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Sex-specific neuronal networks

Drosophila melanogaster

» Ratio of sex chromosomes to autosomes
» Female-only expression of Sx!

» Female-only expression of tra

» Sex-specific splicing of fru

» Sex-specific splicing of dsx

Caenorhabditis elegans

» No central (i.e. gonadal) regulator
of sexual dimorphism

» tra-] acts in sexually dimorphic
somatic cells

» mab-3 involved in sex-specific
behaviour

Female

Hermaphrod|te

Sex-specific neuronal networks?

Mammals e.g. mice and humans

» Genes that escape X inactivation

+ Y chromosome genes

» Genes controlling sex hormone production
» Epigenetic regulation?

= DMRT genes?
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Sex differences in molecular
neuroscience: from fruit flies
to humans

Elena Jazin* and Larry Cahill*

Abstract| A plethora of discoveries relating to sex influences on brain function is rapidly
maving this field inte the spotlight for most areas of neuroscience. The domain of molecular or
genetic neuroscience is no exception. The geal of this article is to highlight key developments
conceming sex-based dimerphisms in molecular neurescience, describe control mechanisms
requlating these differences, address the implications of these dimorphisms for normal and
abnormal brain function and discuss what these advances mean for future work in the field.
The overriding conclusion is that, as for neuroscience in general, molecular neuroscience has
to take into account potential sex influences that might modify signalling pathways.
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Reframing sexual differentiation of the brain

Margaret M McCarthy! & Arthur P Arnold?

B A G Rd TR AT

Estradiol
and progesterone

XX —_ Feminization Q

Ovaries
Testosterone o
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Four core genotypes

XXS =
i - Gonadal effects:

Testes :
sex behavior

LH secretion
aggression
XX XY~ nociception
Ovaries Ovaries
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Sex chromosome effects:

nociception
Sex organs

habit formation
alcohol preference
aggression XY" xx + 50’

Brain sex 9
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Neurolmage

ELSEVIER

www.elsevier.com/locate/ynimg
. " . . Neurolmage 25 (2005) 320-327
Rtipld Communication

The neuroanatomy of general intelligence: sex matters

Richard J. Haier.*™ Rex E. Jun_g,h Ronald A. Yeo.© Kevin Head.? and Michael T. Alkire®

“Department of Pediatvics, University of California, Med. Sci. [, B140, Irvine, C4 92697-5000, USA Males Females
hDL=Ir}(.rJ‘|’mL=n‘|’ of Newrology and MIND Instinute, University of New Mexico, Albuguergue, NM 87131, USA Gray Matter White Matter Gray Matter White Matter
“Department of Psychology, University of New Mevico, Albuguerque, NM 87131, USA 3

d!)rpurrmmr of Anesthesiology, University of California Irvine Medical Center, Bldg. 53, 1048, Orange, C:

We examined the relationship between structural brain variation and
general intelligence using voxel-based morphometric analysis of MRI
data in men and women with equivalent 1Q scores. Compared to men,
women show more white matter and fewer gray matter areas related to Sagittal
intelligence. In men 1Q/gray matter correlations are strongest in frontal
and parietal lobes (BA 8, 9, 39, 40), whereas the strongest correlations
in women are in the frontal lobe (BA10) along with Broca’s area. Men
and women apparently achieve similar 1Q results with different brain
regions, suggesting that there is no singular underlying neuroanatom-
ical structure to general intelligence and that different types of brain
designs may manifest equivalent intellectual performance.
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Available online at www.sciencedirect.com

Neurobiology of
SCIENCE DIRECT® . .
Learning and Memory
ACADEMIC
PRESS Neurobiology of Learning and Memory 79 (2003) 81-88

www elsevier. com/locate/ynlme

Sex-related impairment of memory for emotional
events with f-adrenergic blockade

Larry Cahill™* and Anda van Stegeren

b

* Department of Neurobiology and Behavior, Center for the Newrobiology of Learning and Memory, University of California, frvine,
CA 92697-3800, USA
P Pepartment of Clinical Psychology, University of Amsterdam and Cognitive Science Center, Amsterdam, The Netherlands
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Table 1
Sample “Central” and “Peripheral” questions

Ceniral

Who 1s pictured in Shide 17
{e) A mother and her son
() A father and his son

{z) A mother and father
(h) No one is pictured

Peripheral

What 1s the boy carryving?
(e) A soccer ball

() His lunch

(g) A backpack

(h) A teddy bear

Men Woman
Central Information

* 100

b

-
=]
=]

Mean % Corract {+- SEM)
£ T =2 B B
s

P1 P2 P3 P P2 P3

=+ Placebo
- Propranolal

B Peripheral Detail
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COMMENTARY

ot ~

Does gender matter?

The suggestion that women are not advancing in science because of innate inability is being taken
seriously by some high-profile academics. Ben A. Barres explains what is wrong with the hypothesis.
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NOW AND THEN
Ben A. Barres as
Barbara, age 34;
and as Ben at 42

Ben Barres recently
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€he New ork Times

A Conversation with Ben A. Barres

Dismissing ‘Sexist Opinions’ About Women’s Place in Science
By CORNELIA DEAN
Published: July 18, 2006

Q. When you were a woman did you experience bias?
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Standardized math scores

Age when tested
FWAE ERr AT A AT
eECE P ST 5L B —F‘_ 7 Ew e
Apenpda) £ B

/7, .2 »
Huliplirgig~%2R7 F
3.0
2.8 - i
)
o
B 2.6 1
o
=
x
@
EL 2.4 - Women
S /
2.2 1
2.0 T T 1 1 1
0-19 20-39 40-59 60-99 =99

F_&
3t
e

a
BEF P&

Scientific productivity

LS KSR 4 g BT R
é.:z;

.
BRELET S e



2012/12/25

“Simply raising expectations for
women in science may be the single
most important factor in helping
them make it to the top.”

— Virginia Valian
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Reducing the Gender Achievement
Gap in College Science: A Classroom
Study of Values Affirmation

Akira Miyake,* Lauren E. Kost-Smith,” Noah D. Finkelstein,” Steven ]. Pollock,?
Geoffrey L. Cohen,? Tiffany A. Ito*

In many science, technology, engineering, and mathematics disciplines, women are outperformed
by men in test scores, jeopardizing their success in science-oriented courses and careers. The
current study tested the effectiveness of a psychological intervention, called values affirmation,
in reducing the gender achievement gap in a college-level introductory physics class. In this
randomized double-blind study, 399 students either wrote about their most important values or
not, twice at the beginning of the 15-week course. Values affirmation reduced the male-female
performance and learning difference substantially and elevated women's modal grades from the
C to B range. Benefits were strongest for women who tended to endorse the stereotype that men do
better than women in physics. A brief psychological intervention may be a promising way to
address the gender gap in science performance and learning.

A

- H L Azem b 70
2 b e B

e At Rn At R p e i 2

2012/12/25

b

Mean Overall Exam Score (%)

Mean End-of-Semester FMCE Score (%) 00

75

70

65

60

55 m——

85

&0

75

70

65

60

55

50 m

O Men B \Women
1
T
Control Values Affirmation
Values Affirmation Condition
T
Control Values Affirmation

Values Affirmation Condition



3DECEMBER 2010 VOL330 SCIENCE
-

332 | NATURE | VOL 470 | 17 FEBRUARY 2011 ‘m
» . . N =

Ia:l | EHI BOOKS & ARTS

MEUROSCIENCE

How Neuromythologies Support
Sex Role Stereotypes

DianeF. Halpem

DELUSIONS
af
GENDER

W

feow Cher Wendx,

Saedetrv. and Vewrosexrism
PSYCHOLOGY

Creeale THTerenee

More alike than different = corviria e

Two books debunk gender differences in the brain,
discovers Virginia Valian.

Delusions of Gender Brain Storm

How Our Minds, Society, The Flaws in the Science
and Neurosexism Create of Sex Differences

Difference by Rebecca M. Jordan-Young

by Cordelia Fine Harvard University Press,
Norton, New York, 2010. Cambridge, MA, 2010.

368 pp. $25.95, C$32.50. 408 pp. $35, £25.95, €31.50.
ISBN 9780393068382 ISBN 9780674057302
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nature Vol 457|26 February 2009

COMMENTARY

Man, machine and in between

Brain-implantable devices have a promising future. Key safety issues must be resolved, but the ethics of this
new technology present few totally new challenges, says Jens Clausen.
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Human brain-machine applications

Deep brain stimulation (DBS)
Electrical signals generated
in a central computing unit
(CCU) placed subcutaneously
are sent to electrodes
implanted deeply in the
brain to stimulate specific
structures, such asthe
subthalamic nucleus in
patients with Parkinson's
disease.

Research directions:
DBS isbeing extended to
earlier stages of Parkinson's
disease and to some other
neurological impairments,
including epilepsy, minimally
conscious states and
psychiatric disorders.

Cochlear implants

Acoustic signals are recorded
by an external microphone
and senttoa CCU placed
outside the skull (containing
a speech processor and a

radio transmitter) to generate
electrical impulses. These are
sent wirelessly to a receiver
inside the skull and stimulate
the auditory nerve at the
internal neural interface — an
electrode implanted into the
cochleaintheinner ear.

Research directions: for
those whose auditory nerve
is damaged, similar devices
implanted into acoustically
relevant areas of the
brainstem or the midbrain are
being tested clinically.

Retinal implants

Visual signals are recorded
through light-sensitive

diodes that stimulate the
remaining cells of the retina.
Alternatively, external signals
recorded by camera are
senttoanimplant directly
interfaced with the optic
nerve. Some visual prostheses

bypass the retina and
stimulate the visual cortex.
Research directions:
external power sources may
be needed to provide the
electrical stimulation required
by some of these implants.
Technologies for providing this
power are being investigated.

Brain-machine interface-
based motor prostheses
Motor signals are recorded
through electrodes implanted
inthe brain and sentto a
CCU, which computes and
generates signals to direct an
artificial limb.

Research directions: animal
experiments are becoming
widespread. In experiments
in patients with epilepsy,
epicortical grid electrodes are
placed on the surface of the
brain to examine and improve
decoding algorithms.
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nature Vol 45319 June 2008 |doi:10.1038/nature06996

LETTERS

Cortical control of a prosthetic arm for self-feeding

Meel Velliste!, Sagi Perel**, M. Chance Spalding®”®, Andrew S. Whitford®* & Andrew B. Schwartz'™®

M
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Brain control

Active tactile exploration using a brain-machine-
brain interface a

Movement
Joseph E. O’Doherty"? Mikhail A. Lebedev®?, Peter J. Ifft"?, Katie Z. Zhuang"?, Solaimar decoding
. ) :1,2.3,5,6
& Miguel A. L. Nicolelis Active
Brain-machine interfaces'? use neuronal activity recorded from the [] \y Jh'p Brain exploration task
brain to establish direct communication with external actuators, control
such as prosthetic arms. It is hoped that brain-machine interfaces
can be used to restore the normal sensorimotor functions of the Hand
limbs, but so far they have lacked tactile sensation. Here we report

control ,.»
v

the operation of a brain-machine-brain interface (BMBI) that both —

controls the exploratory reaching movements of an actuator and
allows signalling of artificial tactile feedback through intracortical
microstimulation (ICMS) of the primary somatosensory cortex.
Monkeys performed an active exploration task in which an actuator
(a computer cursor or a virtual-reality arm) was moved using a
BMBI that derived motor commands from neuronal ensemble
activity recorded in the primary motor cortex. ICMS feedback
occurred whenever the actuator touched virtual objects. Temporal tactile
patterns of ICMS encoded the artificial tactile properties of each encoding
object. Neuronal recordings and ICMS epochs were temporally d UAT RAT
multiplexed to avoid interference. Two monkeys operated this

BMBI to search for and distinguish one of three visually identical 5 H"H | ‘ ||
objects, using the virtual-reality arm to identify the unique artificial 400Hz
texture associated with each. These results suggest that clinical
motor neuroprostheses might benefit from the addition of ICMS
feedback to generate artificial somatic perceptions associated with
mechanical, robotic or even virtual prostheses.

Artificial

| ~

200 Hz

X position

=10

€ 106 mgarimitoado, JRE

Figure 1 | The brain-machine-brain interface. a, Movement intentions are - ey
decoded from M1; artificial tactile feedback is delivered to S1. b, Microwires c ot
were implanted in M1 and S1. ¢, Microwires used for ICMS in monkey M are %
accented in red. d, Actuator movements for a trial in which monkey M explores 2
UAT but ultimately selects RAT. Grey bars indicate stimulation patterns; insets
indicate the ICMS frequency. e, Rastergram of M1 neurons recorded during the

trial shown in d.

Time (s)
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ARTICLES

Neuronal ensemble control of prosthetic
devices by a human with tetraplegia

Leigh R. Hochberg"**, Mijail D. Serruya®’, Gerhard M. Friehs™®, Jon A. Mukand”®, Maryam Saleh’+,
Abraham H. Caplan’, Almut Branner'®, David Chen'!, Richard D. Penn'* & John P. Donoghue®’

Mind control: Matt Nle's neuroposthet}c léts hi mve a curs;ar using thought alone. M H
T ilestone, 2012
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“With wires and
batteries and home
hobbyists trying

to run electricity
through their
heads, somebody
could get hurt.”

BRAIN BUZZ

BY DOUGLAS FOX

Scientists reviving a decades-old technique for brain ThErE ha § hEE na
stimulation have found that it can boost learning. So what else h]t Uf hﬂkﬂ‘_l," sfu ﬁ
can be done with some wires and anine-volt battery? 9 nd it EIHE cfs Ih B
credibility of the
entire field.”
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WIRED UP

In transcranial direct-current
stimulation, electrodes placed on
the scalp deliver low currents that
can penetrate the skull and affect
brain tissue. Differing effects have
been documented, depending on
the placement of the anode (+)
and cathode (-).

Anodal stimulation over

the motor cortex on the
side of the brain affected
by stroke has been shown
to improve movement for
arms and hands.

*Up to 4 milliamps for as
long as 20 minutes.

2012/12/25

Alterations in visual
perception have been
noted under both cathodal
and anodal stimulation of
the occipital lobes.

= Up to 2 milliamps for as
long as 15 minutes.

Anodal stimulation of the
dorsolateral prefrontal
cortex has been associated
with improved working
memory and verbal fluency.
= Up to 2 milliamps for as
long as 20 minutes.
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SCIENCE AND THE LAW

fMRI Lie Detection Fails a Legal Test

Liar! fMRI scans may
detect a neural sig-
nature of lying in

the lab, but a federal
judge says they're not
ready for use in court.
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Behavioral Sciences and the Law

Behav. Sci. Law 27: 261-272 (2009)

Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/bsl.857

Brain Lesions and their
Implications in Criminal
Responsibility

Shelley Batts, Ph.D.*

For over 200 years, Western courts have considered pleas of
‘“‘not guilty by reason ofinsanity’’ (NGRI) for defendants in
possession of a mental defect rendering them unable to
understand the wrongfulness of their act. Until recently,
determining the mental state of a defendant has fallen
largely upon the shoulders of court psychologists and
experts in psychiatry for qualitative assessments related
to NGRI pleas and mitigation at sentencing. However,
advances in neuroscience—particularly neurological scan-
ning techniques such as magnetic resonance imaging
(MRI), functional magnetic resonance imaging (fMRI),
computed tomography scanning (CT), and positron emis-
sion tomography scanning (PET)—may provide
additional, pertinent biological evidence as to whether an
organically based mental defect exists. With increasing
frequency, criminal defense attorneys are integrating neu-
roimaging data into hearings related to determinations of
guilt and sentencing mitigation. This is of concern, since
not all brain lesions and abnormalities indicate a com-
promised mental state that is relevant to knowing whether
the act was wrong at the time of commission, and juries
may be swayed by neuroscientific evidence that is not
relevant to the determination of the legal question before
them. This review discusses historical and modern cases
involving the intersection of brain lesions and criminality,
neuroscientific perspectives of how particular types of
lesions may contribute to a legally relevant mental defect,
and how such evidence might best be integrated into a
criminal trial. Copyright © 2009 John Wiley & Sons, Ltd.



NEUROSCIENCE AND THE LAW:
THE TWAIN HAVE MET

An influential instance where structural neuroimaging evidence was presented in a criminal
proceeding was in 1991, in the second-degree murder case involving 64-year-old defendant
Herbert Weinstein. During a heated argument with his wife, the advertising executive
strangled her to death and then threw her body from the window of their apartment to
make it appear a suicide. Weinstein pled guilty to the reduced charge of manslaughter.

Figure 1. PET and MRI images from defendant Herbert Weinstein, performed by Dr. Abass Alawvi at the

University of Pennsylvania Hospitalin 1991, Left: MRI scan reveals the neural architecture of Weinstein’s

brain, with the large black area representing the cyst in the frontal temporal area of the brain. Right: FDG-

PET scan of Weinstein’s brain, showing altered (lowered) glucose metabolism in the brain areas around
the cyst. Adapted from The Fournal of Nuclear Medicine, 34(1), Jan 1993
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1982 M. T 198 3%

Brain imaging played into the 1982 trial of
John Hinckley Jr, who had attempted to assas-
sinate US President Ronald Reagan. Lawyers
presented a computed tomography X-ray scan
of his head, arguing that it showed slight brain
shrinkage and abnormally large ventricles,
indicating a mental defect. The prosecution’s
expert witnesses said the scans looked normal.
Whether imaging influenced the verdict is not
known, but Hinckley was found not guilty by
reason of insanity.



Neuroscience and legal determination of criminal responsibility

Control participants Criminal psychopaths
| 11 |
a Processing of concrete stimuli

Sagittal

Differences in processing of negative emotions. Regions of interest
showing significantly increased activation (blue) in psychopathy compared

with control subjects (red).

2012/12/25
Eastman and Campbell, NRN 2006



NEWS FEATURE SCIENCE IN COURT

HEAD CASE

Last year, functional magnetic resonance imaging made its debut in court.
Virginia Hughes asks whether the technique is ready to weigh in on the fate of murderers.

2012/12/25



“Itis a dangerous
distortion of science
that sets dangerous
precedents for the field.”

medical

“Kiehl got a lot
of criticism, but

| think what he
did is perfectly ‘ P e i 2
reasonable." : o ) Sy = GENEVA ILLINOIS

POLICE DEPARTMENT

Above: criminal psychopaths show less activity
2012/12/25 than non-criminal control subjects in specific
emotion-processing areas of the brain, according to Kent Kiehl's testing. Right: Brian Dugan in 1985.




Behavioral Sciences and the Law

Behav. Sci. Law 27: 123-136 (2009)

Published online 6 March 2009 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/bsl.853

Neuroscience and the Law:
Philosophical Differences and
Practical Constraints

Daniel A. Martell, Ph.D.*

Controversies surrounding the value of neuroscience as
forensic evidence are explored from the perspective of
the philosophy of mind, as well as from a practical analysis
of the state of the scientific research literature. At a funda-
mental philosophical level there are profound differences
in how law and neuroscience view the issue of criminal
responsibility along the continuum from free will to deter-
minism. At a more practicallevel, significant limitations in
the current state of neuroimaging research constrain its
ability to inform legal decision-making. Scientifically sup-
ported and unsupported forensic applications for brain
imaging are discussed, and recommendations for forensic
report writing are offered. Copyright © 2009 John Wiley &
Sons, Ltd.

The Jurists’ View
Brains do not commit crimes, people commit crimes (Morse, 2006)
The Neuroscientists’ Retort
Morse’s analysis is fundamentally flawed because it ignores the fact
that all behavior is determined by the brain.

2012/12/25
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