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Bone marrow-derived fibrocytes participate in pathogenesis
of liver fibrosisq
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Background/Aims: Hepatic stellate cells (HSCs) play a key role in hepatic fibrogenesis. However, their origin is still

unknown. We tested the hypothesis that bone marrow (BM) contributes to the population of HSCs.

Methods: Chimeric mice transplanted with donor BM from collagen a1(I)-GFP+ reporter mice were subjected to the bile

duct ligation (BDL)-induced liver injury.

Results: In response to injury, BM-derived collagen-expressing GFP+ cells were detected in liver tissues of chimeric

mice. However, these cells were not activated HSCs in that they did not express a-smooth muscle actin or desmin and
could not be isolated with the HSC fraction. Meanwhile, the majority of these BM-derived cells co-expressed collagen-

GFP+ and CD45+, suggesting that these cells represent a unique population of fibrocytes. Consistent with their lymphoid

origin, the number of GFP+CD45+ fibrocytes found in BM and spleen of chimeric mice increased in response to injury.

Fibrocytes cultured in the presence of TGF-b1 differentiated into SMA+desmin+ collagen-producing myofibroblasts,

potentially contributing to liver fibrosis.

Conclusions: In response to the BDL-induced liver injury: (i) HSCs do not originate in the BM; (ii) collagen-producing

fibrocytes are recruited from the BM to damaged liver.

� 2006 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Liver fibrosis, an outcome of many chronic liver dis-
eases [1], is characterized by extensive deposition of
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extracellular matrix, mainly type I collagen [2]. Hepatic
stellate cells (HSCs) are believed to play a major role in
the pathogenesis of liver fibrosis [3]. In response to injury,
quiescent HSCs undergo morphological and functional
changes to become activated HSC with a myofibroblastic
phenotype that express high amount of type I collagen
[4]. However, it is still unknown whether hepatic HSCs
proliferate in the liver or originate in the BM (bone mar-
row) and migrate to liver in response to injury. Recently,
conversion of BM cells into several hepatic cell popula-
tions, e.g. hepatic oval cells, hepatocytes, sinusoidal
endothelial cells, etc., has been intensively studied [5–9].
Conversion of BM progenitors into highly specialized
cells of distinct origin occurs either due to transdifferen-
tiation [6] or cellular fusion in the target organs [6,10].
However, differentiation without ‘‘change of the cell
Published by Elsevier B.V. All rights reserved.
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fate’’ has been described for a subset of collagen-produc-
ing cells designated as fibrocytes, a unique population of
collagen producing cells identified in peripheral blood
[11–14]. This study tested the hypothesis that HSCs
and/or other collagen-producing cells [15,16] arise from
a population of cells originating in the bone marrow.
Using BM chimeric mice expressing GFP under control
of the collagen a1(I) promoter [17,18], we specifically
investigated the BM contribution to the population of
HSCs and non-HSC collagen-producing cells in response
to bile duct ligation (BDL)-induced hepatic injury.
2. Experimental procedures

2.1. Generation of BM chimeric mice and induction of

liver injury

Wild type C57BL/6 (B6) mice (wt) were purchased from The Jack-
son Laboratory (Bar Harbor, Maine, USA). Transgenic mice, express-
ing GFP driven by collagen a1(I) promoter (Col), were previously
characterized [17,18]. BM chimeric mice were generated as previously
described [5,19]. Mice were allowed to recuperate for 2 months prior
to induction of liver fibrosis. BM engraftment in Col-into-wt mice
was confirmed by Southern blot analysis of BM-derived genomic
DNA using 32P-radiolabeled gfp specific probe. The percent of BM
engraftment was evaluated in mice transplanted with b-actin-GFP by
FACS analysis of peripheral blood lymphocytes (PBL) and constituted
�95%. Using BMT, we generated 51 Col-into-wt mice, 7 Wt-into-Col
mice, 3 wt-into-wt and 3 Col-into-Col. Liver injury was induced for
14–28 days by ligation of the common bile duct (BDL) as described
[20]. All animal studies have been approved by the University Commit-
tee on Use and Care of Animals at Columbia University.

2.2. Characterization of the BMT mice by fluorescent

microscopy

Livers and spleen were examined for GFP signal by fluorescent
microscopy. Images were obtained on a Nikon ECLIPSE E 800 micro-
scope and analyzed using Image-Pro Plus and Photoshop programs.

2.3. Immunohistochemistry

Fluorescent immunohistochemistry was performed on cryosections
[21] using polyclonal anti-desmin (1:400, NeoMarkers, Fremont, CA),
monoclonal anti-CD45 antibody (1:200, Serotec, Raleigh, NC) and
anti-a-SMA (1:400; Dako, Carpinteria, CA) primary antibodies and
analyzed using confocal microscope (LSM 510 NLO, Zeiss, Germany).
Cryosections, stained with anti-a-SMA antibody, were pre-treated
with the M.O.M. Kit (Vector Laboratories, Burlingame, CA).

2.4. Isolation of primary HSCs

Primary HSCs were isolated as previously described [22,23]. Fresh-
ly isolated HSCs were used for FACS analysis or cultured on uncoated
plastic tissue culture dishes in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco-BRL, Grand Island, NY) supplemented with 10%
fetal calf serum, 2 mM L-glutamine and standard antibiotics [23].
2.5. Isolation of GFP+ cells from the whole liver

Livers were mashed and digested with collagenase D (500 lg/ml;
Roche Diagnostics, Indianapolis, IN) and pronase E (200 lg/ml,
EMD, Gibbstown, NJ) in solution (140 mM NaCl, 5 mM KCl,
0.7 mM NaH2PO4; 0.8 mM Na2PO4, 10 mM Hepes, 3 mM NaCO3,
4 mM CaCl2, pH 7.4) at 37 �C for 20 min, followed by filtration on
a sterile gauze. Whole liver fractions were used for FACS or attached
to collagen coated (2% in 0.1% acetic acid) glass slides by brief spin-
ning and fixed in 4% formalin.
2.6. Single cell suspensions from lymphoid tissues

Isolated BM cells and splenocytes were used for FACS analysis or
cultured for 10–14 days on uncoated plastic tissue culture dishes. Dif-
ferentiation of BM cells and splenocytes was induced by TGF-b1
(2 ng/ml; RD systems, Minneapolis, MN) in DMEM supplemented
with 10% FCS.
2.7. Flow cytometric analysis

GFP+ cells, isolated from liver, spleen and BM, were analyzed
using a FACScan flow cytometer (Becton–Dickinson, San Jose, CA)
as described [24]. For co-expression of lymphoid markers on GFP+

cells, cells were stained in PBS containing 2.5% BSA solution with
PE-conjugated anti-CD45, anti-CD34 and anti-CD14 antibodies (BD
Biosciences, San Diego, CA).
2.8. Fluorescence in situ hybridization

Liver cryosections were hybridized for Y chromosome identification
according to the STARFISH manufacturer’s protocol (Cambio, Cam-
bridge, UK) described previously [25]. GFP+ cells were photographed
prior to hybridization. Images were aligned using DAPI staining.
3. Results

3.1. Collagen producing cells of BM origin are present in

fibrotic liver

We performed a series of bone marrow transplanta-
tions (BMT) in mice to determine whether hepatic stel-
late cells (HSCs) or other collagen producing cells
originated in the BM in response to bile duct ligation
(BDL), a well-established model of liver injury
(Fig. 1A). To monitor migration of BM-derived colla-
gen-expressing cells to injured liver, reporter mice
expressing GFP under the collagen a1(I) promoter
(Col mice) were used [17,18]. In a first set of experi-
ments, BM from Col mice was transplanted into recipi-
ent wild type mice (Col-into-wt chimera). Successful
engraftment of donor BM in chimeric mice was con-
firmed by Southern blot analysis (Fig. 1B). Liver injury
was induced in these mice for two weeks after which
livers were examined by fluorescent microscopy for
BM-derived GFP+ cells. No GFP+ cells were present
in sham-operated mice (Fig. S1). In contrast, GFP+

cells were detected in livers of BDL-operated Col-in-
to-wt mice (Fig. 2A, left panel). The majority of these
cells were present in portal tracts, although single
GFP+ cells were also scattered throughout the hepatic
parenchyma. Immunostaining with anti-GFP antibody
confirmed the specificity of fluorescent GFP signal
(Fig. 2A, right panel). Liver tissues from sham-operated



w
t

C
o

l

C
o

l-
in

to
-w

t

GFP

Col(α1)I-GFP+

Donor: 
Col

Recipient:
Col-into-wt

Lethal 
irradiation 2 mo BDL 2w

BM-derived cells

Col (α1)I-GFP+

BM

A

B

Fig. 1. Generation of Col-into-wt chimera to study BM contribution to

population of collagen producing cells in fibrotic livers. (A) Study design.

Lethally irradiated recipient wild type mice were transplanted with

reporter collagen a1(I)-GFP+ BM. Liver injury was induced in these

mice by bile duct ligation (BDL). Liver tissue was analyzed for GFP+

BM-derived cells. (B) BM engraftment in Col-into-wt was confirmed by

Southern blot of genomic DNA, hybridized to the radiolabeled gfp probe.

Specific gfp signal was detected in samples derived from Col-into-wt and

Col mice (positive control). [This figure appears in colour on the web.]
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or BDL-operated reporter Col mice served as controls
(Fig. S1).

The role of BM-derived cells in BDL-induced col-
lagen production was further studied using a ‘‘re-
verse’’ approach: Wild type BM was transplanted
into Col reporter mice (wt-into-Col chimera) followed
by BDL (Fig. 2B). If the BM made a major contri-
bution to collagen expressing cells in the injured liv-
er, then we would expect collagen a1(I)-GFP+

expression to be reduced in these mice. In addition,
Col mice were also transplanted with ‘‘self’’ BM
(Col-into-Col chimera), to exclude effect of irradia-
tion on liver fibrosis. Assessed by histological exam-
ination of trichrome stained liver tissues, all mice
developed similar level of ECM deposition in
response to BDL, suggesting that radiation has no
or minimal effect on BDL-induced liver fibrosis
(Fig. 2B, upper panel). BDL-operated chimera Col-
into-Col reporter Col mice exhibited similar levels
of GFP expression in response to BDL (Fig. 2B).
Meanwhile, image analysis of collagen a1(I)-GFP+

expression in wt-into-Col and Col-into-wt mice
revealed that the contribution of BM to liver fibro-
genesis was similar in both mice and ranged �5–
10% in comparison with Col-into-Col (100%). Thus,
a 9.7 ± 4% reduction of GFP expression was
observed in wt-into-Col-BDL (Fig. 2C, p < 0.05).
Likewise, a 5.7 ± 0.7% of GFP expression was
detected in Col-into-wt chimera (p < 0.005).
3.2. BM cells did not contribute to HSC population in a

BDL-induced model of liver fibrosis

To determine whether these BM-derived collagen
a1(I)-GFP+ producing cells belong to the HSC popula-
tion, HSCs were isolated using a standard procedure
and analyzed by FACS for GFP+ cells (Table 1, [24].
Surprisingly, we detected no GFP+ cells in the HSC
fraction from BDL-operated Col-into-wt mice (Table
1). In contrast, 72% of HSCs from BDL-operated Col
mice expressed GFP+(Fig. 3A, Table 1). Meanwhile,
cultured for 24 h HSCs from both Col-BDL and Col-in-
to-wt-BDL mice exhibited similar levels of vitamin A
expression. Of note, expression of GFP by isolated
HSCs derived from Col-into-wt-BDL mice could not
be detected even after several days in culture, suggesting
that these HSCs do not originate from BM (Fig. 3A).
Moreover, immunostaining of liver tissues from Coll-in-
to-wt mice with anti-SMA and anti-desmin antibodies
revealed that BM-derived GFP+ cells do not express
typical HSCs markers (Fig. 3B). Liver tissues from Col
mice prepared under the same conditions served as a
positive control. Taken together, based on three inde-
pendent approaches (fluorescent microscopy, FACS
analysis of isolated HSCs and immunohistochemistry)
we concluded that BM cells do not contribute to the
population of activated HSCs in BDL-induced liver
injury.

3.3. BM-derived GFP+ cells possess characteristics of
fibrocytes

To further characterize BM-derived GFP+ cells, an
alternative method (mild enzymatic digestion without
perfusion) was used to isolate GFP+ cells from fibrotic
livers. GFP+ BM-derived cells were detected in the
whole liver fraction of the BDL-operated Col-into-wt
mice and represented 4.2 ± 1.3% of all viable cells
(Table 2). The number of GFP+ cells increased with
the time after BDL (Fig. 4A).

Previous studies suggest that cells of BM-origin often
retain expression of CD45, a common lymphoid marker
[26]. Therefore, freshly isolated liver cells from BDL-op-
erated Col-into-wt mice were stained with anti-CD45
and analyzed for GFP co-staining. Immunofluorescent
expression of CD45+ was detected in 70% of the
GFP+ population (Fig. 4C and D). CD34, an early
hematopoietic marker, and CD14, a monocytic marker,
were also expressed by �1% of the GFP+ BM-derived
cells. (Of note, FACS analysis failed to determine the
correct number of GFP+CD45+ cells in the whole liver
due to high autofluorescence which projected to the
FL2 channel and interfered with detection of CD45 with
anti-CD45-PE-conjugated antibody.)

BM-derived lymphoid cells may transdifferentiate
into collagen-producing fibroblasts. Alternatively, a
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population of collagen-producing cells may already be
present in the BM and colonize the liver in response
to injury. To test this hypothesis, we analyzed BM
cells for collagen-GFP+ cells. Indeed, using FACS
analysis GFP+ cells were detected in the BM of
BDL-operated Col-into-wt and Col mice (Fig. 4A).
Surprisingly, GFP+ BM-derived cells were also present
in the spleen (Fig. 5A), but not in lungs or kidneys
(data not shown), and looked morphologically identi-
cal to the liver-derived GFP+ cells of BM origin
(Fig. 4B). In response to liver injury, the number of
GFP+ cells in spleen and BM of Col-into-wt increased
from 1% to 3.5% and 0.8% to 1.6% (p < 0.005),
respectively, in a time-dependent manner (Fig. 5A).
A similar effect was detected in BDL-operated Col
mice. Interestingly, a small number of the GFP+

splenocytes and BM cells were also found in these
mice prior to BDL (Fig. 4A).

Akin to hepatic GFP+ cells, GFP+ cells isolated from
the BM and spleen expressed hematopoietic markers
(Fig. 4D). FACS analysis revealed that 65 ± 11% of
GFP+ splenocytes and 77 ± 7% of GFP+ BM cells from



Table 1

FACS analysis of HSC fraction for BM-derived GFP+ cells

Mice HSC

Sham (%) BDL (%)

Col 1.00 ± 0.5 72 ± 2.5
Col-into-wt 0.28 ± 0.6 0.8 ± 0.6
wt 0.0 0.9 ± 0.2
wt-into-wt 0.54 ± 0.1 0.7 ± 0.4

HSCs were isolated using standard procedure [22,23] from Col and
chimeric mice four weeks after sham- or BDL-operation and analyzed
by FACS for GFP+ cells. 72 ± 2.5% of HSCs from Col-BDL mice
expressed GFP (p < 0.001 compared to sham). No GFP+ cells over the
background were detected in Col-into-wt mice (p < 0.005 compared to
HSCs isolated from Col-BDL mice). The data represent percent of
GFP+ cells detected in at least three independent experiments.

Table 2

FACS analysis of whole liver cells fraction for BM-derived GFP+ cells

Mice Total liver cells

Sham (%) BDL (%)

Col 0.8 ± 0.5 15 ± 3.5
Col-into-wt 0.37 ± 0.4 4.2 ± 1.3
wt 0.0 1.6 ± 0.15
wt-into-wt 0.0 ± 0.1 1.1 ± 0.1

Whole liver cells were isolated from mice four weeks after sham- and
BDL-operation and analyzed for GFP+ cells by FACS. 4.2 ± 1.3% of
whole liver cells from BDL-operated Col-into-wt mice expressed GFP
(p < 0.001 compared to cells isolated from Col-BDL mice). Whole liver
cells isolated from Col mice constituted 15 ± 5.5% (p < 0.01 compared
to the sham). The data are presented as percent of GFP+ cells detected
in at least three independent experiments.
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BDL-operated Col mice expressed CD45. 67 ± 3% of
GFP+ splenocytes and 52 ± 13% of GFP+ BM cells
from BDL-operated Col-into-wt mice were also
CD45+. However, only 1–3% of GFP+ cells from BM
and spleen expressed CD34 or CD14.

A similar phenotype of CD45+ColI+ has been
previously described in hematopoietic cells designated
as fibrocytes. Fibrocytes originate in the BM and migrate
to the sites of injury and differentiate into myofibroblast
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in response to TGF-b1 [11–14] To test whether BM-de-
rived GFP+ collagen producing cells represent fibro-
cytes, GFP+ splenocytes were isolated from BDL-
operated Col mice and cultured in the presence of
TGF-b1. Freshly isolated GFP+ splenocytes expressed
the lymphoid marker CD45 (Fig. 5A). Following 7 days
of treatment with TGF-b1, GFP+ splenocytes differenti-
ated into myofibroblasts and upregulated a-SMA and
desmin. Thus, both GFP+ BM and splenocytes exhibited
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liver injury. (A) Expression of collagen a1(I)-GFP was detected only in
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Ab, GFP+ liver-derived collagen-expressing cells from Col-into-wt mice co-expressed CD45-PE+. Cells were stained with DAPI to visualize nuclei. (D)

Statistical analysis based on immunocytochemistry of liver-derived GFP+CD45-PE+ cells from Col-into-wt-BDL mice revealed that 70% of GFP+ cells

co-expressed CD45-PE+. Meanwhile, detected by FACS analysis, 52-77% of BM- and spleen-derived GFP+ cells co-expressed CD45.
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features of fibrocytes. After leaving the bone marrow,
fibrocytes enter the peripheral blood in which they can
be commonly found [11,13]. We detected an increase in
GFP+ fibrocyte-like cells in the peripheral blood after
BDL in Col mice (0.37 ± 0.2% before BDL versus
1.4 ± 0.5% after BDL, p < 0.01), suggesting that liver
injury enhances the migration of fibrocytes from BM to
the peripheral blood (Fig. 5B) and to sites of injury.

3.4. BM-derived fibrocytes do not fuse with liver cells

Our findings suggest that fibrocytes originate in
the BM in response to the liver injury and do not
derive by cellular fusion with the recipient cells.
Ninety percent of GFP+ fibrocytes had one nucleus.
Cells with two nuclei (10%) had identically structured
nuclei and most likely were undergoing cell division
(Fig. 6A). To prove this hypothesis, liver sections
from BDL-operated Col-into-wt chimeric mice, trans-
planted with the sex mismatched bone marrow
(female BM into male recipient mice), were analyzed
by FISH (Fig. 6B). Unlike the Y+ recipient hepato-
cytes, donor-originated GFP+ fibrocytes did not con-
tain any Y chromosome. Therefore, fibrocytes were
derived from the BM without fusion with recipient
cells.
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4. Discussion

Hepatic stellate cells are the main producers of colla-
gen in the injured liver. However, it has been suggested
GFP DAPI

GFP Y-FISH + 

A

B

Fig. 6. BM-derived fibrocytes do not fuse with the recipient cells. (A) Nucle

(showed with arrows). 90% of BM-derived GFP+ cells had one nucleus and 10%

in which over 100 cells were evaluated. (B) FISH analysis of GFP+ BM-der

contained no Y chromosome (pink). Over 50 cells were analyzed, lack of Y+ ch

power magnification. DAPI (blue) was used to visualize nuclei (blue).
that fibroblasts in the liver also contribute to collagen-
production after injury. The origins of HSCs and hepat-
ic fibroblasts remain unresolved. It has been suggested
that HSCs are bone marrow-derived [27]. Even though
overlay

DAPI overlay

i of BM-derived fibrocytes were visualized with DAPI on liver sections

had two nuclei. The data are representative of four different BMT mice,

ived cells showed no fusion with the recipient cells. GFP+ cells (green)

romosome specific staining in GFP+ fibrocytes was confirmed using high



436 T. Kisseleva et al. / Journal of Hepatology 45 (2006) 429–438
HSCs express several markers that are typically found
on BM-derived cells such as ICAM, CCR5 and CD40,
they also display neural crest markers such as synapto-
physin and glial fibrillar acidic protein arguing against
their origin from BM [18,23,28]. Although our study
detected a significant increase in cells expressing GFP
under the control of the collagen a1(I) promoter in the
liver of chimeric mice transplanted with BM from the
Col mice, we did not detect a-SMA or desmin expres-
sion in these GFP+ cells (Fig. 3B). Moreover, BM-de-
rived GFP+ cells were not isolated with the HSCs
fraction (Table 1, Fig. 3). Based on these 2 lines of evi-
dence, we can exclude that BM contributes to the pool
of HSC in response to BDL. These findings are in con-
trast to reports which proposed that BM cells differenti-
ate into HSCs in response to a different liver injury
model [27]. Thus, BM-derived collagen a1(I)-GFP+

expressing cells do not posses features of HSCs or myo-
fibroblasts, and we propose that these cells represent a
novel collagen producing cell type in the liver and con-
stitute about 5% of collagen a1(I)-producing population
in the liver after BDL.

Based on immunocytochemistry, �70% of BM-de-
rived GFP+ cells in the liver expressed CD45+, while
CD34/CD14 expression constituted �1% (Fig. 4). Our
data are in concordance with the previously described
phenotype of fibrocytes [29]. Surprisingly, BM cells
and splenocytes of the BDL-operated chimera and Col
mice were also GFP+ and clearly expressed CD45
(Fig. 5). Similar to that, GFP+CD45+ fibrocytes consti-
tuted �1% of the BM cells in the sham-operated mice,
indicating that fibrocytes originated in the BM and
expanded in response to injury (Fig. 4A).

Fibrocytes are unique cells, initially identified a dec-
ade ago from PBL, that express hematopoietic and mye-
loid markers together with collagen [30,31]. Most of
these studies suggested that co-expression of
Coll+CD45+ can be considered a major characteristic
of fibrocytes. Other markers such as CD34, CD14,
CD13, HLA-DR, CCR4 and CCR7 have been reported
to be expressed by fibrocytes but seem to vary between
studies and depend on the examined organ
[11,14,29,32]. Fibrocytes have been demonstrated in
scarring skin [33,34], in nephrogenic fibrosing dermopa-
thy [35], in subepithelial fibrotic lesions from patients
with asthma [30], and pulmonary fibrosis in bleomycin
treated mice [11,36], and may be involved in wound
healing and repair [37]. The present study demonstrated
for the first time that fibrocytes are involved in hepatic
fibrogenesis.

The exact function of fibrocytes at the site of injury is
still unclear. It was shown that fibrocytes can differenti-
ate in vitro into myofibroblasts when stimulated with
TGFb1 [13,38], but to date only one study succeeded
to demonstrate transition of fibrocytes into myofibro-
blasts in vivo [30]. Similar to that, we showed that
fibrocytes residing in the liver and spleen lack a-SMA
expression, but promptly differentiate into myofibro-
blasts in vitro (Fig. 5A). Moreover, Barth and
colleagues, who focused their research on cellular repop-
ulation of stroma in invasive squamous cell carcinomas,
confirmed that fibrocytes and a-SMA+ myofibroblasts
represent two different cell types, which exhibit different
localization and function [39].

Fibrocytes have been implicated in the scarring of
lung and skin, where they comprise �15–25% of colla-
gen producing cells [11,33,34,36]. Tissue injury is com-
monly caused in these studies by massive cellular
death. For example, bleomycin-induced lung injury is
induced by alveolar epithelial apoptosis [36]. Similar
mechanism underlies fibrogenesis in burnt skin. Recent-
ly, Baba and colleagues reported that �33% of HSCs are
derived from the BM during carbon tetrachloride
(CCl4)-induced liver damage. Moreover, mechanism of
carbon tetrachloride (CCl4)-induced liver injury, caused
by severe hepatotoxicity and massive apoptosis of hepa-
tocytes, is similar to bleomycin. Therefore, recruitment
of BM cells to bleomycin or CCL4-injured organs might
be similar. In contrast, here we demonstrate that BM-
derived fibrocytes contributed to 5–10% of all collagen
a1(I) expressing cells in the BDL-operated liver
(Fig. 2C). It is possible that the more gradual onset of
hepatic injury and fibrogenesis after BDL, which more
closely resembles the gradual fibrosis of clinical chronic
liver disease, accounts for this modest recruitment of
fibrocytes to BDL-injured liver.

In addition to their contribution to collagen produc-
tion, fibrocytes may be required for other aspects of
wound healing such as the activation or proliferation
of surrounding cells and angiogenesis (reviewed in
[32,40]). Fibrocytes express immunological markers
typical for antigen presenting cells, and similarly to
dendritic cells (DC) are functionally capable for anti-
gen presentation to T cells and secrete a number of
inflammatory cytokines and growth factors [37,41,42].
Thus, in response to liver injury fibrocytes were found
in fibrotic regions in close proximity to HSCs. It is pos-
sible that fibrocytes provide important intercellular
signals, which orchestrate a cross-talk between inflam-
matory, biliary epithelial and collagen-producing cells.
In the present study, GFP+ cells were detected in
BM, PBL and spleen of BMT mice (Fig. 4A). Consis-
tent with our findings, it has been reported that fibro-
cytes exist in avian species, are present in the
circulation of the chicken embryo, and contribute to
the organogenesis of the spleen [43]. Moreover, unlike
BM-derived hepatocytes resulted from cellular fusion
with recipient cells [25], BM-derived GFP+ fibrocytes
did not contain Y chromosome as the rest of liver cells
from BMT chimeric mice, providing a compelling evi-
dence that tissue and circulating fibrocytes originate
in the BM.
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