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Abstract
Fibrocytes are unique cells possessing the proinflammatory properties of macrophages and the
tissue remodeling properties of fibroblasts. Because these cells display a strong association with
many human diseases characterized by chronic and dysregulated inflammatory responses the study
of fibrocytes is important and timely. This review presents recent data regarding fibrocyte origin,
identification, differentiation, and appearance in diseased tissue. The available data regarding the
association of fibrocytes with several forms of chronic tissue inflammation seen in the setting of
lung disease, autoimmunity, liver disease, and normal aging will be presented. This review
concludes by putting these data in perspective and by suggesting future areas of investigation. It is
hoped that this information will lead to additional investigations in this burgeoning field and
improve our understanding of the novel role fibrocytes may play in human disease.

Introduction
Chronic inflammatory responses are characterized by replacement of normal organ structure
with inflammatory cells and excess connective tissue. This pathology is seen in the setting of
persistent injury that causes ongoing immune activation and impeded repair. It was until
recently believed that normal and dysregulated repair responses result from the recruitment,
proliferation, and activation of local connective tissue cells such as fibroblasts [1]. However,
an expanding body of research now supports the involvement of bone marrow derived
progenitor cells called fibrocytes in these processes. These cells are believed to originate
from a monocyte derived precursor and are implicated in the pathogenesis of many chronic
inflammatory states including those involving the lung [2], autoimmunity [3–5][6], liver [7],
skin [8], and even normal aging [5]. In the last year alone there has been an explosion of
data regarding the pathways regulating fibrocyte differentiation and phenotype. This review
will discuss the current criteria for fibrocyte identification in the circulation and tissue,
present the most recent data regarding their differentiation pathways and known functions,
highlight recent literature regarding the role of fibrocytes in chronic inflammatory diseases
affecting the lung, liver, autoimmunity, and aging, and will conclude by suggesting areas for
further study.
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Identification of Fibrocytes
Identification of fibrocytes in the circulation or diseased organs involves co-detection of
characteristic cell surface proteins and collagens or extracellular matrix components (ECM)
[9]. The hematopoietic origin of human fibrocytes is reflected by their expression of CD45
and Leukocyte specific protein-1 (LSP-1) [10]. Their presumed monocyte origin is reflected
by expression of CD11b, CD11c, and CD11d [10]. Their role in immunologic responses is
reflected by their expression of chemokine receptors such as CCR2 [11] and CXCR4 [12]
and by their expression of proteins important for host defense (CD16/32, CD163) [10] and
antigen presentation (Major Histocompatibility Complex [MHC] I and II, CD80, and CD86)
[13]. Perhaps relating to their multilineage potential, circulating and cultured fibrocytes
express CD34 [5], a motility protein that identifies certain stem cell populations When
present, CD34 can be used to distinguish fibrocytes from related cell populations such as
fibroblasts and macrophages [14]. For tissue analysis, morphologic identification of the
fibrocyte’s typical spindle shape is an additional method of detection [9]. In addition to these
cell surface markers, fibrocytes also produce a wide array of ECM components including a
Collagens 1, IV, and V, structural proteins, and glycosaminoglycans (GAGs) [15,16]. The
markers displayed by fibrocytes are compiled in Table 1.

Fibrocyte Origin and Differentiation
Human fibrocyte precursors co-purify with CD14+ monocytes [4]. Murine modeling shows
that fibrocyte outgrowth from monocytes is enhanced by enrichment for CD11b, CD115,
and Gr1 [17]. These effects are require direct contact with activated CD4+ lymphocytes and
occur via an mTOR-PI3 kinase dependent pathway [17]. Fibrocyte differentiation is also
regulated by the Fcγ receptors CD64 and CD32 [18]. Inhibition of these receptors with
Serum Amyloid P attenuates fibrocyte accumulation in human [19] rat [20] and murine
samples [21] via an ITIM-dependent mechanism [22]. The effects on human cells are
promoted by high molecular weight hyaluronan (HA) and opposed by low molecular weight
HA, suggesting that the immunologic effects of SAP are at least partially mediated via
CD44 [23]. Fibrocyte differentiation is also reduced by TH1 cytokines (IFNγ, TNF, and
IL-12) and is augmented by TH2 cytokines (IL-4 and IL-13) [24], TGF-β1, and engagement
of the β1 integrin subunit [15,25]. These latter effects require Erk phoshorylation [26].
Treatment with TLR2 agonists inhibit human fibrocyte differentiation; however, the
mechanism of these effects is not clear [27]. The immunomodulatory and neuronal guidance
protein Semaphorin 7a controls human and murine fibrocyte differentiation via a β1-
integrin-dependent pathway that is opposed by Plexin C1 [25]. Primary human monocytes
obtained from patients with scleroderma related lung disease display enhanced
differentiation into fibrocytes; this phenotype is reversed by the restoration of normal
caveolin-1 scaffolding domains, indicating that Caveolins also control fibrocyte fate [28].
Further studies show that the monocyte to fibrocyte transition is controlled by caspase
activation, as inhibition of caspase phosphorylation reduces fibrocytes in cultures of primary
human cell and in a mouse model of pulmonary fibrosis [4]. While these data support the
contention that fibrocytes derive from monocytes under a variety of stimuli, careful lineage
tracing studies are required to confirm this to be true in all circumstances.

Fibrocyte Homing
Murine fibrocytes express a several chemokine receptors including CCR1, CCR2 [7,11],
CCR7, and CXCR4 which in several studies have been shown to control migration and
recruitment of fibrocytes to injured tissue [12,29]. Human fibrocytes also express the
chemokine receptors CCR2 [11], CCR3, and CCR5 [30] CXCR4 [12], as well as the β1
integrin subunit and Semaphorin 7a [25]. One study found an association between

Peng and Herzog Page 2

Curr Opin Pharmacol. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



concentrations of soluble factors such as TNF, IL-10, MCP-1 and IL-1 receptor antagonist
(IL-1Ra) in the blood of patients with Scleroderma related interstitial lung disease (SSc-
ILD) [5] suggesting that fibrocytes migrate in response to one or more of these factors.
Peripheral blood mononuclear cells from these patients express high levels of Plexin C1, an
inhibitory receptor for Sema 7a that in studies of primary human cells reduces fibrocyte
outgrowth, suggesting that the increase in Plexin C1 detected in these patients is a
counterregulatory response [25]. A separate set of studies found high levels of CXCL12 (the
cognate ligand for CXCR4) in the lungs and blood of patients with idiopathic pulmonary
fibrosis (IPF) and these levels correlate with circulating fibrocyte concentrations [31]. The
study of fibrocyte trafficking is an area of investigation with the potential to lead to new
therapies for fibrosing diseases.

Fibrocyte Function
While a definite contribution to disease pathogenesis is lacking, fibrocytes display many
functions that could influence chronic inflammatory responses. Early studies of fibrocyte
biology centered on their role as a circulating source of contractile myofibroblasts.
However, because lineage tracing studies show only minimal contribution of fibrocytes to
α-SMA production in several models [32,33] it is likely that fibrocytes possess other
properties that promote tissue remodeling. Thus it is particularly relevant that human
fibrocytes respond to Interleukin-1 beta (IL-1β) by increasing secretion of Interleukin-6
(IL-6), Interleukin-8 (IL-8), Chemokine (C-C motif) ligand 2 (CCL2), Chemokine (C-C
motif) ligand 3(CCL3), and by increasing expression of Intercellular adhesion molecule-1
(ICAM-1) which would be expected to recruit and activate leukocytes [34]. Notably, it has
been found that fibrocytes from asthmatic patients respond to IL17A by secreting
proinflammatory mediators, and respond to TH2 cytokines by producing collagen [35].
Human fibrocytes possess antigen-presenting properties [36] and under certain conditions
can induce a mixed TH1/TH2 response in naïve human CD4 cells [8]. Consistent with these
proinflammatory properties, a proinflammatory CD45+Col-Iα+ population is found in the
spleens of mice that have been exposed to a variety of stimuli including TGF-β1, LPS and
viral infection. These fibrocyte-like cells express MHCII at high levels and present antigen
to CD8 cells [13], suggesting an important role for fibrocytes in the early events mediating
inflammation.

In addition to these proinflammatory functions, fibrocytes also respond to IL-1β increasing
Interleukin-10 (IL-10) production which would be expected to reduce inflammation [34].
Their distinctive pattern of ECM production includes Collagen V, hyaluronan, and versican,
and perlecan [15] and would be expected to recruit inflammatory cells and promote tissue
repair. Fibrocytes also produce soluble mediators that induce myofibroblast transformation
in culture such as PDGF and TGF-β1, and have been shown to control angiogenesis via
secretion of soluble mediators including matrix metalloproteinases (MMPs) vascular
endothelial growth factor (VEGF), PDGF-A, hepatocyte growth factor (HGF), granulocyte–
macrophage colony stimulating factor (GM-CSF), basic fibroblast growth factor (b-FGF),
IL-8 and IL-1β [37] Through their surface expression of Semaphorin 7a [3] fibrocytes could
activate macrophages and dendritic cells and negatively regulate T cell responses. Fibrocyte-
like cells are also identified in human malignancies and permit tumor metastasis in rodent
models of malignancy by suppression of IFNγ and TNF [38], as well as through
overexpression of MMP9 [39]. Taken together, these data suggest a paradigm in which
fibrocytes possess a remarkable array of functional characteristics characterized by both
inflammation and ECM production that is dictated by the local milieu. This paradigm is
illustrated in Figure 1.
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Fibrocyte Associations with Chronic Inflammatory Disease
Given the combination of ongoing inflammation and fibroblast-driven end-organ remodeling
seen in chronic inflammatory disease, fibrocytes have emerged as a novel area of
investigation in this area. Because the most recent studies of fibrocytes have focused on
lung, automimmunity, liver, and normal aging, information regarding fibrocytes in these
disorders is summarized below.

Lung
Fibrocytes are associated with many forms of chronic inflammatory lung diseases.
Elevations in both circulating [31] and intrapulmonary [4] fibrocytes have been reported in
patients with Idiopathic Pulmonary Fibrosis (IPF), where their presence portends short term
clinical decline [2]. Similarly, compared to mechanically ventilated patients without Acute
Respiratory Distress Syndrome (ARDS) high numbers of fibrocytes are seen in the
bronchoalveolar lavage fluid of patients with ARDS who went on to show increased
mortality [40]. Elevations in circulating and intrapulmonary fibrocytes are seen in patients
with several forms of airway remodeling including chronic persistent asthma, where they
have been shown to secrete increased levels of several matrix metalloproteinases including
MMP2,3,7,8, [41] and correlate with basement membrane thickness and disease severity
[42], and bronchiolitis obliterans following both lung [43] and bone marrow [44]
transplantation. Because most of the work in this area has focused on describing these
disease associations, there exist ample opportunities for future studies aimed at
understanding fibrocyte biology in the setting of chronic lung disease.

Autoimmune
Fibrocytes are increasingly recognized as potential mediators of several autoimmune
diseases. Perhaps the strongest association is seen in scleroderma related lung fibrosis, in
which both the blood [4,5,25,28] and lungs [4,28] of patients with this disease are enriched
for fibrocytes that show increased migration in Boyden chambers compared to fibrocytes
obtained from normal controls [28]. Similar findings are seen in the setting of lung disease
caused by amyopathic antisynthetase syndrome [4], where ex vivo fibrocyte outgrowth is
inhibited by caspase inhibition. Fibrocyte abnormalities are seen in autoimmune thyroiditis
[45], where the peripheral blood and retro-ortibal fad pat are enriched for fibrocytes
displaying high expression of several pro-inflammatory mediators [45], and in the synovial
fluid of patients with rheumatoid arthritis, where fibrocytes possess both the
proinflammatory properties generally attributed to synovial macrophages and the tissue
remodeling properties generally attributed to synovial fibroblasts [6]. When viewed in
combination, these data suggest that ongoing cell death responses characterizing
autoimmune disease causes recruitment of fibrocytes which then modulate their phenotype
according to the local milieu. Further studies employing animal modeling will be necessary
to confirm this hypothesis.

Liver
As early as 2006, fibrocytes were identified in the bile-duct ligation model of murine liver
fibrosis [32]. However, because these bone-marrow derived cells comprised a small fraction
of αSMA+, desmin+ hepatic stellate cells (which mediate collagen deposition in this model)
further study was required to determine the relevance of fibrocytes. An elegant murine
imaging study using in vivo imaging of a Col-1 driven luciferase reporter gene found that
fibrocytes traffic to diseased liver in response to engagement of the chemokine receptors
CCR1 and CCR2 [7]. A similar population has been identified in the spleens of mice treated
with TGF-β1, LPS, viral infection or carbon tetrachloride. Because these cells express
MHCII and stimulate naïve T cells [13], it is possible that in addition to their modest
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production of ECM and αSMA, fibrocytes participate in the early phases of fibrosis via
initiation and perpetuation of host immune responses. While a similar population has yet to
be identified in humans, further characterization of these cells and their participation in
chronic liver inflammation remains an important area of study.

Aging
Dysregulated immune responses are seen in otherwise healthy, aged individuals. While the
factors regulating this phenotype remain unclear, recent studies suggest a role for fibrocytes.
Murine modeling using the senescence-accelerated mice shows increased circulating and
intrapulmonary fibrocytes, which may at least partially explain the increased sensitivity to
bleomycin seen in these mice [46]. Similarly, imaging studies using the Col-1-luciferase
mouse described above show increased egress of fibrocytes into the circulation of aged mice
compared to young mice, suggesting that abnormalities in fibrocyte trafficking may be
related to CCR2 and CCR3 [7]. Interestingly, similar abnormalities were seen in the
circulation of aged but otherwise healthy humans, where increased fibrocyte precursors were
seen compared to younger subjects [5]. Further work is required to determine whether
fibrocytes play a role in age-related tissue dysfunction.

Conclusions
Fibrocytes may serve as novel targets for intervention in chronic inflammatory disease.
However, development of fibrocyte based-therapies requires better understanding of their
function. Thus, development of modeling systems allowing better characterization of
antigen presentation, production of soluble mediators, and tissue remodeling are sorely
needed. In addition, due to the considerable overlap in cell surface markers shared by
fibrocytes, monocytes, and fibroblasts, development of fibrocyte-directed therapies will be
difficult in the absence of known fibrocyte-specific markers. Pursuit of these areas may
yield new insight into chronic inflammation and lead to improved therapies for these
difficult to treat disorders.
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Highlights

• Fibrocytes are bone marrow derived cells that are implicated in tissue
remodeling

• Fibrocytes demonstrate marked phenotypic plasticity in response to local cues

• Fibrocytes secrete cytokines and present antigen in response to inflammatory
stimuli

• Fibrocytes secrete extracellular matrix components in response to TH2 cytokines

• Fibrocytes may serve as biomarkers and/or therapeutic targets in chronic
inflammatory disease
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Figure 1. Potential contributions of fibrocytes to autoimmune pathogenesis
In response to the local milieu, fibrocytes demonstrate marked phenotypic plasticity. For
example, exposure to autoantigen, acute injury, IL-1β, IL-17, serum factors, and innate
immune stimuli with Toll-like receptors (TLRs) and viral infection, fibrocytes adopt a
proinflammatory phenotype characterized by secretion of IFNγ, IL-6, IL-8, CCL3, CCL and
the increased expression of MHC I and MCHII and the costimulatory molecules CD80 and
CD86. In the setting of stimulation with TH2 cytokines such as IL4 and IL13, a more
reparative phenotype ensues that is characterized by secretion of ECM components such as
collagens and glycosaminoglycans (GAGs). Collagen production is promoted by exposure to
high molecular weight hyaluronan (HMWHA) and inhibited via low molecular weight
hyaluronan (LMWHA). These latter effects may occur via LMWHA-induced increased
expression of CD44, which impedes fibrocyte differentiation. TLR2 activation and Serum
amyloid P (SAP) also attenuate fibrocyte outgrowth, with SAP’s effects occurring via
components of the Fcγ receptor. Collagen production is also stimulated by TGF-β1 in a
Semaphorin 7a (Sema 7a) dependent manner. The effects occur via the β1 integrin subunit
and are opposed by Plexin C1. TGF-β1 also stimulates fibrocyte proliferation and wound
contraction via α-SMA. Angiogenesis is promoted via the secretion of PDGFα, IL-10,
VEGF, HGF, and b-HGF and trafficking is promoted via the chemokine receptors CCR1,
CCR2, and CXCR4.
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Table 1

Fibrocyte Marker Expression

Marker Expression

Adhesion and Motility

CD9, CD11a, CD11b, CD11c, CD43,
CD164, Mac2, LSP-1

+/++

CD34 +

CD29, CD44, CD81, ICAM-1, CD49
complex, CD81

+

Cell Surface Enzymes

CD10, CD172a +

CD13, Prolyl-4-hydroxylase +

FAP +

Scavenging receptors and host
defense

CD14, CD68, CD163, CD206,
CD209, CD35, CD36

+/−

Fcγ receptors

CD16, CD32a, CD32b, CD32c +/++

Chemokine receptors

CCR2, CCR5, CCR4, CCR7, CCR9,
CXCR1, CXCR4, CXC3R1

+/++

Antigen Presentation

CD80, CD86, MHCI, MCHII +

Extracellular matrix

Collagen-I/III/IV, vimentin, tenascin +

Fibronectin, α-SMA +/−

Collagen V ++

Glycosaminoglycans

Perlecan, Veriscan, Hyaluronan ++/+

Decorin +

Miscellaneous

Semaphorin 7a +

CD115 −

Thy1.1 +

CD105 +

++ high level, + moderate, +/− conflicting reports or equivocal, - no expression
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