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Circulating fibrocytes and pulmonary arterial

hypertension
To the Editors:

We read with great interest the recent editorial by STENMARK et al.
[1] about the potential role of fibrocytes in pulmonary arterial
hypertension (PAH) and the original article by NIKAM et al. [2]
showing the contribution of bone marrow-derived circulating
fibrocytes to hypoxic vascular remodelling and inhibition of their
recruitment by treprostinil. Many recent reports indicate a con-
tribution of endothelial and haematopoietic progenitor cells [3],
attracted via the CXC chemokine ligand 12/CXC chemokine
receptor (CXCR)4 axis in the lung [4], but the role of fibrocytes
in PAH is still not clear. A previous study of pulmonary
hypertension in rat and calf models has shown that pulmonary
adventitial remodelling is due to robust recruitment of non-
resident, bone marrow-derived cells that can produce collagen
and express smooth muscle cell a-actin, thus representing
fibrocytes [5]. A unique feature of fibrocytes, described by
BUCALA et al. [6], is that they circulate in the bloodstream and are
capable of producing extracellular matrix components. They
express a variety of mesenchymal markers, including collagen-1,
collagen-3, vimentin, haematopoietic markers, such as CD11b
and CD45, and the stem cell marker CD34 [6]. Circulating
fibrocytes display many functional properties, such as phagocy-
tosis, antigen presentation, cytokine and connective tissue matrix
production, and the capacity to proliferate and differentiate.
In addition, they respond to a variety of cytokines and growth
factors. Fibrocytes also produce angiogenic factors, such as
vascular endothelial growth factor and platelet-derived growth
factor A, and thus have a potent effect on de novo blood vessel
formation, as evidenced by studies in an in vivo MatrigelTM (BD
Biosciences, Franklin Lakes, NJ, USA) model of angiogenesis.
Fibrocyte expression of matrix metalloproteinase-9, which
mediates endothelial cell invasion, further facilitates the angio-
genic process. Fibrocytes have been postulated to influence
disease development in a number of situations involving tissue
remodelling, such as tumour biology, scleroderma, asthma and
pulmonary fibrosis [7].

To extend these studies in human pulmonary diseases, we tested
the hypothesis that circulating fibrocytes might contribute to
PAH. For that purpose, we quantified circulating fibrocytes in
patients with PAH and examined their possible role as predic-
tors of activity and progression of PAH. Patients were recruited
from the French Referral Centre for Pulmonary Hypertension
(Université Paris-Sud, INSERM U999, Hôpital Antoine Béclère,
Assistance Publique – Hôpitaux de Paris, Clamart, France). All
procedures for informed consent, data collection and privacy
protection were approved by our institutional ethics committee

(Comité de Protection des Personnes Ile-de-France, Paris VII,
France). Diagnosis, based on right-heart catheterisation, demon-
strated severe pre-capillary pulmonary hypertension in all cases.
Circulating fibrocytes were identified as CD11b+ CD34+ vimen-
tin+ cells, and carefully quantified by flow cytometry after
exclusion of doublets and dead cells, among 200,000 events.
Preliminary experiments indicated that detection of vimentin was
as accurate as collagen I for identifying fibrocytes in triple
staining. Fibrocyte number was expressed as an absolute cell
count per millilitre of blood and as percentage of total peripheral
blood mononuclear cells (PBMCs). In total, 20 patients with
idiopathic and heritable PAH and 18 healthy control subjects
were included in this study. The percentage of circulating
fibrocytes was decreased in the blood of PAH patients compared
with healthy control subjects (mean¡SEM 0.67¡0.02% in control
subjects versus 0.22¡0.04% in PAH patients; p,0.05) (fig. 1a).
However, the number of fibrocytes per millilitre of blood was not
significantly different (31,709¡6,444 cells?mL-1 in control sub-
jects versus 16,781¡3,256 cells?mL-1 in PAH patients; p50.08)
(data not shown). Hence, we proposed that any differences
between controls and patients might not rely on circulating
number of fibrocytes but on their function. We investigated
membrane CD11b expression on circulating fibrocytes as well as
on other PBMC populations. We showed an increased expression
of CD11b on the circulating fibrocytes from PAH patients
(1,075¡116 in control subjects versus 2,069¡264 in PAH patients;
p,0.001), normalised to the mean fluorescence intensity of
CD11b of isotype controls, indicating increased activation
(fig. 1b–d). We also found CD11b membrane overexpression on
PAH monocytes (1,462¡169 in control subjects versus 2,425¡278
in PAH patients; p,0.001). Interestingly, monocytes are con-
sidered by some authors as progenitors of fibrocytes. The changes
in fibrocyte number and activation might be due to an imbalance
of some circulating factors acting on fibrocyte differentiation
in plasma. For example, it was demonstrated that circulating
fibrocytes are sensitive to the cytokine and growth factor
environment, as well as to serum amyloid P levels, which have
an inhibitory action on their differentiation. It was also demon-
strated that addition of the profibrotic cytokines interleukin (IL)-4
and IL-13 to human PBMCs cultured in serum-free medium
promotes fibrocyte differentiation, whereas the antifibrotic
cytokines interferon-c and IL-12 have inhibitory effects. In further
studies, it will be interesting to examine the level of these factors
in the plasma of PAH patients. To further explore the functional
competence of circulating fibrocytes, we analysed their capacity
to differentiate in vitro. We cultured PBMCs in serum-free media
for 4 days as previously described [8]. After 4 days, PBMCs were
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air dried, acetone-fixed and stained with specific antibodies for
fibrocyte quantification (fig. 1e–f). We observed a significant
decrease in the percentage of differentiated spindle-shaped
CD45+ vimentin+ cells in PAH patients in vitro (73¡3% in
control subjects versus 61¡2% in PAH patients; p,0.05) (fig. 1g).
In accordance with NIKAM et al. [2], who found rare fibrocytes in
only two cases out of 10, both with plexiform lesions, we did not
observe fibrocyte accumulation (i.e. cells expressing both CD45
and vimentin) in the perivascular areas of remodelled small
pulmonary arteries in the PAH lungs of four samples we
analysed (data not shown). Lastly, we did not find any asso-
ciation between the level of circulating fibrocytes and clinical
parameters (pulmonary haemodynamics, New York Heart Asso-
ciation class, 6-min walk distance and plasma brain natriuretic
peptide), questioning their overall predictive value in PAH (data
not shown).

From this and previous studies of different aspects of fibrocyte
biology in PAH, we can conclude that the contribution of
circulating fibrocytes in PAH remains a subject of debate. We

have shown a slight decrease in the percentage of circulating
fibrocytes in patients with idiopathic and heritable PAH
compared with healthy controls, together with a lower capacity
to differentiate in vitro. Low circulating fibrocyte level might be
secondary to defects in cell mobilisation mechanisms. To prove
this hypothesis, additional studies on the expression of adhesion
molecules, such as very late antigen-4, CC chemokine receptor 5
and CXCR4, on circulating fibrocytes are needed. Alternatively,
it might be due to the low proliferation of CD34+ cells, as
recently found in patients with chronic ischaemic heart disease
[9], which occurred in the absence of obvious mobilisation
defects. Another nonexclusive hypothesis is that the low level of
circulating fibrocytes is due to their increased pulmonary
vascular recruitment. This hypothesis, raised by FRID et al. [5],
is not consistent with data obtained in PAH lungs here and
by others [2] describing normal fibrocyte cell count in the
perivascular areas of small pulmonary arteries. Furthermore, it
remains difficult to extrapolate from studies in the hypoxic
model of PAH to the human disease, in which lungs are
examined at the pulmonary transplantation time-point, after
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FIGURE 1. Ex vivo and in vitro analysis of circulating fibrocytes in controls compared to pulmonary arterial hypertension (PAH) patients. a) Circulating fibrocyte count in

peripheral blood of healthy control subjects and PAH patients, characterised by allophycocyanin (APC)–Cy7-conjugated anti-CD11b and phycoerythrin (PE)–Cy5-conjugated

anti-CD34 surface antibodies (BD Pharmingen, Le Pont de Claix, France), and intracellular staining with PE-conjugated anti-vimentin versus PE-conjugated immunoglobulin

G1 isotype control (Abcam, Paris, France). CD11b mean fluorescence intensity (MFI) on the b) fibrocyte and c) monocyte populations in peripheral blood, normalised to

isotype controls. n518 in the control group; n520 in PAH group. d) Representative histograms for CD11b expression at the cell surface of the CD34+ vimentin+ circulating

fibrocyte populations from healthy controls (blue shaded) and PAH patients (red shaded), as compared with isotype controls (blue red and lines, respectively). Flow

cytometry data acquisition was performed on a MACSQuant analyser (Miltenyi, Paris, France) and data were analysed using FlowJo software (Tree Star Inc., Ashland, OR,

USA). e) Differentiated fibrocytes in culture (haematoxylin and erythrosin staining). f) Immunofluorescent staining for CD45 (green) and vimentin (red). g) Quantification of

fibrocyte differentiation in vitro, using antibodies against vimentin (Abcam) and CD45 (BD Pharmingen). Fibrocytes from duplicate wells defined as double-positive, adherent,

spindle-shaped cells with an oval nucleus were counted in five different fields per well. n54 in PAH and control groups. PBMC: peripheral blood mononuclear cell. Data are

presented as mean¡SEM. Statistical analysis was performed with GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, USA), using paired t-test and Mann–Whitney U-test.

*: p,0.05; *** : p,0.001.
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long disease duration. The other important finding of this study
is the increased expression of membrane CD11b in fibrocytes.
The integrin CD11b (also known as complement receptor type 3,
macrophage antigen-1 and aMb2), which is primarily expressed
on neutrophils, macrophages and monocytes, is critical for the
normal function of these cells and plays an important role in the
development of inflammatory responses. CD11b is expressed in
a low-affinity, inactive conformation in circulating leukocytes,
but is rapidly upregulated on the cell surface during stimulus-
dependent activation [10]. The factors triggering upregulation of
CD11b in fibrocytes and its biological significance are not
known. One hypothesis is that the increased expression of
CD11b in fibrocytes reflects their activation in the course of
the inflammatory response, as in patients with PAH. As a
consequence of CD11b upregulation, fibrocytes might display
an increased capability to adhere to endothelial cells, extra-
vasate and subsequently transmigrate into the surrounding
interstitial tissue. Fibrocytes therefore can be proposed to play a
critical role in the initiation and maintenance of inflammation in
PAH, even though they are not detected in the lung tissues.
A central question that remains to be answered is whether
fibrocytes differentiate into myofibroblasts, or whether they
transiently stimulate differentiation and proliferation of other
progenitor cells or resident mesenchymal cells within the lung.

In conclusion, our data suggest that the level of circulating
fibrocytes may not be predictive of disease activity and
progression, and more detailed analysis of their functional
capacity and activation is needed. CD11b upregulation by
circulating fibrocytes may have a role in the initiation and/or
progression of PAH but detailed investigations on fibrocyte
function will be required.
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Hôpital Antoine Béclère, Assistance Publique – Hôpitaux de
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Artificial lung as an alternative to mechanical ventilation

in COPD exacerbation
To the Editors:

Acute exacerbation of chronic obstructive pulmonary disease
(COPD) is commonly treated with different kinds of non-
invasive positive pressure devices, ranging from helmet or
face-mask continuous positive airway pressure (CPAP) to non-
invasive pressure support ventilation (NPPV), or Bi-PAP [1].

The use of positive end-expiratory pressure (PEEP) and NPPV
often results in the successful treatment of COPD patients
with respiratory distress [1, 2]. If, despite maximal medical
management, respiratory distress and gas exchange deteriorate
with increasing tachypnoea and acidosis, and with altered level
of consciousness, then tracheal intubation and mechanical
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