
Int J Clin Exp Pathol 2012;5(9):863-873
www.ijcep.com /ISSN:1936-2625/IJCEP1208002

Review Article
Hematopoietic stem cell derived carcinoma-associated 
fibroblasts: a novel origin

Lindsay T McDonald1,2,3, Amanda C LaRue1,2,3

1The Department of Pathology and Laboratory Medicine and 2Hollings Cancer Center, Medical University of South 
Carolina and 3Research Services, Ralph H. Johnson Veterans Affairs Medical Center, Charleston, SC

Received August 2, 2012; Accepted September 23, 2012; Epub October 20, 2012; Published October 30, 2012

Abstract: Researchers have begun to appreciate the significant role that the microenvironment plays in tumorigene-
sis and are now shedding light on the role of the stroma in induction and progression of solid tumors. While the stro-
ma of solid tumors is comprised of many cell types, including vascular and immune cells, one of the most prominent 
cell types in the tumor stroma is the fibroblast, called the carcinoma-associated fibroblast (CAF) or tumor-associated 
fibroblast (TAF). The interaction between CAFs and tumor cells is quite complex. CAFs have been implicated in tumor 
angiogenesis, immunosuppression, tumor cell proliferation and aggressiveness, genetic instability, and metastasis. 
However, their specific roles in each of these processes have only been partially elucidated. Determining the role of 
CAFs has been complicated by the fact that researchers have demonstrated heterogeneity in the stromal fibroblast 
population. This heterogeneity has brought about the concept of multiple origins for CAFs. While many origins of 
CAFs have been suggested, in our own laboratory we have identified a novel hematopoietic stem cell (HSC) origin of 
CAFs. Given the profound role of CAFs in tumor progression and prognosis, the CAF represents an exciting potential 
therapeutic target. The heterogeneity of the CAF population makes research directed at investigating the roles and 
origins of CAFs critical to development of such anti-tumor therapies.
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Introduction

Cancer has been likened to a perpetual wound 
healing process [1]. Both wound healing and 
cancer begin with the formation of a reactive 
stroma. In wound healing the reactive stroma 
resolves rapidly, but in cancer this inflammato-
ry state is perpetuated as the cancer progress-
es. The reactive stroma is comprised of endo-
thelial cells, immune cells, lymphocytes, 
macrophages, fibrocytes, fibroblasts, myofibro-
blasts and a milieu of growth factors, chemo-
kines and cytokines. The fibroblast population 
represents one of the most prominent cell 
types in the reactive stroma and is therefore 
hypothesized to have a profound effect on sur-
rounding epithelial cells and other stromal 
cells. In the tumor stroma these fibroblasts are 
termed carcinoma-associated fibroblasts 
(CAFs) or tumor-associated fibroblasts (TAFs). 
CAFs have been shown to play a role in a variety 
of tumor promoting processes including prolif-

eration, angiogenesis, invasion and metastasis 
[2, 3].

With the extensive role that CAFs play in tumor 
progression, it is not surprising that there is sig-
nificant correlation between CAFs and patient 
prognosis. This has been shown particularly in 
the case of breast cancer where women with 
denser breast tissue have an increased tenden-
cy to develop cancer [4]. It has also been shown 
in non-small cell lung carcinoma where the 
gene signature of CAFs can be associated with 
patient prognosis [5], in prostate cancer where 
loss of the transforming growth factor beta 
(TGFβ) receptor II in the stromal fibroblasts is 
associated with tumor progression [6], and in 
squamous cell carcinoma where a fibrous stro-
ma was found to be associated with poor prog-
nosis [7]. Together, these studies suggest that 
CAFs are associated with increased malignant 
potential, suggesting that the CAF is a valuable 
potential therapeutic target. 
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However, therapeutically targeting the CAF pop-
ulation may prove to be difficult. While its 
importance in tumor progression is becoming 
clear, the CAF remains loosely defined, requir-
ing identification by multiple markers. Positive 
expression of a panel of fibroblast markers, 
and negative expression of markers of other 
stromal populations (e.g., macrophages, endo-
thelial cells, pericytes and adipocytes), along 
with a distinctive spindle-shaped morphology 
are required to distinguish a CAF from other 
cells of the stroma. Several studies have sug-
gested an evolving or transient collection of cell 
types that can transdifferentiate between one 
another within the stroma to generate CAFs [8, 
9]. Moreover, the stroma as a whole has been 
shown to change with tumor progression and 
changes in cellular response and function have 
also been shown to be altered with early and 
late events of tumor development [10]. The het-
erogeneity of the tumor stroma and the CAF 
population is suggestive of multiple origins of 
CAFs and/or an evolving differentiation path-
way. Traditionally, fibroblasts are thought to 
arise from resident tissue fibroblasts [11, 12]. 
However, recent studies have suggested alter-
native sources including other resident stromal 
cells, epithelial cells and bone marrow. 
Controversy exists over the cell type within the 

bone marrow, the mesenchymal stem cell 
(MSC) or the hematopoietic stem cell (HSC), 
that has the ability to give rise to fibroblast pop-
ulations. An understanding of the differences 
and similarities between CAFs of each origin 
(Figure 1) as well as research directed at eluci-
dating the differentiation pathway of CAFs is 
crucial for the ultimate goal of a stromal-based 
anti-tumor therapy. 

Origins of CAFs 

Epithelial-Mesenchymal Transition (EMT)

Epithelial-mesenchymal transition (EMT) refers 
to a process in which cells convert from an epi-
thelial phenotype to a mesenchymal phenotype 
[13-15]. During this process, epithelial cells 
lose adherence and expression of epithelial 
markers and gain a more mesenchymal pheno-
type associated with the expression of fibro-
blastic markers. In vitro evidence suggests that 
epithelial cells can give rise to myofibroblasts 
[16]. In vivo, EMT has been described as a 
source for CAFs in various tumor types includ-
ing breast cancer [17, 18] and squamous skin 
carcinoma [19]. However, it has been suggest-
ed that, at least in breast cancer [20], only a 
small percentage of the CAFs share similar epi-
thelial origins with the tumor cells. 

Figure 1. Multiple origins of carcinoma associated fibroblasts. This drawing depicts the proposed origins of CAFs 
including the bone marrow (HSC and MSC), epithelial and tumor cells via EMT, endothelial cells via EndMT, resident 
fibroblasts and adipocytes. HSC= hematopoietic stem cell; MSC= mesenchymal stem cell; EMT= epithelial-mesen-
chymal transition; EndMT= endothelial-mesenchymal transition.
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Resident fibroblasts

It was generally held that CAFs arose from acti-
vation of resident tissue fibroblasts via signals 
from tumor cells [11, 12, 21]. Tumor cells 
secrete a broad spectrum of growth factors, 
chemokines and cytokines, allowing for signal-
ing through various tumor-promoting pathways. 
Through specific cell surface receptors, fibro-
blasts respond to these soluble ligands in the 
local environment by increasing production of 
extracellular matrix molecules, angiogenic fac-
tors, chemokines and interleukins. This pheno-
type is associated with the “activation” of the 
fibroblast. One example of the effect of tumor 
cells on fibroblasts is through TGFβ signaling. 
TGFβ is a growth factor commonly produced by 
tumor cells and has been shown to exert signifi-
cant effects on the stromal fibroblast popula-
tion. TGFβ plays a significant role in tumor pro-
gression by upregulating α-smooth muscle 
actin (αSMA) and promoting collagen synthesis 
in fibroblasts [22] and cultured fibrocytes [23, 
24]. The most potent influence of TGFβ on the 
stromal component is thought to be the promo-
tion of the differentiation of fibroblasts to acti-
vated fibroblasts. It has been shown that acti-
vated fibroblasts have a significantly pronoun- 
ced ability to promote tumorigenesis over their 
non-activated counterparts with non-activated 
fibroblasts potentially playing a tumor inhibiting 
function in early stages of tumorigenesis while 
CAFS aid in tumor progression [25].

Other tumor microenvironment cells

Studies have suggested that adipose-derived 
stem cells (ASCs) and carcinoma-associated 
adipocytes (CAAs) contribute to the CAF popu-
lation to promote tumorigenesis. Human adi-
pose tissue derived stem cells (hASCs) were 
found to give rise to CAF-like cells when cul-
tured with conditioned media from MDA-
MB-231 or MCF-7 breast cancer cell lines [8]. 
This process was found to be dependent upon 
TGFβ signaling in the hASCs. Recently, CAAs 
have been shown to promote cancer progres-
sion in several models including prostate [26, 
27] and breast cancer [28, 29], demonstrating 
the functional similarities between CAFs and 
CAAs. In addition to their direct effects on 
tumor cells, it has been suggested that one 
mechanism by which CAAs promote tumor pro-
gression is through CAFs that originate from 
the local CAA population [28].

Most recently, studies from Kalluri’s group have 
suggested that endothelial-mesenchymal tran-
sition (EndMT) is a source of CAFs [9, 30]. 
Treatment of primary mouse endothelial cells 
with TGFβ resulted in a spindle shaped mor-
phology and was associated with declining 
CD31 expression and increased expression of 
the fibroblast marker fibroblast-specific pro-
tein-1 (FSP-1) [9]. Cells co-expressing CD31 
and αSMA or CD31 and FSP-1 were also identi-
fied in B16F10 melanoma tumors, indicating a 
cell transitioning from an endothelial to a fibro-
blastic or myofibroblastic state [9]. Furthermore, 
a transgenic mouse model was used which per-
manently labels endothelial cells with LacZ 
under the control of the ROSA promoter [9]. 
Using this mouse model and subcutaneous 
injection of melanoma cells, the authors report-
ed that approximately 30% of the FSP-1 posi-
tive cells expressed β-galactosidase and 12% 
of αSMA positive cells also expressed 
β-galactosidase, suggesting an endothelial ori-
gin for CAFs [9]. 

Bone marrow: MSCs and HSCs

Several studies have also suggested a bone 
marrow origin for myofibroblasts and CAFs [31] 
(and reviewed in [32, 33]). It is commonly held 
that the bone marrow contains two types of 
stem cells, the mesenchymal stem cell (MSC) 
and the hematopoietic stem cell (HSC). MSCs 
are defined by their adherence to plastic and 
potential to differentiate into mesenchymal tis-
sue cells such as bone, fat, muscle, cartilage 
and fibroblasts [32, 34, 35]. HSCs are defined 
by their capability of hematopoietic reconstitu-
tion in vivo and have the ability to give rise to a 
few tissue cell types including mast cells and 
osteoclasts. It is unclear, however, which stem 
cell within the bone marrow is the progenitor 
cell that gives rise to the CAF. 

MSC-origin of CAFs

Given the potential of MSCs to give rise to a 
variety of mesenchymal cells including fibro-
blasts, there has been a growing interest in elu-
cidating the role of the MSC in tumorigenesis 
(reviewed in [36]). These studies have been 
complicated by the fact that, unlike the HSC, 
the MSC is not as clearly defined [12, 36-38]. 
Despite the challenges associated with identifi-
cation and isolation of MSC, several studies 
have demonstrated a role for these cells in 
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tumor progression. Studies from Weinberg’s 
group showed that human MSCs are specifi-
cally recruited to the tumor stroma in a xeno-
graft model of breast cancer [39]. Recruited 
MSCs were also found to enhance breast can-
cer metastasis to lung. In vivo studies demon-
strated localization of murine MSCs to the 
tumor microenvironment in a 4T1 breast can-
cer model [40]. In a humanized model, studies 
examining tumor-exposed human MSCs 
showed that prolonged exposure to MDA-
MB-231 human breast cancer cells resulted in 
activation of the MSCs to resemble CAFs [41]. 
Similar studies using breast, pancreatic and 
ovarian adenocarcinoma xenograft models 
showed that MSCs exposed to tumor acquire 
markers of CAFs and express a CAF-like pheno-
type with the ability to promote tumor vascular-
ization and growth [42]. This idea was further 
supported by Quante et. al., who demonstrated 
that 20% of CAFs in a model of inflammation-
induced gastric carcinoma originate from the 
MSC in the bone marrow based on the expres-
sion of αSMA [31]. Together, these studies sug-
gest that the bone marrow stromal population, 
or MSC, may contribute to the CAF population.

HSC-origin of CAFs

The idea of a blood-borne matrix-producing cell 
has been described in the literature for over a 
century [12, 43-45] (and reviewed in [21]). 
These studies describe “blood-borne fibro-
blasts”, which may represent the earliest 
description of cells that would later be named 
“fibrocytes”. Fibrocytes were first described by 
Bucala in 1994 as a unique circulating CD34+ 
collagen-producing cell [46]. Together, these 
studies have brought to light the possibility of 
fibroblast populations arising from hematopoi-
etic origin. Fibrocytes can give rise to mature 
fibroblasts in culture and are an important com-
ponent of the normal and reactive stroma. 
Fibrocytes are defined as a mesenchymal cell 
type in peripheral blood that rapidly enters 
sites of tissue injury [46] and are considered to 
be precursors of activated fibroblasts [47]. 
They express both fibroblastic features, such 
as expression of collagen-1, and hematopoietic 
phenotypes, such as positive expression of 
CD11b, CD13, CD34, CD45RO, MHC class II 
and CD86 [24, 46-48]. Once in tissues, fibro-
cyte-derived cells may express markers of 
matrix production including collagen, vimentin 
and prolyl-4-hydroxylase (PHD4). Fibrocytes 

have been shown to play a role in numerous 
pathologies including wounding [24, 49] and 
fibrosis [39, 47]. 

Data from our laboratory supports these early 
studies and demonstrates an HSC origin for 
fibroblasts. We have developed a method for 
transplantation of a clonal population from a 
single sorted HSC defined as an EGFP+Lin-Sca-
1+CD34-SP cell. Using this single cell transplan-
tation model, we have demonstrated that HSCs 
can give rise to a variety of mesenchymal cell 
types including adipocytes [50], cardiac valve 
interstitial cells [51], circulating fibroblast pre-
cursors [52], fibroblasts and myofibroblasts 
[53] and CAFs [54-56] (reviewed in [56]). Using 
this model, we conducted an in vitro examina-
tion of fibrocytes derived from the peripheral 
blood cells of clonally engrafted mice [55]. In 
these studies, nucleated blood cells were cul-
tured and the appearance of EGFP+ spindle-
shaped or polygonal cells were detected by the 
seventh day of cultivation. Flow cytometric time 
course analysis of expression of the hemato-
poietic marker CD45 and the fibroblast marker, 
(DDR2; discoidin domain receptor 2, a collagen 
receptor), showed that as these cells matured, 
they lost expression of CD45 and gained 
expression of DDR2. These findings were sup-
ported in our tumor studies using clonally 
engrafted mice which identified a circulating 
population of fibroblast precursors, termed cir-
culating fibroblast precursors (CFPs), that 
expressed markers of both hematopoietic cells 
(CD34, CD45) and fibroblasts (collagen I (Col I), 
DDR2) [52]. We have also shown that CFPs dif-
ferentiate along the monocyte/macrophage lin-
eage based on co-expression of CD11b (Mac-1) 
and lack of expression of F4/80, and by rapid 
differentiation of CD45+DDR2+Mac1hi to 
Col1+αSMA+ cells with fibroblastic morphology 
[54]. This circulating population, defined as 
CD45+DDR2+cells, was shown to increase in 
circulation with tumor burden, incorporate into 
the tumor stroma and contribute to the CAF 
population. Analysis of solid tumor sections 
from Lewis lung carcinoma (LLC) and melano-
ma (K1735-M2) harvested from clonally 
engrafted animals showed the presence of 
HSC-derived CFPs [52] and CAFs [52, 54]. 
These EGFP-expressing cells had a fibroblastic 
morphology and made up 8-28% of the tumor 
stromal cells [52, 54]. Characterization of these 
HSC-derived cells showed that they were acti-
vated fibroblasts that expressed αSMA and 
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produced collagen. Also prevalent in the speci-
mens were EGFP+ pericyte-like perivascular 
cells, suggesting that HSCs also contribute to 
tumor vasculature [54]. 

HSC-derived CAFs contribute to the tumor 
microenvironment

Together, these studies indicate multiple ori-
gins for CAFs and suggest that the CAF is a 
transitory cell type that both responds to and 
affects the tumor microenvironment, resulting 
in promotion of primary tumor growth and vas-
cularization, tumor cell invasion and metasta-
sis and preparation of the metastatic niche 
(reviewed in [2, 3, 32]). Potential roles for HSC-
derived CAFs and their precursors will be dis-
cussed herein. 

Recruitment of HSC-derived fibroblasts and 
generation of an activated stroma

Early communication between the tumor cells 
and fibroblasts is involved in the development 
of a reactive stroma. This process involves not 
only the recruitment of inflammatory cells, but 
the recruitment and activation of fibroblast pre-
cursors/fibroblasts to the tumor site. Our labo-
ratory has shown that the number of HSC-
derived CFPs increases with tumor burden [52]. 
As further evidence towards the importance of 
CFPs in the reactive stroma, these studies 
demonstrated that when this population is 
inhibited, tumor burden is decreased. Findings 
from these studies also support a role for che-
mokines in the recruitment of fibroblast precur-
sors to the tumor microenvironment. Specifi- 
cally, we have shown that monocyte chemoat-
tractant protein-1 (MCP-1 or CCL2)/CCR2 is 
involved in the recruitment of CFPs by multiple 
tumor types in vitro and recruitment to the 
tumor site in an in vivo Lewis lung carcinoma 
model [52]. The role of MCP-1 in fibroblast pre-
cursor recruitment is supported by studies 
investigating the chemokine’s involvement in 
fibrocyte recruitment in wound healing [57] and 
fibrosis [58] models. Stromal cell-derived fac-
tor-1 (SDF-1 or CXCL12) and its receptor CXCR4 
have also been implicated in regulating chemo-
taxis of fibrocytes in multiple models [24, 39]. 
Once recruited to the tumor microenvironment, 
subpopulations of the fibroblast precursors/
fibroblasts then become activated. Our studies 
have shown that CFPs may be stimulated to 
express markers of activated fibroblasts includ-

ing collagen, vimentin and αSMA by exposure to 
tumor conditioned media [52]. These findings 
are supported by our in vivo data demonstrat-
ing the activated fibroblast phenotype of HSC-
derived cells recruited from the bone marrow to 
the tumor stroma [54]. 

Several factors have been implicated in the  
transition of fibroblasts to activated fibroblasts. 
As described above, TGFβ is the most thorough-
ly investigated of these factors having been 
shown both in vivo and in vitro to upregulate 
α-smooth muscle actin and promote collagen 
synthesis in fibroblast populations [22-24]. In 
addition, this factor acts as a chemotactic 
agent for fibroblasts [59] and acts to upregulate 
production of vascular endothelial growth fac-
tor (VEGF), platelet-derived growth factor 
(PDGF) and MCP-1 [60-62], all of which contrib-
ute to the reactive stroma during tumorigene-
sis. Analysis of HSC-derived CFPs shows that a 
subpopulation of these cells express the TGFβ 
type II receptor, suggesting that they are also 
influenced by this cytokine (unpublished data). 
Given the demonstrated HSC origin for CFPs, 
specifically via the monocyte/macrophage lin-
eage, we also investigated the role of cytokines 
known to play a critical role in HSC differentia-
tion. These studies revealed a role of macro-
phage colony stimulating factor (M-CSF) in the 
differentiation of HSC-derived CFPs to the acti-
vated phenotype [52]. These studies are sup-
ported by the finding that M-CSF promotes pro-
liferation of fibroblastic stromal cells in culture 
[63, 64].

Potential role of HSC-derived fibroblasts in im-
mune suppression

Another component to the successful estab-
lishment of the primary tumor is the ability of 
the tumor to evade immune surveillance. The 
inflammatory and immune response directed at 
eradicating the tumor has been shown in many 
cases to be unsuccessful, instead ultimately 
acting to promote tumor progression through 
production of inflammatory cytokines [65]. This 
is due in part to the presence of a rich environ-
ment of growth factors, cytokines and chemo-
kines that continually recruit macrophages and 
other immune cells to the tumor site. Fibrocytes 
were so named because of their similarities to 
both fibroblasts and the immune cells, the leu-
kocytes [46]. Fibrocytes play an important role 
in immune function through their ability to 
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induce T-lymphocyte proliferation [66], activate 
CD8+ T-lymphocytes [67] and produce inflam-
matory factors in wound chambers [48]. They 
also possess cell surface receptors necessary 
for antigen presentation and interaction with 
T-cells (MHC class II antigen) [68]. Fibrocytes 
produce extracellular matrix components such 
as collagen, angiogenic factors (e.g., VEGF and 
PDGF-A), as well as other cytokines including 
M-CSF, hepatocyte growth factor (HGF) and 
others [21]. It is likely that as fibrocytes and 
CFPs mature into fibroblasts in tumor some of 
these qualities would be maintained. While the 
interactions between CAFs and immune cells in 
the tumor immune response have not been 
studied, it has been reported that CAFs pro-
duce factors such as TGFβ, and interleukin-6 
(IL-6) which are known to promote differentia-
tion and activation of T-cells, cells on the front-
line of the immune response to tumor. 

HSC-derived CAFs in tumor cell migration and 
invasion

A cardinal indicator of tumor progression is the 
appearance of tumor metastases. One of the 
initial steps in metastasis is the migration and 
invasion of the tumor cell through the extra-
ceullular matrix and through the basement 
membrane. This is followed by intravasation of 
tumor cells into a local blood vessel and the 
extravasation of the tumor cell to colonize and 
proliferate at a distant site. Signals for the initi-
ation of migration and invasion may include 
chemotactic signals in the local environment 
(from stromal cells) or through a concentration 
gradient set up across tissues and the blood 
serum from circulating cells including HSC-
derived CFPs, as was shown in our previous 
studies with MCP-1 [52]. It is also suggested 
that CAFs promote migration and invasion of 
tumor cells. The concept of CAF driven tumor 
cell migration and invasion is predicated on the 
idea that in normal wound healing, fibrocytes/
fibroblasts are known to produce extracellular 
matrix (ECM) degrading compounds such as 
matrix-metalloproteinases (MMPs) in order to 
move into a wound site and affect repair. MMPs 
are enzymes which degrade matrix collagens, 
fibronectins and proteoglycans to allow tumor 
cells to cross the structural barrier of the base-
ment membrane, a key step in metastasis [69]. 
CAFs have been shown to produce a variety of 
MMPs including MMP1, MMP2, MMP3, MMP9, 

MMP11, MMP13, and MMP14 [69]. Degrada- 
tion of the ECM allows movement of cells 
through the dense matrix and releases factors 
that are stored within the scaffold of the ECM. 
Degradation of the ECM and subsequent 
release of stored growth factors is expected to 
have significant effects on the ability of tumor 
cells to migrate and invade through the ECM, 
critical steps in the metastatic process. 

Our laboratory has shown that this process is 
bi-directional wherein HSC-derived CFPs pro-
mote migration and invasion of Lewis lung car-
cinoma (LLC) cells, while LLC cells also promote 
the migration of HSC-derived CFPs and CAFs 
([52] and unpublished data). This corresponds 
with the finding of fibroblast-led invasion of 
tumor cells [70]. It is known that fibroblasts 
play a significant role in matrix remodeling and 
in this study, Gaggiol et al. showed that fibro-
blasts are able to form tracks through the ECM 
allowing invading tumor cells to efficiently fol-
low behind [70]. This connection was support-
ed by evidence that tumor cells break off from 
the primary tumor with stromal cells attached 
and that these stromal cells support the viabil-
ity of the tumor cells through the circulation to 
the metastatic site [71].

HSC contribution to angiogenesis

Crosstalk between the tumor cells and CAFs 
has profound effects on tumor angiogenesis, 
without which tumors cannot maintain growth 
beyond 1 mm3 [72]. CAFs have been shown to 
produce angiogenic factors including SDF-1 
[73], TGFβ [38] and VEGF [74] which support 
endothelial cell proliferation and tumor vascu-
larization. In addition to their production of 
angiogenic cytokines, CAFs may play a more 
direct role in tumor vascularization through 
their ability to serve as vascular support cells. 
CAF and myofibroblast expression of αSMA 
closely links this cell type with the pericyte, a 
fibroblast-like cell which plays a supportive role 
for endothelial cells in both normal and tumor 
systems. Pericytes, also referred to as perivas-
cular mural cells, act to stabilize vessel walls, 
influence vascular permeability, inhibit endo-
thelial cell proliferation, and promote endothe-
lial cell survival and maturation. Several stud-
ies have described a bone marrow origin for 
tumor vascular pericytes [35, 75]. Studies from 
our group using our single cell transplantation 
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strategy have shown that both CAFs [52, 54] 
and pericytes [54, 76, 77] arise from a com-
mon progenitor, the hematopoietic stem cell.

Conclusions and perspectives

The varying fibroblast populations identified in 
tumor stroma illustrate the transient nature of 
fibroblasts and perhaps other cells of the stro-
ma. Elucidating the contribution of CAFs to 
tumor progression is essential for developing a 
comprehensive understanding of the tumor 
microenvironment. It is clear that CAFs play a 
critical role in tumor progression as well as 
patient prognosis and survival. It has been sug-
gested that not only do CAFs define a widely 
heterogeneous population of the stroma, but 
that this population varies with tumor progres-
sion, tumor location, and tumor type. While 
multiple CAF origins have been shown by many 
laboratories, little is known about the specific 
contribution of each uniquely originating CAF. 
Further evaluation and profiling of CAFs of a 
particular origin may lead to an appropriate and 
critical target for the arrest of tumor develop-
ment and the prevention of tumor metastasis. 

The transient nature of CAFs, as well as the 
variation in CAFs from one tumor type to anoth-
er, suggests science has a long way to go in 
terms of targeting the CAF population thera-
peutically. However, targeting CAFs at their ori-
gin in a tumor-stage specific manner may lead 
to significant advances in treatment and even 
prevention of metastases. Our lab has shown 
that CFPs are derived from HSCs and that these 
cells act as an intermediate between the HSC 
and the CAF. The identification of differentiation 
and maturation pathways from the HSC to the 
CAF provide a potential opportunity to target 
CAFs in multiple ways depending on tumor 
stage. For example, early in tumor development 
it may be possible to target CAFs at their origin 
in the bone marrow (HSC), or in the circulation 
as CFPs in order to prevent their incorporation 
into the tumor and inhibit their tumor promoting 
effects. In later stages of cancer, it may be pos-
sible to target the HSC-derived CAF directly at 
the tumor site to reduce tumor volume and 
inhibit further promotion of tumor progression 
by CAF-produced factors. Moreover, the intrin-
sic ability of fibrocytes and CFPs to migrate to 
the tumor site offers potential for drug delivery 
vehicles for chemotherapy. This potential to 
serve as a novel target to inhibit cancer pro-

gression and metastasis will continue to drive 
the investigation into the origins and roles of 
CAFs in the tumor microenvironment.
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