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Abstract

Fibrocytes were initially described in 1999 and since that time there has been a growing body of 

literature to suggest their importance in a number of chronic lung diseases. It is now well 

established that fibrocytes derive from the bone marrow and circulate within the peripheral blood. 

However, when injury occurs, fibrocytes can travel to the site of damage via chemokine-mediated 

recruitment. Recent studies suggest that fibrocyte numbers increase within the lung or circulation 

during numerous disease processes. Although fibrocytes readily differentiate into fibroblasts in 

vitro, whether they do so in vivo is still unknown. The variety of pro-fibrotic mediators that are 

secreted by fibrocytes makes it likely that they act via paracrine functions to influence the behavior 

of resident lung cells. This review summarizes recent insights regarding fibrocytes in asthma, 

scleroderma and IPF.
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PULMONARY FIBROSIS: DESCRIPTION AND CLASSIFICATION

Pulmonary fibrosis is characterized by epithelial cell injury and hyperplasia, variable 

degrees of inflammatory cell infiltrate, fibroblast proliferation and accumulation, and the 

relentless deposition of extracellular matrix (ECM) (1). The end results of this process are a 

loss of lung elasticity and loss of alveolar surface area, leading to severe compromises in 

pulmonary function and respiratory failure (1–5). In humans, there are many types of fibrotic 

lung diseases (6). Among the diffuse parenchymal lung diseases (DPLDs) are the diseases of 

known cause (e.g. drug-related or those associated with collagen vascular disease), the 

idiopathic interstitial pneumonias (IIPs), granulomatous DPLDs (e.g. sarcoidosis) and non-

categorized diseases, such as lymphangioleiomyomatosis. Idiopathic pulmonary fibrosis 

(IPF) is the most common disease within the category of IIPs, and is histopathologically 

identified as usual interstitial pneumonia (UIP). Additional diseases within the IIP category 

include desquamative interstitial pneumonia, respiratory bronchiolitis interstitial lung 

disease, acute interstitial pneumonia, cryptogenic organizing pneumonia, lymphocytic 

interstitial pneumonia and nonspecific interstitial pneumonia (NSIP). IPF carries a poor 
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prognosis, with a mean survival time of less than 5 years following diagnosis (4, 7–9). The 

fact that biopsies from a single patient can show heterogenous patterns consistent with both 

UIP and NSIP (8, 10, 11), have led to a further reevaluation of the pathobiologic 

mechanisms of pulmonary fibrosis, and may suggest that NSIP precedes development of 

UIP.

In addition to the DPLDs, there are other diseases of the lung in which fibroproliferative 

changes have been described. These include late stages of acute respiratory distress 

syndrome, airway remodeling associated with asthma and vasculopathies, such as primary 

pulmonary hypertension. In this document, we will consider the pathobiology of IPF, 

scleroderma and asthma.

PATHOGENESIS OF FIBROSIS

The pathogenesis of all fibrotic lung diseases involves the accumulation and activation of 

fibroblasts. Fibroblasts are mesenchymal cells capable of synthesizing collagen types I and 

III and fibronectin, the predominant ECM proteins deposited in IPF lungs. Fibroblasts that 

actively secrete ECM proteins can be termed “effector” fibroblasts. Effector fibroblasts can 

acquire the expression of α-smooth muscle actin (α-SMA) and non-muscle myosins. The 

expression and organization of these proteins into stress fibers confers contractile properties 

to these cells, referred to as myofibroblasts (12–16). Myofibroblasts are potent producers of 

ECM proteins and these cells are considered to be the principal collagen-producing cells 

within fibrotic lesions (12, 13). The fibrotic foci that are a distinguishing feature of UIP 

histopathology are actually clusters of myofibroblasts that represent sites of active collagen 

synthesis (8, 11, 17). However, the origins of effector fibroblasts and myofibroblasts in 

pulmonary fibrosis are still uncertain.

ORIGIN OF INTERSTITIAL FIBROBLASTS

Several mechanisms have been proposed explaining the origin of the effector fibroblasts and 

myofibroblasts that are seen in fibrotic lung disease. For years, the prevailing theory was that 

they could arise from tissue-specific mesenchymal precursors and certainly local smooth 

muscle, pericytes and endothelial cells may also contribute to ECM deposition (18–20). 

More recently, studies have suggested that organ specific epithelial cells may generate local 

fibroblasts via epithelial-mesenchymal transition (EMT) (21–23), although this is 

controversial (24). Finally, circulating bone marrow (BM)-derived progenitor cells 

(fibrocytes) may migrate via the peripheral circulation to sites of tissue injury and participate 

in organ-specific fibrogenesis (25, 26). Animal models of bleomycin induced pulmonary 

fibrosis suggest that effector fibroblasts arise via all three of these proposed mechanisms 

(27). In one study, EMT-derived fibroblasts accounted for approximately 1/3 of lung 

S100A4-expressing effector fibroblasts following bleomycin administration whereas 

fibrocytes accounted for 1/5th of this total (27). Interestingly, in this study myofibroblasts did 

not readily arise from EMT or bone marrow-derived progenitors. In contrast, in a 

transforming growth factor (TGF)β-driven model of fibrogenesis, EMT contributed 

substantially to the vimentin positive cells (presumably effector fibroblasts) within the lung 

(28). Fibrocytes can differentiate to fibroblasts readily in vitro; however, in vivo, it is likely 
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that they may contribute to fibrogenesis via secretion of paracrine mediators (20), something 

that will be discussed below.

FIBROCYTE CHARACTERIZATION

Fibrocytes are a population of cells which circulate in peripheral blood and express both 

fibroblast and leukocyte markers (26, 29, 30). They are adherent, can be cultured in vitro, 

and synthesize fibroblast derived proteins collagen I, collagen III, and fibronectin (26). In 

addition, fibrocytes express a variety of leukocyte markers such as the common leukocyte 

antigen, CD45; the pan-myeloid antigen, CD13; the hematopoietic stem cell antigen, CD34; 

and the class II major histocompatibility complex (MHC) antigens. Fibrocytes do not 

express epithelial or endothelial markers, and are negative for non-specific esterases and the 

monocyte/macrophage markers CD14 and CD16 (26). In addition, they are negative for the 

Langerhan’s cell marker CD1a, dendritic-cell-associated CD25, CD10 and CD38 and the 

pan B cell antigen CD19 (26). It has been estimated that this population comprises about 

0.5% of human peripheral blood leukocytes in healthy volunteers (26). Since we last 

reviewed this topic in 2005(31), in vitro, animal and human studies have provided new 

insights into the role circulating fibrocytes play in a wide variety of fibrotic lung diseases.

FIBROCYTES ARE BONE MARROW DERIVED

The hematopoietic origin of fibrocytes was originally controversial because female mice that 

received male bone marrow (BM) transplants following 800 rads of total body irradiation 

(TBI) did not produce fibrocytes bearing significant levels of the male SRY gene. (26) 

However, these studies were likely misinterpreted because the dose of irradiation used was 

insufficient to effectively deplete host hematopoietic precursors. More recently studies using 

green fluorescent protein (GFP) BM-chimeric mice have provided evidence that pulmonary 

fibroblasts can arise from radiosensitive bone marrow precursors (32–35). In GFP-BM 

chimeric mice (wild-type mice that have received a BM transplant from a GFP transgenic 

mouse), GFP-expressing fibroblasts have been identified in fibrotic regions of lungs exposed 

to irradiation (32), and in fibrotic regions of bleomycin-exposed lungs (33). Similarly, 

fibrocytes are increased in number in BM of bleomycin-treated mice (36) and mice that 

received 10 Gy of TBI also showed evidence of BM-derived fibroblasts following lung 

irradiation (32) or bleomycin administration (33, 34). These studies suggest that the 

progenitor that gives rise to fibrocytes/fibroblasts is indeed a relatively radio-resistant cell, 

which is eliminated by higher levels of irradiation (~10 Gy of TBI). Despite the evidence 

that these cells may become fibroblasts, there is little evidence that they can become 

myofibroblasts (33, 35).

THE ROLE OF FIBROCYTES IN FIBROTIC DISEASE

Fibrocytes were described in 1990 but their role in human fibrotic disease of the lung was 

not identified until 2003 when they were found in biopsies from remodeled airways of 

human asthmatic patients (37). Within the past year fibrocytes have also been implicated in 

several new murine models of human disease including acute lung injury (ALI) 

(38),bronchiolitis obliterans (39) and sickle cell lung disease (40). Increased fibrocyte 
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numbers predicted lung transplant patients that would go on to develop bronchiolitis 

obliterans in a recent clinical study as well (41). For the remainder of this review, we will 

focus on the recent developments regarding fibrocytes in asthma, scleroderma and IPF.

FIBROCYTES IN HUMAN ASTHMA

Airway remodeling is a long-term complication of chronic asthma and histologically is 

characterized by subepithelial fibrosis. In 2003, Schmidt et al successfully used 

immunohistochemistry to identify fibrocytes in biopsy samples from the remodeled airways 

of asthmatics. Cells expressing CD34 co-localized with cells expressing collagen 1 mRNA 

and localized in areas of collagen deposition and basement membrane thickening, 

suggesting a pathogenic role for these cells in the development of subepithelial fibrosis (37). 

Further, using an animal model of allergen challenge, labeled fibrocytes in the peripheral 

circulation were shown to increase in number at 2h and 24h after allergen exposure, home to 

bronchial mucosa, and show the ability to differentiate locally and express α-SMA (37). 

This was one of the first studies to demonstrate that fibrocyte recruitment to the lung 

correlates with the development of fibrosis.

Nihlberg et al. were able to make further correlations between fibroblasts in BAL fluid of 

asthmatic patients, histopathological changes, and clinical alteration of lung function. In this 

2006 study, asthmatic patients with fibroblasts identified in BAL fluid were also shown to 

have an increase in fibrocytes expressing co-localizing markers (CD34, CD45RO, pro-

collagen I and α-SMA) in close proximity to the basement membrane (42). The increased 

number of subepithelial fibrocytes was also associated with significant thickening of the 

basement membrane (42). Finally, this group also showed that levels of circulating 

fibrocytes in the nonadherent non-T cell fraction of leukocytes were highest in patients with 

airflow obstruction compared to patients without airflow obstruction. The percentage of 

fibrocytes within the non-adherent non-T cell fraction also correlated with the severity of 

decline in pulmonary function as measured by FEV1(42). This study suggests that fibrocytes 

play a role in the airway remodeling that can be seen in uncontrolled asthma.

Further studies by several groups have confirmed the correlation between elevated levels of 

circulating fibrocytes in the peripheral blood and lung tissue in severe asthmatics compared 

to healthy controls (43, 44). Saunders et al. specifically demonstrated localization of 

fibrocytes in proximity to airway smooth muscle (ASM) bundles on histological 

examination. ASM has an effect on fibrocyte chemotaxis and chemokinesis in a platelet-

derived growth factor dependent mechanism (44). Wang et al. were also able to show that 

TGF-β1 is able to transform fibrocytes from humans with chronic airway obstruction into 

myofibroblasts in vitro (43). Together, these studies provided further evidence supporting 

mechanistic ways in which fibrocytes may leave the peripheral circulation and have an effect 

in the fibrotic response to tissue injury in the lung.

More recently, investigators have explored specifically what cells and factors are responsible 

for fibrocyte migration and local differentiation. In patients with allergic asthma, in addition 

to fibrosis, there is a significant subepithelial inflammatory infiltrate characterized primarily 

by Th2 and Th17 cells. There are increased levels of Th2 and Th17 derived factors IL-4, 
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IL-13, and IL-17A in the sputum of human asthmatics with elevated levels of circulating 

fibrocytes (45). Interestingly, in vitro studies suggested that there were differing effects of 

these factors on fibrocyte behavior. In response to stimulation with Th2 derived factors IL-4 

and IL-13 fibrocytes produce increased levels of collagenous and non-collagenous ECM 

proteins. In contrasts, fibrocytes were seen to proliferate, produce pro-inflammatory 

cytokines which promote neutrophil recruitment and increase α-SMA production in 

response to stimulation with IL-17A (45). These results provide further evidence of the 

pluripotent potential of circulating fibrocytes depending on the local environment to which 

they migrate.

FIBROCYTES IN SYSTEMIC SCLEROSIS

Systemic sclerosis, or scleroderma, is a multisystem autoimmune disease which results in 

both cutaneous and visceral fibrosis. Within the lung, scleroderma manifests as an interstitial 

lung disease with areas of fibrosis and inflammation replacing the normal parenchymal 

architecture which impairs alveolar gas exchange and ultimately results in respiratory 

failure. Given the systemic nature of the fibrosis that occurs in scleroderma, it is reasonable 

to think that circulating fibrocytes are likely playing a role in the local tissue fibrosis that 

occurs in scleroderma associated ILD (SSc-ILD). A study by Mathai et al. in 2010, was the 

first to look at fibrocytes in human subjects with systemic sclerosis. In this study, peripheral 

blood mononuclear cells were isolated from Ficoll-Paque gradients, stained for fibrocyte 

markers and analyzed by flow cytometry (46). There was no difference in the percentage of 

circulating CD45+/procollagen I+ cells in patients with SSc-ILD compared to healthy 

controls, however there was an overall increased number of total circulating cells in the 

scleroderma patients with a resultant significant increase in the absolute number of 

fibrocytes in SSc-ILD patients relative to controls (46).

Recently, Gan et al. explored role of semaphorin-7a in a model of TGF-β1 induced 

pulmonary fibrosis. Using a BM transplant model, they showed that fibrocyte recruitment 

was dependent on the expression of semaphorin-7a on the hematopoietic cells (47). 

Neutralization of β1 integrin prevented fibrocyte recruitment and fibrosis (47). They were 

able to verify some of these findings in studies examining human peripheral blood 

monocytes from patients with scleroderma. They demonstrated increased expression of 

mRNA for semaphorin-7a and its receptors in fibrocytes (47). Scleroderma patients showed 

enhance fibrocyte outgrowth from the peripheral blood, and treatment of normal peripheral 

blood monocytes with recombinant semaphorin-7a enhanced fibrocyte differentiation (47).

Finally, Tourkina et al. published a series of experiments both confirming the increased 

presence of fibrocytes in SSc-ILD lung tissue, but also proposing a mechanistic rationale for 

increased fibrocyte migration from the circulation into SSc-ILD lungs. First, they 

demonstrated increased numbers of fibrocytes in the lungs of SSc-ILD patients compared to 

normal lungs (48). In particular, the subset of fibrocytes expressing CXCR4+/ColI+ were 

more prevalent than subsets expressing CD34+/ColI+ and CD45+/ColI+ (48). Both CXCR4 

and its ligand CXCL12 are also upregulated in lung tissue from SSc-ILD patients, a finding 

that has previously been attributed to a deficiency of caveolin-1 in the peripheral blood 

monocytes of scleroderma and IPF patients (49). Peripheral monocytes from scleroderma 
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patients demonstrate enhanced chemotaxis toward CXCL12 compared to normal monocytes 

as a result of the increased CXCR4 expression (48). When SSc-ILD and normal monocytes 

are treated with caveolin scaffold domain (CSD) peptide, an intervention that compensates 

for the deficiency of caveolin-1, migration in response to CXCL12 is almost completely 

inhibited (48). Conversely, treatment with TGF-β has the opposite effect, causing a decrease 

in caveolin-1, increased expression of CXCR4, and enhanced migration of fibrocytes in 

response to CXCL12 (48). This series of experiments identifies a specific defect in systemic 

sclerosis (caveolin) which may explain the enhanced CXCR4-dependent fibrocyte migration 

from the peripheral circulation into tissue and explain the propensity for these patients to 

develop ILD.

FIBROCYTES IN IPF

As we have previously discussed, several studies have established a link between circulating 

fibrocytes and their ability to migrate to areas of tissue injury in animal models of 

pulmonary fibrosis. While the mechanisms are still not well understood, recent studies in 

human IPF patients have also made progress in establishing a correlation between 

circulating peripheral fibrocyte numbers in IPF patients, prognosis and clinical severity of 

disease.

The first study to analyze peripheral fibrocyte markers examined a series of 5 patients who 

underwent open lung biopsy for the diagnosis of interstitial lung disease (50). Histological 

findings were consistent with UIP in 4 of the patients and fibrotic NSIP in the fifth. Plasma 

levels of CXCL12 and percentages of circulating fibrocytes were compared to levels in 5 

normal control patients. Plasma CXCL12 levels were 2.4-fold higher in fibrotic patients than 

in the normal volunteers (50). This correlated with prior work showing CXCL12 

accumulation as measured by immunohistochemistry in archived samples of human fibrotic 

lung tissue (50). Further, circulating leukocytes were isolated from the buffy coat of 

peripheral blood samples and analyzed by flow cytometry for expression of fibrocyte 

markers CD45, collagen 1, CXCR4 and α-SMA. The percentage of circulating leukocytes 

with fibrocyte markers in patients with fibrotic lung disease was an order of magnitude 

higher than in normal patients (6–10% vs. 0.5%) (50). Interestingly, only a small percentage 

of circulating fibrocytes expressed the myofibroblast marker α-SMA, suggesting that 

fibrocytes remain relatively undifferentiated prior to tissue migration (50). Although this 

study examined a small number of patients, it was the first to clearly show a correlation 

between altered number of circulating fibrocytes and IPF, support the notion of the CXCR4/

CXCL12 axis in fibrocyte migration and the relatively undifferentiated potential of the 

circulating fibrocyte. This study was somewhat remarkable for the high percentages of 

fibrocytes that were noted in the circulation. As discussed below, differences in 

methodologies and patient poplations have led to highly variable measures of fibrocyte 

percentages in more recent studies.

Andersson-Sjöland et al. used histochemical analysis of lung tissue to confirm the presence 

of fibrocytes in the lung tissue of patients with IPF (51). Analysis of different combinations 

of fibrocyte markers (CXCR4, CD34, CD45RO, prolyl-4-hydroxylase and α-SMA 

confirmed the presence of fibrocytes in 8 of 9 IPF patients (51). The density of fibrocytes 
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per mm2 varied from 1.3 to 10.3 depending on the combination of markers analyzed, but 

interestingly, the density of CXCR4+/prolyl-4-hydroxylase+ cells correlated positively with 

the number of fibroblastic foci per cm2 of lung tissue (51). One caveat to these studies is 

that the CXCR4/prolyl-4-hydroxylase markers could simply represent resident mesenchymal 

cells rather than cells of fibrocyte origin. Definitive identification as fibrocytes would require 

co-staining with CD45 or CD34. Additionally, these studies failed to show the presence of 

fibrocytes in bronchoalveolar lavage fluid (BALF) of IPF patients or in normal lung tissue 

(51). These results are somewhat contradictory to murine studies which have shown the 

presence of fibrocytes in normal lungs and in the BALF post-fibrotic injury(34).

As a follow-up to Mehrad et al’s, study from 2007, Moeller et al. examined the correlation 

between peripheral circulating fibrocytes and pulmonary fibrosis in a much larger group of 

IPF patients. In total peripheral blood was collected from 51 patients with stable IPF and 7 

patients with acute exacerbation of IPF (AE-IPF) (52). The increased percentage of 

circulating fibrocytes was confirmed in IPF patients (2.72 ± 0.34%) compared to controls (1 

± 0.12%), although with a less drastic increase compared to the Mehrad study discussed 

above (50, 52). One of the most intriguing observations from this series of experiments were 

the findings that patients with AE-IPF actually had a significantly increased percentage of 

circulating fibrocytes (14.51 ± 2.53%) compared to stable IPF patients or normal controls 

(52). In addition, serum samples from 3 patients who recovered from and survived the acute 

exacerbation showed that circulating fibrocytes levels decreased dramatically in association 

with clinical recovery (52). On further analysis, patients with circulating fibrocyte 

percentage of >5% had worse prognosis with life expectancy of 7.5 versus 27 months (52). 

The patients experiencing AE-IPF are largely responsible for the increased percentages 

noted in this analysis. Taken together, while fibrocytes are present and slightly increased in 

the circulation of patients with stable IPF, significant increases in total percentage may be 

highly associated with AE-IPF, a condition known to be highly correlated with poor 

prognosis (53). It is important to note that while these studies suggested that fibrocyte levels 

in the circulation may correlate with more active fibroproliferation and a worse prognosis, 

they were unable to correlate these findings with objective measurements of pulmonary 

function including; forced vital capacity (FVC), total lung capacity (TLC), diffusion 

capacity for carbon monoxide (DLCO) or 6-minute hallwalk (52).

Finally, in a recently published study, Fujiwara et al. attempted to further establish a 

correlation between increased numbers of circulating fibrocytes and lung diseases with a 

course characterized by progressive pulmonary fibrosis. This study examined a total of 41 

patients with interstitial lung disease, including 20 patients with IPF, 10 with collagen 

vascular disease associated interstitial pneumonitis and 11 with sarcoidosis compared to 7 

healthy volunteers (54). Flow cytometry of circulating leukocytes confirmed that fibrocytes 

are increased in all patients with ILD compared to controls, and in particular are elevated in 

patients with IIPs and collagen vascular disease associated ILD (54). Further, supporting the 

idea that fibrocytes are increased specifically in processes which lead to interstitial fibrosis 

and not just inflammation in general, circulating fibrocytes were increased in the subsets of 

patients with histological patterns described as UIP and NSIP but not in patients with 

histology consistent with cryptogenic organizing pneumonia (54). When measured by 

ELISA, plasma levels of the chemokines CCL2 and CXCL12 were also noted to be elevated 
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in ILD patients compared to controls (54). Similar to the work of Moeller et al. discussed 

above, serial follow-up of 2 individual patients, one with dermatomyositis associated-ILD 

and another with AE-IPF, again demonstrated a fall in circulating fibrocytes levels with 

clinical recovery after exacerbation (54). Additionally, this was the first study to clearly 

show correlation with measurable clinical parameters, as circulating fibrocyte levels were 

inversely associated with percent-predicted values of FVC and DLCO (54).

Together, all of these studies in human IPF patients have established a strong correlation 

between circulating fibrocytes and fibroproliferative activity. Moeller and Fujiwara were 

even able to show a correlation between circulating fibrocytes and AE-IPF, suggesting that 

circulating fibrocyte analysis may serve as a prognostic bio-marker for pulmonary function 

and even mortality. Unfortunately, there are still many holes in our understanding of 

fibrocyte recruitment, migration and differentiation. Evaluation of individual subsets of 

patients show that elevated levels of circulating fibrocytes is not a universal finding and there 

is actually a wide overlap in circulating percentages even with normal patients. Thus, while 

these studies have given us significant insight, they also serve as reminders of the 

heterogeneity of IPF.

FIBROCYTE FUNCTIONS

All of the studies mentioned thus far suggest that fibrocytes correlate with worsened fibrotic 

outcomes. However, there are a paucity of studies which have actually examined the fibrotic 

potential of fibrocytes directly. This is largely due to the fact that fibrocytes cannot be sorted 

from human tissues or blood. The definitive identification of fibrocytes requires that cells be 

fixed and permeabilized to allow for the intracellular staining of collagen 1 or pro-collagen 

1. This kills the cells and precludes further functional analysis. What is possible, is to culture 

fibrocytes either from lung tissue or peripheral blood for a period of at least 2 weeks. By this 

time, leukocyte populations have largely died off and the adherent fraction that remains 

consists almost entirely of CD45+, collagen 1+ cells from the blood, or a mixture of 

fibrocytes and fibroblasts when cultured from murine lung tissue (34). Fibrocytes make up 

15–25% of the cells which are cultured from murine lungs. It is possible to purify a CD45+ 

fraction from these cultures of murine lungs using magnetic beads. This approach allows for 

subsequent functional analysis of fibrocyte actions. Our laboratory was the first to 

demonstrate that adoptive transfer of fibrocytes isolated from cultured lungs could enhance 

fluorescein isothiocyanate (FITC)-mediated fibrosis whereas transfer of fibroblasts or spleen 

cells did not(55). Fibrocytes are recruited to sites of tissue injury via chemokine gradients. 

Fibrocytes are known to express multiple chemokine receptors including CXCR4, CCR7 

and CCR2 and these receptors can mediate migration of the fibrocytes (34, 36, 48, 55). The 

FITC model of lung fibrosis is highly dependent on CCR2-mediated recruitment of 

inflammatory cells and CCR2−/− mice are protected from experimental fibrosis (34). When 

testing adoptive transfer of fibrocytes, wild type fibrocytes could augment fibrosis whereas 

transfer of fibrocytes which lacked CCR2 could not augment FITC-induced fibrosis(55). 

Chemokines can also transmit activation signals to fibrocytes. For instance, CCL2, a ligand 

for CCR2, is known to upregulate collagen synthesis in fibrocytes(34).
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Studies on cultured fibrocytes readily demonstrate that fibrocytes can differentiate into 

fibroblasts and myofibroblasts in vitro. Once fibrocytes transition into fibroblasts in vitro, 

this is associated with loss of chemokine receptors (34). It was speculated that this might 

facilitate retention of the fibroblasts within the local tissue environment to promote 

fibrogenesis if the same thing occurs in vivo. However, in our murine models, we were 

unable to show that adoptively transferred fibrocytes lost expression of CD45 in vivo 
(unpublished observation). These observations suggested that the profibrotic nature of 

fibrocytes may relate more to paracrine functions.

Fibrocytes may be uniquely poised to support fibrogenesis via paracrine functions. The fact 

that these cells can be localized to areas of tissue injury suggests that release of profibrotic 

factors may influence resident epithelial or mesenchymal cells to differentiate to 

myofibroblasts to promote fibrogenesis. Such a mechanism would be consistent with the 

observations that bone-marrow derived cells rarely acquire myofibroblast markers in animal 

models of fibrosis (33, 35), yet adoptive transfer of fibrocytes worsens disease (55). 

Fibrocytes are known to secrete a variety of growth and differentiation factors that may 

promote fibrogenesis. Table 1 provides a list of known fibrocyte mediators. Secretion of 

factors like TGFβ and periostin are likely important in driving proliferation, migration and 

extracellular matrix production by resident fibroblasts and epithelial cells. (56)

FIBROCYTES AS BIOMARKERS

Although recent studies in scleroderma and IPF suggest that elevated numbers of fibrocytes 

can be found in circulation and that absolute numbers may predict poor prognosis (48, 50, 

52), overall the studies have demonstrated significant overlap between percentages of 

fibrocytes found in patients with lung disease versus normal controls. Furthermore, the fact 

that fibrocytes make up such a small percentage of total peripheral blood cells in either 

population make these cells difficult to identify. Finally, the current methodology for 

identifying fibrocytes requires intracellular staining to look for collagen production, and yet, 

production of collagen may be limited in circulation and only upregulated once cells migrate 

into tissues. These issues make standardization of fibrocyte enumeration in the blood 

problematic. In our own studies, we have not been able to detect increased percentages of 

fibrocytes in peripheral blood of IPF patients enrolled in the PANTHER clinical trial or in an 

observational cohort of IPF patients (unpublished observations). The reasons for the 

discrepancy between our studies and those of Moeller et al. may reflect methodological 

differences or differences in patient populations. This is highlighted by the fact that the 

highest levels of circulating fibrocytes were noted in patients undergoing acute exacerbations 

in the Moeller study (52), whereas our population of IPF patients experienced few acute 

exacerbations during our study period. While these issues may mean that fibrocyte numbers 

in circulation may be a challenging biomarker, they in no way are meant to discount the idea 

that fibrocytes may regulate fibrogenesis. Even if the percentages are similar in control and 

IPF patients, function of the cells could be very different. This is exemplified by our finding 

that periostin production is readily noted in fibrocytes cultured from IPF, but not control 

subjects (56).
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SUMMARY

Fibrocytes have received significant attention in recent studies of lung fibrosis in both 

humans and animal models. The fact that fibrocyte numbers are increased in fibrotic lungs 

and have been elevated in circulation of patients with fibrotic lung diseases suggests these 

cells are pathogenic. Adoptive transfer studies in mice verify that these cells can promote 

fibrogenesis in the lung. Recent revelations that fibrocytes cultured from lungs of IPF 

patients produce increased levels of pro-fibrotic periostin also suggests that the paracrine 

function of these cells may be more critical than their ability to directly secrete ECM. The 

fact that fibrocyte functions can be tightly regulated in both positive and negative fashions 

(for example by serum amyloid P)(57) highlights the central importance these cells may 

have in driving fibrogenesis. Figure 1 summarizes known regulators of fibrocyte functions 

and highlights the paracrine actions of these cells. However, more research is needed to 

understand the longitudinal changes in fibrocyte phenotypes that may ultimately regulate 

lung homeostasis vs. fibrosis.

Abbreviations

AE-IPF acute exacerbation of idiopathic pulmonary fibrosis

ALI acute lung injury

ASM airway smooth muscle

α-SMA alpha smooth muscle actin

BM bone marrow

DLCO diffusion capacity for carbon monoxide

DPLDs diffuse parenchymal lung diseases

ECM extracellular matrix

ELISA enzyme linked immunosorbent assay

EMT epithelial-mesenchymal transition

FEV1 forced expiratory volume in 1 second

FITC fluorescein isothiocyanate

FVC forced vital capacity

GFP green fluorescent protein

Gy grey

IIP idiopathic interstitial pnuemonias

ILD interstitial lung disease

IPF idiopathic pulmonary fibrosis
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MHC major histocompatibility complex

NSIP non-specific interstitial pneumonia

SSc-ILD scleroderma associated interstitial lung disease

TBI total body irradiation

TGFβ transforming growth factor beta

TLC total lung capacity

UIP usual interstitial pneumonia

VEGF vascular endothelial growth factor
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Figure 1. Schematic representation of fibrocyte actions
Fibrocytes can be positively regulated via cysteinyl leukotrienes to undergo proliferation. 

Factors such as CCL2 and TGFβ can promote extracellular matrix (ECM) secretion and 

myofibroblast differentiation (at least in vitro). Differentiation is negatively impacted by 

serum amyloid P. Fibrocytes may influence angiogenesis via secretion of VEGF and may 

promote tissue destruction and migration of resident cells via MMPs. Finally, fibrocytes 

likely secrete factors such as TGFβ and periostin to promote activation of resident lung 

fibroblasts and to promote EMT in lung epithelial cells.

Loomis-King and Moore Page 15

Curr Respir Med Rev. Author manuscript; available in PMC 2016 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Loomis-King and Moore Page 16

Table 1

Fibrotic Mediators Secreted by Fibrocytes

Interleukin-1 (IL-1β)

Tumor Necrosis Factor (TNFα)

CCL2, 3, 4, CXCL2

Platelet derived growth factor (PDGFα)

Transforming growth factor (TGFβ)

Matrix metalloproteinases (MMP1 and MMP9)

Periostin

Vascular endothelial growth factor (VEGF)
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