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Summary 

Blood-borne fibrocytes are bone marrow-derived cells that participate in immune responses and 

exhibit pro-inflammatory and matrix remodelling properties. In asthmatic patients receiving an 

adequate treatment, the blood fibrocyte count is very low and comparable to that obtained in 

healthy individuals. In these patients, a transient increase in fibrocyte numbers in the peripheral 

blood and in the airways occurs in concomitance with increased bronchial inflammation, and reflects 

disease worsening and the need for more intensive treatment. Persistently elevated numbers of 

fibrocytes in the peripheral blood and in the bronchial mucosa are observed in chronically 

undertreated or corticosteroid-resistant asthma, and are associated with persistent airway 
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inflammation and ongoing remodelling of the bronchial wall. The asthmatic bronchial epithelium is 

the main source of fibrocyte chemoattractants in asthma, and contributes with T helper type 2 

lymphocytes and eosinophils to promote the proliferation and pro-remodelling function of recruited 

fibrocytes. The presence of elevated numbers of fibrocytes in the bronchial mucosa of allergic 

patients with undertreated or treatment-resistant asthma may also increase the risk of acute 

exacerbations because these cells can amplify T helper type 2 lymphocyte-driven inflammation on 

every exposure to the clinically relevant allergen, and can promote further inflammation on 

rhinovirus infections by allowing viral replication and releasing additional pro-inflammatory factors. 

Improved methods for the isolation and functional analysis of pure populations of viable circulating 

fibrocytes have allowed a better understanding of the effector role of these cells. A reliable and 

clinically applicable assay has been developed to measure blood fibrocyte counts as outcome 

measure in future clinical trials. New therapeutic agents are needed to block both persistent 

inflammation and fibrocytosis in corticosteroid-resistant asthma.  

 

Key words: Allergy; Asthma; Fibrocyte; Outcome measure; Rhinovirus. 

 

Background information on fibrocytes and objectives of this review  

Blood-borne fibrocytes were initially identified in murine wound chambers and in human wounded 

skin as CD34-positive cells with mixed features of fibroblasts and leukocytes [1]. Similar cells 

displayed an elongated or spindle-shaped morphology in long-term cultures of peripheral blood 

mononuclear cells (PBMCs), where they could be distinguished from the other cells because of the 

co-expression of CD34, CD45, CD11b, and CD13 on the cell surface, intracellular collagen type I 

(COL1) and COL3, and ability to acquire a myofibroblast-like contractile phenotype [1-3]. Analysis of 

the leukocyte infiltrating wound chambers over 5 days showed that COL1 was specifically expressed 
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at the mRNA level in CD34+ cells and was absent in CD14+ monocytes and in T lymphocytes [2]. 

Tracking studies in mice [4,5] have subsequently demonstrated that the fibrocytes originally 

identified in the wounds originate in the bone marrow and participate in the repair process at an 

early stage. Human studies in the settings of forensic pathology (determination of wound age) [6] 

and pulmonary intensive care (acute respiratory distress syndrome) [7] have confirmed the 

involvement of fibrocytes in the normal response to acute tissue injury.  

Blood-borne fibrocytes exhibit multiple and complex functional properties that justify their early 

involvement in the normal repair processes and their potential contributions to the pathogenesis of 

disorders associated with persistent injury or defective tissue repair. They can exert both pro-fibrotic 

and pro-inflammatory activities [2,8-11], promote angiogenesis [12] and participate in innate and 

adaptive immune responses [10,11,13,14]. Similarly to some fibroblasts and to myofibroblasts [15-

21], they produce collagenous and non-collagenous extracellular matrix (ECM) molecules and also 

contribute to collagen degradation through the Endo180-mediated endocytosis pathway [6]. Since 

the discovery of their role in wound healing, these cells have been implicated in the pathogenesis of 

several fibrotic disorders [22-25] and in the progression of diverse chronic inflammatory diseases, 

where persistent inflammation is driven by toll-like receptor danger signals [10] or dysregulated T cell 

activation and autoimmunity [22,23,26-28] and is associated with angiogenesis and excessive 

deposition of ECM molecules at the tissue sites [22-28]. Many studies from diverse laboratories and 

clinical centres have demonstrated the potential contribution of fibrocytes to the pathogenesis of 

airway remodelling in asthma [9,29-34] and their major role in the acute exacerbations caused by 

allergen exposure and viral infections [11,29,35]. My primary objective is to critically review the 

findings of these investigations and discuss their clinical implications.       

The evaluation of the potential role and clinical relevance of fibrocytes in asthma and other diverse 

chronic inflammatory and fibrotic disorders has been a challenging area of investigation because of 

the rarity of circulating and tissue fibrocytes in normal individuals [9,22,23], the absence of a single 
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specific marker [22,23,26], and the lack of appropriate methods for the isolation of pure populations 

of viable fibrocytes from the peripheral blood and inflamed or fibrotic tissues [9,27]. In light of recent 

observations [11], the simple method commonly employed to isolate fibrocytes from cultures of 

PBMCs on the basis of their spindled shape and co-expression of CD45 and COL1 upon 

immunohistochemical or immunofluorescence analyses alone has some limitations. Circulating 

monocytes express the pan-leukocyte marker CD45, and those co-expressing CD163 and other 

scavenger receptors [36-39] acquire a spindle-shaped morphology in culture [40-43] similar to that of 

the originally identified fibrocytes [1]. Dendritic cells (DCs) are also present in the CD45+ PBMC 

fraction, and some of them express various scavenger receptors [39]. Neither monocytes nor DCs 

express the specific mRNA for COL1 [11], but can show COL1 immunoreactivity, particularly with the 

commonly used anti-COL1 polyclonal antibodies [11], because the scavenger receptors present on 

the cell membrane and inside the cytoplasm contain a collagenous domain analogous to the triple 

helical domain of fibrillar collagens [44-47]. The risk of non-specific staining may increase if the blood 

samples come from patients with fibrotic disorders or treated with systemically administered 

synthetic corticosteroids (from here onwards referred to as corticosteroids) for other conditions (also 

including severe asthma) because the frequency of monocytes expressing CD163 and other 

scavenger receptors is higher in the peripheral blood of these individuals than in normal subjects [48-

54]. Even more challenging is the identification of fibrocytes in chronically inflamed or fibrotic tissues 

because of the presence of CD45+CD163+ monocytes and DCs [48-50,55] and the involvement of 

CD45+ monocyte-derived macrophages in collagen uptake and degradation [56]. In addition, 

fibrocytes recently recruited from the peripheral blood frequently acquire an elongated shape or 

dendriform morphology at the tissue site [4,29,30].  

If appropriate procedures for the immune labelling of CD34+ cells (e.g. staining with phycoerythrin-

conjugated class III monoclonal antibodies) are used [57], the identification of fibrocytes as cells co-

expressing surface CD45 and CD34 in conjunction with intracellular COL1 [1,2] remains an accurate 

method because CD34 is not expressed on the surface of monocytes, macrophages, DCs or collagen-
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producing cells different from fibrocytes (circulating or resident mesenchymal stem cells, their 

progenies and tissue fibroblasts) [58-60]. Most studies in asthma have employed this method for the 

enumeration of fibrocytes in the peripheral blood and in the airways [9,11,29-32,34,35,61], and 

those conducted in my laboratories [9,11,29,34,35,61] have often included an analysis of COL1 

expression at the gene level to confirm cell identity [9,11,29,61]. In one of these studies [11], 

removal of CD34+ cells from the CD45+CD14+ PBMCs of asthmatic individuals completely removed the 

population of cells expressing COL1A1 mRNA, as assessed by in-situ hybridisation with a validated 

probe [9,29,62,63].  

The other molecules present on the fibrocyte surface or inside fibrocytes [1-3,8,9,11,30-35,61] are 

expressed by several cell types [59,60,64-76], but the co-expression of CD45/CD45RO, CD34, CD11b 

and CD13 at high level is a unique feature of fibrocytes, and the lack of CD115 is an additional 

characteristic that differentiates human [11] and mouse [77] fibrocytes from human and mouse 

monocytes [73]. Another objective of this review is to discuss the usefulness and clinical applicability 

of methods involving the identification and isolation of viable circulating fibrocytes on the basis of 

these phenotypic characteristics [9,11,34,35,61]. The readers can find a list of the markers attributed 

to fibrocytes and monocyte-derived fibrocyte-like cells in a recent review [26].     

 

Fibrocyte trafficking and contribution to airway remodelling in asthma 

Circulating fibrocytes 

The analysis of the expression of COL1A1 mRNA in circulating CD45+CD34+COL1+ cells has permitted 

to definitely ascertain that authentic fibrocytes are present as such in the whole blood of normal and 

asthmatic subjects [9], thereby confirming results obtained by flow cytometry analysis of 

CD45+CD34+COL1+ PBMCs [31,32]. However, the numbers of circulating fibrocytes in healthy subjects 

are very low, irrespective of the method used for their enumeration [9,31,32,35,61]. This observation 
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explains why sufficient numbers of normal fibrocytes for in-vitro testing are usually obtained after 

long-term cultures of PBMCs in media that selectively favour their proliferation and survival [1-3,8]. 

The same observation also excludes the possibility that all fibrocytes differentiate from monocytes or 

other cells present in the CD14+ PBMC fraction, as initially thought on the basis of the data available 

at that time [22,23]. Nonetheless, there are  immature progenitor cells in the bone marrow and 

peripheral blood that co-express myeloid antigens and pluripotency/self-renewal markers and give 

raise to fibrocyte-like cells when cultured under conditions that favour the development and survival 

of such cells, as reviewed elsewhere [23].   

The frequency of circulating CD45+CD34+COL1+/CD45+CD34+COL1A1 mRNA+ fibrocytes remains within 

the normal range in patients with treatment-responsive asthma of any severity, if their disease is 

adequately controlled by current therapy [31,34,61]. In contrast, there is a substantial increase in the 

number of peripheral blood fibrocytes in two specific groups of asthmatic subjects: patients with 

allergen-exacerbated asthma, whose disease is  transiently uncontrolled and require a more 

intensive therapy to re-achieve adequate control [9,35,61]; patients with chronically treatment-

refractory severe disease (also including those with “chronic obstructive asthma”), whose disease is 

persistently inadequately controlled despite an intensive treatment with high doses of inhaled 

corticosteroids and/or systemic corticosteroids [31,32-34,61]. The marked increase in the number of 

circulating fibrocytes demonstrated in my laboratories during acute exacerbations of asthma 

[9,35,61] has been recently confirmed by another group [78].   

 

Airway fibrocytes 

Studies involving comparative analyses of bronchial biopsy specimens from normal individuals and 

patients with various levels of asthma severity, have demonstrated the presence of an appreciable 

number of fibrocytes in the asthmatic airways and the virtual absence of similar cells in the normal 

airways [30,31]. These fibrocytes actively synthesise COL1, express α-SMA, localise to areas of ECM 
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deposition beneath the epithelial basement membrane, in the lamina propria [30,31], and may also 

propagate toward the underlying smooth muscle bundle [31]. The density of fibrocytes in the 

subepithelial area correlates with the magnitude of subepithelial fibrosis, as estimated by measuring 

the thickness of the lamina reticularis [30]. Fibrocyte infiltration of the lamina propria also increases 

in patients requiring more intensive treatment to achieve disease control (e.g. those with treatment-

responsive severe asthma), as demonstrated by the existence of a highly significant positive 

correlation between fibrocyte numbers in the lamina propria and asthma severity defined on the 

basis of the Global Initiative for Asthma treatment steps [31]. The highest densities of fibrocytes in 

the bronchial mucosa have been observed in patients labelled as mild asthmatics and not receiving 

an anti-inflammatory treatment (corticosteroid-naive patients) [30], and in those who suffers from 

corticosteroid-resistant severe asthma [31]. The presence of numerous fibrocytes in the airways of 

the latter patients has been confirmed in a study involving asthmatics with chronic airflow 

obstruction despite the use of elevated doses of topical corticosteroids or oral corticosteroid 

treatment [79]. When the analysis of the bronchial biopsy specimens shows a prominent fibrocytes 

infiltration of the bronchial subepithelial area, it is possible to isolate CD34+COL1+α-SMA+ fibrocytes 

in cultures of BAL cells [30]. Moreover, an appreciable number of fibrocytes is also present in the 

induced sputum of patients with transiently uncontrolled asthma, as assessed by analysis of the cells 

co-expressing CD34 and COL1A1 mRNA [9,27]. The fact that fibrocytes recently migrated from the 

peripheral blood toward the epithelium can be recovered by BAL and sputum induction is probably 

related to their high motility [30], which is a common feature of all cells bearing Endo180 on their 

surface [80].    

 

In the bronchial mucosa of allergic patients with mild asthma, the density of CD34+ COL1A1 mRNA+ 

fibrocytes is very low if the disease is adequately controlled by avoiding allergen exposure and using 

an appropriate treatment [29]. Following exposure to the clinically relevant allergen in laboratory, 
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the density of fibrocytes actively synthesising COL1 progressively increases in the lamina propria of 

these subjects between 4 and 24 hours post allergen exposure, and a substantial proportion of the 

CD34+COL1A1 mRNA+ cells also express the contractile protein α-SMA at 24 hours [29]. Taken 

together, these findings and the observations described above strongly suggest that fibrocytes may 

contribute to the development and progression of structural changes, such as subepithelial fibrosis 

and increased contractile mass, in patients with undertreated asthma and treatment-resistant 

disease, and that the structural alterations may further increase during the course of every acute 

exacerbation of asthma. The hypothesis that fibrocytes significantly contribute to the development 

and progression of airway remodelling in asthma is supported by the results of two studies 

employing a similar murine model of chronic allergic asthma [29,81], and by the evidence that CD45-

CD34-CD11b- mesenchymal stem cells (other potential sources of COL1+α-SMA+ cells) do not have 

such an effect and even ameliorate established alterations [82]. Further support is provided by the 

observation that circulating fibrocytes from patients with transiently uncontrolled asthma and 

patients with treatment-resistant severe disease rapidly proliferate, produce collagenous and non-

collagenous ECM components commonly increased in the asthmatic bronchial mucosa, and 

differentiate into α-SMA+ myofibroblast-like cells when stimulated with the soluble phase of 

autologous sputum [34] or the recombinant forms of cytokines present in the autologous sputum 

[9,27,35]. Although none of the studies mentioned above has demonstrated a significant correlation 

between the number of circulating fibrocytes and the level of airflow obstruction in asthma, a 

significant correlation exists between the number of circulating fibrocytes and the magnitude of the 

annual decrease in lung function over the previous 5 years in asthmatics with chronic airflow 

obstruction despite the intensive treatment [32].  
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Factors affecting the accumulation and functional properties of fibrocytes  

A concomitant increase in the numbers of fibrocytes in the peripheral blood and in the airways of 

asthmatic individuals is observed in association with a transient exacerbation of airway inflammation 

during periods of disease worsening [9,35], and in the presence of ongoing eosinophilic 

inflammation, as in the case of patients with corticosteroid-resistant asthma [31,34]. The existence of 

an active recruitment of fibrocytes from the circulation into the inflamed airways of these patients is 

suggested by the observations that circulating fibrocytes from symptomatic asthmatics migrate in 

response to cytokines present in increased amounts in their sputum [34,35], and by the evidence of a 

positive correlation between the numbers of sputum fibrocytes and the sputum contents of some of 

these cytokines, such as IL-33 [27,35] (Fig. 1). Notably, more than 50% of the fibrocyte chemotactic 

activity present in the sputum fluid phase from patients with corticosteroid-resistant severe asthma 

has been attributed to a combination of known epithelium-derived eosinophil chemoattractants, the 

C-C motif chemokine ligand (CCL)5 (also known as regulated on activation normal T cell expressed 

and secreted or RANTES), CCL11 (also known as eotaxin) and CCL24 (also known as eotaxin 2 or 

myeloid progenitor inhibitor factor-2) [34]. Similar fibrocyte chemotactic activity cannot be detected 

in the sputum fluid phase from patients with treatment-responsive and well-controlled disease [34]. 

Such findings are in keeping with the observation that fibrocyte infiltration of the asthmatic airways 

and/or sputum fibrocytosis most frequently occur in association with bronchial and/or sputum 

eosinophilia, as consistently reported in atopic patients evaluated before and after allergen challenge 

[29,83], in atopic asthmatics tested during a period of spontaneous disease worsening [9], and in 

atopic and non-atopic patients with treatment-resistant severe asthma [31]. On the basis of studies 

that have evaluated the cytokines and chemokine receptors potentially involved in the enhanced 

release of CD34+ progenitor cells and fibrocytes from the bone marrow in asthma and experimental 

lung fibrosis [83-88], it is also reasonable to hypothesise that IL-33, CCL11 and the other CCR3/CCR5 

ligands mentioned above may all contribute to increase the frequency of circulating fibrocytes in 

transiently uncontrolled asthma and in treatment-resistant severe disease through this mechanisms.  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Some studies have provided evidence that the C-X-C motif chemokine ligand (CXCL)12 (also known as 

stromal cell-derived factor-1) may be another epithelium-derived factor potentially involved in the 

recruitment of circulating leukocytes [89,90] and fibrocytes [78] into the asthmatic airways and that 

it may contributes to angiogenesis and development of chronic airflow obstruction in asthma [89]. 

Moreover, this chemokine has been implicated in the tissue recruitment of fibrocytes in many 

diverse chronic inflammatory and fibrotic disorders [23,24,26]. CXCR4 is one of the receptors for 

CXCL12 and is expressed by normal fibrocytes [3], mesenchymal stem cells [68], all hematopoietic 

progenitor cells, most mature leukocytes, dendritic cells, macrophages, vascular endothelial cells, 

fibroblasts and many other tissue-resident cells [75,76]. Registered antagonists of CXCR4, such as 

AMD3100 (plerixafor), are used to induce the mobilisation of stem cells and progenitor cells from the 

bone marrow and cause leukocytosis [75,76]. During allergen-induced asthma exacerbations, an 

appreciable mobilisation of the population of CD45+CD34+CXCR4+CCR3+ cells occurs in concomitance 

with transient down-regulation of CXCR4 on these cells, reduced concentrations of CXCL12 in the 

bone marrow and increased levels of CCL11 in the peripheral blood [91]. The high concentrations of 

CXCL12 in the bronchial mucosa of these patients may then contribute to promote the airway 

recruitment of the mobilised cells, which also include fibrocytes. It is however worth noting that an 

ever increasing number of factors regulate CXCL12/CXCR4 signalling in a complex manner [75,76] and 

that this is a big limitation when trying to interpret existing studies addressed to analyse the 

mechanisms and functional consequences of the binding of CXCL12 to CXCR4 [75].       

 

Activation of epithelial cell- and eosinophil-derived transforming growth factor-β (TGF-β) and 

increased release of endothelin (ET)-1 from the bronchial epithelium are major events implicated in 

the local expansion and pro-fibrotic function of fibrocytes in asthmatic airways. The effects of 

recombinant TGF-β1 and ΕΤ-1 have been demonstrated in my laboratories by employing pure 

populations of normal and asthmatic peripheral blood fibrocytes exposed to these agents over 6 days 
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in the absence of other stimuli [29] and by using freshly isolated circulating fibrocytes from normal 

and asthmatic individuals as well [61]. Similar effects, but with more marked in-vitro differences 

between asthmatic and normal fibrocytes, have been recently obtained by another group in long-

term cultures of non-adherent, T cell-depleted PBMCs stimulated with 50 ng/ml stem cell factor in 

media highly supplemented with serum  [32,79]. Although active signalling of TGF-β in the asthmatic 

bronchial mucosa may promotes the pro-fibrotic function of fibrocytes mainly because TGF-β 

increases the synthesis and release of collagenous proteins in these cells [3,29], additional 

mechanisms are suggested by the recent observation that TGF-β1 markedly down-regulates the 

expression of Endo180 in lung fibroblast and fibroblast-like cells in the setting of experimental 

pulmonary fibrosis provoked by acute lung injury [19]. Thus, active signalling of TGF-β in the 

asthmatic bronchial mucosa may also promotes the pro-fibrotic function of fibrocytes by inhibiting 

their ability to internalise and degrade collagen fragments after protease cleavage at the tissue sites, 

with the consequent increase in cross-linking of extracellular collagen and enhanced stiffness of the 

ECM.  

 

IL-4 and IL-13 are cytokines produced in the asthmatic airways by T helper type 2 (TH2) lymphocytes 

and their concentrations increase in the sputum of atopic asthmatics during spontaneous disease 

exacerbations [9]. Both these cytokines enhance the production of collagenous and non-collagenous 

ECM components relevant to asthma (COL3, COL5, hyaluronan, versican, perlecan/heparan sulphate 

proteoglycan 2, tenascin-C) in autologous circulating fibrocytes [9], and induce the expression of α-

SMA in these cells [9]. The TH17 cell-derived cytokine IL-17A is also increased in the sputum of the 

same patients, but it mainly stimulates the proliferation of autologous circulating fibrocytes and their 

production of factors that promote neutrophil recruitment and airway hyperresponsivenes, such as 

CXCL1, CXCL8 and tumor necrosis factor-α (TNF-α) [9]. It does not affect the synthesis of collagens in 

these cells but promotes their expression of α-SMA, both directly and via autocrine effects 
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apparently mediated by the IL-17A induced up-regulation of CXCL8 release, without activating TGF-β 

signalling [9]. These findings from my laboratories are in keeping with other observations [92,93] that 

CXCL8 can induce α-SMA in fibroblast-like cells and hepatic stellate cells without increasing collagen 

production and in the absence of  TGF-β activation. Moreover, a more recent study [94] has reported 

similar disjunctive effects of IL-17A on the expression of α-SMA and COL1 production in fibrocyte-like 

cells that were obtained from long-term cultures of normal PBMCs after stimulation with platelet-

derived growth factor-BB to increase the yield of spindle-shaped cells.      

 

Fig. 2 schematically summarise the main mechanisms through which factors released from the 

bronchial epithelium, T lymphocytes and other cells present in the inflammatory infiltrate can 

promote the recruitment, local proliferation and pro-fibrotic function of fibrocytes in asthmatic 

airways, on the basis of the data discussed above. It is important to clarify that although the 

expression of α-SMA in non-smooth muscle cells at the tissue sites is a feature of the contractile 

fibroblasts termed myofibroblasts [95], several cell types express this contractile protein, either 

constitutively or upon appropriate stimulation [65,96], also including amongst others follicular DCs 

[67] and subepithelial cells with antigen-presenting function in the colonic mucosa [66], which may 

not be easily distinguished from contractile fibroblasts. Only some of the cells that express α-SMA 

(myofibroblast and fibrocytes) also produce collagens, and the notion that myofibroblasts are the 

major pro-fibrotic players in the pathogenesis of organ fibrosis has been recently challenged by the 

evidence that deficiency of α-SMA or reduced expression of α-SMA in fibroblasts are associated with 

enhanced experimentally induced renal and pulmonary fibrosis [97,98] and with the development of 

cardiac fibrosis in aged mice [99]. In the asthmatic airways, the increased deposition of specific ECM 

components, the enhanced stiffness of this matrix, and the contractile force generated by α-SMA+ 

fibrocytes in the subepithelial zone may certainly concur to lead to chronic airflow obstruction, but 

may also serve to prevent further damage to the inflamed bronchial mucosa during the increased 
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mechanical stress generated by episodic bronchial smooth muscle contractions [27]. In keeping with 

this hypothesis are the results of a comparative analysis of the expression of collagens and 

proteoglycans in fibrocytes and lung fibroblasts [8], suggesting that fibrocytes have matrix 

remodelling properties consistent with a predominant tissue-stabilising function, similar to that 

originally attributed to myofibroblasts present in the granulation tissue [100,101], while most 

resident fibroblasts have a predominant matrix-building function [8].  

 

Role of fibrocytes in the provocation of asthma exacerbations 

The fibrocytes exhibit antigen-presenting properties in vitro [11,13] and in vivo [13]. Cultured normal 

fibrocytes [13] and fibrocytes freshly isolated from the peripheral blood of allergic asthmatic 

individuals [11] express HLA-DR, the co-stimulatory molecules CD80 and CD86, and all the adhesion 

molecules required for an adequate accessory function. Similarly to myeloid DCs (mDCs), they also 

express CCR7 [3] and the CCL21-CCR7 axis significantly contributes to regulate the allergen-induced 

fibrocyte trafficking in a murine model of allergic asthma [102]. Fibrocytes are however 

phenotypically and functionally different from freshly isolated circulating (CD3, CD14, CD16, CD19, 

CD20, CD56)-CD1c/BDCA-1+ CD141/BDCA-3+CD11c+HLA-DR+ myeloid DCs (mDCs) [11]. Cultured 

CD45+CD34+COL1+COL1 mRNA+ fibrocytes [8] as well as cultured monocyte-derived fibrocyte-like cells 

[14,42] also show detectable levels of expression of CD206, a mannose receptor that has been 

implicated in the in-vitro uptake of some native allergens by monocytes, monocyte-derived DCs 

[103,104] and the monocyte-derived fibrocyte-like cells themselves [14].  

 

Fibrocytes freshly isolated from the peripheral blood of allergic asthmatic patients induce the 

proliferation of autologous circulating CD4+ naive and memory T cells, and the predominant release 

of TH2 cytokines from effector CD4+ memory T cells, when pulsed with the clinically relevant allergen 
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[11]. Their ability to increase the release of these lymphokines from CD4+  memory T cells is 

comparable to that observed with autologous allergen-pulsed circulating mDCs, and both fibrocytes 

and mDCs also induce an appreciable release of IL-17A from CD4+  memory T lymphocytes when co-

cultured with these cells in the presence of the clinically relevant allergen [11].  Fibrocytes freshly 

isolated from the peripheral blood of allergic asthmatic patients are also susceptible to rhinovirus 

infections [11]. Viral replication and virus release are more intense and last longer in fibrocytes 

pulsed with the clinically relevant allergen than in unpulsed fibrocytes [11]. Moreover, allergen-

pulsed and infected fibrocytes release much larger amounts of the pro-inflammatory cytokines IL-6, 

CXCL8 and TNF-α than unpulsed but similarly infected cells, and the magnitude of cytokine release 

depends on the intensity of virus replication [11]. These effects may be related to the allergen-

induced increase in the expression of a major rhinovirus receptor on the fibrocyte surface, which 

may facilitate virus entry, and to the absence of a significant up-regulation of the production of anti-

viral type I interferons in the allergen-pulsed and infected fibrocytes, which may favour virus 

replication [11].     

 

These novel observations from my laboratories suggest that the presence of elevate numbers of 

fibrocytes in the airways of allergic patients with undertreated or treatment-resistant asthma may 

concur to increase the risk of acute exacerbations because fibrocytes can amplify TH2 cell-driven 

inflammation on every exposure to the clinically relevant allergen, and can promote further 

inflammation on rhinovirus infections, by serving as viral reservoirs and by releasing additional pro-

inflammatory factors in the inflamed bronchial mucosa (Fig. 3).  

 

Interestingly, co-culturing allergen-pulsed fibrocytes from asthmatic individuals with autologous CD4+ 

memory T cells, in the continuing presence of the clinically relevant allergen, results in increased 

expression of α-SMA in fibrocytes [11]. According to the observations mentioned above [9,94], this 
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effect can be explained with the release of TH2 cytokines and IL-17A from the activated T 

lymphocytes.  However, direct cell-to-cell interaction may be important, as suggested by the 

detection of clusters of activated T cells and immature α-SMA-positive cells with a fibrocyte-like 

morphology in the airways of patients with moderate or severe asthma [105]. Because effector CD4+ 

memory T cells are recruited from the circulation or derive from the activation of tissue resident 

CD4+ memory T lymphocytes as result of an allergen challenge [106,107], the occurrence of a 

sustained local interaction between fibrocytes and these cells may also explain why α-SMA+ 

fibrocytes are detectable in the bronchial mucosa of allergic asthmatic patients at 24 hours but not at 

4 hours following allergen inhalation in laboratory [29]. Ultrastructural studies and analyses of cell 

secretomes and exosomes are under way in my laboratories to identify the mechanisms of 

communication between fibrocytes and T cell subpopulations in asthma.   

 

Clinical implications 

The recent development of methods for the isolation of pure populations of viable circulating 

fibrocytes has allowed a better understanding of the origin and effector function of these cells 

[9,11,34,35]. Fibrocytes are directly obtained from the peripheral blood and can be interrogated 

without requiring long-term cultures of mixed cell populations or manipulations that may alter their 

phenotype and functional properties.  

By using a multi-parameter approach, an analytically valid flow cytometry assay for the enumeration 

of fibrocytes in 100 μl of whole blood has been standardised and adapted for use in clinical trials 

[61]. This assay detects significant differences among asthmatic individuals on the basis of the 

current level of disease control, and reliably distinguishes these patients from normal subjects (Fig. 

4a) [61]. Moreover, it provides reproducible results over one week in healthy individuals, in 

asthmatic patients with well-controlled asthma and in those with treatment-resistant severe disease 

(Fig. 4b) [61]. This assay would be useful for the identification and monitoring of patients at high risks 
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of adverse outcomes because abnormally high blood fibrocyte counts reflect ongoing airway 

inflammation and the progression of structural changes, on the basis of the studies reviewed above 

[31,32,34]. These alterations can be alternatively detected in a minimally invasive way only by 

combining the analysis of inflammatory cells in induced sputum with the evaluation of signs of airway 

remodelling by high-resolution computed tomography [108]. In comparison with other prognostic 

biomarkers [108], blood fibrocyte count may not be influenced by the atopic status alone (Fig. 3a) 

[61]. Moreover, the fibrocyte count is not influenced by the dose and route of administration of 

corticosteroids, because patients with treatment-resistant severe asthma by definition use high 

doses of inhaled corticosteroids and/or oral corticosteroids and have higher numbers of fibrocytes in 

the peripheral blood and in the airways than other patients adequately controlled by this anti-

inflammatory therapy [31,33,34]. Thus, the enumeration of circulating fibrocytes by an optimised 

assay can be considered an emerging biomarker of asthma control and therapeutic responsiveness, 

with potential applicability in clinical trials. Studies in larger populations are however required for 

establishing the clinical validity and utility of the use of blood fibrocyte count as an outcome measure 

in asthma.  

 

In terms of therapeutic approach, the most urgent need is to block persistent fibrocytosis in 

corticosteroid-resistant asthma. This goal may be probably achieved by reducing the persistent 

airway inflammation that drives fibrocyte accumulation, although a combined approach against 

inflammation and fibrocytosis would be desirable. Future studies could be addressed to evaluate the 

effects on circulating and airway fibrocytes of anti-inflammatory agents that are approved for the 

treatment of asthma poorly controlled with corticosteroids in allergic individuals, such as 

omalizumab (Xolair®) [109], and the effects of newer agents under clinical development that have 

demonstrated improvement in asthma control in corticosteroid-resistant asthma, such as drug 

candidates targeting IL-5, IL-4 and IL-13 [110]. Inhibition of IL-4 and IL-13 signalling would directly 
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reduce the pro-fibrotic effects of the endogenous proteins on airway fibrocytes [9], in addition to 

having potential beneficial effects on airway remodelling and inflammation through other, multiple 

mechanisms [110]. As discussed above, CXCL12 and the chemokine receptors CCR3 and CCR5 are 

involved in the airway recruitment of inflammatory cells and fibrocytes in asthma. Promising findings 

have been reported with a drug candidate in phase II trials for asthma, which targets CCR3 and the 

common β-chain of the receptors for IL-3, IL-5 and granulocyte-macrophage colony-stimulating 

factor [111,112]. Another interesting compound is an inhibitor of the binding of CXCL12 to CXCR4 

and to its alternative receptor CXCR7, which has demonstrated broad anti-inflammatory activity in a 

murine model of asthma [113]. This agent is given by inhalation and therefore does not interfere 

with the function of the CXCL12-CXCR4 axis in the bone marrow and other organs and lacks the 

cardiovascular liability of systemically administered CXCR4 antagonists [75,76]. Compounds targeting 

CCR5 are currently under development for indications other than asthma, and compounds targeting 

IL-33 are not yet available [76]. A recombinant form of pentraxin-2/serum amyloid P component 

(SAP) attenuates experimental fibrosis by inhibiting the pro-fibrotic function of a sub-population of 

macrophages in vivo [36, 114] and reduces the generation of monocyte-derived fibrocyte-like cells in 

cultures of PBMCs from patients with idiopathic pulmonary fibrosis after stimulation for 48 hours 

with 1 μg/ml lipopolysaccharide [115]. There are no data about the ability of pentraxin-2/SAP to 

reduce the number of fibrocytes actually present in the peripheral blood of these individuals. 

Moreover, the possibility of using a recombinant form of pentraxin-2/SAP (e.g. the drug candidate 

PRM-151) for the treatment of asthma, if developed for this indication in the future, is greatly limited 

by its pro-inflammatory properties[116] and the proven toxicity of abnormally high levels of the 

endogenous protein in the circulation and at tissue sites [117-120].    
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Legends to figures 

Fig. 1. Involvement of interleukin-33 (IL-33) in the airway recruitment and local proliferation of 

fibrocytes in the acute exacerbations of allergic asthma: (a) increased expression of the specific 

component of the IL-33 receptor, ST2L, on the surface of freshly isolated circulating 

CD34+CD45RO+CD11b+CD13+COL1+ fibrocytes from patients with allergen-exacerbated asthma 

(PwAA) in comparison with the cells from non-asthmatic individuals (NAI); effects of the recombinant 

form of IL-33 (rIL-33) on the migration (b) and proliferation (c) of circulating fibrocytes from PwAA 

and NAI (**p < 0.01 and *p < 0.05 compared with 0 ng/ml rIL-33); (d) detection of fibrocytes by a 

double immunohistochemical and in-situ hybridisation assay [9,27,29] in a representative cytospin of 

sputum leukocytes from a PwAA (the white arrow indicates a CD34+COL1A1 mRNA+ fibrocyte, the 

arrowhead indicates a CD34+COL1A1 mRNA- cell and the empty arrow indicates a CD34-COL1A1 

mRNA- cell); (e) significant correlation between the concentrations of immunoreactive IL-33 and the 

number of fibrocytes in the sputum of PwAA; (f) significant correlation between the concentrations 

of immunoreactive IL-33 in the sputum of PwAA and the frequency of symptoms requiring reliever 

use. Reproduced with permission of the publisher from (a, b and c) Isgrò M. et al. [35], copyright© 

2012 Elsevier Inc., and under the CC BY-NC-ND license from (e and f) Bellini A. et al. [27], copyright© 

2013 The Authors.        
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Fig. 2. Schematic illustration of the main potential effects of locally released factors on the 

accumulation and pro-remodelling properties of fibrocytes in the inflamed bronchial mucosa of 

patients with transiently uncontrolled or treatment-resistant severe asthma, on the basis of 

published studies involving the stimulation of normal and asthmatic circulating fibrocytes with 

recombinant agonists of receptors expressed by fibrocytes and/or the fluid phase of autologus 

sputum  [3,8,9,12,27,29,31,34,35], and information about the modulation of Endo180 on fibroblasts 

and fibroblast-like cells in the setting of experimentally induced lung fibrosis [19]. α-SMA = α-smooth 

muscle actin; CCL = chemokine C-C motif ligand; COL = collagen type; CXCL = chemokine C-X-C motif 

ligand; ECM = extracellular matrix; ET= endothelin; IL = interleukin; TGF-β = transforming growth 

factor-β.; TH = T helper type cell.  

Designed by using the ScienceSlides software (VisiScience Corporation, Chapel Hill, NC, USA). 

  Fig. 3. Schematic illustration of the potential contribution of bronchial fibrocytes to the provocation 

of acute exacerbations in allergic asthmatic subjects during exposure to the clinically relevant 

allergens or rhinovirus infections, on the basis of data obtained with allergen-pulsed and/or 

rhinovirus infected circulating fibrocytes from allergic patients with moderate or severe asthma and a 

history of allergen- and virally-induced acute exacerbations   [11]. CCL = chemokine C-C motif ligand; 

CXCL = chemokine C-X-C motif ligand; DC = dendritic cell; IL = interleukin; INF = interferon; TH = T 

helper type cell; TNF-α = tumor necrosis factor-α. Designed by using the ScienceSlides software 

(VisiScience Corporation, Chapel Hill, NC, USA). 

Fig. 4. Comparison (a) and repeatability over one week (b) of fibrocyte counts in the whole blood of 

healthy individuals and patients with well-controlled asthma, disease transiently uncontrolled by 

current treatment, or treatment-resistant severe asthma. The graph in (a) shows individual values 

and the median value (horizontal line) for each group. Closed symbols represent atopic individuals. 

The dotted line indicates the upper limit of the 95% confidence interval in healthy subjects (12.8 

fibrocytes per μl). The Bland-Altman plot in (b) displays the differences in fibrocyte counts between 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Day 1 and Day 2 as a percentage of the average counts versus the average values, with individual % 

differences, the mean value, and the limits of agreement. ICC = intraclass correlation coefficient; SD = 

standard deviation; SS = sum of squares (from analysis of variance, one way random model). 

Fibrocytes were identified as viable CD45+[CD3/CD19/ CD20/CRTH2]-CD16-CD115-CD11b+CD34+ cells 

in the whole blood by flow cytometry, and the analytical validity of the assay was demonstrated in 

sorted cells by evaluation of the expression of COL1A1 mRNA and expression of α-smooth muscle 

actin on stimulation with endothelin-1, as previously reported [29]. Reproduced under the CC BY-NC-

ND license from Bianchetti L. et al. [61], copyright© 2014 The Authors.  
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