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Vet study identifies mechanism explaining
female bias in autoimmunity

March 21 2016
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Xist (in pink), an RNA molecule responsible for inactivating one of a female's
two X chromosomes, is not tightly associated with the X chromosome in healthy
human female lymphocytes, though it is in other cell types. This incompletely
inactivation of genes on the X chromosome, including many immunity-related
genes, may help explain why females are predisposed to many autoimmune
conditions and also have stronger immune responses than males. Credit:
University of Pennsylvania
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Possessing two X chromosomes is a double-edged sword,
immunologically speaking. Females are better at fighting off infection
than males, but they are also more susceptible to many autoimmune
conditions, such as lupus.

A new study published in Proceedings of the National Academy of
Sciences and led by researchers from the University of Pennsylvania now
offers the first mechanistic explanation for why this is the case.

The research team, headed by Montserrat C. Anguera, an assistant
professor in the Department of Biomedical Studies at Penn's School of
Veterinary Medicine, focused on X inactivation, a mechanism that
serves to balance gene dosage between males and females by inhibiting
gene expression on one of a female's two X chromosomes. They
discovered that, in females, the immune system's lymphocytes,
specifically T cells and B cells, lack the typical patterns of Xist, an RNA
molecule essential for the inactivation process, as well as other markers
of X chromosome inactivation, thus making X inactivation incomplete in
these cells.

That incomplete activation was present in lymphocytes in all females,
but lupus patients also had unique expression patterns of key immunity-
related genes and unusual patterns of Xist RNA localization, suggesting
an underlying explanation for the disease condition.

"There just seems to be something about lymphocytes," Anguera said.
"The silencing of the X chromosome doesn't seem to be as tight in them
as it is in other cell types."

Anguera's coauthors on the paper were lead author Jianle Wang, Camille
Syrett and Michael Atchison, all of Penn Vet; Marianne C. Kramer of
the Department of Biochemistry and Biophysics in Penn's Perelman
School of Medicine; and Arindam Basu of Pennsylvania State
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University, formerly of Penn Vet.

The study had its origins in Anguera's postdoctoral research, which
focused on X inactivation in pluripotent stem cells. In particular she
examined the role of Xist, a long non-coding RNA molecule that is
known to initiate X inactivation and maintain it by residing with the
inactivated X chromosome, which also acquires small-molecule tags
called heterochromatic modifications, further repressing gene
expression.

Anguera's studies found that, in some cases, stem cells lose both Xist
expression and the modifications that normally reside on the inactive X.
As a result, the cells would start to become partially reactivated, growing
rapidly and beginning to resemble cancer cells.

She began to wonder whether certain diseases might arise from improper
maintenance of X inactivation, notably autoimmune conditions such as
lupus; 85 percent of lupus patients are women.

"What caught my attention about autoimmunity and specifically lupus,"
Anguera said, "was that there were genes on the X chromosome that
were immunity related and that had been shown to have higher
expression levels in lupus patients."

To address this question, the Penn researchers examined lymphocytes
donated by healthy human females as well as "naive," or unstimulated T
and B cells from female mice. They found that, unlike in other cell types
where Xist is associated tightly with the inactive X chromosome, female
lymphocytes lacked this Xist "cloud," even though the cell still contained
expected levels of Xist. This suggested that Xist was failing to properly
migrate to the inactive X to silence it.

When the research team activated the human T and B cells, simulating
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how these cells would respond when presented with a pathogen, the Xist
clouds reappeared. The team observed similar results in mice. Yet the
naive and stimulated lymphocytes all had similar quantities of Xist.

"What was really striking to us was that this wasn't due to a difference in
the amount of Xist. There is a ton of Xist RNA in these cells," Anguera
said. "It's just not getting to the inactive X chromosome in the naive
lymphocytes."

Further examinations of the inactive X in lymphocytes found that it
lacked the heterochromatic marks found on the inactive X in other cell

types.

The findings that even healthy females had such unusual maintenance of
the inactive X in their lymphocytes was entirely unexpected.

"Our hypothesis was that the lupus samples were going to be
dysregulated and the healthy females would be fine," Montserrat said.
"So it was really shocking to us that lymphocytes in normal females
lacked these markers of X inactivation as well."

To see if this lack of heterochromatic marks and Xist, both of which
normally block gene expression on the inactive X, resulted in increased
gene expression, the researchers looked at immunity-related genes on the
X chromosome to see if there was one or two copies being expressed.
They found that about 3 to 5 percent of female lymphocytes expressed
two copies of these genes, as well as two copies of a gene unrelated to
immunity. No male lymphocytes showed this same two-copy expression.

Consistent with that result, the researchers found that certain regions of
the X chromosome in human female B cells, including regions that
contain immunity-related genes, were expressed at higher levels than
male cells.
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Because Xist in the female lymphocytes was present but simply wasn't
localizing to the proper place on the inactive X, the research team took a
closer look at two proteins, YY1 and hnRNPU, that are known to bind
with Xist and possibly play a role in moving it back to the inactive X
after lymphocytes are stimulated. Using human T cells in culture as well
as mice lacking one of these genes, YY1, they found that, indeed, the
two proteins did help move Xist back to the inactive X chromosome in
activated lymphocytes.

Though it was clear that female lymphocytes were different from males'
in their patterns of Xist localization, the team wanted to know whether
lupus patients had additional unusual features of X inactivation that
might explain their disease. Using lymphocyte samples from both
pediatric lupus patients and healthy children of similar ages, the team
found more Xist mis-localization in lupus patients and some evidence
that they were more likely than healthy people to have two copies of
immunity-related genes. The researchers also noted that the region of the
X chromosome containing Xist showed the biggest differences in
expression when comparing lupus to healthy patients.

One possibility, said Anguera, is that all females may have a
subpopulation of lymphocytes with incomplete X inactivation; in healthy
individuals, those lymphocytes stay in the minority, but that
subpopulation may take over in patients with autoimmune conditions.

To build on the work, Anguera's team is performing additional studies
using primary samples from lupus patients as well as samples from a
mouse model of lupus. While the current study was done on
immortalized cells from lupus patients, Anguera is hopeful the
researchers will obtain a clearer picture of how Xist patterns differ using
primary cells.

The team is also embarking on a study of another female-biased
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autoimmune disease, Sjogrens syndrome, which has an even more
extreme female bias than lupus, to see if similar X inactivation patterns
are present. If the findings hold up across different autoimmune
diseases, it's possible that the characteristic patterns of Xist localization
could be used as a disease biomarker, enabling earlier diagnoses and
treatment.

More information: Unusual maintenance of X chromosome
inactivation predisposes female lymphocytes for increased expression
from the inactive X, PNAS,
www.pnas.org/cgi/doi/10.1073/pnas. 1520113113
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