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Modular Organization of Cognitive Systems
Masked by Interhemispheric Integration

Kathleen Baynes,” James C. Eliassen, Helmi L. Lutsep,
Michael S. Gazzaniga

After resection of the corpus callosum, V.J., a left-handed woman with left-hemisphere
dominance for spoken language, demonstrated a dissociation between spoken and
written language. In the key experiment, words flashed to V.J.’s dominant left hemisphere
were easily spoken out loud, but could not be written. However, when the words were
flashed to her right hemisphere, she could not speak them out loud, but could write them
with her left hand. This marked dissociation supports the view that spoken and written
language output can be controlled by independent hemispheres, even though before her
hemispheric disconnection, they appeared as inseparable cognitive entities.

One of the central challenges to cognitive
neuroscience is to unmask the apparent uni-
tary nature of perceptual, memorial, and cog-
nitive systems. Neuropsychological analyses,
functional brain imaging methodologies, and
analyses of normal reaction times have con-
tributed to revealing how seemingly unitary
processes are made up of multiple compo-
nents. Frequently these multiple compo-
nents are distributed across the hemispheres
but appear unified because of the integration
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that is possible through the corpus callosum.
Examination of split-brain patients both be-
fore and after their surgery is another tool for
the unmasking of such processes. Here we
use this method to reveal a dissociation be-
tween the neural representations involved in
spoken and written language. These results
are consistent with the view that the brain
processes enabling written language do not
call upon brain representations responsible
for phonological capacity.

V.J., a 44-year-old female with a high
school education, has a normal develop-
mental and educational history. Her moth-
er, her only sister, and her only daughter are
left-handed. No other member of her im-
mediate family has a seizure disorder. Her
first seizure occurred when she was 16-and-
a-half. V.J. is deaf in her right ear as a result
of injuries incurred during a seizure episode
in her early 30%. She elected to undergo
surgery to resect the corpus callosum after
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suffering a severe burn during a drop-attack
at age 41. After surgery, the neurological
examination demonstrated minimal apraxia
with 0/15 errors with the right hand and
4/15 errors with the left hand. No buccofa-
cial apraxia was present. There was a trace
of finger weakness on the left. Hence, there
was minor impairment of the left hand only.
Additional clinical details are reported else-
where (1).

Since the total resection of her corpus
callosum, V.J. has been unable to write or
type at will. Before her surgery her domi-
nant left hand wrote and carried out com-
mands normally. After surgery she became
agraphic and could not write simple notes
or even sign her name. Within 6 months,
she recovered the ability to sign her name
although she remains dissatisfied with the
appearance of her signature. Without later-
alization procedures, she could copy single
numbers and letters well with her left hand,
but poorly with her right hand. She could
write about 80% of the alphabet in upper-
case and lowercase letters with her left
hand, but only a few uppercase letters with
her right hand (Fig. 1). Now, 3 years after
surgery, V.J. can write a few whole words to
auditory dictation with her left hand, but
responses are often perseverative or para-
phasic. In one session, 35 months after sur-
gery, she correctly wrote only 2 of 73 items
from the Johns Hopkins Dysgraphia Battery
to oral dictation. Nonetheless, she was able
to spell 69 of these items correctly out loud.
Still, she continues to be unable to inde-
pendently write notes or make shopping
lists as she did before surgery.

The foregoing profile is consistent with
the view that her motor-dominant left
hand, now disconnected from her speech-
dominant left hemisphere, was agraphic as a
result of the cortical-cortical disconnection.
However, what was unexpected was that
the right hand controlled by the left hemi-
sphere, which can still read and spell, was
unable write simple words. To better assess
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the neural representation of spoken and
written language in V.J., we used lateralized
testing techniques. We discovered that V.J.
could write more fluently only when stimuli
were presented with the tachistoscope to
her left visual field and her left hand re-
sponded out-of-view. Experiments reported
here focus on using tachistoscopic presen-
tations to better understand the neural rep-
resentation of the language system that led
to this profound change in writing ability.

Callosotomy was performed in two stag-
es. In early January 1995 V.J. underwent
anterior section. Before surgery, we tested
her ability to read tachistoscopically dis-
played words out loud. V.]. was able to read
words with equal facility in each visual
field. When the same experiment was per-
formed after her anterior section, V.]. re-
mained able to read words with equal facil-
ity in either field (Table 1). This result was
expected because visual information is
passed between the hemispheres in the pos-
terior section of the corpus callosum or
splenium, which was still intact (2). Her
seizures were not controlled, so the posteri-
or section was undertaken.

Recovery from the posterior section of
the callosum was marked by the unexpected
inability to write to dictation with either
hand. As expected, V.J. was unable to read
aloud words lateralized to the left visual
field (LVF), but easily read words lateralized
to the right visual field (RVF), replicating
the classic studies (3). However, unlike oth-
er cases, V.]. was able to write, completely
or in part, words lateralized to the silent
right hemisphere, but could write almost
nothing lateralized to the speaking left
hemisphere. Her left hand wrote about one-
quarter of the words in each word class
without error. More frequently, words were
initiated correctly but were not completed,
resulting in a pronounced serial-position ef-
fect in her left-hand responses (Table 2).

For comparison, this task was presented
to two right-handed patients with complete
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callosotomies: J.W., a 42-year-old male, and
D.R., a 51-year-old female. Both patients
have normal left language dominance and
have been reported elsewhere (4). As ex-
pected, they were both able to read out loud
and write words lateralized to the RVF/left
hemisphere (J.W.: wrote 100%, spoke
100%; D.R.: wrote 100%, spoke 100%) and
were unable to read out loud or write words
lateralized to the LVF/right hemisphere
(J.W.: wrote 3%, spoke 4%; D.R.: wrote
0%, spoke 0%) (5). The dissociation be-
tween the motor output for the spoken and
written word in V.]. stands out in compar-
ison (Fig. 2).

To investigate the limits of the right
hemisphere’s ability to write, we selected a
set of 40 pictures with names between three
and six letters in length (6). These were all
high-frequency concrete nouns. These pic-
tures were presented to V.]. in a lateralized
format. She saw and attempted to name out
loud the entire picture set in one session
and saw and attempted to write the names
of the pictures in a second session. As ex-
pected, she named RVF/left hemisphere
items accurately (95% correct), but wrote

Table 1. Percentage correct of nouns, verbs, ad-
jectives, and adverbs read aloud by V.J. before
surgery, after anterior collosotomy, and after
complete callosotomy.

Field of Part of speech
display  Noun Verb Adjective Adverb
Before surgery
LVF/right hem. 100 92 77 85

RVF/left hem. 92 92 100 85

After anterior callosotomy
LVF/right hem. 100 100 94 94
RVF/left hem. 94 100 94 88

Spoken responses after complete callosotomy*
LVF/right hem. 0 0 0 0
RVF/left hem. 94 100 100 82

Written responses after complete callosotomyt
LVF/right hem. 24 24 29 18
RVF/left hem. 0 0 7 0

*Postsurgical written and spoken responses were col-
lected on the same trial with written responses collected
first followed by an attempt to name the stimulus item.
Later, verbal responses were collected alone to be cer-
tain writing had not interfered with them. There were still
no correct responses to LVF trials, and RVF percentages
were in the same range (nouns, 94%; verbs, 82%; adjec-
tives, 94%; and adverbs, 100%). TAIl written re-
sponses were collected with both hands out of view
behind a shield, which allowed V.J. to view the stimuli but
obscured her view of her responses. The hand corre-
sponding to the visual field of the display was used for the
response. A list of 68 words was created so that there
were 17 nouns, 17 verbs, 17 adjectives, and 17 adverbs
matched for length (nouns, mean 5 letters; verbs, mean
5.2 letters; adjectives, mean 4.9 letters; adverbs, mean
5.1 letters) and frequency [nouns: mean 545.3, range
254 to 1661; verbs: mean, 549.8, range 240 to 1513;
adjectives: mean 519.9, range 247 to 1635; adverbs:
mean 494.2, range 226 to 1712 (12)). These words were
presented to her one at a time for 116 ms in a random
order counterbalanced by visual field to read aloud.
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none of the names correctly (0% correct).
For the LVF/right hemisphere presenta-
tions, V.J. named only four items correctly
(10% correct) and was unable to write any
of the names (0% correct). For three of the
named items, she stated that she “saw” the
pictures, which implies a loss of fixation
and display of the picture to the talking left
hemisphere. Most of her verbal responses to
LVF/right hemisphere stimuli consisted of,
“l didn’t catch it,” “Too fast,” or “I didn’t
see it” (83%). Although she failed to write
any names, twice she attempted to draw the
pictured stimuli [see (I) for examples of
drawn responses].

V.]. was also unable to write the names
of 10 common objects palpated with either
hand out-of-view (0% correct with either
hand). In contrast, when asked to name the
same items out loud under conditions that
were otherwise the same, she was able to
name all of the objects palpated with her
right hand and none palpated with her left.
The inability to write the names of objects
or pictures indicates that V.J.’s right hemi-
sphere has limited access to graphemic out-
put. Although it can form and copy num-
bers, letters, and words, it cannot write the
names from pictures of the objects or the
objects themselves.

This inability to write the names of pic-

Table 2. Percentage of words that had one, two,
three, four, and five letters correctly written.

Number of letters written correctly

Visual in order*
field
One Two Three Four  Five
LVF 71 68 52 38 27
RVF 10 03 03 03 00

*Words included here contain no errors from left to right.
Some items were written with errors or omissions (child
— chird, or again — ag-n) and they were not counted
beyond the first error or omission even if the correct
number of omitted letters was indicated.

tures or objects raised the question of wheth-
er the right hemisphere had any lexical or
semantic knowledge of the words it did
write. The same set of 68 words used for
writing were matched with a set of pseudo-
words made by rearranging sublexical units
of the original set, thereby controlling for
length, letter frequency, and roughly for pho-
nological similarity. The resulting 136 letter
strings were presented tachistoscopically to
each visual field for 150 ms. V.J. responded
by pressing a button with the hand ipsilateral
to the field of display to indicate real words.
She completed this task easily and accurately
with both hemispheres (RVF/left hemi-
sphere A’ = 0.85; LVF/right hemisphere, A’
= 0.90). Of the split-brain patients tested on
lexical decision, only J.W. equals her accu-
racy, and no other patient has superior LVF/
right hemisphere accuracy (7).

In another test of hemispheric knowledge
of word meaning, a set of 32 pictures was
selected (8) to form the basis of a matching
task. All the pictures had names from three
to six letters in length. They were presented
to V.J. in four conditions: bilateral display of
the same picture to both visual fields fol-
lowed by a single picture lateralized to either
the right or left visual field; bilateral display
of a picture followed by a word lateralized to
either visual field; bilateral display of a word
followed by a word lateralized to either visual
field; and bilateral display of a word followed
by a picture lateralized to either visual field.
Half of the unilateral items matched the
bilateral displays and half did not. Bilateral
displays lasted 500 ms, followed by a 100-ms
pause, a 200-ms tone, and a 150-ms lateral-
ized display. Conditions were presented at
separate testing sessions at least 1 month
apart. V.]J.’s task was to respond with a but-
ton press by the hand ipsilateral to the dis-
play when the unilateral item matched the
bilateral display.

This task was easy for V.J. in either
visual field (Table 3). She accurately re-

Fig. 2. Written and spo-
ken responses to lateral-
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sponded to same trials and made no false-
positive responses. Her right hemisphere
accurately recognized when a word and a
picture matched one another, although it
was unable to generate a written word in
response to a picture trial.

Finally, although her left hemisphere
was able to translate from print to sound
(that is, pronounce written words), it was
not clear if V.J. would be able to perform
oral spelling tasks. The same group of 68
words used in the first series of reading
experiments was read to her and she was
asked to spell those words aloud. She per-
formed this task with only three errors. This
finding demonstrates that her left hemi-
sphere has a knowledge of spelling despite
its impaired ability to form written letters
and words.

V.J. appears to have bilateral representa-
tion of language as might be expected in a
left-handed individual (9). However, her bi-
lateral representation of language at the level
of written and spoken output is modular in
nature rather than diffusely distributed across
the cerebral hemispheres. Other clinical data
indicate that the relation between the dom-
inant hand and hemisphere may signal an
unusual distribution of language. Language
problems, including difficulty with spoken
speech, anomia, and agraphia, have been
observed after callosotomy in patients whose
dominant hand was ipsilateral to the speech-
dominant hemisphere as determined by
Wada examination (10). We suggest such
patients may also be examples of anomalous
language lateralization in terms of a qualita-
tively different distribution of language com-
ponents rather than extremes on a continu-
um of left or right dominance. The distribu-
tion of language skills in V.J. indicates that
questions relating language dominance and
handedness may have been formulated in-
correctly. Rather than looking for dichoto-
mous or continuous distribution of language
components, we should be developing mod-
els that incorporate modular language later-
alization.

[t has been difficult to determine wheth-

Table 3. Percentage of correct responses and
reaction times for the same or different judgments
for words and pictures.

Condition
Visual
field Word-  Picture-  Picture-  Word
word word picture  picture
Accuracy (%)
LVF 94 94 100 94
RVF 100 100 100 100
Mediian reaction time (ms)

LVF 599 737 585 676
RVF 690 518 632 610
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er phonology and orthography are depen-
dent systems that arose together or whether
the two are independent, as would be ex-
pected if one is biologically determined and
one is a human invention. This case illus-
trates that the neural substrate that supports
writing processes can be separate from that
which supports spoken speech—the result
that would be expected if writing is an
independent skill, an invention of the hu-
man species, that develops from, but is not
part of, the inherited basis of spoken lan-
guage. The innateness of our ability for
spoken language guarantees that this skill
develops with a well-established pattern
and time course (10). Writing (and read-
ing) are more problematic. Both skills re-
quire explicit instruction and practice and
are a major focus of the public educational
process. Many people grow to adulthood
without mastering these functions. The per-
centage of functionally illiterate adults in
the United States has been placed as high
as 20% of the population (I1). Spoken
language may be innate, an “instinct” if you
will, but writing does not develop without
instruction. The pattern of lateralization
observed here suggests it can have a more
varied neural representation as well.
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Thymocyte Development in the Absence of
Pre-T Cell Receptor Extracellular
Immunoglobulin Domains

Bryan A. Irving, Frederick W. Alt, Nigel Killeen*

Immature thymocytes express a pre-T cell receptor (pre-TCR) composed of the TCRB
chain paired with pre-Ta. Signals from this receptor are essential for passage of thy-
mocytes through a key developmental checkpoint in the thymus. These signals were
efficiently delivered in vivo by a truncated form of the murine pre-TCR that lacked all of
its extracellular immunoglobulin domains. De novo expression of the truncated pre-TCR
or an intact «BTCR was sufficient to activate characteristic TCR signaling pathways in
a T cell line. These findings support the view that recognition of an extracellular ligand

is not required for pre-TCR function.

Mature af T lymphocytes bear on their
surface a heterodimeric T cell receptor
(TCR) that contains the protein products
from rearranged TCRa and TCRP loci.
During development, rearrangement of the
TCRP locus occurs first, allowing immature
CD4~CD8™ [double-negative (DN)] thy-
mocytes to synthesize the TCRB protein
and express it on the surface in association
with the pre-Ta (pTa) protein (1, 2). Sig-
nals from this “pre-TCR” then induce the
cells to differentiate into CD4*CD8™ [dou-
ble-positive (DP)] cells and to undergo a
rapid series of cell divisions. In the absence
of pre-TCR function, this differentiation is
blocked, and thymic cellularity is severely
reduced (3-12).

Signaling by the pre-TCR and the ma-
ture receptor involves the CD3/{ chains
and depends on the concerted action of Src
family and Syk/ZAP-70 tyrosine kinases (4—
6). No ligand for the pre-TCR has yet been
identified, but one might be expected, giv-
en the surface expression of the pre-TCR
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(11, 13, 14) and its structural resemblance
to antigen receptors. Alternatively, surface
expression of the TCRB-pTa heterodimer
might be sufficient to initiate the pre-TCR
signaling process.

To distinguish between these possibili-
ties, we generated transgenic mice express-
ing a truncated form of the pre-TCR het-
erodimer that lacked all of its extracellular
immunoglobulin (Ig) domains. Truncated
forms of TCRB and pTa (Bt and pTor,
respectively) were constructed (Fig. 1A)
(15) that have their normal extracellular Ig
domains replaced with Flag or Myc epitope
tags but still retain the cysteine residues and
transmembrane domains required for het-
erodimer formation and assembly with the
signal-transducing CD3 and { chains (16).
To confirm that the modifications had not
adversely affected assembly of the receptor
(17), we transiently transfected the truncat-
ed chains, individually or together, by elec-
troporation into a TCR-deficient thymoma
(18). Because the cells do not express
TCRB, the expression of pTar alone did
not rescue CD3 on the cell surface (Fig.
1B). In contrast, the introduction of B
alone resulted in a slight but reproducible
increase in surface expression of CD3, pre-
sumably through the formation of het-
erodimers with endogenous pTa. The ex-
pression of Bt and pTar together resulted
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