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Abstract During liver fibrogenesis the immune response

and angiogenesis process are fine-tuned resulting in acti-

vation of hepatic stellate cells that produce an excess of

extracellular matrix proteins. Dendritic cells (DC) play a

central role modulating the liver immunity and have

recently been implicated to favour fibrosis regression;

although their ability to influence the development of fibro-

genesis is unknown. Therefore, we explored whether the

depletion of DC during early stages of liver injury has an

impact in the development of fibrogenesis. Using the

CD11c.DTR transgenic mice, DC were depleted in two

experimental models of fibrosis in vivo. The effect of anti-

angiogenic therapy was tested during early stages of liver

fibrogenesis. DC depletion accelerates the development of

fibrosis and as a consequence, the angiogenesis process is

boosted. We observed up-regulation of pro-angiogenic factors

together with an enhanced vascular endothelial growth factor

(VEGF) bioavailability, mainly evidenced by the decrease of

anti-angiogenic VEGF receptor 1 (also known as sFlt-1)

levels. Interestingly, fibrogenesis process enhanced the

expression of Flt-1 on hepatic DC and administration of sFlt-1

was sufficient to abrogate the acceleration of fibrogenesis

upon DC depletion. Thus, DC emerge as novel players during

the development of liver fibrosis regulating the angiogenesis

process and thereby influencing fibrogenesis.
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Introduction

Liver fibrosis is a wound healing process that occurs in

response to a number of hepatic diseases such as alcohol abuse

and chronic viral hepatitis, while less frequent causes include

autoimmune hepatitis, drugs, biliary and metabolic diseases

[1, 2]. As a result of liver fibrosis, formation of new blood

vessels, sinusoidal remodeling and changes in extracellular

matrix (ECM) composition and organization were observed.

In this scenario, activated hepatic stellate cells (HSC) play a

key role as the major collagen-ECM-producing cells [2]. The

accumulation of ECM components and advanced fibrosis may

result in cirrhosis, hepatic failure, and increased portal pres-

sure often leading to liver transplantation [1]. Although the

mechanisms leading to HSC activation are increasingly
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known, the contribution of different resident immune cells

during the fibrogenic processes is less explored [3].

During the last years a number of studies have attempted

to evaluate the role of diverse immune subsets, such as

Kupffer cells, natural killer (NK) cells, lymphocytes and

dendritic cells (DC), in the regulation of inflammatory

microenvironments in experimental models of liver fibrosis

[4–8]. DC are the most potent specialized antigen pre-

senting cells and the physiologic initiators of cellular

immune responses [9]. Bridging the innate and adaptive

immune systems, DC have the ability to regulate inflam-

mation through their capacity to release cytokines and

chemokines [10]. Upon maturation DC increase their

expression of molecules involved in CD4? T cell differ-

entiation towards the Th1 pro-inflammatory phenotype and

in DC trafficking towards secondary lymphoid organs [11].

On the contrary, immature DC have the ability to induce a

tolerogenic response [12]. It has been observed in hepatitis

C patients that progression towards chronic disease and

fibrosis is related, at least in part, to an immunosuppressive

microenvironment induced by HCV chronic infection

where DC play a key role [13]. Conolly et al. [14] recently

showed that hepatic DC contribute to advanced stages of

fibrosis through the secretion of TNF-a. In addition, it has

recently been observed that DC favour fibrosis regression

and that this effect is due to MMP-9 production [15].

In cirrhotic livers, the fibrous tissue is highly vascularized

suggesting that angiogenic factors may be involved in the

pathogenesis of the disease. It has been observed that pro-

angiogenic factors, such as vascular endothelial growth

factor (VEGF), expressed by hepatocytes contribute to

fibrogenesis in different experimental models [16–20].

Interestingly, DC may produce diverse pro- and anti-angio-

genic factors depending on their activation status and cyto-

kine microenvironment [21, 22]. However, their potential

role as angiogenesis regulator during liver fibrogenesis is

poorly understood. In the present study, we evaluated the role

of DC during early phases of liver fibrogenesis in vivo,

providing evidences that overproduction of angiogenic

growth factors generated after DC depletion may play an

important role in the pathogenesis of the disease. In addition,

we highlighted the role of DC in regulating VEGF bio-

availability by secreting sFlt-1 and showed that their deple-

tion accelerates the process of fibrogenesis.

Methods

Liver fibrosis model

Seven- to eight-week C57BL/6 CD11c.DTR male mice,

which express the diphteria toxin receptor (DTR) under

the control of the CD11c promoter as described by Jung

et al. [23], were purchased from Jaxmice (Charles River,

Germany) and maintained in our animal facility with a

12L/12D cycle with free access to food and water. Mice

were injected intraperitoneally (i.p.) with thioacetamide

(TAA, Sigma Aldrich, Germany) at 0.2 mg/g body weight

(BW) or saline used as control three times/week for a

period of 4 weeks. As a second model carbon tetrachlo-

ride (CCl4)-induced liver damage was used [24]. Mice

were treated with i.p. injection twice/week with 0.75 ml

CCl4/kg of BW (2:5 v/v in mineral oil) for 4 weeks.

Small pieces of each lobe were snap frozen in liquid

nitrogen, embedded in optimal cutting temperature com-

pound, and stored at -80 �C until analysis, or fixed in

10 % phosphate saline-buffered neutral formalin. Proce-

dures that involved mice were approved by the state

authority for Animal Use in Research and Education and

were conducted in strict accordance with guidelines for

the care and use of laboratory research animals promul-

gated by the Medicine University of Berlin and Austral

University.

Expansion and depletion of dendritic cells (DC)

In order to expand DC during early fibrosis, CD11c.DTR

male mice (n = 5–7) were treated with one daily i.p.

injection of human recombinant Flt-3L (500 ng/g BW in

PBS, BioxCell) for 7 consecutive days during the third

week of TAA treatment. For the depletion of DC,

CD11c.DTR mice were injected only once with Diphtheria

toxin (DT, 4 ng/g BW in PBS) during the third week of the

TAA- or CCl4-induced fibrosis.

Soluble VEGF receptor 1 chimera (sFlt-1-Fc) treatment

DC depleted mice were injected with a single intravenous

(i.v.) injection of sFlt-1/Fc (130 pg/day, R&D Systems) for

7 consecutive days during the third week of TAA

treatment.

Enzyme-linked immunosorbent assay (ELISA)

Serum samples were tested in competitive ELISA using kits

obtained from R&D Systems to quantify VEGF (Duoset

mouse VEGF, Cat DY493) following the manufacturer’s

recommendations. The quantification of Flt-1 serum levels

was performed using the Mouse Flt-1 Quantikine Immu-

noassay (R&D Systems, Cat MVR100) following the

manufacturer’s instructions. Endoglin levels in serum were

determined using mouse Endoglin/CD105 DuoSet from

R&D Systems (Cat DY1320) following the manufacturer’s

recommendations.
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Adoptive transferred bone marrow-derived DC (BM-

DC)

Bone marrow-derived DC were obtained as previously

described [25]. Briefly, bone marrow cells (106 cells/ml)

were plated into 6-well plates and cultured for up to 7 days

with recombinant murine granulocyte–macrophage colony-

stimulating factor (GM-CSF, 20 ng/ml, Peprotech). The

culture medium was half-renewed every 3 days. At day 7 of

culture, BM-DC were stimulated to mature by adding 1 lg/

ml lipopolysaccharides (LPS, Sigma-Aldrich) for 18 h.

Cytokine determination by cytometric bead arrays

(CBA)

Cytokines were analyzed in serum using cytometric bead

arrays (CBA) as described previously [26]. Briefly, serum

samples were stored at -80 �C until cytokine determina-

tion. TNF-a, IL-6, MCP-1 and IL-10 were detected

simultaneously using the mouse inflammation cytokine

CBA kit (BD Bioscience, San Diego, CA). Briefly, 50 ll of

each sample was mixed with 50 ll of mixed capture beads

and 50 ll of the mouse inflammation PE detection reagent

consisting of PE-conjugated anti-mouse TNF-a, IL-6,

MCP-1 and IL-10. The samples were incubated at room

temperature for 2 h in the dark. After incubation with the

PE detection reagent, the samples were washed once and

resuspended in 300 ll of wash buffer before acquisition on

the FACScalibur (Becton–Dickinson). Data were analyzed

using FCAP array software (BD Bioscience).

Angiogenesis array

The expression profile of angiogenesis-related proteins in

the livers from DC depleted and TAA treated mice

were analyzed using the Proteome ProfilerTM from (R&D

systems, cat. ARY015) following the manufacturer’s

instructions.

RNA isolation and quantitative PCR analysis

Total RNA was extracted from liver tissue using the Nu-

cleospin RNA/protein isolation kit (Macherey–Nagel).

After DNase digestion (Invitrogen), cDNA was generated

using random primers (Invitrogen). Real-time qPCR was

performed on the TaqMan 7500 System (Aplied Biosys-

tems). For each reaction, 1 ll cDNA, synthesized from

1 lg RNA in 25 ll, was used in a total volume of 11 ll

containing 6.25 ll of Power SYBR Green PCR mastermix

(Applied Biosystems), 3.75 ll DEPC water and 450 nM of

the appropriate forward and reverse primers. The following

primers were used: CXCL12 (forward primer: 50-GAGA

GCCACATCGCCAGAG-30, reverse primer: 50-TTTCG

GGTCAATGCACACTTG-30). The PCR profile was as

follows: 2 min 50 �C, 10 min at 95 �C, followed by 40

cycles of 15 s at 95 �C and 60 s at 60 �C. Subsequently, a

melting curve analysis was performed which consisted of

70 cycles of 10 s with a temperature increment of 0.5 �C/

cycle starting at 60 �C. The relative expression was cal-

culated according to the equation Rel. Exp (RE) = 2-DCt.

Histology analysis

Paraffin embedded liver samples were cut in 4 lm thick

sections and stained with haematoxylin-eosin (H&E),

Masson’s trichrome and Sirius red according to standard

procedures. Analyses were performed in a blinded fashion.

Liver enzymes

Enzyme levels of aspartate aminotransferase (AST), ala-

nine aminotransferase (ALT) and alkaline phosphatase

(ALP) were determined in serum samples obtained before

and after DC depletion during the TAA treatment. Serum

samples of experimental animals were analyzed using

routine laboratory techniques HITACHI (Roche) auto

analyser equipped with a Cobas 800 system software.

Immunofluorescence analysis

Eight micrometer cryosections were blocked and incubated

with different primary antibodies: anti- a-smooth muscle

actin (SMA, Sigma Aldrich), anti-endoglin (Santa Cruz

Biotechnology) or anti-vascular cell adhesion molecule-1

(VCAM-1, BD Bioscience). Rhodamine-labeled secondary

antibodies (Jackson Immuno-Research) were used fol-

lowed by 40,6-diamidino-2-phenylindole (DAPI). Sections

were analyzed using a confocal laser scanning microscope

(cLSM 510, Carl Zeiss, Germany).

FACS analysis

Isolated hepatic DC (hDC) were resuspended in PBS, 1 %

Bovine serum albumin (BSA) solution and pre-incubation

with 1 % anti-mouse CD16/CD32 monoclonal antibody

and 10 % mouse serum was carried out to avoid unspecific

staining via Fc-receptor. Then hDC were incubated for

30 min at 4 �C with FITC-conjugated rat anti mouse

CD11c (clone HL3, BD Biosciences), PE-anti mouse IAb

(clone M5/114.15.2, BD Biosciences) and PerCP-anti

mouse CD86 [clone 2331 (FUN-1), BD Biosciences]. After

washing the acquisition was performed using the FACS

Calibur system (BD Biosciences). Data were analyzed

using FlowJo software.
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Statistics

Data were analyzed with Student’s t test or the analysis of

variance with Bonferroni correction for multiple compari-

sons between groups. Data are expressed as mean ± SEM.

Statistical significance was designated as p \ 0.05.

Results

DC depletion accelerates the development of liver

fibrosis

To investigate the role of DC during liver fibrogenesis, we

used two experimental strategies. The first one involved the

transgenic CD11c.DTR mice which allow conditional

ablation of DC by a single injection of diphtheria toxin

(DT) and the second strategy consisted in expansion of DC

by administration of Flt-3L for 7 consecutive days. In order

to identify the beginning of TAA-induced fibrogenesis

process, we evaluated collagen deposition using the Sirius

red staining after 1, 2 and 3 weeks of treatment (Fig. S1).

Histological analysis revealed a visible collagen deposition

after 3 weeks of TAA treatment. Therefore, we have cho-

sen this period (3wk) to deplete or expand DC in the liver

(Fig. 1a), whereas the TAA administration continues for

4wk. As shown in Fig. 1b, the liver surface showed a gross

fibrotic appearance upon 4wk TAA treatment but no

macroscopic differences could be observed when compar-

ing the different groups. However, histological examina-

tion confirmed that the livers of DC depleted TAA treated

mice exhibited a more extensive collagen deposition and

pseudo lobular formation indicative of bridging fibrosis

(F3) than DC expanded or TAA treated mice (F1) (Fig. 1c,

Fig. 1 Depletion of DC accelerate hepatic fibrogenesis. a Experi-

mental design: CD11c-DTR mice were injected i.p. with thioaceta-

mide (TAA) and diphtheria toxin (DT; 4 ng/g BW) or daily with

10 lg Flt-3L for 7 days, as described in ‘‘Methods’’. b The liver

surface contour of all treated mice was markedly heterogeneous.

Scale bar 0.5 cm. c H&E, Sirius red, Masson’s trichrome and a-SMA

examination of the livers of treated mice. Original magnification 95.

Sirius red staining of liver tissue from TAA 4wk ? dDC 3wk

revealed extensive collagen deposition and pseudolobular formation,

indicative of bridging fibrosis. Scale bar 200 lm. d Morphometric

quantification of Sirius red stained area showing a significant

increment of the fibrotic process in DC depleted mice. e Histological

staging of liver fibrosis. In d, e, significant differences are noted as

**p \ 0.01 and ***p \ 0.001 as analyzed by one-way ANOVA

followed by Bonferroni test
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d). As shown in Table 1, liver enzymes (ALT, AST and

ALP) were significantly increased in the liver of the DC

depleted mice as compared to only TAA treated mice. DC

depletion was also associated with increased activated HSC

in comparison with TAA treatment alone, as depicted by a-

SMA expression (Fig. 1c). In order to quantify liver con-

tent of collagen, the ECM protein most abundantly accu-

mulated in fibrous septae, tissue sections from 4wk TAA-

treated animals were Sirius red stained and morphometric

analysis was thereafter performed. A significant increment

in the Sirius red positive area was found in DC depleted

mice when compared to DC non-depleted or expanded

mice. Similar results were observed using the CCl4 model

(Fig. S2).

DC ablation influences the cytokine environment

during liver fibrogenesis

To define the mechanism through which DC influence

fibrogenesis, we assessed the phenotype of CD11c? cells

isolated from liver tissue of TAA and TAA-dDC treated

mice. As shown in Fig. 2a, the expansion of DC during the

process of fibrogenesis is delayed in the TAA-dDC mice,

evidenced by low percentage of nonparenchymal CD11c?

cells isolated from the liver. In particular, CD11c? DC

from TAA-dDC liver exhibited immature phenotype when

compared to TAA isolated DC (Fig. 2a). In addition,

inflammatory cytokines (e.g. TNF-a, IL-6 and MCP-1)

were up-regulated immediately after DC depletion on week

3 (Fig. 2b). However, TNF-a and IL-6 were restored to

control levels during the 4-week of the TAA treatment

(Fig. 2c). The down-regulation from TNF-a and IL-6 was

accompanied by a significant decrease of IL-10 (Fig. 2c).

Angiogenesis is boosted upon DC ablation

Knowing that DC are able to influence angiogenesis pro-

cess during both physiological and pathological process

[27–30], we examined the expression of endothelial

markers in liver upon DC depletion. Compared to TAA

mice, in which discrete endoglin and VCAM-1 expression

was observed (Fig. 3a, left panel), activation of endothelial

cells was evidenced by a markedly increased staining of

both markers in TAA-dDC livers (Fig. 3a, b). However, no

difference was observed in sEndoglin levels between TAA

and TAA-dDC treated mice (Fig. 3c). DC ablation during

fibrogenesis increased the bioavailability of VEGF, evi-

denced by the significant reduction of anti-angiogenic sFlt-

1 (Fig. 3d). In addition, mRNA levels of CXCL12 were

significantly increased upon DC depletion during fibro-

genesis, reflecting the increased bioavailability of VEGF in

the liver as reported previously [31] (Fig. 3e). To directly

define the angiogenic status upon DC depletion, we

assessed the protein profile in the whole liver. As shown in

Fig. 3f, pro-angiogenic proteins such as angiogenin

(ANG), tissue factor (TF), heparin-binding epidermal

growth factor (HB-EGF) and serprin E1 (PAI-1) were

increased upon DC ablation during fibrogenesis. In addi-

tion, anti-angiogenic factors e.g. pigment epidermal

derived factor (PEDF), thrombospondin-2 (TSP-2) and

pentraxin-3 (PTX-3) and proteins involved in liver regen-

eration such as fibroblast growth factor-2 (FGF-2), hepa-

tocyte growth factor (HGF), IGF binding protein-1 and -9

(IGFBP-1 and -9) were down-regulated by DC depletion

(Fig. 3g).

DC regulate angiogenesis associated with liver

fibrogenesis via Flt-1

To further establish the role of hepatic DC in regulating the

bioavailability of VEGF, we assessed Flt-1 expression

during the initiation of fibrogenesis at 3wk in DC depleted

TAA treated mice. Compared to TAA treated mice, in

which prominent staining around blood vessels was

observed after fibrosis induction, Flt-1 expression was

absent in DC depleted TAA treated mice Fig. 4a. In

addition, the process of liver fibrogenesis results in an

increased Flt-1 expression by the non-parenchymal

CD11c? cells isolated from the liver (Fig. 4b). Moreover,

LPS stimulated liver CD11c? cells exhibited a higher Flt-1

expression compared with non-stimulated DC, suggesting

that mature hepatic DC are able to regulate VEGF bio-

availability in a more efficient manner. To provide direct

evidence that Flt-1 is able to prevent the exacerbation of

liver fibrogenesis upon DC depletion, we treated

CD11c.DTR mice with sFlt-1 during the period where DC

were absent, as shown in Fig. 4c. A sFlt-1/Fc-mediated

VEGF bioavailability reduction strategy [32] was chosen

Table 1 Changes in serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) activities in DC

depleted mice treated with TAA

Groups ALT (U/l) AST (U/l) ALP (U(l)

TAA 4wk 301.8 ± 24.4b 323.6 ± 45.5a 183.3 ± 24.1b 213.5 ± 8.4a 79.7 ± 10.5b 91.4 ± 4.6a

TAA 4wk dDC 3wk 291.3 ± 26.1b 535.6 ± 25.8a** 206.5 ± 10.7b 295.8 ± 12.3a* 74.2 ± 7.9b 161.8 ± 4.3a**

Values are mean ± S.E.M. with n = 5. Column values with different superscript letters represent liver analysis performed b = before and

a = after DC depletion over the TAA treatment. Significant differences are noted as * p \ 0.05 and ** p \ 0.01 as analyzed by Student’s t test
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over the adenovirus-mediated sFlt-1 because of its unac-

ceptable hepatotoxicity [33]. As depicted in Fig. 4d, e, DC

depleted-sFlt-1 TAA treated mice had similar deposition of

collagen to the observed in TAA treated mice. This data

suggests that sFlt-1 is sufficient to reduce liver fibrosis

upon DC depletion.

Adoptive transfer of bone marrow-derived DC (BM-

DC) ameliorates fibrogenesis

To assess whether immature or mature DC could prevent

the TAA-induced fibrogenesis, we adoptively transferred

immature (iBM-DC) and mature (mBM-DC) bone marrow-

derived DC stimulated with LPS during the third week of

TAA administration. As shown in Fig. S3, mice that

received either immature or mature DC depicted a discrete

collagen deposition compared to TAA group, as evidenced

by the Sirius red staining. In order to address whether either

the number of myofibroblasts in fibrous septae and/or the

activation state of myofibroblasts might be affected by

mBM-DC adoptive transfer, liver tissue obtained from

4 weeks TAA-treated mice was immunostained with a-

SMA. A significant reduction in the a-SMA? immuno-

stained area was found in both iBM-DC and mBM-DC

treated mice when compared to TAA mice (Fig. S3). Next,

we analyzed Flt-1 expression in iBM-DC and mBM-DC

cells used in this experiment. As depicted in Fig. S3,

similar Flt-1 expression was observed in both iBM-DC and

mBM-DC, suggesting that BM-DC cells have a similar

ability to regulate the bioavailability of VEGF and there-

fore to reduce liver fibrosis.

Discussion

Angiogenesis and disruption of vascular architecture have

been linked to progression of liver fibrogenesis. Indeed, a

recent study in mice showed that administration of an

angiostatic chemokine (e.g. CXCL9) attenuates angiogen-

esis and experimental liver fibrosis in vivo [34]. Although

DC exert an important role during angiogenesis in different

physiopathological settings, e.g. in cancer [27–30], their

role as angiogenesis regulators during liver fibrosis is not

yet fully understood. Here, we showed that ablation of DC

resulted in acceleration of liver fibrosis in vivo. Changes in

the hepatic cytokine environment and a dominant imma-

ture DC phenotype characterize DC depleted livers, while

non-treated mice showed predominantly an activated DC

phenotype. In addition, angiogenesis seems to be boosted

upon DC ablation due to, at least in part, a reduction in

sFlt-1 levels which enhances VEGF bioavailability.

Experimental angiotatic strategy (sFlt-1/Fc) was able to

Fig. 2 DC ablation transiently changed cytokine microenvironment

during liver fibrogenesis. a Liver DC characterization by FACS.

Inserted grey depicts the isotype control. Results correspond to at

least three independent experiments using four to six animals/group.

b Cytometric Beads Assay (CBA) determination of TNF-a, IL-6 and

MCP-1 (pg/ml) concentration in serum from 3wk treated mice.

c Cytometric Beads Assay (CBA) determination of TNF-a, IL-6 and

IL-10 (pg/ml) concentration in serum from 4wk TAA treated mice.

All treatments were performed in triplicate in at least three

independent experiments. In all figures, significant differences are

noted as *p \ 0.05 and **p \ 0.01 as analyzed by Student’s t test
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Fig. 3 Effect of DC depletion during fibrogenesis in the angiogenesis

process. a Endoglin and VCAM-1 liver expression analyzed by IF. b
Graphs show the percentage of liver area positive for endoglin.

c sEndoglin analysis in serum by ELISA. d VEGF and sFtl-1

determination in serum by ELISA. e CXCL12 mRNA levels analyzed

by qPCR. Results correspond to at least three independent experi-

ments using five to seven animals/group. f Angiogenesis array in liver

tissue lysates from TAA and depleted DC-TAA treated mice. Red

encircled proteins denote up-regulated, whereas blue encircled

proteins shown down-regulated in TAA-dDC mice. In all figures,

significant differences are noted as *p \ 0.05 and ***p \ 0.001 as

analyzed by one-way analysis of variance (ANOVA) with Bonfer-

roni’s post test
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abrogate hepatic fibrosis induced by DC depletion. Inter-

estingly, experimental fibrosis increases the expression of

Flt-1 on hepatic DC when compared with DC derived from

a healthy liver. Collectively, this study describes a key role

for hepatic DC during angiogenesis associated with liver

fibrogenesis.

We demonstrated that the presence of DC exerts a

protective effect during the development of experimental

Fig. 4 Flt-1 is sufficient to ameliorate liver fibrosis in vivo upon DC

depletion. a Flt-1 liver expression analyzed by IF. b Flt-1 expression

on hepatic DC by FACS. Results correspond to at least three

independent experiments using 2–4 animals/treatment. c Experimental

design: CD11c-DTR mice were injected i.p. with thioacetamide

(TAA), diphtheria toxin (DT; 4 ng/g BW) and soluble VEGF receptor

1 chimera (sFlt-1-Fc; 130 pg/day for 7 days), as described in

‘‘Methods’’. d H&E and Sirius Red examination of the livers in

TAA, DC depleted and sFlt-1 treated mice. Original magnification

95. Sirius red staining of liver tissue from TAA 4wk ? dDC ? sFlt-

1 3wk revealed similar collagen deposition as TAA 4wk treated mice.

Scale bar 200 lm. e Graphs show the percentage of liver area

positive for Sirius red

126 Angiogenesis (2014) 17:119–128
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liver fibrosis. Alterations of DC frequency have been found

to play a role during liver fibrosis regression, due to their

ability to secrete MMP-9 [15]. However, our work is the

first to describe the involvement of DC during the early

phase of the fibrogenic process within the liver. Indeed, DC

depletion in both the TAA and CCl4 models increased the

amount of collagen deposition and fibrosis degree in

comparison with control non-depleted mice. Importantly,

this effect was also accompanied by an increased activation

of HSC, which represent the most relevant pro-fibrogenic

cells in chronic liver diseases, as depicted by a-SMA

expression. This is of particular importance because HSC

in their activated phenotype have an active role in pro-

moting angiogenesis which contributes to development of

liver fibrosis [35, 36].

Stages of angiogenesis involve (1) dilation and

increased permeability of blood vessels, which normally is

stimulated by VEGF; (2) subsequent degradation of

membrane basement, extracellular matrix and detachment

of pericytes facilitated by factors such as Ang1, TGF-b,

and MMPs; (3) angiogenic stimuli then facilitate prolifer-

ation and migration of endothelial cells, and finally, (4)

stabilization of the new blood vessels occurs [37]. In this

work, we showed that the sFlt-1 circulating levels were

diminished upon DC depletion, reflecting an increased

VEGF bioavailability, which promotes the expression of

CXCL12 in the liver and the migration and retention of

accessory cells during the process of angiogenesis [31].

This is of particular importance because it was observed

that the CXCL12/CXCR4 pathway exerts an important role

in recruitment and retention of cells of the immune system

in the liver of patients with chronic HCV and HBV

infection [38]. In addition, endoglin which is part of the

TGF-b receptor complex was over-expressed in liver

sinusoidal endothelium upon DC depletion, suggesting that

TGF-b could participate in accelerated angiogenesis.

Indeed, analysis of liver proteins derived from DC depleted

mice exhibited a pronounced pro-angiogenic profile when

compared with non-depleted TAA treated mice. Of note,

DC depletion during experimental liver fibrosis promotes

the down-regulation of proteins involved in liver regener-

ation (e.g. FGF, IGFBP-1 and -9) and also anti-angiogenic

factors. Under these circumstances, angiogenesis is boosted

upon DC depletion. Furthermore, we provide direct evi-

dence that sFlt-1 is sufficient to prevent the exacerbation of

liver fibrogenesis upon DC depletion. In addition, adoptive

transfer of bone marrow-derived DC (BM-DC) ameliorates

fibrogenesis independently of their maturation state. This

result could be explained by the similar Flt-1 expression

observed in both iBM-DC and mBM-DC, suggesting that

both BM-DC cells have a similar ability to regulate the

bioavailability of VEGF and, therefore, to reduce the

amount of hepatic fibrosis.

Collectively, our results suggest that DC play a critical

role during the fibrogenic process and their depletion

results in accelerated collagen accumulation mainly by

boosting liver angiogenesis. Moreover, this work describes

novel insights on the impact of anti-angiogenic sFlt-1 in the

development of experimental liver fibrogenesis and sets the

stage for further evaluation of its potential therapeutic

application in liver diseases associated with enhanced

angiogenesis and fibrosis. From a clinical point of view,

this work suggests that DC therapy may represent a

promising tool for future anti-fibrotic strategies.
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