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Sex differentiation: How do hormones shape the bodies, brains, and behaviors of men, women, and intersex individuals?

 Is it a boy or a girl?  In the delivery room, this is usually the first question that doctors are asked when a baby is born.  The answer is simple, right?  You are probably thinking that the baby must be either male or female.

Not so fast!  The answer is more complicated than you think.  You probably know by now that babies are produced when a man’s sperm meets a woman’s egg.  As the baby grows inside the mother’s body it usually develops into a male or a female.  But some people have bodies that don’t exactly fit into the categories “male” or “female.”  For example, some people grow a penis on the outside of their body but they grow female-typical reproductive structures inside their bodies (e.g., ovaries and a uterus).

How do we develop bodies that are male, female, or somewhere in-between?  First, we will tell you how genes and hormones cause us to develop external genitalia (e.g., penis or clitoris) and internal genitalia (e.g., prostate or uterus).  Second, we will tell you how hormones cause people to develop a more male-typical or female-typical type of brains and behaviors. 

Sex Determination: How Genes Create Testes and Ovaries

Every egg in a woman’s body carries an X–chromosome.  The sperm that men produce can carry either an X-chromosome or a Y-chromosome.  What happens when an egg and a sperm cell merge?  If the sperm carries an X-chromosome, the fetus starts to develop into a baby girl (XX).  It develops ovaries, which are the female organs that create eggs and release the hormone estrogen.  In contrast, if the sperm carries a Y-chromosome, the fetus starts to develop into a baby boy (XY).  It develops testes, which are the male organs that create sperm and release the hormone testosterone.  The process of genes creating testes or ovaries is called sex determination.

What is it about the Y-chromosome that causes a person to develop testes during sex determination?  A special piece of the Y-chromosome called the “sex-determining region of the Y-chromosome” or SRY does.  In most cases, fetuses with XY chromosomes have this SRY gene and they develop testes; fetuses with XX chromosome do not have SRY and therefore develop ovaries instead. 

Sometimes, however, there are fetuses that have XY chromosomes but they don’t develop testes.  What’s going on here?  When we look at these fetuses closely, we often see that their Y-chromosome is missing the SRY gene.  Without the SRY gene the body can’t develop testes and instead develops ovaries.  Cases like these show that testes only develop when the SRY gene is present.  

Sex Differentiation: How Hormones Create Male and Female Bodies
Once sex determination has occurred, which means testes and ovaries have formed, it is time for hormones cause the process of sex differentiation.  Sex differentiation is when hormones released by the testes and ovaries cause the body to develop along male-typical or female-typical paths.  The basic default plan of the body is to develop into a female body and the body develops into a male body if testes develop and release two key hormones: Testosterone and Müllerian Inhibiting Hormone.

External genitalia.  In males, the external genitalia includes the penis and the scrotum.  During sex differentiation, the testes release testosterone which is converted into another hormone called dihydrotestosterone (DHT).  DHT causes the cells to develop into a penis and scrotum.  

What happens in women?  They do not have testes and therefore they do not release testosterone.  Without testosterone present, the cells develop into the clitoris and the labia.  The tissues that develop into the penis in men are the same tissues that develop into the clitoris in women.  The clitoris is a female sexual organ that contains small bundles of nerves that provide pleasure to women when stimulated.  The labia are soft folds of skin that surround the opening of the vagina.  The labia develops from the same tissue that develops into the scrotum in males.

  Internal genitalia.  There are two major structures that develop into the internal genitalia: the Wolffian and Müllerian ducts.  The Wolffian ducts develop into the male internal genitalia and the Müllerian ducts develop into the female internal genitalia.  How does this happen?

Let’s start with men.  In men, testes release testosterone, which promotes the development of Wolffian ducts.  The Wolffian ducts develop into the epididymis, prostate, and seminal vesicles.  These structures help make and nourish sperm and carry the sperm from the testes and out of the penis when a male orgasms during sex.  The testes also release Müllerian Inhibiting Hormone, causing the Müllerian ducts to shrink and disappear.  

In women, the opposite happens.  Women’s ovaries make very little testosterone, so the Wolffian ducts shrivel and die away.  Women’s ovaries also do not release Müllerian Inhibiting Hormone. This means the Müllerian ducts are free to develop into the fallopian tubes, the uterus, and the upper vagina.  The fallopian tubes carry the eggs down from the ovaries and if she becomes pregnant, the fetus grows in the uterus.  So now you know how hormones usually cause male and female bodies to develop.  But what happens in the case of intersex individuals?
Disorders of Sex Development
Imagine that you are a woman who spent all of your life training for the Olympics.  When you get to the Olympics, however, you are told that you can’t compete because a blood test says that you have a Y-chromosome and testes inside your body.  This is what happened to Olympic athlete Maria Patiño, who was scheduled to compete as a hurdler in track and field.  She was not allowed to compete despite the fact that she appeared female to anyone who saw her, considered herself a female, and had no knowledge of this condition.  Do you think this is fair?  Biologically, how does this happen?

Disorders of Sex Development is the term used by many doctors to describe conditions where a person has internal genitalia, external genitalia, or chromosomes that are not.  Other people call these Intersex cases [see Textbox 1].  As many as 1 out of every 100 people have sexual characteristics that are somewhat ambiguous, and about 1 out of 2000 are born with noticeably unusual external genitalia.  Here we describe two common disorders of sexual development: Congenital Adrenal Hyperplasia (CAH) and Androgen Insensitivity Syndrome (AIS).

Congenital Adrenal Hyperplasia. CAH is when XX individuals produce an unusually high level of testosterone. How does this happen?  CAH girls are not able to produce a hormone called cortisol.  The body compensates by producing more testosterone and DHT, which causes these women to develop male-like external genitalia.  For example, the clitoris becomes enlarged and the labia begin to fuse so that they resemble a scrotum.  The degree to which the external genitalia becomes more male-like depends on the level of testosterone and DHT.  But these women don’t have testes, so they aren’t producing Müllerian Inhibiting Hormone.  As a result, they develop female internal reproductive organs. Therefore, girls born with CAH have a chance to reproduce later in life. 

Androgen Insensitivity Syndrome. Androgens are a class of hormones that include hormones like testosterone.  Individuals with AIS have XY chromosomes and develop testes that release androgens.  Their bodies, however, are unable to recognize these androgens.  This means that male-typical internal and external genitalia do not develop.  Instead, external female genitalia develops.  In some cases, the body can detect some of the androgens, so they develop ambiguous genitalia. 
Remember, the testes are still producing Müllerian Inhibiting Hormone, which prevents the female internal genitalia from developing.  As a result, these individuals appear female externally but lack an internal reproductive system. They are typically raised as females and develop breasts and other feminine characteristics during puberty. This is why Olympic hurdler Maria Patiño didn’t learn she had AIS until she was older.  Most people don’t find out they have AIS until they do not menstruate during puberty, which leads to the discovery that they have testes in their bodies and XY chromosomes.  
How Do Hormones Shape Sex Differences in the Brain and Behavior?

So far we have focused mostly on how hormones shape the genitalia of men and women.  Do hormones also create sex differences in the brain, and are these related to differences in the way males and females behave?  The answer is a resounding yes.

Both men and women have hormones like testosterone and estrogen, and you probably know that men have more testosterone than women and that women have more estrogen than men do.  But believe it or not, it is actually estrogen that causes brains to become more male-typical.  Wait a minute – how can that be if women have more estrogen than men do?  

Here is how it happens.  When testes release testosterone, it travels through the bloodstream to the brain.  It is then converted to estradiol, a type of estrogen, in the brain.  Many regions of the brain have evolved to bind to this hormone and change as a result.  So what happens in females?  A chemical called alpha feto protein in women binds to the estrogens in the blood before they reach the brain, and this prevents the estrogens crossing into the brain.  The presence of estradiol in men’s brains and the lack of estradiol in women’s brains leads to sex differences in the brain.

Many researchers think that sex differences in sexual behavior, aggression, and other traits are due in part to these differences in the brain created by hormones [see Textbox 2].  For example, scientists have investigated the sexual activities of rats. The process of rat sex is simple.  A male mounts the female from behind.  If the female is interested in the male, she engages in lordosis: she arches her back and moves her tail to one side to allow sex to begin.  How do hormones cause these behaviors develop?  Males deprived of testosterone from the testes when they are young exhibit lordosis.  Males who receive testosterone show mounting behaviors. Hormones such as testosterone can create sex differences in behavior. 

Do sex differences in exposure to testosterone also influence other behaviors? In every single culture that we know about, men are more physically violent than women.  We know that adult men have 10 times as much testosterone as women do.  Are men more aggressive than women because they have more testosterone?  We know from animal studies that castrating males, which means removing their testes, decreases their aggression.  If the testes are replaced, their aggression level rises again.  Injecting males with testosterone also makes them more aggressive when they are presented with a rival male. We know from studies in prisons that violent criminals have more testosterone in their blood than non-violent criminals do.  
Researchers think that exposure to high levels of testosterone early in life causes changes to brain areas called the amygdala and hypothalamus and that this can make them more prone to aggression.  These studies suggest that testosterone is one factor that can increase aggression.  Higher levels of testosterone in men combined with cultural attitudes encouraging men to be more violent than women could explain why males across the world tend to be more violent than women.
Conclusion 

So, is it a boy or a girl? Hopefully after reading this chapter you realize that determining the sex of a person is not as straightforward as it sounds.  People can have chromosomes, genes, hormone levels, internal genitalia, external genitalia, and brains that don’t all line up in terms of being male-typical or female-typical.  We are just beginning to learn how sex chromosomes, hormones, and the way society treats people with male or female external genitalia influence the way people think, feel, and behave.
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[Textbox 1]

What’s in a Name?


What term should we use to refer to people born atypical genitals and/or unusual sex chromosomes? These individuals started to organize themselves at the beginning of the 1990’s.  These organizations challenged the traditional medical assumption that atypical genitalia should be surgically altered at birth.  The first large organization was called “Intersex Society of North America” or “ISNA”, and the word “intersex” became very popular. Over time, however, people started to use the “intersex” to refer to their social identity and not simply their medical condition.  People proudly proclaimed that they were “intersex” individuals and that this identity should be respected the same way we respect the identities of “men” and “women.”  


One problem with the term “intersex”, however, is that it now described both a medical condition and a social identity and not everyone could agree on what the term “intersex” meant.   For instance, women who have Androgen Insensitivity Syndrome have XY chromosomes but often have female-typical external genitalia.  If their external genitalia usually appears female-typical, should they be called “intersex”?  In 2005, doctors, experts, activists, and ISNA members met and agreed to change the name of “intersex” into “Disorders of Sex Development”.  This term includes all cases of ambiguous genitals and atypical sex chromosomes or gonads. Not everyone was happy, because some people felt that the term “disorders” was demeaning and would make people think that there is something wrong with having ambiguous genitalia and that it is a “problem” that needs to be “fixed”.  The intent of the new wording was to name a medical condition but has become part of controversial social debates. 
[Textbox 2]

Do Hormones Influence What Toys We Like?
Why do more girls play with dolls and why do more boys play with trucks?  The answer seems pretty obvious.  Our culture teaches them to prefer these toys.  But is it really that simple?  In studies of rhesus monkeys and green vervet monkeys, the male monkeys played with wheeled toys, such as trucks, more than females did.  
Do males have some sort of evolved bias to prefer these types of objects?  Researchers have looked at the preferences of CAH girls, who were exposed to male levels of testosterone but were raised as girls.  Studies have shown that even though parents of CAH girls encourage them to play with girls toys, they prefer male-typed toys.  The differences don’t stop there.  Scientists have found that CAH girls are more likely to be aggressive and participate in rough-and-tumble play than other girls.  When asked to draw a picture, boys and CAH girls tend to draw pictures of moving or mechanical objects, whereas other girls tend to draw people, flowers, and butterflies.  These surprising findings suggest that some sex differences may result from underlying biological tendencies that are exaggerated by messages we receive from our culture. 

