
206    15 JULY 2016 • VOL 353 ISSUE 6296 sciencemag.org  SCIENCE

P
H

O
T

O
: 

M
IC

H
IE

L
 D

E
 F

O
T

O
G

R
A

A
F

 2
0

1
5

By Martin Enserink, 

in Leiden, the Netherlands

T
he grueling climb up Mont Ventoux 

in southern France is one of cycling’s 

legendary ascents: a 22-kilometer 

path of pain, heroism, defeat, and 

death. One kilometer from the bar-

ren, windy summit is a memorial to 

Tom Simpson, the famous U.K. rider who 

collapsed and died there in 1967. An au-

topsy revealed that Simpson had taken 

amphetamines and alcohol to boost his per-

formance, which may have contributed to 

sudden heart failure.

This year’s edition of the Tour de France—

which had a rendezvous with Mont Ventoux 

on Bastille Day, 2 days after Science went to 

press—has been remarkably free of doping 

scandals so far. But less than a month ago, 

in another race up the same slope, fully half 

the cyclists had a banned substance cours-

ing through their veins. It wasn’t a sports 

event, but a scientific study: the largest ever 

trial to test whether erythropoietin (EPO), a 

drug that has marred the Tour for decades, 

really enhances athletic performance as 

users claim.

The scientists who organized the study 

have yet to analyze the full results, but they 

have already shared a key outcome with 

the press: Riders on EPO, which stimulates 

the body to make extra oxygen-carrying 

red blood cells, were no faster than those 

who took a placebo. The finding flies in the 

face of previous, smaller studies and cycling 

lore, and some are incredulous. “Based on 

what we know so far about EPO, I would 

be very surprised if that’s true,” says Don 

Catlin, the CEO of Anti-Doping Research, a 

lab in Los Angeles, California.

But Catlin and other doping researchers 

applaud the team for subjecting EPO to a 

rigorous trial. Such studies are rare; crit-

ics have argued that the ever-growing list 

of banned substances in sports—and the 

international testing industry that enforces 

it—have no firm basis in science.

For the World Anti-Doping Agency 

(WADA) to ban a substance, it must meet 

two of three criteria: It enhances perfor-

mance, poses a threat to athlete health, or 

“violates the spirit of sport”—a criterion 

that helped put recreational drugs like can-

nabis on the list. Proof isn’t needed for any 

of the criteria, and evidence of performance 

enhancement is lacking in all but a handful 

of instances, such as the use of anabolic ste-

roids in some strength-based sports.

Good studies are hard to do. Industry has 

no interest in footing the bill, and athletes 

would risk their careers if they participated. 

So a team led by Adam Cohen, the head 

of the Centre for Human Drug Research 

(CHDR) here, turned to amateurs. They en-

listed 48 well-trained male amateur cyclists 

for a randomized, controlled, double-blind 

study—the gold standard in medicine—

“as if we were testing a treatment for a 

disease called cycling slowly,” says Jules 

Heuberger, a Ph.D. student at CHDR and a 

cycling aficionado. Cyclists from around the 

world offered to take part, he says. “EPO has 

this almost mythical status. People thought 

it would make them fly like a rocket.”

Participants were injected with EPO or 

a placebo for 8 weeks, during which they 

completed seven endurance tests in the lab. 

The final challenge was a 130-kilometer 

ride ending in the race up Mont Ventoux on 

19 June, a miserably cold day with an icy 

mistral blowing down the moonlike land-

scape. The winner, a lawyer, took an hour 

and 12 minutes to reach the summit. On 

average, riders on EPO were 38 seconds 

slower than the control group, a non-

significant difference. And the EPO users 

hardly felt like they were running on rocket 

fuel; 62% guessed they were on a placebo. 

But could EPO, the drug that allegedly 

helped Lance Armstrong rack up seven 

Tour victories, really be useless? It’s con-

ceivable, Cohen says. Riders may only re-

member winning with EPO and forget the 

losses, he notes. The drug could also be a 

strong placebo; after all, sports are a test of 

the mind as well as the body.

It’s indisputable that the new red blood 

cells spawned by EPO increase the body’s 

maximum oxygen uptake (VO
2
max). But 

such an increase may not boost cycling 

performance, Cohen says. In long-distance 

DOPING 

Cyclists’ favorite drug falls flat in trial
EPO can break careers—but can it really make them?
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By Ann Gibbons

A
ncient DNA has a way of uncovering 

complexity in seemingly simple sto-

ries of our past. Most famously, it has 

shown that modern humans didn’t 

simply replace our archaic cousins 

as we spread across the world; we 

interbred with them along the way. Now, 

this method is adding nuance to the story 

of farming, long known to have originated 

in the Fertile Crescent of the Middle East.  

According to three teams who used new 

techniques to gain glimpses of the nuclear 

DNA of the world’s very first farmers, farm-

ing was adopted not by one group of peo-

ple, but by genetically distinct 

groups scattered across the 

region. “It was not one early 

population that sowed the 

seeds of farming in western 

Asia, but several adjacent pop-

ulations that all had the good 

fortune to live in the zone 

where potential plant and an-

imal domesticates were to be 

found and exploited,” says ar-

chaeologist Colin Renfrew of 

the University of Cambridge 

in the United Kingdom, who 

was not involved in the work. 

The research—a paper 

published online in Science 

this week and two studies 

posted last month on the 

bioRxiv server—can’t pin 

down whether agriculture 

spread quickly among diverse 

peoples or was independently 

invented more than once. But the diversity 

of the first farmers is “very surprising,” says 

statistical geneticist Garrett Hellenthal of 

University College London, a co-author 

of the Science paper. “These early farmers 

who lived pretty close to each other were 

completely different.” 

The earliest archaeological evidence for 

cultivating plants and herding animals 

dates back 10,000 to 12,000 years ago in 

the Fertile Crescent, which arcs from the 

Persian Gulf to Turkey and south to Egypt 

(see map, above). Excavations at Jericho in 

Jordan, Jarmo in Iraq, and Çatalhöyük in 

Turkey, for example, have found evidence 

of early grain farming and sheep and goat 

domestication in different areas at roughly 

the same time.  

Geneticists have been trying to track 

whether one group of people—or just their 

ideas—spread farming early on. A single 

group did carry farming to Europe: DNA 

from ancient farmers in western Anatolia 

shows that they were the direct ancestors of 

Europe’s first farmers, known as the Linear 

Pottery culture (Science, 11 October 2013, 

p. 181); present-day Sardinians share the 

most DNA with these ancient Anatolians.

But the trail of the first farmers went 

cold in the hot climate of the Middle East, 

which destroys DNA. Now, researchers are 

using new methods to prepare samples and 

extract them from the petrous bone of the 

ear, which is unusually rich in DNA. A team 

led by Joachim Burger of the Johannes 

Gutenberg University of Mainz in Ger-

many and including Marjan Mashkour and 

Fereidoun Biglari of the National Museum 

of Iran in Tehran sequenced the complete 

genomes of four goat herders who lived in 

the Zagros Mountains of Iran. They include 

a 9000-year-old male from Wezmeh Cave, 

and three 10,000-year-old skeletons from 

a site called Tepe Abdul Hosein that are 

among the oldest remains of farmers in the 

world. Tests of isotopes in the teeth of all 

four farmers confirm they had diets rich in 

grains, a signature of an agricultural diet. 

ANCIENT DNA

First farmers’ motley roots
Unrelated groups adopted farming at about the 
same time in different parts of the Fertile Crescent

races like the Tour, riders rarely perform 

at maximum uptake. Yet in a review of 

13 previous EPO studies, the CHDR sci-

entists found that all focused on VO
2
max 

instead of performance. Some weren’t con-

trolled, only two had more than 20 partici-

pants, and none left the lab for a real-world 

race. “It’s not what you would normally con-

sider clear evidence,” Cohen says.

Others are reserving judgment until the 

publication is in, but say they find it hard 

to believe EPO does nothing. There are bio-

logical reasons to suggest that increasing 

VO
2
max has an effect, says Bengt Kayser, 

a doping expert at the University of Laus-

anne in Switzerland. Transfusions with a 

rider’s own blood have been shown to boost 

VO
2
max and performance, he says. And he 

notes that the body has EPO receptors in 

many places, including the brain, which 

might provide alternative mechanisms for 

the drug to have an effect.

Although testimonials from athletes 

themselves may not amount to hard evi-

dence, they can’t be dismissed, says Olivier 

de Hon, a scientist at the Anti-Doping Au-

thority of the Netherlands in Capelle aan den 

IJssel, which advised on the study. Sports 

is full of fads that quickly fade—beet juice, 

rich in nitrates, is one recent example—

but De Hon finds it hard to believe that 

cyclists would stick with a useless drug for 

decades. He says the scientists’ time and 

money would have been better spent study-

ing doping substances about which less is 

known, such as human growth hormone, 

insulin-like growth factor 1, and cocaine.

Cohen’s group is now analyzing moun-

tains of data on EPO. Among other things, 

they plan to look at its effects on blood clot-

ting and muscle recovery. They will also 

send 300 urine samples from both groups 

to a WADA-accredited doping lab in Bel-

gium to put EPO testing itself to the test. 

It’s still possible that the EPO group per-

formed better in the lab rides but, for some 

reason, failed to prevail on the mountain, 

Heuberger says. But he would not be sur-

prised to find no difference at all.

Even if the negative finding holds up, EPO 

may stay on WADA’s list. The agency tends 

to err on the side of prohibition, and politics 

plays into the process as well. Some have 

argued that it’s fine to keep ineffective but 

potentially harmful substances on the list 

to deter athletes from using them. Cohen, 

on the other hand, believes delisting a drug 

will make it less attractive to athletes. If 

nothing else, he hopes last month’s sprint 

up Mont Ventoux will show that a science-

based approach to the issue is possible. j

Cyclists on erythropoietin were no faster than those 

on placebos in a race up Mont Ventoux last month.
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Who farmed first
DNA from the world’s oldest farmers in the Fertile Crescent (green) 
shows that they were a diverse lot from the beginning, with distinct 
genetic groups in Iran, Israel/Jordan, and western Anatolia/Greece. 
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Martin Enserink (July 14, 2016) 
Cyclists' favorite drug falls flat in trial
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