
 

How asthma develops from exposure to house
dust mites

January 29 2016

University of Alabama at Birmingham researchers have found a
previously unknown step in the pathway that leads to asthma, a discovery
that may offer new therapeutic approaches to this incurable disease.
Asthma affects more than 25 million people in the United States,
including about 7 million children.

Experiments led by Beatriz León, Ph.D., assistant professor in UAB's
Department of Microbiology, used house dust mite (HDM) allergen and
mice in their model system.

The major finding by León and colleagues is that the first exposure to
this common allergen—when inhaled into the lungs—leads to formation
of memory immune cells that are assisted by B cells, without causing the
classical allergic response of asthma. These long-lived cells, called T
follicular helper cells, or Tfh cells, reside in the draining mediastinal
lymph nodes of the lungs after that sensitization exposure.

It is only when the mouse receives a later, second dose of the HDM
allergen that the Tfh cells are induced to differentiate into a new type of
T cell that will attack the allergen. Those cells, called type 2 helper T
cells (Th2), migrate to the lung after the second challenge by HDM
allergen. There, they recruit blood cells called eosinophils and launch the
destructive asthma that makes breathing difficult, due to inflammation,
mucus accumulation and narrowing of the lung airways.

"This finding really changes the way we might think about treating
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allergic diseases and also has important implications when thinking about
how young children are first exposed and sensitized to allergens," said
Frances Lund, Ph.D., professor and chair of the microbiology
department and a co-author.

The research is being published today, online ahead of print, in the
journal Immunity.

The details of the steps from sensitization to asthma are a complicated
dance among several different types of immune cells. These steps
require different cell types to touch one another as they trigger
successive moves toward the ultimate immune response. These cells also
release a variety of small proteins that act as signals to affect the
behavior of other cells around them.

Including their finding of the novel step of Tfh cell formation, the León
team proposes this sequence of events:

After the sensitizing dose of HDM, pulmonary dendritic cells in
the lung carry the HDM antigen to the draining lymph node,
where they prime naïve T cells through a cell-to-cell interaction
in the interfollicular area of the lymph node. León likens the
antigen-carrying dendritic cells to the teacher that tells the naïve
T cells what to do to fight the allergen or a pathogen.
This reaction also requires antigen-carrying B cells to synergize
the differentiation of the naïve T cells into Tfh memory cells,
again through a cell-to-cell interaction. These activated B cells
aid the long-term survival of these memory Tfh cells in the
follicles of the lymph node. León likens the B cells to teacher's
assistants. The Tfh cells, she says, are now prepared and know
what to do, but they are just waiting.
A second, challenge dose of HDM, again carried by the
pulmonary dendritic cells from the lungs to the lymph nodes for
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a cell-to-cell interaction, induces the memory Tfh cells to
differentiate into effector Th2 cells that home in to the lungs and
recruit eosinophils. León likens the effector Th2 cells to fighters
that attack the allergen or an infection.

"It is a new understanding of how allergic responses develop," said León,
who notes there may be potential therapeutic benefits of targeting Tfh
cells to prevent asthma. "In fact, if we could identify ways to disrupt the
cell-cell interactions between the B cells and the memory Tfh cells, those
Tfh cells might die, and when the individual was next exposed to the
allergen, there would be no Tfh cells that could give rise to the effector
'fighter' cells that actually cause the destructive asthma response in the
lung."

León and colleagues unraveled these complex interactions by separating
and counting the different types of immune cells. In immunology
research, the cell types are distinguished by the distinctive molecular
markers on the cell surfaces that can be labeled with fluorescent
antibodies. By following those markers, researchers can look for
emergence of a new cell type that develops after a sensitization or
challenge dose of HDM and also look for changes in where these cells
are located.

León and colleagues also used a grab bag of tricks to tease out the story
of how HDM sensitization and challenge leads to asthma—transfer of
sensitized or naïve immune cells from one mouse to another; use of
various mutants that block a step of the immune response; reagents that
selectively inactivate, inhibit or destroy a particular cell type; attachment
of fluorescent markers onto proteins; measurement of intracellular
cytokines; and use of bacterial artificial chromosomes in transgenic
mice.

  More information: André Ballesteros-Tato et al. T Follicular Helper
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