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Comment on Hülsdünker et al, page 1858

Pathogenic neutrophils
in acute GVHD
Paul J. Martin | Fred Hutchinson Cancer Research Center; University of
Washington

In this issue of Blood, Hülsdünker et al show how recipient neutrophils con-
tribute to the pathogenesis of acute graft-versus-host disease (GVHD), a
complication of allogeneic hematopoietic cell transplantation (HCT) caused by
donor T cells that recognize recipient alloantigens.1

Previous studies of GVHD have shown that
many types of hematopoietic cells can
present recipient alloantigens to donor
T cells.2 These cell types include dendritic
cells, plasmacytoid dendritic cells, macro-
phages, B cells, and Langerhans cells. In
addition, certain recipient cells outside the
hematopoietic lineage can present allo-
antigens that cause GVHD. Neutrophils
are known to present antigens to T cells
under pathological or inflammatory con-
ditions,3 but Hülsdünker et al are the first
to investigate their unexpected role in the
pathogenesis of acute GVHD.

As illustrated in the figure, they showed
that intestinal bacterial preferentially in-
vaded the ileal mucosa after damage
caused by total body irradiation. As part

of the inflammatory response to bacteria,
neutrophils infiltrated the ileal mucosa
and were activated to express MHC
class II molecules. In the ileum, neutrophils
expressing a transgenic photoconversion
reporter were labeled by light exposure,
and their subsequent migration was traced
to draining mesenteric lymph nodes. In
lymph nodes, the activated neutrophils
presented alloantigen to donor T cells that
contributed to the development of acute
GVHD. Consistent with this hypothesis,
antibody-mediated depletion of neutro-
phils in the recipient on theday beforeHCT
decreased the severity of acute GVHD.

Based on the rationale that granulocyte
colony-stimulating factor (G-CSF) signals
through Janus kinase 1 (JAK1) to stimulate

neutrophil differentiation, Hülsdünker et al
extended their study to evaluate the effects
of the JAK1/2 inhibitor ruxolitinib on anti-
gen presentation by neutrophils after HCT.
Ruxolitinib inhibited the activation-induced
expression of MHC class II molecules by
neutrophils and prevented their migration
from the ileum tomesenteric lymph nodes.
Ironically, neutrophils are induced to ex-
pressMHC class II molecules by interferon g
(IFN-g), granulocyte-macrophage colony-
stimulating factor (GM-CSF), and interleukin-3
(IL-3), but not by G-CSF,3 and while IFN-g
signals through JAK1, GM-CSF and IL-3
signal through JAK2.

Drug-based approaches for controlling
GVHD after allogeneic HCT in humans
have focusedprimarily on inhibitionof T-cell
responses with the use of antimetabolites
such as methotrexate or mycophenolate
mofetil, calcineurin inhibitors such as
cyclosporine and tacrolimus, mechanistic
target of rapamycin inhibitors such as
sirolimus, and more recently, the alkyl-
ating agent cyclophosphamide.4 Obser-
vations that type II cytokine receptors
activate adaptive T-cell responses through
JAK-mediated phosphorylation of signal
transducers of activation and transcrip-
tion (STAT) have prompted preclinical
studies testing whether JAK inhibitors could
prevent GVHD. One such study showed
that administration of ruxolitinib begin-
ning on the day before HCT and con-
tinuing until day 20 after HCT decreased the
severity of acute GVHD in mice.5

The current study showing that neutro-
phils are involved in the pathogenesis of
GVHD adds to evidence that the path to
GVHD begins with inflammatory innate
immune responses caused by the con-
ditioning regimen before HCT.4 These
innate immune responses facilitate and
enhance adaptive donor T-cell immune
responses stimulated by recipient allo-
antigens that are presented redundantly
by a wide variety of cell types. The current
study also adds to preclinical evidence that
inhibition of JAK-STAT signaling offers
promise as a way to prevent GVHD in hu-
mans not only through effects on adaptive
T-cell responses,6 but also through effects
on innate immune responses. For example,
ruxolitinib inhibits antigen presentation not
only by neutrophils, but also by dendritic
cells and monocyte-derived dendritic
cells.7,8 Additional studies are needed to
determine whether JAK inhibitors have
similar effects on other types of cells
involved in antigen presentation. Even
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though it is not feasible to prevent GVHD
by depleting all recipient and donor-
derived antigen-presenting cells, it may
be possible to identify a limited set of
critical signaling pathways that are widely
involved across the various cell types that
present alloantigens.

JAK inhibitors could be used during a
limited time window early after HCT in
ways that allow subsequent immune re-
constitution and graft-versus-leukemia
effects. The potential success of such an
approach has already been demonstrated

not only by preclinical studies of ruxolitinib,
but also by preclinical9 and clinical10

evidence that the severity of acute GVHD
can be attenuated by neutralization of
IL-6, a cytokine that signals through JAK1.
Before embarking on clinical trials testing
the use of JAK inhibitors to prevent GVHD
in humans, we need evidence that JAK
inhibition will not interfere with the ability
of hematopoietic stem cells to repopulate
the marrow or the ability of donor T cells to
prevent graft rejection and eliminate ma-
lignant cells that survive the pretransplant
conditioning regimen. Additional work

will be needed in order to determine the
optimal dose and duration of treatment.
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Damage caused by the pretransplant conditioning regimen allows luminal bacteria to invade the ileal mucosa.
Recipient neutrophils attracted as part of the inflammatory response infiltrate the ileal mucosa and upregulate
expression of major histocompatibility complex (MHC) class II molecules. Activated neutrophils then migrate to
draining lymph nodes where they present recipient alloantigens to donor T cells. Activated donor T cells sub-
sequently traffic to target tissues and cause GVHD. Professional illustration by Somersault18:24.
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