Editorial

Karl J Staples1,2
Macrophages are key sentinel cells of the
lung, clearing inhaled particulates and
micro-organisms from the airway. These
cells perform this function without provoking inﬂammatory responses that could
lead to pneumonias. Previous work suggested that the lung macrophage population was maintained by the recruitment of
blood monocytes.1 However, this observation was made in transplanted lungs
where macrophages had been depleted,
either by hypoxia or chemotherapy. More
recent work in murine models using cell
fate mapping demonstrated that lung
macrophages are generated early in
embryonic development initially in the
foetal yolk sac and slightly later in the
foetal liver.2 Macrophages that arise from
these sources then seed the lung, where
they reside as a self-renewing population
with little further recruitment from blood
monocytes.
The relevance and translation of these
murine ﬁndings to the ontogeny of human
lung macrophages has remained unclear.
The study by Eguíluz-Gracia et al3 has provided some intriguing evidence regarding
the stability and longevity of the lung
macrophage population. This study prospectively followed 10 gender mismatched
lung transplant patients for 2 years.
Transbronchial biopsies were collected at
regular intervals throughout the follow-up
period. The macrophage populations in
these biopsies were analysed for known
macrophage markers, indicators of proliferation and, importantly, in situ hybridisation for the X and Y chromosomes to
differentiate between recipient and donor
cells. Comparisons to normal lung tissue
obtained from cancer resections, suggest
that there is no signiﬁcant difference in the
total number of macrophages in
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transplanted lung tissue across the 2 years.
Moreover, while there was a large amount
of inter-individual variation the abundance
of donor-derived macrophages was largely
unchanged over the follow-up period. At
the same time, there was a rapid inﬁltration of recipient-derived macrophages
that, once established, also remained
stable.
To investigate whether these inﬁltrating
cells were recruited blood monocytes,
Eguíluz-Gracia et al3 analysed the coexpression of the macrophage markers CD68
and DC-SIGN (CD209) and the monocyte
marker calprotectin. Calprotectin was only
detected on CD68+DC-SIGN+ macrophages at 2 weeks post-transplantation but
not at 2 years post-transplantation. Taken
together these results provided circumstantial evidence that blood monocytes
were being recruited initially to the transplanted lung before maturing into macrophages as they became resident in the
tissue. The investigators then went a step
further to prove that recruited monocytes
did indeed differentiate into lung macrophages by injecting human CD34+ cord
blood cells into humanised mice that had
been sublethally irradiated. The lungs of
these animals were then harvested after
10 weeks and macrophages analysed for
the presence of human antigens. In line
with the human ﬁndings, the macrophages in these mouse lungs expressed
the human CD45, CD68 and DC-SIGN
antigens.
While these experiments demonstrated
that monocytes were recruited to the
murine lung, the loss of calprotectin over
the 2 years suggested that this recruitment
was not a common occurrence in the
human lung. The authors therefore questioned whether recruited monocyte-derived
lung macrophages could go on to proliferate
to
maintain
this
population.
Eguíluz-Gracia and colleagues observed
expression of the Ki67 protein marker of
cellular proliferation in a median of 2% of
the CD68+ macrophage population and
that this proportion of Ki67 expressing
cells remained stable over the 2 years.
Interestingly, both donor and recipient
macrophages were observed to express
Ki67, although accurate quantitation of the
number of proliferating donor cells was
precluded due to low numbers of donorStaples KJ. Thorax November 2016 Vol 71 No 11

derived Ki67+ macrophages. These results
suggest that donor cells can persist in the
lung for at least 2 years and some of this
longevity may be due to proliferation of
these macrophages. Furthermore, blood
monocytes can replenish the lung if alveolar
macrophages are depleted in some way, but
once the lung is reﬁlled macrophage
numbers may once again be maintained by
local proliferation rather than further
recruitment from the monocyte pool.
The biggest limitation of this study is
that it is impossible to deﬁnitively identify
whether the persistence of the macrophage population is due to cellular longevity or self-renewal, that is, the 2% of
cells identiﬁed as proliferating give rise to
the other 98% of macrophages. As with
any study using human patients rather
than murine models, there is substantial
inter-individual variation in the sex,
underlying disease and chemotherapy of
the patients. However, none of these
factors appeared to be related to the variation in cell densities. A further possibility
is that the lack of signiﬁcant changes in
donor macrophage numbers could be confounded by the small numbers of subjects
included. However, given the logistical
issues in running such a study, not least
persuading patients to return to hospital
for transbronchial biopsies ﬁve times posttransplant, the authors should be commended on the quality of the data
obtained. One further possible contribution to the inter-individual variation, also
acknowledged by the authors, is that
during counting only 50% of the cells
could be called as having two sex chromosomes and thus being identiﬁed as a
donor or recipient macrophage. However,
the authors present data from biopsies
sampled at the early time points demonstrating that the proportions of chromosome determined and undetermined cells
were close to 50% in all samples examined, so this is unlikely to have skewed
the cell counts.
The authors discuss the implications of
this work in terms of its applicability for
the use of donor monocyte-derived
macrophages to replace defective macrophages in patients with alveolar proteinosis.4 However, this work also has
implications for lung macrophage biology
outside of the transplantation ﬁeld, and
COPD
in
particular.
Macrophage
numbers are increased in lung tissue taken
from patients with COPD and the number
of airways containing macrophages
increases in line with disease severity.5
While numbers are increased, there are
reports of macrophages being less mature
in COPD in terms of both size6 and
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The scenario described above may not
be limited to COPD as both macrophages13 and microbiome changes9 are
also evident in many lung pathologies.
However, more evidence will be required
to support these speculations and, based
on the work by Eguíluz-Gracia et al,3 we
now have a ﬁrm rationale for generating
such data. The recent description of
markers for macrophage subsets in the
human lung may enable us to sort the resident from the recruited cells.14 When
combined with our ability to analyse
macrophage gene expression and the lung
microbiome to a greater level than ever
before, we are on the brink of beginning
to understand these complex interactions
between macrophage, disease and microbiome and what they may mean for
disease pathogenesis and progression.
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surface marker expression.7 Taken
together with the increased expression of
the chemokine monocyte chemoattractant
protein-1 (CCL2) described in the COPD
airway,8 these observations suggest that
monocytes may be recruited to the COPD
airway. The question remains what do
these newly recruited cells do in the
COPD lung and what is recruiting them?
The development of mature lung
macrophages is controlled by a number of
factors including granulocyte/macrophage
colony-stimulating factor as well as interactions with the lung microbiome
acquired early in life. The microbiome has
been shown to play a role in susceptibility
to inﬂammatory diseases of the gut and
recent work implicates dysbiosis of the
lung microbiome in a number of conditions including COPD (reviewed in
ref. 9). Resident macrophages may be
largely tolerant of the normal lung microbiota through recognition of bacterialderived short chain fatty acids as in the
gut.10 It is possible that newly recruited
macrophages have been recruited and
‘trained’ by the milieu of the dysbiotic
airway to either not recognise potentially
pathogenic microorganisms in this environment or respond to these bacteria
inappropriately which may explain the
dysregulation of these cells in COPD. For
example, a recent study of the transcriptome of macrophages from the COPD
lung revealed a diminution of inﬂammatory responses.11 Supporting this observation of reduced macrophage responses,
we have demonstrated that COPD macrophages do not express the regulatory
ligand PD-L1 in response to viral infection,12 which may indirectly lead to
increased inﬂammation of the COPD
airway.

