, 

said that Brexit could offer the U.K. a chance to introduce 

its own accelerated regulatory pathway.

“There is a lot of enthusiasm among certain people  

in the U.K. to adopt the Japanese model,” says Patricia 

Murray, a stem cell biologist at the University of Liver-

pool. The kind of deregulation done in Japan, she says, 

“will enable companies to sell their bogus therapies 

direct to consumers.”

And the rapid pace of development has presented a 

challenge for regulators elsewhere. The FDA has been 

under increasing pressure from businesses and patient 

groups—including the California Institute for Regenera-

tive Medicine and conservative think tank The Heartland 

Institute—to take an approach more like Japan’s.

Marks explains that it is a problem because people 

point to Japan and say, “‘You guys at the FDA, you’re just 

not approving stuff.’” Marks was responding to questions 

at a medical journalism conference in May in Baltimore 

and he affirmed that his group wants to see new treat-

ments made available. “We just want to see that they’re 

safe and effective.”

Lee Buckler, the chief executive of regenerative medi-

cine company RepliCel in Vancouver, B.C., which licensed 

its skin-rejuvenation product to the Tokyo-based cosmet-

ics company Shiseido in 2016, sees this pressure as a plus. 

He says people who desire fast access to medicines see 

what’s happening in Japan and “press for similar access 

in their country.”

Pride over Japan’s achievements in stem cell biology 

and regenerative medicine have played a large part in the 

efforts to grow the industry. But Yamanaka, who has been 

one of the most prominent faces of those achievements, 

has remained relatively quiet on matters of deregulation.

In contrast to the quickly moving currents elsewhere in 

the country, Yamanaka’s institute, which is dedicated to 

bringing stem cell treatments to the clinic, seems unwill-

ing to rush through a clinical trial. “Double-blinding con-

trol should be considered whenever possible,” Yamanaka 

told Nature. And although he understands that this can be 

difficult for some cell therapies, even in those cases, “sci-

entists should do their best to make clinical trials as objec-

tive and scientific as possible.”

In the absence of objective and scientific measures, it 

becomes difficult to know what and who to trust, some 

stem cell researchers say. “There is a problem,” Takahashi 

observes. “The law was made for men of good nature, but 

there are many that are not good.” Still, she takes the long 

view: “In 10 years, cell therapy will be very good. So we 

can tolerate criticism now.”

This article is reproduced with permission and was 

first published in Nature on September 25, 2019.
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Rethinking 
Herd 

Immunity
The global rise of  

“vaccine hesitancy”  
is changing the landscape  
of disease transmission 

By Lynne Peeples 
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O
n January 13, 2008, an unvaccinated seven-year-

old boy returned home to San Diego from a 

family vacation in Switzerland. He and his 

family were unaware at the time that he had 

been infected with measles during their trip. 

He became sick within a week of arriving home 

and only received a diagnosis of measles the 

following week. Public health officials scram-

bled to assess the situation and ultimately 

determined that, by unintentionally importing the virus causing measles, he 

had exposed 839 people in the San Diego area to it, of whom 11 also developed 

the disease, including a hospitalized infant who was too young to be vaccinated.

This all happened despite the fact that some 95 percent 

of children in San Diego County had been vaccinated 

against the disease. That proportion, according to the 

concept of herd immunity, should be enough to keep 

measles at bay and protect those left unvaccinated. So 

why did the outbreak still occur? That question has 

become more common as outbreaks of preventable dis-

ease increasingly crop up in areas thought to have good 

population-level protection.

Public health researchers note two critical factors that 

continue to drive epidemics of measles, polio, whooping 

cough (pertussis) and other vaccine-preventable diseas-

es—even when broad vaccination rates are high: growing 

numbers of domestic and international travelers and  

proliferating pockets of parents who choose not to vacci-

nate their children.

“The risk of transmission for some of these diseases in 

a globally connected world is higher,” says Orin Levine, 

director of vaccine delivery at the Bill & Melinda Gates 

Foundation in Seattle. “Infectious disease threats don’t 

recognize and are not bound by borders; the best line of 

defense we have is to create virtual walls of immunity by 

increasing vaccination coverage everywhere in the world 

so that viruses can’t make anybody anywhere sick.”

Levine and others talk about a need to consider popu-

lation immunity at both a global and hyperlocal level. 

Take the case of the seven-year-old boy who returned to 

San Diego with measles. His parents had chosen not to 

vaccinate him or his siblings. And he attended a San 

Diego charter school in which parents of 17 percent of the 

students had signed personal beliefs exemption forms to 

opt their children out of required vaccinations. So while 

the average vaccination rate may have been high across 

the county, it varied locally; rates in some neighborhoods 

like his fell far below the necessary threshold to achieve 

herd immunity.

In effect, a cluster of unvaccinated children acts as 

piled-up kindling. When the infected boy returned home, 

he was the match that lit the pile. And the fuel kept the 

virus sustained long enough that it could jump to other 

vulnerable piles. “If you’ve got disease popping up in a 

community, that herd immunity in essence goes away,” 

says Seth Berkley, CEO of Gavi, the Vaccine Alliance, a 

public-private health partnership that aims to increase 

access to immunizations.

Recent headlines describe similar stories: an unvacci-

nated five-year-old French boy reintroduced measles to 

Costa Rica in February, and ongoing measles outbreaks 

in the U.S. have resulted from infected travelers trans-

porting the virus from undervaccinated areas of Eastern 

Europe and Israel to close-knit undervaccinated commu-

nities in Washington State and New York State. A man 

traveling in March from the affected ultra-Orthodox Jew-

ish community in New York City unknowingly sparked 

another outbreak in southeastern Michigan.

In January the World Health Organization listed “vac-

cine hesitancy,” which describes the reluctance or refusal 

to vaccinate despite the availability of vaccines, among 

Lynne Peeples is a freelance science journalist based in Seattle.
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the top 10 global health threats in 2019. Irrational con-

cerns about vaccine safety, such as the now debunked 

theory that the vaccine against measles, mumps and 

rubella causes autism, continue to circulate globally, 

expedited by the widening availability of mobile phones 

and the Internet.

“This social contagion is so important and can’t be dis-

entangled from the disease itself,” says Alessandro Ves-

pignani, a computational epidemiologist at Northeastern 

University. Hesitancy among parents in Houston or Hong 

Kong could well put parents in Caracas or Cologne at 

greater risk of misinformation and all of their children at 

greater risk of infection. “We live in a globally intercon-

nected world, and there is no way that what we do local-

ly is not having an impact on the global scale.”

SUSSING OUT SUSCEPTIBILITY CLUSTERS
Measles is among the most contagious of all infectious 

diseases. Some nine out of every 10 unvaccinated people 

who come into contact with the virus will contract it. And 

someone can be contagious for days before they know 

they are infected, providing plenty of time for a ride on a 

plane or train or at least a solid social schedule. Although 

the virus may not recognize borders, the toll it takes var-

ies widely around the world. Measles fatality rates are 

below 0.1 percent in developed countries, yet rates exceed 

10 percent in some poor countries where people may be 

undernourished or lack access to care. Between 2000 and 

2017 measles vaccination prevented an estimated 21.1 mil-

lion deaths around the world, according to the WHO.

It was during a mid-2000s measles epidemic in Marcel 

Salathé’s home country of Switzerland—the epidemic 

that spread to San Diego, as well as to Austria, Norway 

and other nearby counties—when he began to contem-

plate the role of beliefs in the spread of vaccine-prevent-

able disease. Word was out that many Swiss parents had 

deliberately avoided getting their children vaccinated.

Salathé, a digital epidemiologist at the Swiss Federal 

Institute of Technology Lausanne, had always incorporat-

ed the behavior of viruses but not that of humans, in his 

models of infectious disease dynamics. But soon he began 

to see that belief systems, too, were a powerful predictor. 

In a 2008 paper, he described how opinion-generated “sus-

ceptibility clusters”—pockets of vaccine-hesitant parents 

and their children, for example—allow a virus to persist 

and to jump to other clusters. The phenomenon, he sug-

gested in the paper, “effectively reduces herd immunity.”

In a survey after the San Diego outbreak, local parents 

who chose not to vaccinate their children said they 

believed that getting these immunizations against vac-

cine-preventable diseases was unnecessary because of 

the low risk of catching these diseases. After all, measles 

was declared eliminated in the U.S. in 2000. In countries 

like the U.S., “hesitancy exists because of the success of 

vaccines,” Gavi’s Berkley says. In contrast, he adds, in 

many developing countries today, “you see children dying 

and becoming disabled all around you [from vaccine- 

preventable disease]. When that happens, of course, par-

ents—at least parents who understand science—want 

their children to be protected.”

“The vast majority of people around the world want 

access to immunization,” says Kate Dodson, vice presi-

dent for global health strategy with the United Nations 

Foundation. Yet one in five people who want the measles 

vaccine, she notes, are not able to get it. Often those one 

in five people also cluster together as they face common 

political, economic or cultural challenges. In the Demo-

cratic Republic of the Congo, 1.8 million children miss 

out on a full course of vaccines every year largely because 

of difficulties in reaching clinics or clinics running out of 

vaccines. Ongoing conflict in parts of Pakistan and Syria 

impedes access to vaccines for many people.

The end result of poor access to vaccines parallels that 

of vaccine hesitancy. Both barriers need to be addressed, 

according to public health researchers, because either can 

create a geographical cluster of unvaccinated people that 

becomes fertile ground for a virus to proliferate. “Are they 

refusing to be vaccinated or failing to be vaccinated? From 

the standpoint of the measles virus, it doesn’t care why 

they aren’t vaccinated,” says Matthew Ferrari, a statistical 

disease modeler at the Pennsylvania State University. To 

measles, he adds, a cluster arising from a lack of access 

“looks just like a kindergarten full of kids whose parents 

are actively refusing vaccination.”

VIRAL SPREAD
Misinformation, Berkley says, “really is spreading at the 

speed of light.” And the implications go beyond measles 

to other diseases. Berkley refers to measles as the “canary 

in the coal mine.” Because of its high rate of infectious-

ness, it is usually the first vaccine-preventable disease to 

show up when overall vaccination rates start slipping. 

Should trends continue, outbreaks of pertussis, tetanus 

and other diseases that require lower levels of coverage 

to achieve herd immunity, could be close behind.

For this reason, measles is “the perfect disease to study,” 

adds Bruce Lee, an international health professor at the 

Johns Hopkins School of Public Health. Its rise can also 

raise a warning that further vaccine-preventable diseas-

es such as hepatitis B, for which symptoms tend to be less 

obvious and more delayed, “may be spreading more qui-

etly and insidiously.”

Social media–fueled antivaccination campaigns are 

thwarting measles vaccination efforts around the world, 

including in India, Israel, Madagascar, Venezuela and 

Ukraine, among other countries. In northern Nigeria, 

work to eradicate polio is being derailed by dangerously 

false rumors that the vaccine is contaminated with anti-

fertility agents and that vaccine deployment is a ploy to 

infect children with the monkeypox virus. And it is not 

only conflict and poverty that stop some parents in Paki-
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stan from vaccinating their children. Distrust in vaccina-

tion campaigns grew—and reverberated online—after 

the U.S. conducted a sham hepatitis B vaccination proj-

ect in its targeting of Osama bin Laden. The Central Intel-

ligence Agency attempted to obtain DNA from Osama’s 

relatives to confirm his whereabouts before storming the 

Abbottabad compound.

Ulterior motives are at play as well. The Russian Twit-

ter bots responsible for spreading fake news during the 

2016 U.S. election have also been pushing antivaccine 

misinformation to further promote political polarization. 

Meanwhile some Web sites appear to be cashing in on 

parents’ fears by selling antivaccine books, supplements 

and online seminars.

All that online vaccine hesitancy chatter may at least 

have one silver lining: the creation of valuable data. Sal-

athé has found that tracking tweets on Twitter, for exam-

ple, can help identify local clusters of vaccine hesitancy. 

Data from Internet search engines and other social media 

sites, too, offer volumes of useful information.

Combining these behavioral data with streams of infor-

mation from medical records, flight logs and mobile 

phones may enable models to more powerfully predict 

the spread of vaccine-preventable diseases and better tar-

get vaccination and education campaigns. According to 

Vespignani, “This is a way to simulate disease much clos-

er to what we do with the weather forecast.”

In addition to long incubation time, another difficulty 

in modeling a disease like measles is relative scarcity in 

recent decades. “Now, unfortunately, we have enough 

cases and outbreaks where modeling can become a kind 

of good intelligence,” Vespignani says.

To account for the geographical variability in vaccine 

coverage, which has also been a hurdle for modelers, 

researchers are now rapidly increasing their resolution. 

In a paper published in April, Jonathan Mosser and his 

colleagues estimated vaccine coverage at a resolution of 

five kilometers by five kilometers in 52 African countries. 

They found that while diphtheria-pertussis-tetanus 

(DPT) vaccine coverage had increased across Africa, “sub-

stantial geographical inequalities” persisted within and 

across countries. Better localization of clusters of unvac-

cinated people could improve simulations of disease 

spread, says Mosser, a clinical fellow at the Institute for 

Health Metrics and Evaluation at the University of Wash-

ington. “All the ingredients are there,” adds Salathé, not-

ing the recent availability of big data, computational 

power and complex algorithms. “The challenge is really 

to put everything together.”

GOOD POLICY
Policy approaches may aid in tackling vaccine hesitancy, 

too. On May 10, in response to a measles outbreak that 

had sickened 74 kids, Washington State Governor Jay 

Inslee signed a bill to remove the ability of parents to 

exempt their children from measles, mumps and rubel-

la vaccination for personal or philosophical reasons. 

Every U.S. state allows exemptions when medically nec-

essary. And all but three states allow religious exemp-

tions. Washington had been among the more than a doz-

en remaining states that also allow exemptions for “per-

sonal, moral or other beliefs.”

In a 2018 paper, Peter Hotez, dean of the National 

School of Tropical Medicine at Baylor College of Medi-

cine, and his colleagues identified 15 counties in the U.S. 

with populations at risk for measles and other vac-

cine-preventable diseases because of high rates of non-

medical exemptions. About half of those counties were 

reporting outbreaks of measles in 2019.

Even a 2015 state ban on all nonmedical exemptions 

seems to have fallen short in California, where another bill 

was proposed that would prevent parents from doctor-

shopping for medical exemptions to bypass the law.

Vaccination has always been the province of either 

local or state governments. In 1905 the U.S. Supreme 

Court upheld the authority of Cambridge, Mass., to 

require vaccination against smallpox after a minister 

refused over safety concerns. But more action is needed 

at the national and international levels, says Lawrence 

Gostin, a professor of global health law at Georgetown 

University. He laid out a detailed three-pronged strate-

gy in a paper published in April.

“The federal government, as a matter of constitution-

al law, is not permitted to directly tell states what to do,” 

he says. “But it can condition federal dollars based on 

the states’ conformance with federal standards, which, 

in this case, would be to eliminate or significantly tight-

en all nonmedical exemptions.”

He is also recommending that the feds work with 

social media companies to “filter out unscientific, unsub-

stantiated information about vaccines,” as well as fund 

state and local advocacy campaigns to restore faith 

among the public in the safety and importance of vac-

cines. “The campaign wouldn’t accuse parents of being 

ill-willed,” Gostin says. “It would assume, as I assume, 

that if most mothers and fathers had access to reliable, 

trusted sources of scientific information, then they 

would do right thing and vaccinate their children.”

Hotez highlights the same three strategies—and 

underscores their urgency. He has spent most of his 

career developing vaccines for globally neglected diseas-

es and says he worries that the spreading vaccine hesi-

tancy will “compound the problem” of introducing new 

vaccines for malaria, dengue, and the like.

“All countries that are experiencing significant vaccine 

hesitancy should have a similar kind of plan,” Gostin 

observes. “Vaccines were the greatest public health 

achievement of the 20th century, and we want it to con-

tinue into the 21st century.”

This article is reproduced with permission and was 

first published in Nature on June 21, 2019.
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OBSERVATIONS

The False  
Promise of Fish 
Oil Supplements
After decades of speculation that they “may 
work” to reduce cardiovascular disease, the lack 
of demonstrated benefit leads to the conclusion 
that consumers are wasting their money

Every 38 seconds someone in the U.S. dies 
from cardiovascular disease. Even more wor-
risome: deaths from cardiovascular disease 

have been rising dramatically since 2011 follow-
ing years of decline. Strokes, heart attacks and 
other cardiovascular events cause great suffering 
and are an enormous health care burden.

These statistics are particularly troubling 
because every month, approximately 19 million 
people in the U.S. take fish oil supplements,  
many in the hopes of preventing heart disease—
despite the absence of reliable evidence that 
such supplements (also called omega-3 fatty acid 
supplements) prevent cardiovascular disease and 
its serious consequences. To the contrary, all 
studies of fish oil supplements conducted to date 
have failed to show any significant clinical ben- 

efits beyond those of standard-of-care therapy.
Consumers have been told so many times that 

dietary fish oil supplements promote heart health 
that it seems to be accepted as factual. But this 
conventional thinking is not supported by the 
science. After decades of promises that fish oil 
“may work,” the lack of demonstrated benefit leads 
me to conclude that consumers are wasting their 
money on supplements in an effort to reduce 
cardiovascular risk.

A summary of all the evidence was recently 
published in the prestigious medical publication 
Annals of Internal Medicine. This review, published 
July 9, 2019, examined the effectiveness of 24 
supplements and diets in preventing cardiovascular 
disease. The authors evaluated nine systematic 
reviews and four randomized controlled trials, which 
encompassed 277 trials and 992,129 participants. 
Findings indicated that few nutritional supplements 
or dietary interventions offered any protection 

R. Preston Mason, Ph.D., M.B.A., has been a member  
of the Cardiovascular Division at Brigham and Women’s 
Hospital and Harvard Medical School since 2002.  
He is also president and co-founder of Elucida Research  
in Beverly, Mass.
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against cardiovascular disease or death and that 
some may actually cause harm. Omega-3 products, 
in particular, yielded “low-certainty” evidence that 
they were associated with reduced risk for myocar-
dial infarction and coronary heart disease.

Because the U.S. Food and Drug Administration 
classification for dietary supplements such as fish 
oil is different from that of prescription drugs, these 
supplements are not manufactured or reviewed by 
the FDA in as stringent a manner. Most found on 
the market—unlike prescription medications and 
certain over-the-counter (OTC) drugs—have not 
demonstrated effectiveness and safety in place-
bo-controlled clinical trials. This can be confusing: 
fish oil supplements, for example, are readily 
available to patients and often have labels that 
imply a benefit to cardiovascular health, yet they are 
not intended to treat any medical condition.

This study is just the latest in a growing body of 
evidence demonstrating the absence of benefit of 
fish oil supplements for heart health. Other studies 
looking into what common fish oil supplements ac- 
tually contain have found they have lower amounts 
of omega-3 than specified on the label, variable 
content and unregulated purity, and potentially 
significant levels of saturated fat and rancid oils.

It’s not just patients who are confused about the 
tested efficacy and safety of fish oil supplements. 
A survey conducted by Fairleigh Dickinson 
University’s PublicMind found that among those 
physicians and pharmacists who had recommend-
ed a nonprescription omega-3 product to patients, 
more than four in five (85 percent) believed 
incorrectly that they had recommended an 

FDA-approved OTC product. Thirty percent of 
pharmacists and 22 percent of physicians stated, 
incorrectly, that prescription and dietary supple-
ment omega-3 products are similar in strength 
and content. This is an example of the adage that 
if something is said often enough, people will 
believe it to be true.  

To help stop the alarming increase in deaths 
from heart disease, patients at risk for cardiovas-
cular disease, as well as their health care provid-
ers, need to have an evidence-based rationale for 
what they use and recommend for heart health. 
Fish oil supplements should be treated with the 
same scrutiny as a prescription medication, 
particularly if patients or consumers are taking 
them for the specific purpose of preventing or 
treating cardiovascular disease.

As Amitabh C. Pandey and Eric J. Topol  
of Scripps Research Translational Institute,  
Scripps Research, and Scripps Clinic said in their 
editorial regarding the review published in the 
Annals of Internal Medicine, “it would be reason-
able to hold off on any supplement . . . in all 
guidelines and recommendations.”

   Editor’s Note (9/27/2019): Because of an error 
on the part of Mason’s representative, the biogra-
phy attached to this post failed to disclose his rela-
tionship with Amarin Corporation. The company 
manufactures a triglyceride-lowering drug called 
Vascepa, which competes in the marketplace with 
fish oil supplements. Mason has been the author 
of 12 papers on fish oil, 10 of which were suppor-
ted by Amarin, and another of which was “critically 
reviewed” by employees of the company. 
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OBSERVATIONS  
Getting Serious  
about Tick-Borne 
Diseases
The U.S. vanquished malaria and beat  
back AIDS, but Lyme and other illnesses  
are raging unchecked

In the 1980s the fight against AIDS was tragical-
ly delayed, in part because the virus primarily 
affected the marginalized populations of drug 

addicts and gay men.
Today another epidemic rages unchecked: the 

number of Lyme disease cases has doubled since 
2004, for a total of more than 400,000. The 
victims are mainly residents of suburban and rural 
enclaves—93 percent white, many middle class, 
and surely an atypical disenfranchised group.

These people, including many children, are 
infected by ticks in backyards and on play-
grounds, while walking their dog or visiting a park. 
At least 10 to 20 percent stay sick for a year, 
with 5 percent still suffering 15 years later—this 
among patients receiving early treatment, who 
have the best outcomes. Brain inflammation, 

nerve damage and “severe” functional impairment 
have been documented.

Yet when patients blame failed tests and 
treatments for their persistent symptoms, when 
they seek additional care for Lyme disease, they 

are often told they suffer from anxiety or chronic 
fatigue syndrome. They are derided, called anti
science, denied insurance reimbursement. 

They are dismissed in ways comparable to those 
experienced by their AIDS-afflicted brethren. G
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Deer tick (Ixodes dammini), 
carrier of Lyme disease.

Mary Beth Pfeiffer, a resident of New York 
State’s Hudson Valley, is an investigative 
journalist and author of Lyme: The First Epidemic 
of Climate Change.
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We are at a crossroads for Lyme and other 
serious tick-borne diseases. A controversy over 
the cause of lingering symptoms—is it ongoing 
infection or something else?—has so stymied 
progress that it has let mushroom an army of 
ticks. There is a solution. When society finally 
accepted the threat and gravity of AIDS, scien-
tific conferences, fellowships and laboratories 
were funded. Researchers carried out clinical 
studies—11,500 are listed to date in the U.S. 
government’s database of clinical trials. Scientists 
found answers.

We must do the same for Lyme disease, for 
which, by comparison, only 66 studies have been 
conducted. We must build an infrastructure to 
attack the illness. 

In the past century the U.S. has faced two 
major epidemics caused by bugs that bite.  
The responses were drastically different: In the 
1930s the country financed huge public works 
programs that, by 1951, brought mosquito 
populations under control and eradicated malaria. 
But since the 1970s government agencies  
have battled Lyme disease largely by urging 
people to use repellent, wear white clothing and 
do body checks. 

The upshot: mosquito-borne diseases are 
“largely suppressed” while “tick-borne diseases  
are rampant,” scientists reported recently in the 
journal BMC Public Health. For ticks, “proven and 
scalable control measures do not exist,” wrote 
three officials from the U.S. Centers for Disease 
Control and Prevention in 2018.

Somehow insects that fly are far scarier than 

eight-legged arachnids that lie in wait on a bit of 
shaggy grass, their forelegs waving expectantly, 
when they sense the breath of a passing human. 

In 2017 mosquito-borne West Nile virus, which 
currently infects about 2,000 people annually in 
the U.S. received $42 million in support from the 
U.S. National Institutes of Health. Lyme disease, 
with 20 times the number of reported cases, got 
half as much, a figure that has changed little in 
a decade. 

Just months after the mosquito-borne Zika virus 
emerged in 2016, Congress appropriated $1.1 bil-
lion, alarmed over its real potential to cause birth 
defects. The epidemic quickly petered out, howev-
er, with just seven mosquito-acquired Zika cases 
reported in the U.S. in 2017. That year 42,700 
Lyme disease cases were reported, about a tenth 
of what the CDC suspects the actual toll, because 
most cases go unreported.

Lyme disease from black-legged ticks is only 
a part of the problem. Cases of anaplasmosis and 
ehrlichiosis have soared, increasing sixfold since 
2004. Malarialike babesiosis, once limited to 
coastal islands, has been reported in 27 states;  
it makes Lyme disease far worse. The lone star 
tick, common in the South, has migrated to vast 
tracts of new territory as the climate has warmed, 
its bite causing a potentially severe meat allergy 
unheard of a decade ago. In 2017 the Asian 
longhorned tick became the first new tick species 
in the U.S. in 80 years. Now in 11 states, the ticks 
so infested five cows in North Carolina recently 
that they died of anemia from blood loss. The 
implications for agriculture could be dire because 

female longhorned ticks can clone themselves, 
vastly increasing birth rates. 

Too much time has been wasted amid argu-
ments over so-called chronic Lyme disease. We 
know we have a problem. It demands a “paradigm 
shift,” as the authors of the BMC article put it.

We must put aside our entrenched views of 
Lyme disease, for which research funding has 
been paltry and static. The ranks of the infected 
and infirm are growing. Prevention efforts have 
failed. Do the work on ticks. 
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OBSERVATIONS

It’s Time for  
a World without 
Gender
Let’s treat people based on who they are rather 
than on the form of their genitals

The idea of gender is undergoing a revolution, 
as unconventional gender behaviors gain  
in acceptance. At the same time, however,  

virtually every societal move away from the gender 
binary—such as permitting gender-neutral desig-
nations on various documents—triggers a corre-
sponding backlash.

These controversies bring to the fore a centu-
ries-old question: How fundamental are sex 
categories? Do humans “naturally” belong to one 
of two groups, female or male, that are distinct not 
only in the form of their genitals but also in their 
brains and behavior?

For about 1 percent of humans, answering this 
question in the affirmative leads to a great deal 
of physical and emotional pain. These are people 
born with intersex genitals; for them, being forced 
to fit into one of two sex categories often means 
facing ostracism or undergoing medically unnec-

essary surgeries. But what about all the others? 
Do humans with female and male genitals belong 
to two distinct classes?

Studies comparing groups of women and men 
often find differences between the two. Some 
of these are small (for example, women’s reading 
comprehension is, on average, slightly better than 
men’s); other differences are large (for example, 
most women prefer a man as a sex partner, 
whereas most men prefer a woman). One can 

argue ad infinitum as to whether these differences 
stem directly from an individual’s sex (for example, 
a result of exposure to high levels of testosterone 
in the womb) or from the different ways in which 
society treats individuals with female and male 
genitals. But this nature-versus-nurture debate  
is irrelevant to this question: Do women and men 
belong to two distinct classes?

If so, then characteristics on which women and 
men differ should add up consistently within each 
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individual—just as genital organs do (most humans 
have genital organs that are either all male or all 
female; only that 1 percent with intersex genitals 
have a mixture of the two types). But differences  
in brain and behavior between men and women 
don’t add up in this manner. Very few individuals 
have only female-typical or only male-typical 
characteristics. Most humans are a mixture of 
both—a unique mosaic of female-typical and 
male-typical characteristics. Our scores on various 
neural, psychological and behavioral parameters 
don’t consistently add up in any one person. Rather 
they mix up. You may very well score high on the 
ability to visualize geometrical objects, as is more 
common in men, but at the same time, you may be 
more interested in people than in things, as is more 
common in women. You may be a nurturing type 
and also good at fixing things. The list of potential 
mosaics goes on and on. 

But if humans are mosaics of features, why  
do men and women sometimes seem to be so 
distinct? The answer lies in the binary division 
itself. Even though humans do not belong to two 
distinct sets in terms of their brain and behavior, 
the binary division of humans into two social 
categories is real, and it exerts a profound effect 
on the way we behave and the way we perceive 
ourselves and others. The gender binary assigns 
different roles, status and power to humans  
with male and female genitals, and different 
expectations from them in terms of their behavior, 
preferences and psychological characteristics; 
it forces a population of human mosaics into a 
binary straitjacket.

Some of the effects of this role assignment may 
be relatively benign—discouraging people from 
baking cookies or mastering other skills they 
might consider “gender-inappropriate.” But many 
are not: even in gender-aware Western societies, 
the binary affects women’s and men’s career 
choices; exposes women to gender and sexual 
harassment; and leaves men to die in droves in 
armed conflicts and in work-related accidents.

It is time to get rid of the gender binary. It is time 
to start treating people according to their unique 
mosaics of characteristics rather than according 
to the form of their genitals. It is time for a world 
with no gender.

A world with no gender means that the form  
of one’s genitals, whether female, male or inter-
sex, has no social meaning—just as being 
right- or left-handed has no inherent meaning. 
(Although it used to: not so long ago left-handed 
people were considered less capable than those 
who are right-handed, and parents would force 
their left-handed children to use the right. It’s 
 no coincidence that “right” is another word  
for “correct.”

Scientists, meanwhile, searched for the neural 
deficits responsible for left-handedness. All these 
efforts have vanished, even though we are still 
left- or right-handed, and even though left-handed 
people are often frustrated that many tools and 
other objects are designed only for righties.

A world without gender does not mean there 
would be no differences, on a group level, be-
tween humans with female and male genitals. But 
in a world without gender, we simply wouldn’t care. 

And why should we? If your child excels in math 
or if you love poetry, does it really matter whether 
there are more people with female or male 
genitals among math wizards or poetry buffs?

I’ve had people tell me that the gender binary  
is a direct consequence of there being two sex 
categories. But even if this were true, it would 
provide an even stronger argument for getting rid 
of the binary gender system. Because if the 
effects of sex are unavoidable, then there is 
surely no need for a complex social system to 
enforce them.

A world without gender is a world in which 
humans are encouraged to develop their full 
human potential. It’s a world in which characteris-
tics that are considered desirable for humans, 
such as empathy and assertiveness, are encour-
aged in everyone, regardless of the form of their 
genitals—and regardless of whether they have 
difficulties in acquiring these characteristics 
because of their genes, hormones, inadequate 
parental treatment or socioeconomic conditions. 
At the same time, children and adults possessing 
characteristics that are considered undesirable, 
such as aggressiveness, are helped in overcoming 
them, regardless of their cause.

A world without gender is a world in which 
humans are free to fully express their talents in  
all areas, be it math or poetry—or both; in which 
humans are treated according to who they are  
and not according to the form of their genitals; in 
which even the thought of grouping them by their 
genitals sounds as bizarre as grouping people 
according to the color of their eyes.
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