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work output, or long-term, and perhaps underlie memory
and learning. For example, long-term potentiation (LTP)
occurs when high frequency stimulation causes prolonged
opening of NMDA receptors, resulting in a relatively large
influx of calcium ions. Calcium-bound calmodulin then
activates kinases, which phosphorylate AMPA receptors
allowing them to fuse with the membrane, hence increasing
excitability. We also know that there is a threshold for this
stimulation to cause LTP, and we know that this threshold
is itself plastic, to prevent innocuous inputs acquiring false
salience and excitotoxicity, according to the Bienenstock,
Cooper and Munro theory of metaplasticity (10). Does it
hold, then, that if we know exactly what inputs a synapse
receives, how frequent, and how strong, we can accurately
predict exactly when LTP will occur and hence plasticity
need not be a barrier to our inferring the brain’s function
from its architecture? I would argue not; whilst we have a
fairly clear idea of the process of LTP induction, we know
much less about the mechanisms by which it is maintained.
Thus we could perhaps predict when LTP would occur, but
not its decay. Indeed, the duration of LTP maintenance appears to be very variable between individual preparations,
even with the same stimulation given (11; 12). A snapshot
of a brain’s neural architecture would be accurate for a
single moment in time only, and plasticity would make it
obsolete almost immediately.
Finally, and perhaps most importantly, we could never
completely understand the brain’s function until we understand glia. Glial cells make up at least 50% of the cellular
component of our brains, and are dynamic participants in
the brain’s most critical activities. Astrocytes are the most
numerous glial cells, and have various roles with different
subtypes in different brain regions. They are involved in
synaptic pruning and synaptic maturation (through cholesterol production), both processes key to development and
plasticity of neurons. Astrocytes are connected in a syncytium via gap junctions, and have been proposed to be
responsible for metaplasticity; they were found to propagate calcium waves between them in the strata radiata
of CA1 when stimulation was applied to neurons in the
strata oriens. The LTP-priming effect of this stimulation
was abolished when a gap junction blocker or an adenosine receptor antagonist was applied, as were the calcium
waves in the astrocytes (13). This suggests astrocytes have
some control over neural activity, so must be included in
any effort to elucidate brain functions. Further evidence
for astrocytes having a key functional role came from an
ambitious experiment grafting human glial progenitor cells
into neonatal mice. At adulthood, these cells had differentiated into mature astrocytes with human morphology, and
fully integrated into the mouse brain. The chimaeric mice
showed enhanced LTP, and improved learning and memory
(14).
Astrocytes can differentiate from oligodendrocyte progenitor cells (OPCs), as can oligodendrocytes themselves,

cells which provide the myelin sheath to axons in the brain
(15). The structure of this myelin sheath, and especially the
spacing between the nodes where ion conduction occurs,
is key to transmission speed. In the cochlea, myelination
patterns are used to allow for delays in propagation and to
facilitate sound localisation (16). Not only is the development of specific myelination patterns important for normal
function, but white matter itself is also plastic; preventing
active central myelination in adult mice, without affecting
existing white matter, prevented them from learning a new
motor skill (17). In humans also, diffusion tensor imaging
showed white matter plasticity in adults learning to juggle
(18).
A third type of glial cell is microglia, which represent
10% of cells in the brain, and develop alongside neurons.
They have a role in brain injury and illness, but are also
implicated in synaptic function. For example, light deprivation altered the morphology of microglia in the visual cortex of mice, increasing the number of phagocytic structures
and processes apposed to synaptic clefts. Light exposure reversed this, indicating that microglia interact with neurons
in different ways depending on sensory experience, and
perhaps contribute to synaptic plasticity (19). Furthermore,
when microglia are selectively depleted in adult mice, the
animals develop deficits in many learning tasks, supporting
an acute role in plasticity. There have even been attempts
to employ microglia in explaining the gut-brain axis. This
is the hypothesis that systemic inflammation affects the
brain and can predispose to or trigger mental illnesses such
as schizophrenia, possibly by leaving microglia in a primed
or heightened state, causing an exaggerated response to further challenge and perhaps neuronal apoptosis (20). Some
authors have suggested that dysbiosis is the source of this
systemic inflammation, as increased levels of a metabolite
produced by Clostridium species, a common component
of gut flora, is found in the urine of schizophrenia patients
(21), and normal gut microbiota are required for normal
brain development (22).
It is clear, then, that there are many variables determining brain function, both on a cellular and systems level,
besides neuron location, connections and contents. Even if
we could gather such detailed information, even if we had
individualised ‘brain maps’ that were accurate to each person, we would be naı̈ve to ignore non-neuronal influences
on activity, such as glial cells and perhaps microbiota in
the gut. This is not to say that such knowledge would not
be useful, merely that connectomics and understanding of
cellular properties are a crucial foundation, a first step in
truly comprehending all functions of the brain.
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