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Introduction
Traditionally, fibroblasts can be defined as mesenchymal cells 

and are known for producing upwards of 300 unique extracellular 
matrix (ECM) components and proteins. This includes collagens, 
proteoglycans, elastin, and cell-binding glycoproteins, each with 
distinct physical and biochemical properties that must interact to 
form functional connective tissue [1]. Connective tissue maintains 
form to the body and organs that provide cohesion and internal 
support [2,3].

Origin
In terms of germ layers, fibroblasts are derived from mesoderm. 

However, epithelial mesenchymal transformation is a process 
where epithelial cells (derived from endoderm) can give rise to 
fibroblast [4]. Conversely, mesenchymal epithelial transformation 
is a process where fibroblasts can give rise to epithelial cells [4,5]. 

Myofibroblast
Fibroblasts are major structural cells that reside in nearly all 

organs that can differentiate into tissue specific subpopulations 
during morphogenesis [6]. Also, during morphogenesis, fibroblasts 
become highly activated, their numbers increase, and as a 
result activated fibroblasts are defined as myofibroblasts [7,8]. 
Myofibroblasts express α-smooth muscle actin allowing them to 
contract tissue during organ injury and/or wound healing. Post 
development, myofibroblasts rapidly become quiescent, lose 
contractile activity and return to the nonactivated state [8].

Fibroblasts rapidly return to the myofibroblast phenotype 
during the inflammatory, proliferative, and maturation phases of  

 
wound healing [8]. If there is no resolution to the wound healing, 
myofibroblasts continue to persist, which result in excessive and 
dysregulated production of ECM and unwarranted contraction 
of the affected tissue [9]. These events may lead to fibrosis and 
a fibrotic phenotype. Fibrosis typically results from chronic 
inflammation and the affected organ typically do not function 
effectively and may not function at all [9,10] Myofibroblasts can 
also arise from exposure of the un-stimulated fibroblast to TGFβ1, 
insulin-like growth factor 1, interleukin-4, and platelet derived 
growth factor [11]. Myofibroblast can arise from fibrocytes 
which are bone marrow derived progenitor cells and circulating 
progenitor cells also from the bone marrow. Fibrocytes possess 
properties of both the fibroblasts and the leukocyte (hence the 
name, [12]). Pericytes can also differentiate into myofibroblasts 
under inflammatory conditions. Pericytes are contractile cells of 
mesenchymal origin that are normally present in the walls of both 
normal and microvessels; they also have a close association with 
the endothelium [13].

Reported Function
The general overall function of the fibroblasts is to produce 

ECM and repair damaged tissue [14]. However, there are functional 
differences in fibroblast depending on the individual organ and 
the cellular microenvironment [14]. Fibroblast may respond to 
and in some cases release cytokines and growth factors that can 
govern both their differentiation and the differentiation of cells in 
close apposition [14]. In particular, fibroblasts in the heart releases 
cytokines; are the most abundant cell that interact with the cardiac 
myocytes during development and during remodeling that follows 
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hypertension, myocardial infarction and/or heart failure [15]. In 
the kidney, evidence have shown that resident fibroblasts are also 
actively involved in initiating and promoting inflammation during 
kidney injury [16]. Such fibroblasts as they age, differentiate into 
several distinct phenotypic fibroblasts, which includes CXCL13/
CCL19-producing fibroblasts and retinoic acid-producing 
fibroblasts where in response to injury results in uncontrolled 
aberrant inflammation and inhibits tissue repair [16]. In the brain, 
fibroblasts in the periphery of the CNS, play a role in inflammatory 
signaling, they recruit professional immune cells to site of injury 
using chemokines and chemoattractant molecules, affect leukocyte 
trans endothelial migration, and promote immune cell survival 
through reducing apoptosis [17]. Yet, there are spinal cord, 
meningeal, chloroid plexus stroma, and perivascular fibroblast with 
probable slightly different functional responsibilities [17]. New 
discoveries made by lineage tracing and targeted gene deletion of 
mesenchymal cell subpopulations, have expanded and reinforced 
the conclusion that mesenchymal fibroblasts in the lung are crucial 
for forming and maintaining vascular networks, sensing damage, 
recruiting inflammatory cells, and remodeling the extracellular 
matrix of the lung [18]. 

Expansion of functions non-professional 
immune cells 

Myofibroblast have the capability to function as a non-
professional immune cell and potentially their respective 
responsibilities should be expanded. Interestingly, cultured 
intestinal fibroblasts express toll-like receptors (TLRs)—indicating 
that they possess the capacity to participate in the identification, 
control, and possibly the elimination of microbes and their products 
[19]. In addition, studies show that fibroblasts also express\release 
myeloperoxidase (MPO). MPO is a heme protease predominantly 
secreted by polymorpho-nuclear leukocytes (PMN) and functions 
to destroy pathogenic organisms and mark damaged tissue for 
removal [20]. They express FPR1 receptor [21]. This is an activation 
receptor that stimulates leukocytes to upregulate receptors and 
migrate to the sites where bacterial formylated peptides are present 
[22]. The goal is to destroy the bacteria [22]. However, A study has 
shown that in scleroderma, the FPR1 receptor plays a different 
role. The FPR1 is involved in the differentiation of fibroblasts 
to a myofibroblasts phenotype [21]. Fibroblasts also express 
lysozyme, which is also known as muramidase or Nacetylmuramide 
glycanhydrolase, an antimicrobial enzyme produced at mucosal 
surface and is part of the innate immune system [23]. Lysozyme 
is present in human tears, gastric secretions, nasal mucus, and egg 
white [23]. Lactoferrin is expressed by myofibroblast and is of the 
transferrin family, a globular glycoprotein that is present at mucosal 
surfaces in secretory fluids, such as milk, saliva, tears, and nasal 

secretions [24,25]. Lactoferrin is also present in secondary granules 
of PMNs [25]. In the intestine, fibroblasts are in a peri cryptal or 
subepithelial orientation. Interestingly, this location allows the 
fibroblast to be the last barrier should there be an injury or damage 
to the epithelial surface, which could allow toxic substances to enter 
the body. Fibroblast are also scattered throughout the stromal and 
lamina propria areas of the intestine along with other immune cells 
[26] (Figure 1). While it a bit hard to determine actual numbers, 
fibroblasts are a highly abundant cell. Thus, performing as a non-
professional immune cell is appropriate for such an abundant cell. 
Can the fibroblast modulate immune system responses? the Kollias 
lab showed in vivo that intestinal myofibroblasts play a critical 
role following epithelial injury by sensing the inflammatory milieu 
generated in the microbial components and activates the Tpl2Cox-2-
PGE2 molecular pathway which pro-motes epithelial proliferation 
[26]. Several labs have shown through invitro experiments, that 
when myofibroblasts plate and allowed to become confluent on 
the lower surface of a transwell apparatus, and treated with IL-
6, they will released IL8. Then PMN will migrate from the upper 
chamber toward the fibroblasts that have release the IL8 (Reaves 
et al. unpublished observations). The answer is yes, the fibroblast 
(myofibroblasts) can regulate and propagate inflammation. Further 
evidence that fibroblast in addition to possessing proteins and 
receptors that can destroy microorganisms, can regulate immune 
system responses. 

Figure 1: The majority of fibroblasts in the large intestine are 
localized in a pericryptal orientation. Fibroblast forms a cellular 
network that separates the epithelium from the lamina propria. 
Fibroblasts can arise from Epithelial Mesenchymal transformation 
while also releasing and responding to cytokines.

Perspectives 
The hallmark of tissue remodeling is inflammation. Therefore, 

this concept that fibroblast can function as a non-professional 
immune cell is really aligned with the receptor expression and 
reported functions. Leukocytes must be recruited to sites of 
inflammation for appropriate nondelayed healing [27,28]. If 
leukocytes (PMN, which are the first line of defense) are not, the 
inflammatory process is compromised [28]. Thus, fibroblast play a 
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significant role in inflammation. Taken together the complete role 
of the fibroblast needs an expansion and a re-evaluation. 
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