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1. Modern brain maps lack information about gray matter structures, and, by implication, on neuronal
oligodendrocyte structure and function cell populations. Relatively few studies have focused on
white matter, and most of these have examined high-signal
An intriguing hypothesis has been advanced regarding abnormalities that are well visualized with structural imag-
the role of ongoing processes of myelination in the patho- ing methods. InFig. 1A, data from our laboratory taken
genesis of Alzheimers Disease (Bartzokis, this issue). Thefrom separate previously published studies of brain devel-
protracted course of myelin deposition in dorsal forebrain opment and aginflL,4,9] are presented together. These data
regions was described over three decades ago in the elegarwere generated concurrently using standardized MR mor-
studies by Yakovlev and Lecouf42]. However, modern  phometric techniques. Volumes of the total white matter
imaging methods permit detailed investigation of these compartment of the cerebrum are plotted against the ages
processes in living people for the first time, and studies of normal volunteers of different ages ranging from 7 to
with these techniques have served to emphasize the degre89 years. The volumes are expressed as proportions of vol-
to which ongoing events formerly deemed “maturation” ume of the supratentorial cranial vault, the average value
merge with alterations previously associated with involu- of which has been reported to change negligibly, if at all,
tion. For example, recent MRI studies of brain morphology over this age range. Thus, the function is likely to reflect
in late childhood and early adulthod8,7-9] confirm the primarily the volume of myelinated white matter. The data
earlier pathological evidence for continued “whitening” of from adults 20 to 70 years of age are too sparse to define
the substance of the brain long past the point at which total with any precision the shape of the underlying function,
cranial volume is at its peak. It is now clear that exuberant but they are certainly consistent with evidence reviewed
brain growth in the earliest stages of neurodevelopment by Bartzokis indicating substantial ongoing myelination in
gives way gradually to a more dynamic interplay between adults. Developmental studies have emphasized late myeli-
progressive changes, primarily proliferation of oligodendro- nation in frontal and parietal lobe regions, but the function
cytes and myelination (but also in limited cases associatedwe observe in the temporal lobe, possibly more relevant to
with neurogenesis and neuritic branching), offset by regres- the pathology of early AD, shows a similar (if less striking)
sive changes (i.e. apoptosis and loss of neuronal processed)attern, as shown iRig. 1B. Surprisingly, the pattern is also
that are also occurring from the very beginning of brain present within a deep subcortical white matter region which
development. Thus, the years of life between the end of includes the internal and external capsules and surrounds
adolescence and extending through middle age are probablythe diencephalon and basal gangkég( 10).
more accurately viewed, not as years of “stability” in brain ~ The model presented by Bartzokis relies upon evidence
development (as they have been previously), but as a periodfor what he refers to as “heterochronologic” development
during which progressive and regressive changes happen t®f human white matter. That the process of myelination has
be in relative balance. The neurobiological implications of differing time courses in different regions is not in doubt;
ongoing dynamics of brain development during this period however, a map across the brain revealing the status of myeli-
are likely to be no less for that coincidence, and the trea- nation at each point during the lifespan does not exist, and,
tise by Bartzokis should provide increased impetus for the arguably, what does exist is inadequate to provide definitive
needed work of defining these implications. evidence regarding the hypothesis. If myelination in some
It is particularly relevant for this discussion that most deep subcortical regions (as showrFig. 10 continues as
recent work in neuroimaging has focused on the brain’s long as that in “cortico-cortical” association areas, how then
does this relate to the distribution of lesions in AD? The
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Fig. 1. Normalized white mater volume as a function of age. (A) Cerebral white matter; (B) temporal lobe white matter; (C) deep cerebral white matter.

but that a great deal more information about regional oligo- AD has received relatively little attention in imaging stud-
dendrocyte function across the age range is needed to testes of the disorder to date. We and others have noted the
the hypothesis. Recent developments in imaging, for exam-involvement of white matter in the disord§2,3,6,10,11]
ple in diffusion imaging with MR, may speed the acquisi- but, again, the regionally-specific data are too sparse to
tion of this information, by providing whole brain maps of weigh heavily either in favor or against the hypothesis
myelination-related alterations of diffusion tensors. under discussion. lIfrig. 2A, we present the volumes of
The putative role of myelin breakdown in AD also raises temporal lobe white matter in AD patients and age-controls
important questions about the regional pattern of white from our studies. It is clear that reduced volume of white
matter damage in these patients. Presumably, myelin break-matter in this region accompanies the often reported gray
down, and subsequent loss of or damage to white matter,matter losses in limbic and neocortical structures. The data
should exhibit a regional pattern consistent with the known from the deep subcortical region surrounding less affected
pathology and functional impairments that characterize the structures (shown ifrig. 2B) suggest less severe effects of
disorder. The regional specificity of white matter damage in the disease on the white matter in this region, consistent
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Fig. 2. White matter volume in AD patients and controls as a function of age. (A) Temporal lobe white matter; (B) deep cerebral white matter.
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with the hypothesis that cortico-cortical connections may be the strengths of the model are a number of testable predic-
disproportionately affected. However, there are few, if any, tions and hypotheses. Whether or not the model withstands
studies that have investigated the regional distribution of the outcome of these tests, it serves to underscore the lack
AD-related white matter damage systematically, so results of understanding of dynamic processes occurring during
of an analysis of the data from these studies would proba- late brain maturation. To what extent are neurons that re-
bly be too coarse to militate for or against the hypothesis. main unmyelinated until later in development contributing
The article by Bartzokis will serve the field well if it stim-  to neural computations before that time? If little, then do
ulates more intense scrutiny of myelin loss and alterations they mediate novel functions that emerge concurrently with
of axonal function in AD and other neurodegenerative myelination? How do the alterations in neurotransmission
disorders. that presumably attend late myelination affect the activity
and connectivity of neurons that were myelinated at an ear-
lier time? Answers to these questions may come, at least
2. How do functional alterations attributable to late in part, from future imaging studies collecting structural
myelination relate to functional deterioration in AD? and functional information simultaneously, and would not
only bear importantly on the validity of the model under
A central theme in the model presented by Bartzokis is discussion, but would lead to important advances in our
a correspondence between the regional distribution of laterunderstanding of the functional plasticity of the adult brain.
myelinating neural structures and that of early lesions in
evolving AD. The author’s position would seem to imply that
functions that rely on neural structures not fully mature until References
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