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Extrageniculate Vision in Hemianopic Humans:
Saccade Inhibition by Signals in the Blind Field

R. RAFAL,* J. SMmITH, J. KRANTZ, A. COHEN, C. BRENNAN

The functional competence of extrageniculate visual pathways in hemianopic humans
was demonstrated by showing that distractor signals in the blind half of the visual field
could inhibit saccades toward targets in the intact visual field. This inhibitory effect of
unseen distractors in patients occurred only when distractors were presented in the
temporal half of the visual field, was specific to oculomotor responses, and did not
occur in normal subjects. These results show that a peripheral visual signal activates
retinotectal pathways to prime the oculomotor system and that these pathways can

mediate orienting behavior in hemianopic humans.

HE ENCEPHALIZATION OF VISUAL

function in the cerebral cortex is a

relatively new development in phy-
logeny. The geniculostriate pathway is fully
developed only in mammals. The domi-
nance of this pathway in human vision over
the older retinotectal pathway to the mid-
brain is striking in neurologic patients who
have suffered complete unilateral destruc-
tion of the striate cortex or its geniculo-
striate afferents. They are blind in the half of
the visual field contralateral to the lesion and
cannot see even salient signals within the
scotoma (blind area).

However, some visual processing may be
preserved in the hemianopic field. Research-
ers have demonstrated this “blindsight” by
requiring hemianopic subjects to move their
eyes or reach toward signals that they cannot
“see” and by using forced-choice discrimina-
tion tasks (1). Although light-scatter artifact
(2) has been excluded as the cause for at least
some of these effects (3), the physiologic
mechanisms of blindsight remain uncertain.
In some patients, residual vision may be
mediated by spared geniculostriate fibers
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and could reflect degraded cortical vision
near the perceptual threshold (4). On the
other hand, some blindsight phenomena
may reflect processing of visual input from
retinotectal afferents to the superior collicu-
lus (5). The current investigation shows that
signals in the hemianopic field activate the
oculomotor system and that retinotectal
pathways can mediate orienting behavior in
hemianopic humans.

As a test of extrageniculate mediation, we
exploited a lateralized neuroanatomic ar-
rangement of retinotectal pathways that dis-
tinguishes them from those of the geniculo-
striate system. When compared to the geni-
culostriate system, the retinotectal pathway
has more crossed fibers from the contralater-
al eye, and the temporal hemiretina (nasal
hemifield) has a smaller direct input to the
superior colliculus. In cats, this pathway is
almost entirely monocular (6), and cats with
bilateral occipital ablations in which extra-
geniculate vision is restored by intercollicu-
lar section orient only toward signals in the
temporal hemifield (7). In monkeys, this
anatomic asymmetry is much less complete
(8). Nevertheless, the functional relevance of
this anatomic asymmetry in humans was
shown by demonstrating that newborns (in
whom the geniculostriate pathways are not
developed) have a strong bias to saccade to
signals in the temporal hemifield (9). Even
in adults, the bias to saccade toward the
temporal hemifield persists under condi-
tions of bilateral, simultaneous stimulation

Table 1. Median saccade latency in milliseconds for each patient. Data are expressed as median = SEM.

Distractor-target interval (ms)

Patient
-500 0 50 150 250
Temporal distractor
1 326 = 25 372+ 18 360 = 17 265 + 18 273 + 14
2 368 =28 415 = 23 395+ 19 239+ 19 328 = 35
3 268 + 11 291 = 12 269 =+ 8 264 = 11 265 + 12
Nasal distractor
1 299 + 14 282 = 11 291 = 14 243 = 16 258 + 18
2 358 =20 324 + 14 357 £ 15 316 = 25 321 = 37
3 278 + 8 276 £ 11 256 = 10 284 + 12 278+ 9

Table 2. Mean reaction time in milliseconds for the hemianopic patients in the key press task. Data are

expressed as mean = SEM.

Distractor-target interval (ms)

-500 0 50 150 250
Temporal distractor
458 + 64 413 + 60 403 + 62 381 =28 418 + 46
Nasal distractor
448 + 66 446 + 66 377 = 46 372 + 69 376 = 68
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(10). This hemifield asymmetry is specific to
oculomotor responses; no temporal hemi-
field advantage was found in a perceptual
(temporal-order judgment) task. Saccades
produce a subsequent inhibition of respons-
es to signals at a recently attended location
(11). This “inhibition of return” is abolished
by midbrain lesions in patients with pro-
gressive supranuclear palsy (12), and in nor-
mal subjects it is enhanced by visual stimula-
tion of the temporal hemifield (11). In the
current study, we measured the effect of
unseen distractor signals presented in the
temporal and nasal blind hemifield of he-
mianopic patients (13).

We studied three neurologic patients and
ten neurologically intact subjects who vol-
unteered to participate after giving informed
consent. All three patients had dense, hom-
onymous hemianopia from a stroke in the
distribution of the calcerine branch of the
posterior cerebral artery that involved striate
cortex (Fig. 1). These patients were totally
unaware of a hand being waved in their
hemianopic field until it crossed the midline
(14). To ensure that the patients were blind
to the distractors to be presented in the
hemianopic visual field, they were first test-
ed, at the beginning of each experimental
session, on a present-absent screening task
of 80 trials. They maintained fixation on a
“+” at the center of the screen. After a
warning signal, a bright “*” target, 1.8° in
diameter, was presented in the blind hemi-
field at an eccentricity of 10°. The subjects
were told that the target would appear in
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Fig. 2. Mean latency of the saccades to targets in
the intact visual field, for three hemianopic pa-
tients, as a function of the interval between onset
of the unseen distractor and onset of the target.
Analysis of variance (ANOVA) reveals an inter-
action between the field of the distractor and
the distractor-target interval [F(4,8) = 5.04, P =
0.025], which is due to an effect of interval in the
temporal distractor condition [F(4,8) = 4.65,
P <0.05]; the effect of interval in the nasal
distractor condition is not significant [F(4,8) =
1.32, P = not significant]. An ANOVA of the
data from the temporal distractor condition com-
paring the no-distractor (—500 ms) and the dis-
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tractor present (0 ms and 50 ms) intervals confirmed that saccade latency with the distractor present was
longer than with no distractor [F(2,4) = 12.37, P < 0.025]. Data arc mean = SEM; n = 3.

half of the trials. All denied seeing the target
at any time. When the experimenter re-
quired that a “yes” or “no” response be
given in every trial, the subjects were reluc-
tant to give anything but a “no” response;
and when the experimenter further required
that they guess “yes” half the time, none
guessed at better than chance level. In the
subsequent experimental sessions, the sig-
nals were of the same size and eccentricity as
those used in this screening procedure, and
the luminance used was less than that in the
screening test (15).

The patients were then tested under mon-
ocular conditions in ten blocks of 50 trials
each (16). The eye occluded by a patch was
alternated across blocks so that the effects of
distractors in the blind temporal hemifield
could be compared with the effects of dis-
tractors presented to the nasal hemifield.

Fig. 1. Reconstructions of the brains of three patients with dense
homonymous hemianopia. Extent of lesion is shown in black for each
patient. The lines on the lateral view indicate the corresponding axial cuts.
The reconstructions (22) are based on computerized tomography scans in
patients 1 and 3, and from magnetic resonance imaging scans in patient 2.

The display consisted of a + that remained
constantly present in the center of the dis-
play, flanked by two dim, unfilled, white
squares. The squares subtended 1.8° of visu-
al angle across and were positioned 10° to
the right and left of the + (although, of
course, the subjects only saw one of these
boxes). After an intertrial interval that varied
randomly from 1000 to 1800 ms, both
boxes brightened for 100 ms, either simulta-
neously or with a variable onset time inter-
val. The subjects’ task was to maintain fixa-
tion on the + in the center of the screen and
to make a saccade quickly to the box as soon
as they saw it brighten in the intact visual
field (17).

Although both boxes brightened on every
trial, in 20% of trials, the onset of the
distractor in the blind field occurred 500 ms
after that of the target in the normal field.
Because nearly all saccades occurred with a
latency of less than this, these trials in effect
constituted a no-distractor condition; that
is, the signal in the blind hemifield occurred
too late to affect the latency of a saccade to
the target in the intact field. In 20% of trials,
the two boxes brightened simultaneously,
and, in the remaining 60% of trials, the
distractor onset occurred 50, 150, or 250
ms before the target. In half of the blocks,
the hemianopic field in which the distractor
was presented was temporal, and in the
other half it was nasal.

None of the three patients ever saw the
box brighten in the hemianopic field. In the
no-distractor conditions, there was no statis-
tically significant difference between the
temporal and nasal presentation blocks (Fig.
2). There was no statistically significant
effect of distractors presented in the nasal
hemifield. However, when the unseen dis-
tractor was presented in the temporal hemi-
field, either simultaneously with or 50 ms
preceding the target, there was an increase
in saccade latency relative to the no-distrac-
tor condition for all three subjects (Table 1).

These findings in hemianopic humans are
consistent with other observations (10) that
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indicate that an eccentric luminance change
activates a retinotectal pathway that biases
or primes the oculomotor system to make a
saccade. This activation of the oculomotor
system by the distractor inhibits the saccade
to the contralateral target and increases its
latency. To confirm that this effect in our
hemianopic patients was specific to oculo-
motor activation, we also tested them in a
simple detection task with no eye move-
ments. The display was identical, but the
subjects’ task was to maintain steady fixation
on the center of the display and to make
only a simple reaction time key press re-
sponse with the index finger of their right
hands when they detected brightening of
the target. If the inhibitory effect found in
the saccadic task were not related specifically
to oculomotor activation but instead to a
covert shift of attention to the distractor that
delayed perception of the target, the same
inhibitory effect would be expected in the
simple detection task. There were no signifi-
cant effects or interactions, and no inhibi-
tory effect of the distractor (Table 2). Reac-
tion times were not slower for any of the
distractor trial conditions than for the no-
distractor conditions. Rather, in contrast to
the saccadic task [and consistent with previous
findings in some hemianopic patients (18)],
there was a tendency for distractors to pro-
duce faster responses in this detection task.

The contrast between the results of the
saccadic and key press tasks indicates that
the inhibitory effect found in the saccade
task was not due to covert orienting of
attention to the distractor but was specific
for the condition where eye movements
were made (19). The specificity of the in-
hibitory effect for the oculomotor task is
consistent with collicular mediation. More-
over, the response dependence of the effect
excludes the possibility that the effect was
due to imperfections in the presentation of
the stimuli (for example, light scatter to the
normal field), since the stimuli used in the
saccadic task and in the key press task were
identical and the same subjects participated
in both studies.

To obtain further evidence that the in-
hibitory effect on saccade latency found in
the hemianopic patients was mediated by
extrageniculate pathways, we tested ten nor-
mal subjects (in whom the geniculostriate
pathways wete intact) in the saccadic task
experiment. There were no significant ef-
fects of distractors on latency of the saccade,
nor was there any asymmetry between per-
formance with distractor presentation in na-
sal and temporal hemifields (Fig. 3). We can
be confident, therefore, that the asymmetric
effects of temporal and nasal distractor pre-
sentation in the hemianopic patients was not
due to a cortically mediated subliminal per-
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Fig. 3. Mean latency of the saccades for ten
normal subjects as a function of the interval
between onset of the distractor and onset of the
target. Data are mean = SEM; n = 3.

ception. In fact, the effect found in hemi-
anopic patients may be critically dependent
on the absence of perceptual awareness of
the distractor and may reflect the activity of
an isolated extrageniculate visual system
(20).

Our observations indicate that blindsight
in hemianopic humans may be mediated by
visual information through retinotectal
pathways. Collicular mediation of the effect
is supported by the fact that it occurred in
patients with no awareness of visual signals
in their hemianopic fields (as confirmed in
the screening task), was specific to oculomo-
tor responses, and was not manifest in nor-
mal subjects in whom geniculostriate path-
ways were intact. These results show that an
eccentric visual signal reflexively activates
retinotectal pathways to prime the oculomo-
tor system and provide direct evidence that
retinotectal pathways can influence orient-
ing behavior in hemianopic humans. They
also suggest that temporal-nasal hemifield
asymmetries may provide a useful marker
for extrageniculate visual functions in hu-
mans (21).
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Control of Yeast Mating Signal Transduction by a
Mammalian B,-Adrenergic Receptor and G, a Subunit

Krim King, HENRIK G. DOHLMAN, JEREMY THORNER,
MARrc G. CARON, ROBERT J. LEFKOwWITZ*

To facilitate functional and mechanistic studies of receptor—G protein interactions by
expression of the human B,-adrenergic receptor (hp-AR) has been expressed in
Saccharomyces cerevisiae. This was achieved by placing a modified hp-AR gene under
control of the galactose-inducible GAL1 promoter. After induction by galactose,
functional hB-AR was expressed at a concentration several hundred times as great as
that found in any human tissue. As determined from competitive ligand binding
experiments, hB-AR expressed in yeast displayed characteristic affinities, specificity,
and stereoselectivity. Partial activation of the yeast pheromone response pathway by -
adrenergic receptor agonists was achieved in cells coexpressing hB-AR and a mammali-
an G protein (G;) a subunit—demonstrating that these components can couple to each
other and to downstream effectors when expressed in yeast. This in vivo reconstitution
system provides a new approach for examining ligand binding and G protein coupling

to cell surface receptors.

HE ACTIONS OF MANY EXTRACELLU-

lar signals (for example, neurotrans-
mitters, hormones, odorants, and

light) are mediated by receptors with seven
transmembrane domains and by heterotri-
meric G proteins (1, 2). Such G protein—
mediated signaling systems have been iden-
tified in organisms as divergent as yeast and
man (1-3). The mammalian B-adrenergic
receptor (B-AR) is a member of the class of
ligand-binding receptors with seven trans-
membrane segments. In response to epi-
nephrine or norepinephrine, the B-AR acti-
vates the G protein Gs, which in turn stimu-
lates adenylyl cyclase and adenosine 3'5'-
monophosphate production (1, 2). G pro-
tein—coupled pheromone receptors in yeast
control a developmental program that cul-
minates in mating (fusion) of a and & hap-
loid cell types to form the a/a diploid (3, 4).
To attain high level expression of the
human B,-adrenergic receptor (hp-AR) in
yeast, we placed a modified hB-AR gene
under control of the GAL1 promoter in the
multicopy vector YEp24, to give pYBAR2
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(Fig. 1). Maximal expression required sever-
al manipulations including (i) expression of
a transcriptional transactivator protein (the
LACY gene product); (ii) replacement of
the 5’ untranslated and extreme NH,-termi-
nal coding sequence of the hB-AR gene with
the corresponding region of the yeast STE2
(a factor receptor) gene; (iii) induction with
galactose when cell growth reached late
exponential phase; and (iv) inclusion of a -
AR ligand in the growth medium during
induction.

A primary function of cell surface recep-

Fig. 1. Construction of A
yeast expression plasmid pY-

tors is to recognize only appropriate ligands
among other extracellular stimuli. Accord-
ingly, we determined ligand binding affini-
ties to establish the functional integrity of
hB-AR expressed in yeast (Fig. 2). An an-
tagonist, I labeled  cyanopindolol
(['*T)CYP), bound in a saturable manner
and with high affinity to membranes pre-
pared from pYBAR2-transformed yeast cells
(Fig. 2A). By displacement of ["*IJCYP
with a series of agonists, the order of poten-
cy and stereospecificity expected for hB-AR
were observed (Fig. 2B). Binding affinities
in yeast were nearly identical to those ob-
served previously for hB-AR expressed in
mammalian cells (Table 1).

A second important function of a receptor
is agonist-dependent regulation of down-
stream components in the signal transduc-
tion pathway. Because the pheromone-re-
sponsive effector in yeast is not known,
indirect biological assays are the most useful
indicators of receptor function (3, 4). In
yeast cells expressing high concentrations of
hB-AR, no agonist-dependent activation of
the mating signal transduction pathway
could be detected by any of the typical in
vivo assays; for example, imposition of G,
arrest, induction of gene expression, alter-
ation of morphology (so-called “shmoo”
formation), or stimulation of mating (5). A
likely explanation for the absence of respon-
siveness is that the hB-AR was unable to
couple with the endogenous yeast G pro-
tein.

Expression of a mammalian G « subunit
can correct the growth defect in yeast cells
lacking the corresponding endogenous pro-
tein encoded by the GPA1 gene (6). More-
over, because specificity of receptor cou-
pling in mammalian cells is conferred by the
a subunit of G proteins (2), we reasoned
that coexpression of hB-AR and a mammali-

BAR2, in which expression

of the h-AR gene is under
control of the GAL1? pro-
moter (prom.). (A) The 5’
untranslated region and the
first 63 bp of coding se-

quence of the hB-AR gene
in the plasmid pTZNAR
(12) was removed by Aat II
cleavage and replaced with a

Eco Rl Hind Il Bam HI STE2 Aatll B-AR  Hind Il
| yau
TT .. « .« .ARCGTT
laAl 1ThrGln .
Sall Bam HI Hind 1l Bam HI
! ! | |
{_GALT prom. HSTE2 B-AR ADH]1 ter.
YEp24 1kb

synthetic oligonucleotide corresponding to 11 bp of noncoding and 42 bp of coding sequence from the
STE2 gene (13, 14). The resulting plasmid, pTZYNAR, contains the modified h3-AR gene flanked by
Hind IIT sites in noncoding sequences. The Hind III-Hind III fragment was isolated from pTZYNAR
and inserted into plasmid pAAHS5 (15) such that the 3’ untranslated sequence of the modified h3-AR
gene was followed by 450 bp containing termination sequences (ter.) from the yeast ADH1 gene (15).
(B) The plasmid pYBAR2 was constructed by inserting the Bam HI-Bam HI fragment containing hp-
AR and ADH1 gene sequences into YEp24 (16). Where maximum expression was sought, cells were
cotransformed with plasmid pMTL9 containing LAC9—a homolog of the S. cerevisiae GAL4 gene,
which encodes a transactivator protein required for GAL1-regulated transcription (17). Cells grown to
late exponential phase were induced in medium containing 3% galactose and alprenolol, and grown for
an additional 36 hours. Standard methods for the maintenance of cells were used (18).
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