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drivers in Human Brain Evolution
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The placenta and the hormones it produces may have played a crucial role in the evolution of the human brain,
while also leading to the behavioral traits that have made human societies able to thrive and expand, according to
a new hypothesis proposed by researchers from the Universities of Cambridge and Oxford.

Dr. Alex T'sompanidis, senior researcher at the Autism Research Center at the University of Cambridge, and the
lead author of this new study, said, "Small variations in the prenatal levels of steroid hormones, like testosterone
and estrogen, can predict the rate of social and cognitive learning in infants and even the likelihood of conditions
such as autism. This prompted us to consider their relevance for human evolution."

One explanation for the evolution of the human brain may be the way humans adapted to be social. Professor

Robin Dunbar, an evolutionary biologist at the University of Oxford and joint senior author of the new study, said,

"We've known for a long time that living in larger, more complex social groups 1s associated with increases in the
size of the brain. But we still don't know what mechanisms may link these behavioral and physical adaptations in

humans."

In this new paper, published in Evolutionary Anthropology, the researchers now propose that the mechanism may
be found in prenatal sex steroid hormones, such as testosterone or estrogens, and the way these affect the
developing brain and behavior in humans.

Using mini-brains—clusters of human neuronal cells that are grown in a petri dish from donors' stem cells—other
scientists have been able to study, for the first time, the effects of these hormones on the human brain. Recent
discoveries have shown that testosterone can increase the size of the brain, while estrogens can improve the

connectivity between neurons.

In both humans and other primates such as chimpanzees and gorillas, the placenta can link the mother's and
baby's endocrine systems to produce these hormones in varying amounts.

Professor Graham Burton, founding director of the Loke Center of Trophoblast Research at the University of
Cambridge and co-author of the new paper, said, "The placenta regulates the duration of the pregnancy and the
supply of nutrients to the fetus, both of which are crucial for the development of our species's characteristically

large brains. But the advantage of human placentas over those of other primates has been less clear."

Two previous studies show that levels of estrogen during pregnancy are higher in human pregnancies than in other

primate species.

Another characteristic of humans as a species 1is our ability to form and maintain large social groups, larger than
other primates and other extinct species, such as Neanderthals. But to be able to do this, humans must have
adapted m ways that maintain high levels of fertility, while also reducing competition in large groups for mates and
resources.

Prenatal sex steroid hormones, such as testosterone and estrogen, are also important for regulating the way males

and females interact and develop, a process known as sex differentiation. For example, having higher testosterone
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relative to estrogen leads to more male-like features in anatomy (e.g., in physical size and strength) and in behavior

(e.g., In competition).

But in humans, while these on-average sex differences exist, they are reduced, compared to our closest primate
relatives and relative to other extinct human species (such as the Neanderthals). Instead, anatomical features that
are specific to humans appear to be related more to aspects of female rather than male biology, and to the effects
of estrogens (e.g., reduced body hair, and a large ratio between the second and fourth digit).

The researchers propose that the key to explaining this may lie again with the placenta, which rapidly turns
testosterone to estrogens, using an enzyme called aromatase. Recent discoveries show that humans have higher

levels of aromatase compared to macaques, and that males may have slightly higher levels compared to females.

Bringing all these lines of evidence together, the authors propose that high levels of prenatal sex steroid hormones
i the womb, combined with increased placental function, may have made human brains larger and more
mterconnected. At the same time, a lower ratio of androgens (like testosterone) to estrogens may have led to
reductions in competition between males, while also improving fertility in females, allowing humans to form

larger, more cohesive social groups.

Professor Simon Baron-Cohen, director of the Autism Research Center at the University of Cambridge and joint
senior author on the paper, said, "We have been studying the effects of prenatal sex steroids on

neurodevelopment for the past 20 years. This has led to the discovery that prenatal sex steroids are important for
neurodiversity in human populations. This new hypothesis takes this further in arguing that these hormones may

have also shaped the evolution of the human bran."

Dr. Tsompanidis added, "Our hypothesis puts pregnancy at the heart of our story as a species. The human brain
1s remarkable and unique, but it does not develop i a vacuum. Adaptations in the placenta and the way 1t
produces sex steroid hormones may have been crucial for our brain's evolution, and for the emergence of the

cognitive and social traits that make us human."
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