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infusion of the gene product,” the researchers wrote.
Although the study findings are promising, questions

remain as to how long the effects of the gene therapy
will last and what advantages it might have over deep
brain stimulation, Dr. Michael Hutchinson of New York
University, wrote in an accompanying editorial. The
added value of the study is that the placebo effect is not
large enough to explain the benefits of gene therapy seen
in open-label surgical trials, he said (Lancet Neurol. 2011
March 17 [doi:10.1016/S1474-4422(11)70041-2]).

A separate investigational gene therapy treatment for
Parkinson’s disease, called CERE-120, proved to be safe

but lacked efficacy in a recent randomized, sham-con-
trolled, phase II trial that was sponsored by Ceregene Inc.
(Lancet Neurol. 2010;9:1164-72). The investigators of that
trial blamed its results on the failed delivery of the ther-
apy (consisting of the AAV2 viral vector and the gene for
neurturin, a member of the same protein family as glial-
derived neurotrophic factor) to dopaminergic neurons.

In the trial, AAV2-neurturin was injected into an area
of the brain called the putamen in patients with Parkin-
son’s disease, where the nerve terminals of degenerat-
ing dopaminergic neurons reside. However, the inves-
tigators realized that neurturin was not being
transported effectively to the cell bodies of the
dopaminergic neurons, which reside in the substantia

nigra (Mov. Disord. 2011;26:27-36).
A new treatment protocol that delivers a larger dose

of AAV2-neurturin to the putamen, as well as directly
to the substantia nigra, is currently being tested in a new
randomized, sham-controlled, phase II trial of approxi-
mately 52 Parkinson’s disease patients at 11 U.S. centers.
The new treatment protocol was successfully given to
six patients with Parkinson’s disease in a phase I trial and
has not been associated with any serious adverse events
after 7-13 months of follow-up, according to Ceregene.

The new phase II trial of AAV2-neurturin is partial-
ly funded by the Michael J. Fox Foundation. ■

Jeff Evans contributed to this report.

Continued from previous page

Neurologists, physiologists, and philoso-
phers were tossed a hot potato in 1983

with Benjamin Libet, Ph.D., and his col-
leagues’ publication of the first attempt to
measure the time of the perception of intent
to make a “voluntary” movement (Brain
1983;106:623-42). Called W, it happened about
250 ms prior to the movement itself.
They compared this time to the on-
set of the Bereitschaftspotential or
Readiness potential (RP), an EEG
potential that had been previously
described by Dr. Hans Kornhuber
and Dr. Lüder Deecke (Pflugers
Arch. Gesamte Physiol. Menschen
Tiere 1965;284:1-17). The RP starts
about a second prior to movement.
This was a shock. It appeared that
the brain was preparing to make a “voluntary”
movement before the person was aware of it!
The experiment has been repeated many
times, so there is no disputing the data; the
controversy is the interpretation.

In this new paper by Dr. Fried and his col-
leagues, they have first repeated the experi-
ment using recording from neurons in the
brain rather than the EEG. Their finding
about the timing of W was similar to all the
other experiments. Since the EEG comes
from neuronal activity, it should not be a
great surprise that they were able to find neu-
rons that changed their activity in the second
or so prior to movement. They then took the
data one step further. By analyzing a small
number of the neurons, they could predict
with a high degree of accuracy, prior to W,
when a movement would occur. Hence, it ap-
pears that the neuronal activity prior to
awareness of intention is marching toward
the motor command. Recently, our group,
led by Ou Bai, Ph.D., has done the same thing
using EEG, although not with the same high
degree of accuracy (Clin. Neurophysiol.
2011;122:364-72).

So what does this mean? If people have
free will in making voluntary movements,
doesn’t the decision have to be made before
the motor command? Here, it looks like the
motor command is being made before the
“decision.” The situation is actually easy to
resolve, but it does involve some careful
thinking. The first point to settle is that the

mind is generated by the brain; it is not sep-
arate from the brain. Most people agree
with that, even though it is easy to fall into
dualistic thinking. We are our brains; what
the brain is doing, we are doing. Hence, it ap-
pears that the decision to make a move-
ment, in this circumstance, arises uncon-

sciously. The decision becomes
conscious, or at least we have
the impression it becomes con-
scious, just slightly before the
movement. The priority is im-
portant. That we have the per-
ception of willing before the
perception that the movement
occurs allows us to draw the
conclusion that we are causal in
the production of the move-

ment; that is, that we freely willed the move-
ment.

Is this compatible with the idea that we
actually have free will? It depends on what
that means. If we are our brains, and our
brain is choosing to do this without exter-
nal coercion, then the movement is free. We
become aware of this, in fact, only some of
the time. Much of the time, we go about
our business without worrying whether
our movements are freely chosen or not.
But, if we think about it, we can appreciate
a sense of willing, or intention, that does oc-
cur prior to the movement. In fact, the tim-
ing of when we can appreciate the upcom-
ing movement may depend on how we
interrogate our brain. Dr. Masao Mat-
suhashi and I showed that if you probe a
person, the knowledge that the movement
is coming can be earlier than if you ask af-
ter the fact when the intention occurred
(Eur. J. Neurosci. 2008;28:2344).

All of this has relevance for the clinical
practice of neurology. My favorite example in
this regard is trying to understand why pa-
tients with psychogenic movement disorders
believe their movements to be involuntary
when they look so voluntary. 
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nvestigators for the first time
have used electrode record-
ings of the firing patterns of

small clusters of neurons to pre-
dict voluntary movement in peo-
ple more than 1 second before
they are even aware of their de-
cision or urge to act.

The experiment, conducted by
Dr. Itzhak Fried of the Universi-
ty of California, Los Angeles, and
his associates, detected sets of
neurons in the supplementary
and presupplementary motor ar-
eas and the anterior cingulate
cortex (ACC) with firing rates
that would progressively increase
or decrease before the partici-
pants had even reported the urge
to push a button on a laptop. 

The investigators then con-
structed algorithms that could suc-
cessfully predict the impending
decision to move at a rate of 70%
or greater, depending on the loca-
tion and size of the set of neurons
chosen (Neuron 2011;69:548-62). 

Dr. Fried and his colleagues re-
cruited 12 patients with drug-re-
fractory epilepsy who had chron-
ic depth electrodes implanted to
determine their seizure focus for
possible surgical resection. While
the patients sat in bed, they
watched an analog clock on a lap-
top computer and were instruct-
ed to push a button after at least
one rotation of the clock’s hand
whenever “they felt the urge to do
so.” Each time that the individu-
als pushed the button, called time
P, the researchers asked them to
indicate where the clock handle
had been when they first felt the
urge to move, called time W.

The participants reported a
mean W time of 193 ms prior to
P, but this varied from trial to tri-
al. In the trials, the greatest pro-
portion of neurons that changed
their activity before W was locat-
ed in parts of the medial frontal
lobe of the brain: the supplemen-
tary motor area (SMA), the pre-
SMA, and the dorsal and rostral re-
gions of the ACC. In some of

these areas, the researchers ob-
served rises in neuronal firing rates
beginning several hundreds to sev-
eral thousands of milliseconds pri-
or to W, whereas progressive de-
clines in firing rates were recorded
in a similar time span prior to W.
The number of neurons that
changed their firing rate also in-
creased as W approached.

The study data did not indicate
that the subjects were cued to re-
spond by the completion of the
clock hand’s first rotation. To sort
out concerns related to potential-
ly inaccurate reporting of W and
the subjective nature of its deter-
mination, the investigators’ ma-
nipulated the timing of W either
forward or backward in time by
fixed amounts or by adjusting its
timing by a random amount.
These analyses indicated that
small temporal shifts in W on the
order of 200 ms or less are still
compatible with the changes in fir-
ing rates seen in recorded neurons
and matched what was observed
within each participant’s trials.

With an algorithm that consid-
ered the responses of electrodes
to be independent of each other
across all participants, Dr. Fried
and his associates found that they
could predict W on a trial-by-tri-
al basis across all participants. The
algorithm could detect changes in
the neural activity of 512 neurons
in frontal lobe regions 500 ms be-
fore W in nearly 90% of the tri-
als. The changes in activity could
be detected in more than 70% of
trials at 1,000 ms before W.

When the algorithm was con-
structed on the basis of firing
patterns from 256 neurons in the
SMA, it detected the neurons’
change in activity at 500 ms be-
fore W in more than 80% of the
trials. In comparison, the change
in activity of 256 neurons in the
ACC at 500 ms before W could
be detected in only 70% of trials.

The research was supported
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