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Review of de Hemptinne et al. (http://www.jneurosci.org/cgi/content/full/28/17/4298)

Smooth pursuit eye movements are influ-
enced by both visual motion signals and
extraretinal factors, such as expectation
(Barnes and Asselman, 1991). In a recent
microelectrode recording study, de
Hemptinne et al. (2008) present evidence
linking the supplementary eye fields
(SEFs) of the rhesus monkey with the pro-
cessing of expectations about the direc-
tion of target motion during smooth pur-
suit. The SEFs are located in the frontal
cortex, dorsomedial to the frontal eye
fields (FEFs) and were first documented
by Schlag and Schlag-Rey (1985), who
found that SEF neurons have directional
firing preferences. SEF neurons exhibit
increased activity before and during eye
movements, particularly for saccades, but
this has more recently been observed for
smooth pursuit eye movements (Heinen,
1994). The work of de Hemptinne et al.
(2008) expands our understanding of SEF
function, by showing that some neurons
in this region encode higher-level motion
direction representations for the initia-
tion and facilitation of smooth pursuit eye
movements.

de Hemptinne et al. (2008) presented a
single moving target to rhesus monkeys;
the target moved either left or right. In

half of the trials, a colored directional cue
was presented before motion onset, indi-
cating the direction in which the upcom-
ing target would move. In the other half, a
neutral cue that did not predict upcoming
target direction was presented. Cues were
presented for 500 ms while the monkeys
fixated. The delay between the cue and
motion onset was 0, 400, or 600 ms.
Single-cell recordings were made in the
SEF region, and eye movements were re-
corded throughout. When a directional
cue was presented, monkeys produced an-
ticipatory smooth pursuit eye movements
in the cued direction. These responses
were of higher velocity and were initiated
earlier with respect to motion onset when
delays were greater than zero.

Analysis was based on 174 of 413 SEF
neurons in which activity was altered by
the presence of a directional cue com-
pared with a neutral cue. The responses of
these neurons to the directional cue were
explored during the interval between the
cue and motion onset. Firing rate was al-
tered in three ways: (1) activity increased
when the cue indicated upcoming activity
in either direction, and these neurons had
no preferred direction before motion on-
set; (2) activity increased when the cue
predicted upcoming motion in the “pre-
ferred” direction only, with no modula-
tion in the opposite (“antipreferred”) di-
rection; or (3) activity increased when the
cue indicated movement in the neuron’s
preferred direction, but decreased when
the directional cue indicated upcoming
motion in the antipreferred direction. The
second type of modulation was the most

prevalent. The majority of responding
neurons (76%) belonged to the second
and third categories, indicating that SEF
neurons have strong directional prefer-
ences. Firing rate increased further still af-
ter motion onset, when visual input was
available; therefore, SEF neurons have a
role in both the prediction of motion di-
rection and the pursuit of a target.

When a neutral cue was presented
without a delay, the cue elicited very few
anticipatory eye movements. However,
when a neutral cue was presented with a
delay before motion onset, randomly ori-
entated anticipatory smooth pursuit eye
movements occurred during the delay in-
terval. There was little change in neural
activity in the SEF after a neutral cue with
any of the delay durations used. In sum-
mary, firing in these SEF neurons in-
creased after the presentation of a cue that
predicted upcoming motion direction,
but not when the cue predicted motion
without specifying its direction. These
cells therefore encoded expectations
about the direction of upcoming motion.

An alternative explanation for some of
the results reported by the authors is that
neuronal activity reflected premotor ac-
tivity signals involved in the execution of
anticipatory smooth pursuit eye move-
ments. These SEF neurons may have been
simply relaying direction expectation sig-
nals computed by upstream neural popu-
lations. However, de Hemptinne et al.
(2008) provide evidence against this.
First, a significant correlation between the
onset of cue-related activity and the onset
of anticipatory eye movements was evi-
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dent in only 7% of the directionally sensi-
tive neurons. The absence of tight tempo-
ral coupling between increased firing and
the beginning of eye movement suggests
that the activity is not simply a premotor
signal. Second, randomly orientated
smooth pursuit eye movements were pro-
duced in the neutral cue condition, but
firing rate in the SEF cells did not rise
above baseline in the majority of recorded
neurons. This suggests that most were not
involved in eye movement production it-
self and may thus be related to expecta-
tion. In future work, this hypothesis could
be tested further by including a “no-go”
task, identical to the cued direction con-
dition, but with fixation maintained
throughout. If SEF activity is truly related
to cognitive expectation of upcoming mo-
tion direction rather than eye movement
execution, then neural activity after the
directional cue should be the same in the
no-go task as in the “go” task.

How do the findings of de Hemptinne
et al. (2008) fit with those of previous SEF
investigations? Chen and Wise (1995) in-
vestigated the changes in SEF activity to
learning a bidirectional visual target sac-
cadic task. They found that SEF neurons
had directional selectivity in horizontal
and vertical planes, but these directional
preferences were not constant or fixed,
and responses changed during the process
of task acquisition. Two main neuronal
modulations to learning were found:
learning-selective cases, in which neurons
increased in activity during task acquisi-
tion, and learning-dependent cases, in
which responses were highest once the
task was familiar. de Hemptinne et al.
(2008) did not investigate the learning
process (their results reflected perfor-
mance after training), or any responses in
the vertical plane. This may explain why
only 42% of all cells tested by de Hempt-
inne et al. (2008) responded to the direc-
tional cue, given that some SEF neurons
may be recruited during task acquisition
only, or may currently be involved in en-
coding non-horizontal directions. Never-

theless, both studies add evidence to the
role of the SEFs in the flexible sampling
and storage of directional information to
formulate expectations about learned oc-
ulomotor behavior.

Of course, the SEFs do not work inde-
pendently of other brain regions. As de
Hemptinne et al. (2008) mention, the
SEFs are reciprocally connected to the
FEFs. In a recent exploration of SEF–FEF
interaction, Coe et al. (2002) used a free-
choice saccade task and found that the
SEF firing was altered before target pre-
sentation, before the FEF neurons. These
authors concluded that anticipatory activ-
ity generated in the SEF reflects internal
decision-making processes for upcoming
oculomotor movement, which is then
transmitted to the FEFs. Furthermore, it
has been hypothesized that the SEFs are
involved in craniocentric (eye in head) oc-
ulomotor control, whereas FEFs are in-
volved in retinocentric (eye) oculomotor
control only. This would mean that the
SEFs also receive input from vestibular
nuclei (Fukushima et al., 2004). Finally,
other areas involved in motion perception
and guiding smooth pursuit eye move-
ments, such as medial temporal/medial
superior temporal areas and various sub-
regions of the intraparietal sulcus, are
heavily connected to the SEFs (Nobre et
al., 1999). How these anatomically dis-
tributed populations are functionally in-
tegrated, and what exact role they play
during target tracking, is a question for
future work.

From the current evidence, it seems
likely that the SEFs are involved in encod-
ing the direction of upcoming movement.
The SEFs may therefore function as a type
of working memory for oculomotor con-
trol; eye movements could be planned and
facilitated by the SEFs by means of an in-
ternal representation of future movement
acquired through experience. This idea
could be further investigated by exploring
the role of the SEFs in anticipating up-
coming target velocity. After all, anticipa-
tory smooth pursuit eye movements are

influenced not only by expectation of up-
coming movement in a particular direc-
tion, but also by the expectation of up-
coming movement at a particular velocity
(Barnes and Asselman, 1991). Indeed,
Fukushima et al. (2004) suggest that the
SEFs encode some types of velocity and
vestibular information, but the SEF activ-
ity appears to be largely task dependent. In
addition, the relationship between SEF ac-
tivity and head movement control could
be explored because, along with eye
movements, anticipatory head move-
ments are often involved in target track-
ing, necessitating suppression of the
vestibulo-ocular reflex by pursuit-related
and other, nonvisual, mechanisms (Fuku-
shima et al., 2004).
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