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From molecules to mind

L. Eisenberg’

SUMMARY This paper describes the relation between genes at the molecular level and the brain at the organ
level, and biological, social and environmental factors. The malleability of the brain and the effect of external
factors and experience on influencing gene expression and brain structure and tunction are discussed.

Introduction

Two and a half millennia ago, the Hippo-
cratic author of the monograph On the sa-
cred disease (written to prove epilepsy was
not “sacred™ but natural) asserted:

Men ought to know that from the brain
and the brain alone arise our pleasures,
joys, laughter and jests, as well as our
sorrows, pains, griefs, and tears.
Through it ... we think, we see, we hear,
and we distinguish the ugly from the
beautiful, the bad from the good, the
pleasant from the unpleasant. By the
same organ, we become mad or deliri-
ous, and fears and tervors assail us ...
and dreams and untimely wanderings ...
All these things we endure from the
brain when it is not healthy, but it be-
comes abnormally hot, cold, moist, or
dry, or suffers any other unnatural af-
Jection.

When that paragraph was written, it
was a testimony of faith; today, scientific
evidence strongly supports its assertions.
The brain is the organ of the mind. But our
current understanding includes the recog-
nition that the very structure ot the brain 1s
moulded by inputs from the biological and
social environments to which the individual
is exposed.

The influence of structure on
function

At the molecular level, we now know that
genetically-coded triplet codon repeats un-
derlie the pathology of Huntington disease,
Canavan disease and fragile X syndrome.
The psychopathology of phenylketonuria
results from a genetic error interrupting the
production of phenylalanine hydroxylase.
Yet this entirely genetic disease can be pre-
vented by an environmental intervention, a
low phenylalanine diet.

Gene effects reflect the environment
they encounter. Genes and environments
are multiplicative rather than additive. At-
tempts to separate out differential contribu-
tions are a waste of time. As the late Donald
Hebb put it, “To ask how much of the phe-
notype is due to nature and how much to
nurture is as useful as asking how much of
the area of a rectangle is due to its length
and how much to its height.”

Nature and nurture stand in reciprocity,
not opposition. What children inherit is not
only their parents’ genes but their parents,
their peers, and the places they inhabit.
Neighbourhood and neighbours matter
along with parents and siblings [/]. The in-
tellectual, social and physical charactens-
tics of human populations refiect where
people live, what they eat, the work they
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do, the air and water they take in, their in-
terconnectedness with others, and the sta-
tus they occupy in the social order as well
as what they inherit: their relative vulnera-
bilities and resistances to environmental in-
fluences [2].

The malleable brain

A decade of imaginative research has
taught us very much more about both brain
and mind; the problem that continues to
bedevil us conceptually is how to integrate
the two domains into “brain/mindedness”
[31.

Data are overthrowing dogma on all
sides. We no longer think of the brain as a
hardwired telephone switchboard arising
from a blueprint in the genome. Formation
of the ocular alternation layers in geniculate
and cortex illustrates the process. Early in
embryogenesis, axons from both eyes mi-
grate to, and intermingle in, the geniculate
nuclei. The segregation of separate layers
results from bursts of electrical activity
arising in unstable retinal ganglion cells.
Neither the genes governing the retina nor
the genes governing the geniculate specify
the ocular alternation layers; they result
from an interaction between neurons in the
course of development. At the next relay,
the precise targeting of projections from
lateral geniculate to occipital cortex in turn
depends on geniculate activity. Abolishing
geniculate action potentials leads axons to
project to cortical areas they ordinarily by-
pass and many fewer thus project to the
striate cortex [4]. Finally, postnatal stimu-
lation is required for the formation of ocu-
lar dominance columns in the occipital
cortex [3]. Both eyes of the newborn must
receive precisely focused stimulation from
the visual environment during the carly
months of postnatal life in order to produce
a fine-tuned cortical structure.

Experience moulds the brain in a pro-
cess that continues throughout life. Finger
representation in the cortex is larger on the
right in professional violinists and greater
than it is in the rest of us [6]. It is enlarged
in Braille readers [7] and it shrinks after
deafferentation [&]. Brain function and
structure are constantly in flux. Neurogen-
esis continues through life in the adult brain
[9].
Effective psychotherapy changes brain
function. Obsessive—compulsive disorder
is associated with changes in the basal gan-
glia made visible by imaging techniques.
Obsessive—compulsive disorder symptoms
arc reduced by cognitive behaviour therapy
or by serotonin-reuptake inhibitors. What
happens to brain abnormalities? Whether
treatment gains arc preduced by drug or
psychotherapy, there is a relative “normal-
ization” of brain change [ /0]. Brain imaging
techniques reveal linkages between, mind
and brain never imagined a decade ago.

Maternal care influences gene
expression

Francis et al. have shown that variations in
maternal care in rats result in nongenomic
behavioural tranemission of individual dif-
ferences in stress response across genera-
tions [//]. Maternal licking, grooming and
nursing behaviour (1.GN) is a major deter-
minant of endocrine and behavioural stress
responses in offspring, Adult offspring of
high LGN mothers are less fearful and
show smaller hypothalamic—pituitary—adre-
nal responses to stress. Genetic transmis-
sion might he supposed because female
offspring of high-LGN mothers display
high-LGN behaviour with their own pups.
However, when female pups born to low-
LGN mothers are cross-fostered, female
pups reared by high-LGN foster mothers
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become high-LGN with their pups. Thus,
we observe a maternal behaviour that is
transmitted across generations by nonge-
nomic means — if you will, by “culture”.

What is the mechanism? Maternal care
controls gene expression in brain regions
regulating stress response. When pups ex-
posed to high-LGN rearing become adult,
they display increased hippocampal gluco-
corticoid receptor mRNA expression, high-
er central benzodiazepine receptor levels in
the amgydala, and lower corticotropin re-
leasing factor mRNA in the paraventricular
nucleus of the hypothalamus. Social expe-
rience controls the way genes are ex-
pressed.

Depression: the role of
inheritance and experience

In the cace of depression, twin and family
studies demonstrate unequivocal genetic
roots for depression; yet there was a secu-
lar increase in the lifetime prevalence dur-
ing the 20th century [/2]. That increase
cannot be due to shifts in the gene pool; the
time interval is far too short. The challenge
is to identify the relevant environmental
risk factors. Although depression is clearly
familial, George Brown and his colleagues
[13] have demonstrated that experiences of
humiliation and entrapment after a severe
life-threatening event are major risk factors
and that positive events involving hope are

instrumental in recovery from depression
[/4]. In a recently reported randomized
controlled trial, the same team of investiga-
tors found that “befriending” that is,
providing to depressed women a female
volunteer willing to meet and talk on a
weekly basis, to go on excursions and to
promote “fresh-start” experiences capable
of creating new hope — improved out-
come to a significant degree [/5]. Human
connections matter!

Integrating neurobiology with
behaviour

Brain and mind are dependent on the sur-
round, at the same time that they shape that
surroind and resist strains on integrity. It is
not that mind and brain are evanescent;
they have continuity. But they are far more
malleable than we have understood, far
more responsive to context, far more de-
pendent on social input for maintaining in-
tegrity. Biomedical knowledge is essential
for providing sound medical care but it is
not sufficient; the doctor’s dealings with
the patient must also he informed hy psy-
chosocial understanding. Neither mindless-
ness nor brainlessness can be tolerated in
medicine. The unique role of psychiatry
will be its contribution to a new paradigm:
brain/mindfulness, integrating neurobioko-
gy with behaviour in its social context.
That is the intellectual challenge ahead.
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