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Autoimmune disease

outlook

Theimportance of sex

Autoimmune disease is considerably more commonin womenthaninmen. The
reasons why are just beginning to come into focus. By Emily Sohn

hen Rhonda Voskuhl was a post-
doctoral fellow at the US National
Institutes of Health (NIH) in
the mid-1990s, it was common
knowledge among clinicians that
multiple sclerosis (MS) — an autoimmune
disease that affects the brain and spinal cord
—was about twice as commoninwomen than
in men. Today, she says, the ratio is closer to
3tol(ref.1).

Many of her colleagues saw the sex
discrepancy as an inconvenience, says
Voskuhl, now a neuroimmunologist at
the University of California, Los Angeles,
and president of the interdisciplinary
Organization for the Study of Sex Differences.
Researchers working with animal models
would order only male or only female mice to

avoid the hassle of dividing their data by sex.

But what others saw as a nuisance sparked
Voskuhl’s curiosity. What, she wondered,
explained this sex difference? And why weren’t
more researchers asking the same question?
“Nobody was asking why,” she says. “They were
justsaying, OK, that’s the way it is.”

This sex discrepancy does not end with
MS. Evidence has accumulated to reveal that,
althoughsome autoimmune diseases are more
common in men, women are generally more
susceptible, sometimes by a factor of 16 or
more?. Asresearchers diginto the reasons why,
theirinsights offer promising avenues towards
treatments that could benefit all genders.

Theworkis also starting to offer fresh ways
of thinking about conditions as diverse as
heartdisease, Alzheimer’s disease and cancer.
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Although these are not, strictly speaking, auto-
immune disorders, they do share similarities,
says DeLisa Fairweather, animmunology and
infectious-disease researcher at the Mayo
ClinicinJacksonville, Florida.

A focus on sex differences “should trans-
form our whole understanding of medicine”,
Fairweather says. “It’s that fundamental.”

Hormones and chromosomes

Around the world, an estimated 4% of people
have at least one autoimmune disease. In the
United States, the figure is about twice that.
The prevalence of these diseases is different
inmenand women (see ‘Balance of the sexes’).
There are also sex differences in when symp-
toms manifest and how severe they are.
Some of the earliest theories to explain
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BALANCE OF THE SEXES

Autoimmune diseases are generally more common in women than in men, but the extent of the sex
difference varies between diseases. Sjogren’s syndrome is 16 times more common in women than men, for
instance, whereas Crohn’s disease and type 1 diabetes are thought to affect women and men roughly equally.
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these discrepancies focused on sex
hormones, which regulate the innate and
adaptive immune systems through multiple
pathways, by means of receptors onimmune
cells.

Hormones could help to explain why some
people with autoimmune disease see their
symptoms improve or worsen when hormone
levels surge or drop, such as during puberty,
pregnancy and menopause, Voskuhl says.
For example, throughout the second half of
pregnancy when oestrogen hormones surge,
women with MS experience a 70% reduction
inrelapses®. As oestrogen levels drop after
delivery, however, symptoms tend to return —
andwomen withlupus don’tget thereprieve
atall.

Itisunclear whether female predominance
in many autoimmune diseases is a result of
higher levels of female hormones such as
oestrogen, low levels of male hormones such
as testosterone, or acombination of the two,
says Susan Kovats, an immunologist at the
Oklahoma Medical Research Foundation in
Oklahoma City. Scientists are also still working
out the various effects that these hormones
have on the immune system — both positive
and negative.

But the hormone theory has competition.
Some researchers suggest that sex chromo-
somes mightbe the culprit. Inanimal studies,
mice with two X chromosomes develop
conditions such as lupus more frequently
than do XY mice, even when all the mice are
engineered to have the same sex organs and
hormones. Likewise, men with Klinefelter
syndrome, who have an extra X chromosome,
develop lupus and Sjogren’s syndrome at rates
similar to those in women®,

A potential explanation for this could
lie in the numerous genes on X chromo-
somes that have been found to be involved
inimmune function. Where more than one
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Xchromosomeis presentinacell,asistypical
in women, all but one copy is usually deacti-
vated. However, it is thought that as many as
23% of X-linked genes escape deactivation® —
including those that affectimmune function.
Having multiple copies of those genes that
remain active can lead to an over-active
immune response and the development of
disease. The incomplete inactivation of the
X-linked gene TLR7, forinstance, has now been
implicatedinincreasingthe risk of developing
lupus.

“The more we understand,
themorewerealize how
mind-bogglingitallis.”

The newest theories for what causes sex
differences in autoimmune diseases points
to a complex set of interactions between
hormones, X chromosomes and other physio-
logicalfactors, Voskuhl says. Shiftinghormone
levelsthroughout life, for example, might mask
or unmask the influence of X chromosomes.
The organ targeted by a specific disease also
alters each condition’s trajectory.

“Historically, there’s been sort of the
hormone camp, and then there’s been the
X-chromosome camp,” Kovats says. But the
latest research, she argues, undermines this
neat sorting. “With this finding of immune
response genesonthe X chromosome and the
factthat oestrogen receptors seemtoregulate
some of the same things, it brings alittle bit of
aconvergence.”

Digging into the nuances of immune
responses across sexes could lead directly to
new treatments for all sorts of disease, Voskuhl
adds. “If there’s not any difference, that’sawin
because what you’ve just discovered is rele-
vantto100% of the population,” she says. “On
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the other hand, if you find that there is a sex
difference, now you can figure that out. It’s
good for males and females.”

The pregnancy challenge

As evidence has accumulated to illuminate
how hormones, sex chromosomes and other
factors contribute to an elevated risk of dis-
ease in women, some researchers have taken
a big-picture view to investigate the evolu-
tionary pressures that might have led to sex
discrepancies in autoimmune diseases. One
leading theory focuses on aunique challenge
that women face: how to grow a genetically
distinct human in their bodies without their
immune systems rejecting the fetus as a
foreign object.

The female immune system has devel-
oped a complicated strategy that enables it
to fight off pathogens without endangering
the fetus, says Melissa Wilson, a geneticist
and evolutionary biologist at Arizona State
University in Tempe. At various stages of preg-
nancy, she says, the body seems to ramp up
and turn down the immune response. As the
body prepares for pregnancy, for example,
inflammation increases to allow implanta-
tion of a fertilized egg. This inflammatory
response resembles how the body reacts to
anopenwound and could help to explain why
many women feel unwellin the first trimester,
according to some research®. During that
period, the embryo needs to break through
the lining of the uterus, damage the tissues
there, take over some of the mother’s blood
vessels, and establish blood supply to the fetus
through the placenta. Inflammation aids this
process of damage and repair, along with the
removal of waste products.

Inflammation drops during the second
trimester and then increases again in the
third, especially as birth becomes imminent.
The placentaitself produces the oestrogen
hormone oestriol, which has such powerful
anti-inflammatory effects that clinical trials
are under way to assess its ability to treat
women with MS. Many questions remain about
how pregnancy affects the immune system,
and the interaction with the placentain par-
ticular, Wilson adds. “We try to tell a simple
story, but the truth is it’s not simple and we
don’tunderstand it well,” she says. “The more
we understand, the more we realize how
mind-bogglingitallis.”

The evolution of the placenta might have
drivensome of the sex differences in autoim-
mune disease that are now being uncovered,
Wilson and her colleagues proposedin a2019
paper® However, the female system evolved
over hundreds of millennia during which
people were pregnant for much of their
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reproductive years. Because people have fewer
children now than their ancestors typically
did, their bodies do not interact with a pla-
centaasfrequently. Without regular placental
influence to keep the femaleimmune systemin
check, the researchers suggest, autoimmune
attack might be more likely. In urban, indus-
trialized populations, women exhibit a higher
prevalence of autoimmune disease than do
men, and those trends might reflect hormonal
shifts as a result of urbanization and a move
towards more-sedentary lifestyles, Wilson’s
team proposes. Autoimmune diseases have
increased in incidence in recent decades,
and rates are highest where increased use of
contraception has reduced the number of
pregnancies. Sedentary lifestyles also affect
reproductive hormone levels?.

Unanswered questions remain, including
whether womenwho have fewer or no children
have an elevated risk of autoimmune disease.
Wilsonis also planning to investigate whether
the age a person is when they have their first
baby affects the likelihood of disease. It’s
possible, she says, that getting pregnant
earlier in life might be protective. Working
out the details could lead to new treatments
— ifresearchers were to find that oestriol is
really important, for instance, then Wilson
speculates that the hormone could be used as
apreventive therapy for young people. “That
time window might beimportant for reducing
risk of autoimmune disease,” she says.

Theories such as these make sense, Voskuhl
says. From an evolutionary perspective, it
would have been beneficial for mothers to
be able to stay healthy while also carrying
pregnancies to term. “The women need to
survive to take care of the babies,” Voskuhl
says. “The babies that had mothers who had
active immune systems — they lived and per-
petuated that particular pattern.”

Diverse voices

Backinthe1990s, as Voskuhl was beginning to
insist on studying male and female mice side
byside, someresearchersinother fields were
taking similar steps. At first, these groups were
working mostly inisolation.

Over the years that followed, enough
research accumulated to legitimize the idea
that there were biological forces at work. In
1996, for example, Voskuhl established that
female mouse models of MS are likely to be
more unwell than are male models. That made
it harder to support the outdated argument
that women simply complain more about the
same symptoms, she says.

In 2001, a landmark report called ‘Does
Sex Matter?’ was released which recom-
mended prioritizing sex differences in

_
Susan Kovats and her colleagues compare the lungs of male and female mice with influenza.

biomedical research’. In 2006, a group of
researchers from the Society for Women'’s
Health Research founded the Organization
for the Study of Sex Differences to connect
specialists across disciplines, aid research
and promote discoveries. Those structural
developments happened alongside another
trend, Voskuhl says: a rise in the number of
women who were establishing themselves
in the top tiers of science.

By 2016, the NIH had created a policy to
encourage the inclusion of ‘sex as a biological
variable’ into research design. Over the past
three years or so, the topic of sex differences
indisease has finally madeit to the main stage,
says Voskuhl, who has seen grants and publi-
cationsincrease exponentially. She now gives
talks at major MS meetings.

But the study of sex differences in auto-
immune disease and other conditions still
faces significant obstacles, Fairweather
says. One such problem is the ubiquitous
use of plastic in laboratory experiments. In
their recent research, Fairweather and her
colleagues found evidence that the chemi-
cal BPA — a hormone-disruptor commonly
found in plastic water bottles and animal
cages — altered the effect of sex hormones
on disease®. Researchers don’t usually pay
attention to the sex of the cells they use in
studies, she adds, even when they use plastic
Petri dishes and culture trays, that they put
in warm incubators with indicator dyes that
also act as endocrine disruptors. “This has
been affecting everyone’s experiments in a
sex-specific manner,” she says.

Diversity among researchers is another
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challenge, Voskuhl says. Most scientists work-
ing on sex differences in disease are women,
and many researchers still consider the topic
to be ‘a women’s issue’. Voskuhl’s group is
actively trying todraw broader interest. “We're
making a drive for diversity on all fronts, and
thatincludes getting more meninvolved,” she
says. “We want themrepresented and we want
tobringthemin.”

Looking back on 25 years of progress,
Voskuhl marvels at how far science has come
inunderstanding autoimmune diseases. Sev-
eral research groups are now formulating
strategies for using those insights to make
people’s lives better, including research
on how hormonal treatments could slow
cognitive decline in people with MS. “Sex
differences in many autoimmune diseases
have been well characterized at the clinical
level, and mechanisms underlying them have
been discovered,” she says. “The future holds
great potential for new treatments based on
these discoveries.”

Emily Sohn is a freelance journalist in
Minneapolis, Minnesota.
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