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Polymorphonuclear Leukocytes in Pulmonary Hypertension and
Fibrosis: Not Always What They Appear to Be

The article by Bryant and colleagues in this issue of the Journal (pp.
170–180) focuses on the pathogenesis of pulmonary hypertension
(PH) associated with idiopathic pulmonary fibrosis (IPF), a disease
associated with early mortality and a diminished quality of life for
which there is no therapy (1). The authors examined the role of
granulocytic myeloid-derived suppressor cells (G-MDSCs) in the
pathogenesis of PH and pulmonary fibrosis by studying human
blood samples and using murine experimental models. They
focused on analyzing C-X-C motif chemokine receptor 2
(CXCR2) inhibition, which blocks the trafficking of G-MDSCs in
bleomycin-induced pulmonary fibrosis (2) and in development of
PH (3).

Previous studies suggested a role for arginase-expressing
MDSCs in the pathogenesis of PH (4). Furthermore, increased
numbers of circulating MDSCs were found in patients with IPF (5).
A chemokine receptor, CXCR2 (also known as IL-8 receptor-b)
has been shown to be relevant to the pathogenesis of both PH
(3) and pulmonary fibrosis (2). Bryant and colleagues (1)
induced pulmonary fibrosis and PH in association with an
increase in circulating bone marrow–derived cells by giving
clodronate liposomes to bleomycin-treated wild-type mice.
Clodronate liposomes chronically deplete macrophages and
destabilize the immune system. A maladjusted, dysregulated
immune response is believed to be of significant importance in
the pathogenesis of IPF and IPF-associated PH (6). They
performed fibrosis scoring, hydroxyproline microplate assays,
invasive hemodynamic measurements, histologic analysis of
the lungs, flow cytometry, and T lymphocyte proliferation
assays. The data were also supported by clinical patient
samples.

As summarized in Figure 1, they found that a population
of G-MDSCs was significantly increased in experimental PH
associated with fibrosis, together with highly significantly increased
right ventricular systolic pressure measurements. Right ventricular
systolic pressure increases, pulmonary vascular remodeling,
and arginase expression were significantly inhibited by CXCR2
inhibition. However, recruitment of monocytic MDSCs
(M-MDSCs) to the lungs was not decreased, and right ventricular
hypertrophy was also not affected by CXCR2 inhibition. The
authors confirmed the proposed role for elevated G-MDSCs in
interstitial pulmonary fibrosis and interstitial pulmonary fibrosis
with PH by performing molecular and cellular analyses of clinical
patient samples. They concluded that G-MDSCs play a key role in
the pathogenesis of PH associated with lung fibrosis via trafficking
to the lung through CXCR2 signaling and the production of
arginase-1. Their study suggests a potential therapeutic role for
CXCR2 inhibitors.

The two subsets of MDSCs (M-MDSCs and G-MDSCs) have
been studied for their key permissive function in cancer (reviewed
in References 7 and 8). MDSCs accumulate in cancerous tissue,
strongly inhibit the antitumor immune response, and can provide

factors that promote cancer cell proliferation and facilitate
metastasis by inducing tissue remodeling (7). Confirming the
immune-suppressive role of the G-MDSCs, Bryant and colleagues
isolated these cells from the spleens of experimental mice
and showed that splenic G-MDSCs significantly suppressed
T-lymphocyte proliferation. In the case of PH associated
with fibrosis, the G-MDSCs could enhance PH by providing
growth signals (e.g., arginase [9–11]) to smooth muscle
cells, thereby enhancing the remodeling of the pulmonary
vasculature.

The identification of G-MDSCs can be problematic; for
example, under light microscopy, G-MDSCs are similar to
neutrophils in that both are polymorphonuclear leukocytes (PMNs)
(7). Furthermore, alternative names for these cells are PMN-
MDSCs, or Gr-MDSCs based on flow cytometry (see below). Flow
cytometry is commonly used to definitely identify G-MDSCs,
and Bryant and colleagues used the most recently recommended
methods for identifying these cells in mice (CD11b1 and Ly6G1)
and humans (CD11b1CD331CD151CD142) (8). In mice, the
markers for MDSCs include CD11b, Ly6C, and Ly6G (G-MDSCs
are CD11b1 and Ly6G1, and M-MDSCs are CD11b1 and Ly6C1)
(8). A commonly used mouse neutrophil marker is GR1,
which recognizes both Ly6C and Ly6G (8). In many studies,
investigators have used CD11b and GR1 for flow cytometry–based
identification of neutrophils. Therefore, microscopic and flow-
cytometric analyses of granulocytes in experimental models of
inflammatory lung diseases may have already included G-MDSCs,
as G-MDSCs and conventional neutrophils coexist in lung
tissue. In the model used by Bryant and colleagues, both
G-MDSCs and neutrophils were present in the lung tissue, and,
importantly, CXCR2 inhibition only blocked G-MDSC trafficking
into the tissue. G-MDSCs differ from conventional neutrophils
in that they have fewer granules and express more arginase-1.
Bryant and colleagues distinguished G-MDSCs and conventional
neutrophils using the CD24 marker, another surface molecule
that is highly expressed by conventional neutrophils and
precursors of conventional neutrophils (12). Their studies
strongly suggest that future experimental work in
chronic lung diseases should distinguish G-MDSCs from
neutrophils.

They also identified arginase-1 as a key product of G-MDSCs
that could contribute to pulmonary vascular remodeling. It is
intriguing that arginase-1 is strongly induced by IL-13 and IL-4 (13),
cytokines that have also been implicated in experimental
pulmonary vascular remodeling and PH (14–16). The T helper type
2 (Th2) immune response, characterized by the production of
IL-13, is inhibited by immune responses that support neutrophilic
inflammation, such as the Th17 response associated with the
key cytokine IL-17A, and vice versa. However, studies of patients
with chronic asthma exacerbated by air pollution (17), as well as an
experimental animal model of PH (15), have shown that IL-13 and
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IL-17A responses can occur simultaneously. Further, in
experimental lung inflammation, the bone marrow shows
significantly increased activity, and inflammatory cells are
rapidly recruited from bone marrow–derived progenitors. It is
tempting to speculate that under these conditions, the IL-17A
arm of the response recruits granulocytic bone marrow cells
to the lungs, and once in the lungs, the IL-13 arm of the
immune response initiates arginase-1 expression in the
granulocytic bone marrow cells, giving these cells a G-MDSC
phenotype.

In conclusion, the study by Bryant and colleagues (1) highlights
the significance of G-MDSCs, arginase-1, and CXCR2 in PH
associated with fibrosis. Their intriguing findings are supported
by previous studies that found increased numbers of circulating
MDSCs in PH (4) and IPF (5). The data strongly suggest
that investigators need to be more discriminating when
studying PMNs in inflammatory lung diseases, because
G-MDSCs and conventional neutrophils have dramatically
distinct functions. n
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Figure 1. Polymorphonuclear leukocytes are not always what they appear to be. Bryant and colleagues (1) show that granulocytic myeloid-derived
suppressor cells (G-MDSCs) migrate into the lungs via C-X-C motif chemokine receptor 2 (CXCR2) signaling. The cells are attracted by ligands for CXCR2
that are expressed in the lungs of animals challenged with bleomycin and subjected to macrophage depletion. The G-MDSCs produce arginase-1 and
induce pulmonary arterial remodeling and increases in right ventricular systolic pressure. MDSCs isolated from the spleens of the same animals inhibit
T cell proliferation. The numbers of G-MDSCs are increased in the circulation of patients with interstitial pulmonary fibrosis. The authors used state-of-the-
art flow-cytometric markers (8) to identify the G-MDSCs. These findings are interesting given that human (18) and mouse (19) G-MDSCs have a
microscopic morphology that resembles polymorphonuclear neutrophils. Further, the mouse GR1 marker (20) has been extensively used to characterize
the activity of neutrophils (17,000 results in Google Scholar) and recognizes Ly-6G and Ly-6C, which are markers for mouse G-MDSCs and monocytic
MDSCs, respectively (8). HLA-DR = human leukocyte antigen-antigen D related; Ly6G = lymphocyte antigen 6 complex locus G6D.
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