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Abstract: The histopathologic features of asthma include chronic airway inflammation, increased density of fibroblasts 
and myofibroblasts in the lamina propria and presence of structural abnormalities of the bronchial wall collectively re-
ferred to with the term “airway remodeling”. The newly emerged population of fibroblasts and myofibroblasts contributes 
to airway remodeling by producing excessive amounts of collagenous and non-collagenous extracellular matrix compo-
nents in the subepithelial zone and by expanding the mass of contractile cells in the bronchial wall. A substantial propor-
tion of these mesenchymal cells in asthma exhibit the phenotypic and functional characteristic of fibrocytes, which repre-
sent a unique population of bone marrow-derived mesenchymal progenitors recruited to tissue sites from the circulation in 
response to injury or in chronic inflammatory conditions. Recent studies have demonstrated that the asthmatic bronchial 
epithelium is a major source of fibrocyte chemoattractants and growth factors. This review will focus on the novel obser-
vations suggesting that asthmatic epithelial cells may play a key role in the development and progression of airway re-
modeling by promoting the recruitment and local differentiation of fibrocytes.  
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AIRWAY REMODELING IN ASTHMA 

 Asthma is a clinical syndrome characterized by recurrent 
episodes of airflow obstruction of variable duration and in-
tensity, which may be triggered by viral infections and expo-
sure to allergens or other environmental stimuli in predis-
posed individuals [1]. Chronic airway inflammation and re-
modeling of the normal architecture of the bronchi are histo-
pathologic features that underlie the clinical manifestations 
of the disease [2]. The remodeling process involves the com-
position and organization of several cellular, biochemical 
and molecular components of the bronchial wall [3]. The 
main structural changes include alterations of the prolifera-
tion and apoptotic activity of the epithelium, goblet cell hy-
perplasia and hypertrophy, thickening of the lamina reticu-
laris (also known as reticular basement membrane), forma-
tion of new vessels, and increased smooth muscle mass [2-8] 
(Fig. 1). The thickening of the lamina reticularis reflects 
excessive deposition of collagenous and non-collagenous 
extracellular matrix (ECM) molecules beneath the epithelial 
basement membrane, particularly collagen types I (COL1), 
III (COL3) and V (COL5), tenascin, fibronectin, hyaluronan 
and proteoglycans such as versican, perlecan, lumican and 
biglycan [9-11]. The development of this subepithelial fi-
brotic process is an early event in asthma [12], especially in 
difficult-to-treat disease [13], and the deposition of collagens 
can extend beyond the lamina reticularis to involve the en-
tire inner wall of the bronchi in severe asthma [2,14]. The 
progression of this structural change may contribute to cause  
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irreversible airflow obstruction [15-19] and a better under-
standing of its pathogenesis would allow the development of 
therapies for the prevention of the progressive loss of lung 
function in patients whose disease is incompletely responsive 
to currently available therapeutic options [3]. 

 It is widely recognized that the thickening of the lamina 
reticularis in asthma may be caused by the excessive release 
of ECM molecules from a population of subepithelial fibro-
blast-like cells, which undergo local proliferation and differ-
entiate into myofibroblast-like cells expressing -smooth 
muscle actin (-SMA), under the effects of profibrotic fac-
tors produced by the dysfunctional asthmatic epithelium and 
inflammatory cells such as the eosinophils [20-24]. In pa-
tients with allergen-exacerbated asthma, every allergen ex-
posure can induce a further increase in the density of fibro-
blast- and myofibroblast-like cells in the subepithelial zone 
within 24 hours [25]. The expansion of this population of 
mesenchymal cells continues for at least 7 days and is asso-
ciated with an enhanced deposition of ECM components 
such as COL3 and tenascin in the lamina reticularis. The 
remodeling process persists for days after the resolution of 
the allergen-induced increase in the inflammatory infiltrate 
of the bronchial mucosa [25]. The density of fibroblast- and 
myofibroblast-like cells is particularly elevated in the bron-
chial mucosa of patients with the most severe forms of 
chronically persistent asthma, irrespective of the atopic 
status, suggesting that a lack of asthma control with frequent 
disease exacerbations may result in a dramatic progression of 
the fibrotic process [3]. The accumulation of myofibroblast-
like cells in the bronchial mucosa of asthmatic individuals 
also increases the mass of contractile cells in the bronchial 
wall and may contribute to enhance the abnormal constric-
tive activity of the asthmatic bronchial tubes, especially in 
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severe disease when it is frequently associated with an in-
creased hypertrophy and hyperplasia of the underlying 
smooth muscle layer [26,27].  

FIBROCYTE CONTRIBUTION TO AIRWAY RE-
MODELING IN ASTHMA 

 In the last decade, several studies have provided mount-
ing evidence that many bronchial fibroblast- and myofibro-
blast-like cells in asthma exhibit the phenotypic and func-
tional characteristics of fibrocytes [28-32]. The fibrocytes 
are bone marrow-derived CD45+CD45RO+CD34+ CD11b+ 
CD13+HLA-DR+ progenitors, with mixing features of mye-
loid cells and fibroblasts, which constitutively produce col-
lagens and differentiate into spindle-shaped -SMA-positive 
cells similar to myofibroblasts upon appropriate in-vitro 
stimulation or following their migration from the circulation 
to acutely injured or chronically inflamed tissues [33,34]. In 
healthy individuals, the frequency of authentic mature fibro-
cytes (cells that uniquely co-express CD34, CD45RO, COL1 
mRNA and COL1 protein) in the peripheral blood is very 
low, with numbers ranging from 1400 to 8200/ml [32]. This 
fact explains why it is possible to obtain a sufficient number 
of normal fibrocytes for in-vitro testing solely in long-term 
cultures of peripheral blood mononuclear cells which selec-
tively favor the proliferation, differentiation and survival of 
this cell population [35,36]. By contrast, there is a marked 
increase in the number of peripheral blood fibrocytes in pa-
tients with allergen-exacerbated asthma or chronically se-

vere, treatment-refractory disease [31, 32, 37, 39]. In two 
studies including atopic and non-atopic non-asthmatic indi-
viduals, patients with non-severe/treatment responsive 
asthma, patients with severe/treatment-refractory disease and 
subjects tested during an acute exacerbation of asthma, the 
median number of fibrocytes isolated from the leukocyte-
rich fraction of the peripheral blood was 8000/ml, 17000/ml, 
46000/ml, and 69000/ml, respectively [38, 39].  

 The circulating fibrocytes from patients with an acute 
exacerbation of asthma and patients with chronically se-
vere/treatment-refractory disease migrate and proliferate in 
response to cytokines and growth factors released in exces-
sive amounts in the airways of asthmatic individuals, pro-
duce collagenous and non-collagenous ECM components 
specifically increased in the asthmatic bronchial mucosa, and 
differentiate into myofibroblast-like cells when stimulated 
with factors present in the autologous sputum [32,38,39].  

 Analyses of bronchial biopsy specimens from healthy 
individuals have demonstrated that there are only a few or no 
fibrocytes in the bronchial mucosa of these subjects [29], 
[31]. Similar analyses of bronchial biopsy specimens from 
asthmatic patients with various levels of disease severity 
have revealed the presence of an appreciable number of 
CD34+ cells and CD34+CD45RO+ cells that actively sensi-
tize COL1 and express -SMA [28-31]. These mature fibro-
cytes localize to areas of ECM deposition in the subepithelial 
zone [28 29,31] and also infiltrate the underlying smooth 
muscle bundle in some patients [29,31], particularly in those 

 

Fig. (1). Schematic illustration of the inflammatory and structural changes in the bronchial wall of asthmatic patients. Designed by using 
objects of the SmartDraw 2007 software (SmartDraw.com, San Diego, CA, USA) and the ScienceSlides 2005 software (VisiScience Corpo-
ration, Chapel Hill, NC, USA). 
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with severe, treatment-refractory asthma [31]. The density of 
fibrocytes beneath the epithelial basement membrane corre-
lates with the thickness of the lamina reticularis [29], which 
reflects the magnitude of subepithelial fibrosis. Fibrocyte 
infiltration of the subepithelial area also increases in patients 
requiring more intensive treatment to achieve disease control 
[31]. The highest densities of fibrocytes in the lamina pro-
pria have been detected in patients not receiving an anti-
inflammatory treatment [29] and in those who suffers from 
severe asthma despite the use of elevated doses of topical 
corticosteroids or oral corticosteroid treatment [31]. In cases 
where there is a prominent fibrocytes infiltration of the 
subepithelial zone it is possible to isolate CD34+COL1+-
SMA+ fibrocytes in cultures of cells obtained by bronchoal-
veolare lavage [29]. During an acute exacerbation of the dis-
ease, fibrocytes co-expressing CD34, CD45RO and COL1 
mRNA are also present in the induced sputum [32].  

 In allergic patients with treatment-responsive and well-
controlled asthma in absence of allergen exposure, the den-
sity of fibrocytes actively synthesizing COL1 markedly in-
creases in the subepithelial zone within 24 hours following 
the inhalation of the clinically relevant allergen, and signifi-
cant proportions of these cells also express -SMA [28]. The 
time-course of allergen-induced fibrocytes accumulation and 
frequency of a -SMA+ fibrocytes are consistent with more 
recently reported observations on the accumulation of fibro-
blast- and myofibroblast-like cells of undefined origin and 

phenotype in similarly allergen-exposed asthmatic individu-
als [25]. Moreover, certain functional characteristics of fi-
brocytes [32, 40, 41] are remarkably similar to those reported 
for bronchial fibroblast- and myofibroblast-like cells directly 
isolated from asthmatic airways [42, 43], including the pat-
tern of cytokine production, the in-vitro susceptibility to viral 
infections and the response to viral stimulation.  

 All these findings suggest a major role of fibrocytes in 
the genesis and progression of airway remodeling in asthma. 
Their important contribution to the development of irreversi-
ble airflow obstruction is supported by the existence of a 
significant correlation between the number of circulating 
COL1-producing fibrocytes and the magnitude of the yearly 
decline in lung function in patients with treatment-refractory 
asthma who already exhibit fixed airway narrowing [37]. 
Although there is at present no evidence of a statistically 
significant correlation between the number of peripheral 
blood fibrocytes and the density of fibrocytes in the bron-
chial mucosa, the in-vitro observations that circulating fibro-
cytes form symptomatic asthmatics migrate and differentiate 
in response to chemokines and growth factors present in in-
creased amounts in the autologous sputum [39] strongly sug-
gest an active recruitment of fibrocytes from the circulation 
during disease exacerbations and in treatment-resistant 
asthma. Fig. (2) shows representative microphotographs of 
fibrocytes detected in the induced sputum and peripheral 
blood of patients with uncontrolled asthma [32] and the ef-

 

Fig. (2). Identification of fibrocytes in the induced sputum (A) and in the peripheral blood (B) of patients with uncontrolled asthma and ef-
fects of stimulation with the fluid phase of induced sputum on the expression of the 1 chain of COL3 (COL3A1) (C) and -SMA (D) at the 
indicated points in time in autologous circulating fibrocytes [32], [38]. Fibrocytes in induced sputum were identified as cells co-expressing 
CD34 and the mRNA for the 1 chain of COL1 (COL1A1) by using a double immunohistochemical and in-situ hybridization technique 
[32].  
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fects of stimulation with the fluid phase of induced sputum 
on the expression of COL3 and -SMA in autologous circu-
lating fibrocytes [38]. 

CONTRIBUTION OF EPITHELIAL CELL-DERIVED 
FACTORS TO FIBROCYTE ACCUMULATION AND 
DIFFERENTIATION IN ASTHMA  

 The results of the studies discussed above concur to sug-
gest that the asthmatic bronchial epithelium may represent a 
major source of fibrocyte chemoattractants and growth fac-
tors. Epithelial cell-derived chemokines may be involved in 
the airway recruitment of fibrocytes from the peripheral 
blood because fibrocyte infiltration of the bronchial mucosa 
is particularly evident in the subepithelial zone [28,29]. 
Moreover, fibrocytes that have recently migrated toward the 
epithelium can be recovered from the asthmatic airways by 
using procedures that mainly sample cells present within or 
in close proximity of the epithelium, such as bronchoalveolar 
lavage [29] and sputum induction [32]. A study that tracked 

the migration of labeled circulating fibrocytes to the in-
flamed airways in a mouse model of chronic allergic asthma 
also demonstrated the predominant localization of recruited 
cells to the subepithelial zone of the bronchial wall [28]. 
Some of the mechanisms through which the epithelium may 
potentially drive the accumulation and local differentiation 
of fibrocytes in asthma have been recently identified (Fig. 3) 
and will be discussed in this section.  

 The circulating fibrocytes from patients with an acute 
exacerbation of asthma and asthmatic individuals with per-
sistently severe/treatment-refractory disease express the re-
ceptors for some of the chemokines/cytokines and growth 
factors involved in asthma pathogenesis at higher levels than 
the circulating fibrocytes from patients with non-severe/-
treatment-responsive asthma or non-asthmatic subjects [32, 
38, 39, 44]. The receptors for the C-C motif chemokine 
ligands (CCLs) CCL5 (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 

Fig. (3). Schematic illustration of the mechanisms of action of epithelial cell-derived factors that may potentially promote the accumulation 
and profibrotic function of fibrocytes in the bronchial mucosa of asthmatic patients. Designed by using objects of the ScienceSlides 2005 
software (VisiScience Corporation, Chapel Hill, NC, USA). 
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2 or myeloid progenitor inhibitor factor-2) are functional 
receptors [39]. Their ligands are mainly produced by bron-
chial epithelial cells and are known to play a major role in 
the airway recruitment of eosinophils in asthma [45-48]. 
Recombinant CCL5, CCL11 and CCL24 induce the migra-
tion of circulating fibrocytes from patients with severe/-
treatment-refractory asthma in a dose-dependent manner and 
endogenous CCL5, CCL11 and CCL24 significantly con-
tribute to various extents to the fibrocyte chemotactic activ-
ity of the induced sputum from these subjects [39]. The exis-
tence of a relationship between the increased release of 
CCL11 from the asthmatic epithelium and the accumulation 
of fibrocytes in the bronchial mucosa is also supported by 
the combined results of two studies that evaluated the kinet-
ics of CCL11 expression [47] and the time-course of the re-
cruitment of eosinophils [47] and fibrocytes [28] in the air-
ways of the same patients during an allergen-induced asth-
matic response. The peak increase in CCL11 production oc-
curred at 4 hours post-allergen inhalation, as assessed by 
examining the expression of CCL11 mRNA and protein in 
bronchial biopsies and by measuring the concentrations of 
immunoreactive CCL11 in the bronchoalveolar lavage fluid 
[47]. When sections of the same biopsy specimens were 
evaluated at a later stage to enumerate fibrocytes, it was evi-
dent that the peak increase in CCL11 production induced by 
allergen inhalation coincided with the first detectable in-
crease in fibrocyte number in the bronchial mucosa [28]. 
Taken together, the results of the studies mentioned above 
may explain the reason why fibrocyte infiltration of the 
asthmatic airways and sputum fibrocytosis are most fre-
quently observed in association with bronchial and sputum 
eosinophilia [31, 32]. 

 Another epithelial cell-derived factor involved in the 
genesis and persistence of airway inflammation in asthma is 
interleukin (IL)-33 [49,50]. This member of the IL-1 cyto-
kine family is released from injured cells (e.g. cells exposed 
to allergens with proteolytic activity such as house dust mite 
allergens, infected cells, or cells subjected to mechanical 
injury) and it is considered to promote allergen-induced and 
innate inflammatory responses by functioning as an endoge-
nous danger signal [49,50]. Increased quantities of immuno-
reactive IL-33 have been detected in the peripheral blood 
[51] and in the bronchoalveolar lavage fluid [52] of asth-
matic patients and the bronchial epithelium of these subjects 
produce IL-33 at high levels [52]. Such an excessive release 
of IL-33 in asthmatic airways may occur in response to viral 
infections, exposure to allergens or as a result of the me-
chanical stress generated on the inflamed epithelium by re-
peated episodes of airflow obstructions. The circulating fi-
brocytes from patients with transiently uncontrolled allergic 
asthma show increased levels of expression of the specific 
receptor for IL-33 on their surface and IL-33 induces strong 
chemotactic and proliferative responses in these cells [38]. 
Moreover, the concentrations of IL-33 in the sputum of pa-
tients with transiently uncontrolled asthma significantly cor-
relate with the number of sputum fibrocytes and the fre-
quency of asthma symptoms in the previous week (Fig. 4).  

 Active signaling of epithelial cell- and eosinophil-derived 
transforming growth factor- (TGF-) [53-55] and increased 
production of endothelin (ET)-1 in the bronchial epithelium 
[56-59] have been implicated in the pathogenesis of airway 
remodeling in asthma. Both TGF- and ET-1 [28] 
induce the differentiation of cultured fibrocytes into fibro-
blast- and myofibroblast-like cells that produce higher 

 

Fig. (4). Evidence that the levels of sputum IL-33 in patients with uncontrolled asthma significantly correlate with the numbers of sputum 
fibrocytes (A) and with the frequency of asthma symptoms requiring reliever (short-acting bronchodilator) use during the day and/or at night 
in the previous week (B). The concentrations of IL-33 in the fluid phase of induced sputum were determined with the use of a commercially 
available enzyme-linked immunosorbent assay (Enzo Life Sciences). Fibrocytes in induced sputum were identified as cells co-expressing 
CD34 and the mRNA for the 1 chain of COL1 (COL1A1) by using a double immunohistochemical and in-situ hybridization technique 
[32]. The relationship between two sets of variables was evaluated by calculating the Pearson correlation coefficient.  
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amounts of COL1 and COL3 and more frequently acquire -
SMA expression in comparison with unstimulated cells. 
Both TGF-and ET-1 also promote the expansion of the 
fibrocyte population in vitro [28]. During an allergen-
induced asthmatic response, the increased accumulation of 
fibrocytes in the bronchial mucosa of asthmatic individuals 
is paralleled by the enhanced production of ET-1 in bron-
chial epithelial cells and endothelial cells and by the aug-
mented release of TGF- from epithelial cells and eosino-
phils [60]. The peak increase in ET-1 and TGF- release in 
the airways is observed at 24 hours following allergen inha-
lation, when an appreciable proportion of fibrocytes have 
acquired the myofibroblast marker -SMA. A study in an 
animal model of chronic allergic asthma also supports the 
hypothesis that TGF- may play a major role in the airway 
accumulation of fibrocytes and their further differentiation 
into fibroblast- and myofibroblast-like cells [28,61]. In this 
study, repeated allergen inhalation challenges of systemically 
sensitized mice for up to 8 weeks resulted in the progressive 
infiltration of the bronchial wall with CD34+COL1+ fibro-
cytes. Over the last 2 weeks of chronic allergen exposure, the 
mean percentage of collagen-producing fibrocytes that also 
expressed-SMA in the bronchial subepithelial zone in-
creased from 32% to 45% [28]. The progressive increase in 
the density of fibrocytes beneath the epithelium correlated 
with the level of TGF- immunoreactivity in the bronchial 
wall and with the magnitude of collagen deposition [61].  

 The C-X-C chemokine motif ligand 8 (CXCL8, also 
known as IL-8) is another cytokine expressed at high level in 
the bronchial epithelium of asthmatic patients [62]. The ex-
cessive production of CXCL8 is particularly evident in the 
airways of individuals with severe disease and is believed to 
contribute to the airway recruitment of neutrophils and to the 
expansion of the contractile mass in these patients [62-65]. 
IL-17A (also known as IL-17) is one of the many cytokines 
that may upregulate the secretion of CXCL8 in the asthmatic 
epithelium [66]. It also promotes the release of CXCL8 in 
circulating fibrocytes from patients with allergen-exacer-
bated asthma [32]. Following stimulation with IL-17A, these 
cells express increased levels of -SMA, without showing an 
increased production of collagens [32]. Such phenomenon is 
not apparently associated with activation of TGF- signaling 
but can be inhibited by blocking the effects of the IL-17A-
induced release of CXCL8 from fibrocytes themselves [32]. 
Other studies have demonstrated that human CXCL8 [67], 
[68] and its chicken orthologue [69] can induce -SMA in 
fibroblast-like cells and hepatic stellate cells and that 
CXCL8 may work independently from TGF-. The 
mechanisms involved in the CXCL8-mediated induction of 
-SMA remain unclear. Nonetheless, the available data 
strongly suggest that epithelial CXCL8 may directly or indi-
rectly contribute to promote the differentiation of fibrocytes 
into myofibroblast-like cells once circulating fibrocytes have 
migrated to the bronchial mucosa of asthmatic patients.  

 Cultured human and murine fibrocytes express the recep-
tor for CXCL12 (also known as stromal cell-derived factor-
1) [35], a cytokine produced by bronchial epithelial cells and 
potentially involved in the promotion of airway inflamma-

tion in asthma [70, 71]. CXCL12 induces a migratory re-
sponse in bone marrow-derived progenitors and inflamma-
tory cells by aptotaxis, after binding to ECM components 
such as fibronectin and proteoglycans [72-75]. This mecha-
nism of action explains the results of the original study men-
tioned above [35], where CXCL12 was unable to function as 
a fibrocyte chemoattractant in vitro, when tested in a stan-
dard chemotaxis assay, and did not induce the migration of 
circulating fibrocytes to the normal skin in vivo, following 
intradermal injection of the recombinant protein in mice. In 
agreement with the aptotactic effect of CXCL12, significant 
migratory responses of human fibrocytes to the recombinant 
cytokine were observed in an in-vitro assay employing fi-
bronectin-coated filters and prolonged incubation periods 
[76]. Considering that the bronchial mucosa of asthmatic 
patients usually shows an increased deposition of fibronectin 
and proteoglycans beneath the epithelial basement mem-
brane [9-11], it is reasonable to hypothesize that epithelial 
cell-derived CXCL12 may bind to these ECM components 
and guide the migration of fibrocytes and inflammatory cells 
toward the epithelium following their recruitment from the 
circulation as result of the excessive release of chemokines 
in the asthmatic airways.  

 Thymic stromal lymphopoietin (TSLP) is a cytokine pro-
duced by the airway and skin epithelia in response to a vari-
ety of antigenic and environmental stimuli and is considered 
an important promoter of allergic inflammation [77]. TSLP 
production is increased in asthmatic airways and the magni-
tude of expression of this cytokine in the asthmatic epithe-
lium correlate with the levels of disease severity [78]. A re-
cent study [79] revealed the presence of elevated numbers of 
CD34+COL1+ fibrocytes in the fibrotic skin lesions of sub-
jects affected by chronic atopic dermatitis. These cells ex-
pressed the TSLP receptor and experiments in a model of IL-
13-induced fibrotic dermatitis in mice provided evidence of 
the potential involvement of epithelial cell-derived TSLP in 
the proliferation and further differentiation of fibrocytes at 
tissue site. A similar mechanism may also contribute to the 
accumulation and local differentiation of fibrocytes in other 
chronic allergic inflammatory disorders driven by helper 
type 2 T cell-derived cytokines and associated with fibrotic 
tissue remodeling, particularly chronic allergic asthma.  

 The studies discussed above have uncovered important 
pathways through which the bronchial epithelium may drive 
the accumulation and profibrotic function of fibrocytes in 
asthma. Fig. (3) schematically summarize how epithelial 
cell-derived factors may potentially induce the progression 
of fibrotic changes and increase the mass of contractile cells 
in the bronchial wall of asthmatic patients by promoting fi-
brocyte recruitment and the local differentiation of these 
cells into fibroblast- and myofibroblast-like cells.  

BENEFICIAL AND DELETERIOUS EFFECTS OF FI-
BROCYTE ACCUMULATION ON EPITHELIAL IN-
TEGRITY AND FUNCTION 

 Circulating fibrocytes are actively recruited from the cir-
culation at an early stage of wound healing [80] and increas-
ing fibrocyte accumulation at the wounded site accelerate 
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wound repair [81, 82]. The ability of fibrocytes to facilitate 
tissue repair after injury has been related to their production 
of ECM components, ECM-degrading enzymes, pro-
angiogenic factors and cytokines that induce the migration 
and proliferation of epithelial cells such as fibroblast growth 
factor (FGF)-7 [82]. Fibrocytes that acquire the expression of 
-SMA following their migration to the wounded tissue also 
have contractile properties that favor wound closure [80]-
[82]. However, the bronchial mucosa of asthmatic patients 
resembles a chronic wound where neither the inflammatory 
phase nor the reparative phase resolve completely [61]. The 
inflammatory reaction is likely increased as a result of fibro-
cyte accumulation, because fibrocytes from asthmatic pa-
tients produce high quantities of proinflammatory cytokines 
such as CXCL1, CXCL8, IL-6 and tumor necrosis factor  
(TNF) [32, 38] (Fig. 5).In this situation, the production of 
FGF-7 and ECM-degrading enzymes that also degrade the 
epithelial basement membrane, such as matrix metalloprote-
ase-9 (MMP-9) may have deleterious rather than beneficial 
effects on the integrity and function of the asthmatic bron-
chial epithelium (Fig. 5).  

 It is worth noting that the collagen and proteoglycan gene 
expression profile of fibrocytes would suggest that the main 
function of fibrocytes is tissue stabilization [36]. Thus, the 
fibrotic changes specifically induced by fibrocytes and the 
contractile force generated by -SMA+ fibrocytes in the 
subepithelial zone may concur to prevent further structural 
damage during repeated episodes of bronchial constriction in 
transiently uncontrolled or treatment-refractory asthma by 
enhancing the resistance to mechanical stress of an epithelial 
barrier weakened by the chronic inflammatory process [36, 
60, 61] (Fig. 5).  

CONCLUSION 

 There is increasing evidence that circulating fibrocytes 
may serve as a renewable source of fibroblast- and myofi-
broblast-like cells in the chronically inflamed airways of 
asthmatic patients and that fibrocyte accumulation may con-
tribute to the progression of irreversible structural changes 
leading to fixed airway narrowing. The asthmatic bronchial 
epithelium is a major producer of potent fibrocyte chemoat-
tractants and growth factors and may play a key role in the 
development and progression of airway remodeling by pro-
moting the recruitment, local proliferation, and differentia-
tion of fibrocytes (Fig. 3). The accumulation of fibrocytes in 
the subepithelial zone may have both beneficial and detri-
mental effects on epithelial integrity and function. On the 
one hand, fibrocytes may enhance inflammation, promote the 
disruption of the epithelial basement membrane and contrib-
ute to a dysregulated proliferation of epithelial cells. On the 
other hand, fibrocytes may have a tissue-stabilizing effect 
and may increase the resistance to mechanical stress of the 
epithelial barrier.  

ABBREVIATIONS 

-SMA = -smooth muscle actin 

CCL = C-C motif chemokine ligand 

COL1 = Type I collagen 

COL1A1 = 1 chain of COL1 

COL3 = Type III collagen 

COL3A1 = 1 chain of COL3 

COL5 = Type V collagen 

 

Fig. (5). Schematic illustration of the possible effects of fibrocyte accumulation on epithelial integrity and function in asthma. Designed by 
using objects of the ScienceSlides 2005 software (VisiScience Corporation, Chapel Hill, NC, USA). 
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CXCL = C-X-C motif chemokine ligand 

ECM = Extracellular matrix 

ET-1 = Endothelin-1 

FGF-7 = Fibroblast growth factor-7 

IL = Interleukin 

MMP-9 = Matrix metalloprotease-9 

TGF- = Transforming growth factor- 

TNF = Tumor necrosis factor  

TSLP = Thymic stromal lymphopoietin 
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