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Abstract 
AIM: To investigate the contribution of bone marrow 
(BM) cells to hepatic fibrosis.

METHODS: To establish a model of chimerism, C57Bl/6 
female mice were subjected to full-body irradiation (7 
Gy) resulting in BM myeloablation. BM mononuclear 
cells obtained from male transgenic mice expressing 
enhanced green fluorescent protein (GFP) were used 
for reconstitution. Engraftment was confirmed by flow 
cytometry. To induce liver injury, chimeric animals 
received carbon tetrachloride (CCl4) 0.5 mL/kg intra-
peritoneally twice a week for 30 d (CCl4 30 d) and 
age-matched controls received saline (Saline 30 d). 
At the end of this period, animals were sacrificed for 
post mortem analysis. Liver samples were stained with 
hematoxylin and eosin to observe liver architectural 
changes and with Sirius red for collagen quantifica-
tion by morphometric analysis. α-smooth muscle actin 
(α-SMA) was analyzed by confocal microscopy to iden-
tify GFP+ cells with myofibroblast (MF) characteristics. 
Liver tissue, BM and peripheral blood were collected 
and prepared for flow cytometric analysis using specific 
markers for detection of hepatic stellate cells (HSCs) 
and precursors from the BM.

RESULTS: Injury to the liver induced changes in the 
hepatic parenchymal architecture, as reflected by the 
presence of inflammatory infiltrate and an increase in 
collagen deposition (Saline 30 d = 11.10% ± 1.12% vs  
CCl4 30 d = 12.60% ± 0.73%, P  = 0.0329). Confocal 
microscopy revealed increased reactivity against α-SMA 
in CCl4 30 d compared to Saline 30 d, but there was no 
co-localization with GFP+ cells, suggesting that cells 
from BM do not differentiate to MFs. Liver flow cyto-
metric analysis showed a significant increase of CD45+/
GFP+ cells in liver tissue (Saline 30 d = 3.2% ± 2.2% 
vs  CCl4 30 d = 5.8% ± 1.3%, P  = 0.0458), suggesting 
that this increase was due to inflammatory cell infiltra-
tion (neutrophils and monocytes). There was also a 
significant increase of common myeloid progenitor cells 
(CD117+/CD45+) in the livers of CCl4-treated animals 
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(Saline 30 d = 2.16% ± 1.80% vs  CCl4 30 d = 5.60% 
± 1.30%, P  = 0.0142). In addition the GFP-/CD38+/
CD45- subpopulation was significantly increased in the 
CCl4 30 d group compared to the Saline 30 d group 
(17.5% ± 3.9% vs  9.3% ± 2.4%, P  = 0.004), indicat-
ing that the increase in the activated HSC subpopula-
tion was not of BM origin.

CONCLUSION: BM progenitor cells do not contribute 
to fibrosis, but there is a high recruitment of inflamma-
tory cells that stimulates HSCs and MFs of liver origin.

© 2012 Baishideng. All rights reserved.

Key words: Bone marrow; Liver; Fibrosis; Progenitor 
cells; Chimeric mice; Green fluorescent protein+ cells 

Peer reviewers: Guangcun Huang, MD, PhD, Center for Clini-
cal and Translational Research, the Research Institute at Nation-
wide Children’s Hospital, Columbus, OH 43205, United States; 
Waka Ohishi, Department of Clinical Studies, Radiation Effects 
Research Foundation, Hiroshima 732-0815, Japan

Paredes BD, Faccioli LAP, Quintanilha LF, Asensi KD, Zaveru-
cha-do-Valle C, Canary PC, Takiya CM, Campos-de-Carvalho AC, 
Goldenberg RCS. Bone marrow progenitor cells do not contribute 
to liver fibrogenic cells. World J Hepatol 2012; 4(10): 274-283  
Available from: URL: http://www.wjgnet.com/1948-5182/full/v4/
i10/274.htm  DOI: http://dx.doi.org/10.4254/wjh.v4.i10.274

Introduction 
In recent years, cell transplantation has emerged as a 
potential therapy to improve impaired liver function. In 
particular, bone marrow-derived stem cells (BMSCs) have 
been widely used in pre-clinical and clinical trials[1]. 

Interest in this particular cell type was kindled by the 
discovery of  donor-derived cells in the livers of  bone 
marrow (BM) transplant recipients[2]. This indicated a 
potential relationship between BM and the regenerating 
liver. However, results published so far show no consen-
sus as to the role of  BMSCs in liver repair, and the issue 
remains one of  the most controversial in regenerative 
medicine. 

Several studies using different experimental models 
of  hepatic diseases have demonstrated functional recov-
ery of  the liver after cell therapy[3-6]. On the other hand, 
our group, in agreement with the results of  several other 
studies[7-9], did not observe any benefits of  using the bone 
marrow mononuclear cell fraction from normal[10] or cir-
rhotic rats[11] or BM-derived stromal cells[12] in a severe 
chronic hepatic injury model in rats. 

Hepatic fibrosis and cirrhosis are the main causes of  
organ failure in chronic liver diseases of  any etiology[13]. 
Persistent parenchymal cell injury leads to dysregula-
tion of  the normal processes of  wound healing and to 
extensive deposition of  extracellular matrix proteins[14], 
a dynamic process known as fibrogenesis. This pathol-

ogy involves various cellular and molecular mechanisms, 
in which the myofibroblast (MF) and hepatic stellate cell 
(HSC) subpopulations play a major role when they be-
come activated[15]. 

During fibrogenesis, activated HSCs, located mainly 
in the perisinusoidal space, go through a transdifferentia-
tion process, changing to a MF-like morphology at the 
portal spaces[16]. MFs present at these sites display high 
rates of  proliferation, excessive production of  collagen 
fibers and decreased production of  matrix metallopro-
teinases, causing an imbalance in matrix degradation and 
preventing the resolution of  fibrosis[17]. Both the MF and 
activated HSC subpopulations express α-smooth muscle 
actin (α-SMA), a known marker of  pro-fibrotic cells[18]. 

BMSCs may also play a role in generating liver fi-
brosis. Many authors reported that fibrocytes[19], a BM-
derived CD45+/CD34+/procollagen type 1+ subpopu-
lation, can contribute to fibrosis in different models such 
as chronic cystitis[20], ischemic cardiomyopathy[21] and 
asthma[22]. In addition, in a rat biliary duct ligation liver 
injury model, BM-derived fibrocytes [expressing colla-
gen α1(Ⅰ) promoter-green fluorescent protein (GFP)] 
were reported to comprise 5% of  all collagen-producing 
cells[23], an impressive percentage considering the low 
frequency of  this cell type under normal conditions 
(0.1%-1.0% in humans)[24]. 

In this scenario, where the use BM-derived cell thera-
pies in liver disease is still controversial, it is important to 
investigate whether BM-derived cells can in fact contrib-
ute to liver fibrosis. 

MATERIALS AND METHODS 
Animals
All procedures were performed in accordance with the 
standards of  the Guide for Care and Use of  Laboratory 
Animals (DHHS Publication No. NIH 85-23, revised 
1996, Office of  Science and Health Reports, Bethesda, 
MD 20892). Female C57/BL6 mice and male mice trans-
genic for GFP- line C57/BL6-Tg (CAG-EGFP) C14-
Y01-FM1310 (GFP+ mice), donated by Okabe et al[25], 
were obtained from the Carlos Chagas Filho Institute of  
Biophysics animal facility. Animals were housed at a con-
trolled temperature (23 ℃) and 12-h light-dark cycle. 

Experimental model: Total body irradiation and cell 
transplants
Female mice 6-8 wk of  age were exposed to whole-
body radiation (7 Gy) in a linear accelerator (Varian-
Clinac 2100 CD) used for radiotherapy. BM cells were 
harvested from the femurs and tibiae of  8- to 12-wk-
old male mice expressing enhanced GFP. Bones were 
inserted into adapted centrifuge tubes and centrifuged 
for 3 min at 1500 × g to collect the marrow. The contents 
were resuspended in Dulbecco’s Modified Eagle’s Me-
dium (DMEM-Invitrogen) and layered on Histopaque 
1083 (Sigma). The tubes were centrifuged at 400 × g for 
30 min and the band corresponding to mononuclear cells 
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was collected. The cells were then washed and counted 
and their viability determined by Trypan blue exclusion. 
The mononuclear cells were resuspended in sterile saline 
(NaCl 0.9%) and injected through the orbital plexus in 
the female wild-type (WT) previously irradiated mice.

Experimental groups
Infused animals were maintained under observation for 
21 d after transplantation. Then, peripheral blood (PB) 
samples were collected to verify transplant efficiency by 
flow cytometric analysis of  GFP+ cells. Animals show-
ing percentages above 80% GFP+ cells were considered 
useful chimeric mice. PB samples of  WT C57/BL6 and 
GFP+ mice were used as negative and positive controls, 
respectively. Selected chimeric mice (n = 10) were divided 
into two groups: CCl4 30 d (n = 5), which received injec-
tions of  carbon tetrachloride (CCl4; dose of  0.5 mL/kg) 
twice a week for 30 d, and Saline 30 d (n = 5) (experi-
mental control), which received injections of  saline solu-
tion during the same period. 

Histology
Liver tissue slices were fixed for 5 h in Gendre’s solution, 
then overnight in 10% buffered formalin solution (pH 7.2) 
and embedded in paraffin. Liver samples were sectioned (5 
μm) and stained with hematoxylin-eosin (HE) and Sirius 
red. According to standard protocols, histomorphometry 
was performed using an imaging system consisting of  a 
Q-Color 5 digital camera (Olympus, Japan) coupled to 
an epifluorescence Axiovert 100 microscope (Carl Zeiss, 
Thornwood, NY, United States). Randomly picked fields 
of  Sirius red sections were captured from each animal, 
using a 20 × objective lens. Quantification was estimated 
by the percentage of  stained area in comparison to the 
total area of  the fields examined, using Image-Pro Plus 5.0 
(Media Cybernetics, Bethesda, MD, United States) image 
analysis software. 

Peripheral blood samples for flow cytometry analysis
First, 50 μL of  PB samples from tail veins of  irradi-
ated animals were collected at day 21 to evaluate GFP+ 

BM engraftment efficiency. WT and GFP+ PB samples 
were used as negative and positive controls, respectively. 
Erythrocyte lysis-fixation solution (BD FACS Lysing So-
lution, Becton Dickinson) was added to the samples as 
recommended by the manufacturer and incubated for 15 
min at room temperature. After this period, samples were 
washed with phosphate-buffered saline (PBS) and cen-
trifuged at 300 × g for 3 min and resuspended in 300 
μL of  PBS for data acquisition by flow cytometry (BD 
FACSAria, Becton Dickinson). 

After the injury induction protocol, 0.3 mL of  blood 
was drawn from the tail veins of  animals from the experi-
mental and control groups. Samples and antibodies were 
prepared as described in Table 1 and incubated 20 min in 
the dark at 4 ℃. 

Digested liver tissue for flow cytometry analysis
The left hepatic lobe was carefully harvested and me-
chanically and enzymatically digested with type Ⅱ col-
lagenase (Worthington) solution 0.2% at 37 ℃. After 
centrifugation at 250 × g, the pellet was suspended in 1 
mL PBS-bovine serum albumin (BSA) 1% solution and 
filtered through 30 μm nylon filters (Filcons, Consul-
TS). The liver cells obtained were then resuspended in 
300 μL PBS-BSA 1% and incubated in the dark for 20 
min at 4 ℃ with anti CD45-PE-Cy7 (BD Biosciences, 
San Jose, CA), anti CD38-PE-Cy5, anti CD34-PE, anti 
CD133-APC (all from eBioscience, San Diego, CA) for 
analysis by flow cytometry. After antibody incubation, 
stained liver cells were washed twice with PBS by cen-
trifugation at 300 × g and 300 μL of  PBS was added to 
prepare the cell suspension. All assays were conducted 
using concentrations of  antibodies recommended by the 
manufacturers. 

All data were obtained using a BD FACSAria Ⅱ flow 
cytometer (BD Biosciences) and BD FACSDiva acquisi-
tion software (version 6). The exported FCS 3.0 data file 
was analyzed using FlowJo version 7.6.4. 

Direct fluorescence
Liver samples were embedded in Optimal Cutting Tem-
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Table 1  Antibody panel for flow cytometrric analysis of specific cells

Tubes  Cell number            Antibodies Dil.      Target cells (tissue)

Control       1 x 105 No antibodies - -
1       1 x 106 CD45-PE-Cy7 (BD Biosciences)

CD38-PE-Cy5 (eBioscience)
1:25
1:10

Hepatic stellate cells (liver)

2       1 x 106 CD45-PE-Cy7 (BD Biosciences)
CD14-APC (eBioscience)
CD34-PE (eBioscience)

1:25 
1:10 
1:10

Hematopoietic stem cells, fibrocytes and 
monocytes (BM, PB and liver)

3       1 x 106 CD45-PE-Cy7 (BD Biosciences)
CD133-APC (eBioscience)
CD34-PE (eBioscience)

1:25 
1:10 
1:10

Hematopoietic stem cells, fibrocytes and 
endothelial progenitor Cells (BM, PB and 
liver

4       1 x 106 CD45-PE-Cy7 (BD Biosciences)
CD117-APC (eBioscience)
CD34-PE (eBioscience)

1:25 
1:10 
1:10

Common progenitor cells (BM)

BM: Bone marrow; PB: Peripheral blood.  
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perature (OCT) compound (Tissue-Tek., Sakura, Japan) 
and preserved at -70 ℃. Sections (6 μm) were obtained us-
ing a cryostat (Leica CM1850, Leica) at -20 ℃ and fixed in 
acetone at 4 ℃. Sections were incubated for 5 min in 5 μL 
of  4, 6-diamino-2-phenylindole (1 mg/mL) and 5 μL of  
an antifading medium (VectaShield, Vector Laboratories). 

Fluorescence was observed on a Zeiss LSM 510 
Meta confocal microscope (Carl Zeiss, Thornwood, NY, 
United States). The specificity of  the immunofluorescent 
staining was assessed for each experimental condition by 
performing the reaction in the absence of  primary anti-
bodies. No staining was observed under such conditions. 

Immunofluorescence
Liver tissue was embedded in OCT (Tissue-Tek., Sakura, 
Japan) and preserved at -70 ℃. Sections (6 μm) were ob-
tained using a cryostat (Leica CM 1850, Leica) at -20 ℃ 
and fixed in acetone at 4 ℃. Subsequently, sections were 
incubated in blocking solution (5% normal goat serum, 
5% BSA in PBS, 0.1% Triton X-100, 0.05% Tween 20, 
0.01% gelatin, all from Sigma Chemical Co.) for 1 h. 
Endogenous biotin was inhibited by using streptavidin 
and biotin solutions from a Dako blocking kit (Dako) 
according to the manufacturer’s instructions. Indirect 
immunofluorescence technique was used to detect acti-
vated HSCs and MFs, using a primary monoclonal anti-
α-SMA antibody (Dako, dilution of  1:40) biotinylated 
with the Animal Research Kit. Sections were incubated 
overnight at 4 ℃ and then washed twice in PBS-Tween 
0.25% and then, the sections were incubated for 1.5 h 
with a streptavidin-Alexa 586 (Molecular Probes, Eu-
gene, OR, United States) and the dye TO-PRO 3, at 1 
mmol/L in DMSO (Invitrogen). After two washes in 
PBS-Tween 0.25% for 10 min, sections were mounted 
with Vectashield. Anti-mouse IgG was used as an isotype 
control. Serial plane images of  1.0 mm thick sections 
were obtained using a Zeiss LSM 510 Meta laser scan-
ning confocal microscope (Carl Zeiss, Thornwood, NY, 
United States). 

Statistical analysis
Data were analyzed using analysis of  variance (ANOVA) 
with Dunnett’s post-test for multiple comparisons and 
the t test when comparing two groups. P < 0.05 was 
considered statistically significant. The data are presented 
as mean ± SD (for Dunnett) and median and 25%-75% 
percentile (for Mann-Whitney post-test). GraphPad 
Prism 5 software was used. 

RESULTS
Abnormal histological findings are only present in livers 
of irradiated and CCl4-intoxicated animals
Initially, HE and Sirius Red staining were performed to 
evaluate whether the radiation procedure used for BM 
ablation could induce hepatic lesions. Pre-experimental 
observations showed that livers from irradiated animals 
presented no histological changes, displaying regular he-

patic architecture and no septa formation, as observed 
in non-irradiated WT. The same characteristics were ob-
served in animals from the Saline 30 d group (Figure 1A 
and C).

After 30 d of  intoxication, livers from the CCl4 30 d 
group showed inflammatory infiltration in regions of  
the centrilobular and portal veins (Figure 1B), indicating 
hepatocellular damage. Also, the CCl4 30 d group showed 
formation of  initial thin septae originating from regions 
around the centrilobular veins (Figure 1D), indicating de-
posits of  collagen replacing parenchymal cells (fibrosis). 
Morphometric analysis indicated a significant increase (P 
= 0.0329) in collagen content in CCl4 30 d group animals 
compared to Saline 30 d group animals (Figure 2). 

Analysis of GFP+ cells derived from bone marrow in 
peripheral blood of irradiated/CCl4-intoxicated animals
Blood population analysis showed that samples from all 
chimeric animals contained a mean of  88% CD45+/
GFP+ cells, while 12% were CD45+/GFP-. Among the 
CD45+/GFP+ population, there was a significant de-
crease in total lymphocytes and a significant increase in 
monocytes and neutrophils (Figure 3). 

We also analyzed the presence of  GFP+ BM-derived 
precursor cells in the blood, analyzing hematopoietic 
precursor cells (CD45+/CD34+) (Figure 4A) and endo-
thelial precursor cells (CD45+/CD133+) (Figure 4B). 
There was no significant difference in these precursor 
cells between the Saline 30 d and CCl4 30 d groups (Fig-
ure 4C and D). 

CD117 (c-Kit) precursor cells were analyzed in the 
BM (Figure 5A). The findings show a significant increase 
(P = 0.0142) in CD45+/GFP+/CD117+ cells in the 
CCl4 30 d group (5.2% ± 1.3%) compared to the Saline 
30 d group (2.6% ± 1.8%) (Figure 5B).

Bone marrow-derived cells are present in liver tissue
We analyzed cells from digested liver tissue and observed 
four well-defined subpopulations (Figure 6A): (1) high 
frequencies of  GFP+/CD45+ and GFP-/CD45+ and (2) 
low frequencies of  GFP+/CD45- and GFP-/CD45-. To 
identify cells of  BM origin in liver tissue, we analyzed the 
GFP+/CD45+ subpopulation and observed a significant 
increase in this subpopulation in intoxicated livers (Saline 
30 d = 3.2% ± 2.2% vs CCl4 30 d = 5.8% ± 1.3%; P = 
0.0458) (Figure 6B). 

To identify HSCs, we used the CD38 surface marker. 
This molecule is known to identify B lymphocytes and 
activated T cells and also labels HSCs[26], indicating their 
presence in liver tissue. We identified two subpopulations 
of  CD38+ cells: GFP+/CD38+ and GFP-/CD38+ 
(Figure 7A). We analyzed the GFP-/CD38+ subpopula-
tion and found two other subpopulations: CD45+ and 
CD45- (Figure 7B). We also found that the GFP+/
CD38+ cells were 100% CD45+ (Figure 7C). Consid-
ering that HSCs do not express the CD45 marker, we 
evaluated the GFP-/CD38+/CD45- subpopulation. We 
found a significant increase in that subpopulation when 
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comparing the Saline 30 d group (9.3% ± 2.4%) to the 
CCl4 30 d (17.5% ± 3.9%) group (P = 0.004) (Figure 
7D), indicating that the increase in the HSC subpopula-
tion was not of  BM origin. We did not observe a signifi-
cant increase in the GFP+/CD38+/CD45+ population 
between the experimental groups, suggesting that there 
is no increase in B and T mobilization after injury (data 
not shown). 

No evidence of bone marrow contribution to liver 
fibrogenesis
The Saline 30 d group showed fusiform cells with green 
fluorescence, most of  them situated in the sinusoidal 
space and a few in perivascular regions (Figure 8A), as 
found in GFP+ animals (data not shown). In contrast, 
the CCl4 30 d group showed a higher number of  GFP+ 
cells diffusely distributed in the parenchyma and perivas-
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a

Figure 1  Representative images of histological sections of livers of normal and chimeric animals stained with hematoxylin and eosin or picrosirius. A: he-
matoxylin and eosin (HE): shows the central vein (CV), portal vein (PV) and regular hepatocyte plates, representing normal architecture of the liver; B: The PV and CV 
present inflammatory infiltrate (arrows) due to injury of hepatocytes in this region by CCl4; C: Picrosirius: collagen (red) is present only in the perivascular region of the 
PV, hepatic artery (HA) (arrows) and lightly present surrounding the VC; D: a high deposition of collagen surrounding the PV and radiating fibers to the CV, indicating 
initiation of collagen septa (arrows) formation 30 d after injury induction. 
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cular region, presenting fusiform morphology, rounded 
morphology and also very small nuclei (Figure 8B). 

As we confirmed the increased migration of  BM 

GFP+ cells to the injured liver, we investigated if  those 
cells were differentiating into activated HSCs and MF-
like cells, which are responsible for the deposition of  col-
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Figure 7  Representative analysis of CD38+ hepatic stellate cell subpopulations by flow cytometry. A: Two CD38+ subpopulations were observed: green 
fluorescent protein (GFP)+/CD38+ and GFP-/CD38+; B: Two subpopulations among GFP-/CD38+ cells were observed: GFP-/CD38+/CD45+ that identifies B lympho-
cytes, and GFP-/CD38+/CD45 that identifies hepatic stellate cells; C: Analysis of GFP+/CD38+ cells showed that all cells were of hematopoietic origin (CD45+); D: A 
significant increase of cells GFP/CD38+/CD45- was observed in liver tissue of the CCl4 30 d group when compared to the Saline 30 d group (Saline 30 d = 9.3% ± 2.4%; 
CCl4 30 d = 17.5% ± 3.9%, bP = 0.004). The statistical test used was Student’s t test.
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lagen, by using an α-SMA antibody as a specific marker 
for these cell types. Our results demonstrate that α-SMA+ 
cells in normal and irradiated/non-intoxicated livers are 
mainly distributed surrounding periportal regions (Fig-
ure 9A), while in intoxicated animals there is an increase 
of  α-SMA+ cells that spread from periportal regions to 
parenchyma, representing initial septa formation (Figure 
9B). These results indicate proliferation of  cells with MF 
characteristics when there is liver damage. However, in our 
confocal analysis, we found no co-localization of  α-SMA+ 
with GFP+ cells either in normal or injured tissue, sug-
gesting that cells of  BM origin do not contribute to the 
population of  MFs, even after induction of  liver injury. 

DISCUSSION 
In the present study, we showed that BM-derived progen-
itor subpopulations do not contribute to the fibrogenic 
MF population after liver injury in mice. 

It is already known that the BM is altered after chronic 
hepatic disease[27-29]. The presence of  inflammatory cells 
in PB indirectly indicates alterations in the proliferation of  
cells in BM[30]. We observed a significant increase in ma-
ture hematopoietic cells in the blood of  CCl4-intoxicated 
animals (Figure 3), indicating a chronic inflammatory con-
dition 30 d after liver injury induction. Because inflamma-

tory cells are increased, it is expected that the progenitor 
compartment of  BM should also be altered. In fact, we 
observed an increase in CD117 (c-Kit+) cells in BM of  
injured mice, which is a marker for BM progenitors such 
as common myeloid progenitors (CMPs)[31]. 

Among the progenitor cells in blood, we could identify 
a GFP+/CD45+/CD34+ subpopulation, a rare popu-
lation that is more related to hematopoietic progenitor 
cells[32] but also to circulating fibrocytes[19]. We found this 
GFP+/CD45+/CD34+ population at a very low percent-
age in total PB and it did not increase even after 30 d of  
liver injury. Because CMPs were increased in BM, we be-
lieve that hematopoietic stem cells are quickly stimulated 
to differentiate into CMPs in response to signaling from 
inflammatory cells at the injury site, thus giving primitive 
hematopoietic stem cells a short life-span. Consequently, 
recruitment of  hematopoietic stem cells to blood may not 
be efficient. Endothelial progenitor cells (CD133+) may 
be affected by the same behavior. Concerning fibrocytes, 
Scholten et al[33] have shown that fibrocytes are stimulated 
to migrate even in non-injured liver in older but not in 
younger mice. Therefore, detection of  fibrocytes in blood 
may be difficult since we used young mice. We tried to 
evaluate whether hematopoietic progenitors could be 
identified in the liver by flow cytometry. 

Studies report that hematopoietic stem cells can 
comprise 0.1% to 1.0% of  total blood cells as well as fi-
brocytes[24]. Our samples presented a total hematopoietic 
cell frequency in liver of  6%, which is very low. For that 
reason, detection of  rare cells in a low-frequency popu-
lation is very difficult, and it will be necessary to have a 
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Figure 8  Representative direct fluorescence images of hepatic sections 
of chimeric animals after transplantation. Liver samples of chimeric animals 
after transplantation of green fluorescent protein (GFP)+ bone marrow- mono-
nuclear cell, chimeric animals that received saline (Saline 30 d) and chimeric 
animals that received CCl4 (CCl4 30 d). In panel A (Salina 30 d), the GFP chan-
nel shows the presence of green fluorescence; in the 4, 6-diamino-2-phenylindole 
panel, nuclei are stained blue in the same field above; the merge panel superpos-
es the two images, where GFP+ cells (arrows) can be seen distributed in major 
hepatic parenchyma and with fusiform morphology. In panel B (CCl4 30 d), GFP+ 
cells can be seen with greater distribution in the hepatic parenchyma, some 
fusiform morphology (white arrows) and others with rounded morphology. DAPI: 
4,6-diamino-2-phenyl indole.
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Figure 9  Immunostain-
ing analysis of α-smooth 
muscle actin in liver 
samples from chimeric 
animals by confocal 
microscopy. A: α-smooth 
muscle actin (α-SMA)+ 
cells in the perivascular 
region were observed 
where green fluorescent 
protein (GFP)+ cells could 
also be seen, but the 
two cell types do not co-
localize, as can be seen 
by the orientation of the 
red and green bars; B: 
An increase in reactivity 
against α-SMA around 
the perivascular region 
was observed, also with 
augmentation of GFP+ 
cells, but again these cell 
types do not co-localize. 
In both images the nuclei 
were stained with TO-
PRO3 (blue).
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much larger sample to obtain reliable data to address this 
question. Although we could not detect if  circulating 
fibroblasts were present in blood and liver samples, we 
suggest that this subpopulation did not contribute to liver 
fibrosis because no GFP+/α-SMA+ cells were detected 
in our liver tissue specimens. Moreover, even if  they did 
transdifferentiate to an MF-like cell, they would be pres-
ent at such a low frequency that they would be unlikely to 
exert a major influence on fibrogenesis. 

On the other hand, HSCs do contribute importantly 
to the fibrogenetic process[34], but there is still contro-
versy in the literature concerning the contribution of  the 
BM to this liver subpopulation. Baba et al[35] reported co-
localization of  GFP and α-SMA in non-parenchymal 
cells in in vitro and in vivo models, whereas Higashiyama 
et al[36] showed a lack of  co-localization of  those markers 
after peak fibrosis. Our results corroborate the findings 
of  Higashiyama et al[36], and suggest that BM-derived 
cells do not contribute to the HSC compartment. To 
confirm this hypothesis, we identified the HSCs by flow 
cytometry, using CD38 as a marker. The CD45-/CD38+ 
subpopulation was GFP negative, which agrees with our 
confocal microscopy results. Therefore, we suggest that 
the HSC population is not of  BM hematopoietic origin, 
as it lacks both CD45 and GFP. Our results do not cor-
roborate those reported by Miyata et al[9], who reported 
finding enhanced GFP+ HSCs in a longer injury induc-
tion experimental model, which may suggest that dura-
tion of  injury could be a factor in determining the extent 
of  BM cell contribution to fibrosis. 

In conclusion, we found that BM progenitor cells 
do not contribute to fibrosis. However, there is a high 
response toward inflammatory cell recruitment that may 
contribute to fibrosis, by producing pro-inflammatory 
factors that stimulate HSCs and perivascular MFs of  
liver origin. 
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