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Speeding Vascular Recovery
Limits Damage after Brain Injury
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Traumatic brain injury (TBI) typically pro-
duces cognitive deficits, which sometimes
persist for years. The risk of long-term dis-
ability depends not only on the location and
severity of the injury, but also on the cause
and the age at which it occurs. Infants and
elderly people are most susceptible to long-
term impairment after TBI, whereas chil-
dren aged 5–10 appear least like to have
long-lasting deficits (Kochanek, 2006 Dev
Neurosci 28:244). Few studies have exam-
ined age-dependent effects of TBI, however,
so the physiological bases for age-dependent
differences in recovery remain unclear.

To address this question, Brickler, Hazy, et
al. subjected juvenile and adult mice to con-
trolledcortical impact(CCI)andexaminedef-
fects4and14dlater.Atbothtimes,thecortical
lesion size and the amount of cell death were
smaller in juveniles than in adults. Moreover,
skilled motor behaviors and object memory
were impaired only in adults. Although cere-
bral blood flow was reduced during the first
24 h after injury in juveniles and adults, per-
fusion was restored more quickly in juve-
niles, and it was significantly greater than in
adults by 2–4 d after injury. In addition, the
density of blood vessels 4 d after injury was
greater and cerebral vessels were less leaky in
juveniles than in adults. Consistent with
these differences in neurovasculature, levels
of mRNAs encoding vascular endothelial
growth factor (VEGF), VEGF receptors, and
vascular cell adhesion molecule—all of
which increase blood vessel permeability—
were significantly higher in brain endothe-
lial cells from injured adults than from
juveniles. In contrast, expression of angio-
poietin-1—which reduces vessel permeabi-
lity—angiopoietin-2, and the tight-junction
proteins occludin-1 and claudin-5 were
higher after injury in juveniles than in
adults. Finally, blocking Tie2, the receptor
that mediates the effects of angiopoietin-1
on vessel permeability, increased blood–
brain-barrier disruption and lesion size se-

lectively in juvenile mice, erasing differences
between juveniles and adults.

These results suggest that accelerated
repair of brain vasculature and the blood–
brain barrier helps protect juvenile mice
from functional loss after CCI. This is
consistent with evidence suggesting that
blood– brain-barrier disruption contrib-
utes to secondary injury after impacts, and
it suggests that promoting vascular repair
might improve outcomes after TBI.
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Speech comprehension is a complex task in-
volving numerous brain areas. In addition to
requiring auditory areas for precise represen-
tation of sounds, comprehension requires the
superior temporal sulcus (STS) for phonolog-
ical processing and the medial temporal gyrus

and posterior temporal areas for mapping
sounds to meaning. Visual cortical areas and
areas involved in audiovisual integration can
also contribute to speech processing, as dem-
onstrated by the fact that watching a speaker
improves comprehension of both words and
meaning.Finally,motorcortical areasareacti-
vated when people listen to speech, particu-
larly when they also watch the speaker. How
thisactivitycontributestospeechperceptionis
unclear, however.

To investigate how motor and multisen-
sory areas contribute to speech processing,
Murakami et al. used functional magnetic res-
onance imaging to identify brain areas that
were differentially activated when participants
listened to audio of spoken phonemes paired
with video of people speaking either the same
or a different phoneme. Phonemes were cho-
sentoproduce theMcGurkeffect, anauditory
illusion in which combining audio of some-
one saying /pa/ or /ba/ with video of them say-
ing /ka/ or /ga/ causes listeners to perceive /ta/
or /da/.

The left inferior frontalgyrus(IFG),cingu-
late gyrus, and putamen were more strongly
activated during presentation of incongruent
audiovisual stimuli than during congruent
stimuli. Moreover, IFG activity was inversely
correlated with the strength of the McGurk ef-
fect. Incontrast, theSTSandinferior temporal
and parietal lobes were more strongly acti-
vated by congruent stimuli than by incongru-
ent stimuli. Furthermore, whereas activity in
IFG was more strongly coupled to primary
motorcortical areasduring incongruent trials,
STS was more strongly coupled to these areas
during congruent trials. Finally, transcranial
magnetic stimulation over the lip area of pri-
marymotorcortexreducedtheMcGurkeffect
during presentation of incongruent audiovi-
sual stimuli without affecting perception of
congruent stimuli.

These results suggest that IFG—a region
that includes Broca’s area—contributes to
phoneme perception by suppressing integra-
tion of incongruent audiovisual stimuli. The
results also indicate that primary motor areas
related to lip movements contribute to pho-
neme perception. Identifying the neural path-
ways altered by TMS should further elucidate
how motor areas contribute to speech
perception.
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BlockingTie2(bottom)injuvenilemiceincreasesthesizeofthelesion
2 d after CCI injury. Blue labels nuclei, green labels dying cells, and red
labelsastrocytes.SeeBrickler,Hazy,etal. fordetails.
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