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Abstract
The vitronectin receptor integrin alpha v beta 3 (αvβ3) promotes angiogenesis by mediating
migration and proliferation of endothelial cells, but also drives fibrogenic activation of hepatic
stellate cells (HSC) in vitro. Expecting antifibrotic synergism, we studied the effect of αvβ3
inhibition in two in vivo models of liver fibrogenesis. Liver fibrosis was induced in rats by bile
duct ligation (BDL) for 6 weeks or by thioacetamide (TAA) injections for 12 weeks. A specific
αvβ3 (αvβ5) inhibitor (Cilengitide) was given i.p. twice daily at 15 mg/kg during BDL or after
TAA-administration. Liver collagen was determined as hydroxyproline and gene expression was
quantified by quantitative PCR. Liver angiogenesis, macrophage infiltration and hypoxia were
assessed by CD31, CD68 and HIF-1α immunostaining.

Cilengitide decreased overall vessel formation. This was significant in portal areas of BDL and
septal areas of TAA fibrotic rats, and was associated with a significant increase of liver collagen
by 31% (BDL) and 27% (TAA), and upregulation of profibrogenic genes and matrix
metalloproteinase-13. Treatment increased GGT in both models, while other serum markers
remained unchanged. αvβ3 inhibition resulted in mild liver hypoxia, as evidenced by upregulation
of hypoxia inducible genes. Liver infiltration by macrophages/Kupffer cells was not affected,
although increases in TNF-α, IL-18 and COX-2 mRNA indicated modest macrophage activation.

Conclusion—Specific inhibition of integrin αvβ3 (αvβ5) in vivo decreased angiogenesis but
worsened biliary (BDL) and septal (TAA) fibrosis, despite its antifibrogenic effect on HSC in
vitro. Angiogenesis inhibitors should be used with caution in patients with hepatic fibrosis. (248
words).

Keywords
Angiogenesis; collagen; liver fibrosis; rat model; vitronectin receptor

INTRODUCTORY STATEMENT
Liver fibrosis is a typical complication of many chronic liver diseases and characterized by
an excessive synthesis and deposition of extracellular matrix (ECM) that consists mainly of
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collagens, proteoglycans, and non-collagenous glycoproteins. (1) When damaged
chronically, e.g. by viruses, autoimmunity or toxins like alcohol, the liver initiates a would
healing reaction that results in hepatic fibrosis and cirrhosis. (2–4) The fibrogenic effector
cells are activated hepatic stellate cells and (myo-) fibroblasts that proliferate and produce
excess amounts of ECM components, which is unbalanced by fibrolysis. While mechanisms
of hepatic fibrosis progression are fairly well understood, it remains a challenge to alter the
balance of hepatic fibrogenesis and fibrolysis in favour of fibrolysis, and to develop safe and
effective antifibrotic therapies for patients with chronic liver diseases.

The integrin αvβ3 is an adhesion receptor that is expressed mainly on endothelial cells (EC),
but also on some tumor cells, HSC and inflammatory cells, especially monocytes and
macrophages. (5–7) It plays an important role in EC migration, proliferation and blood
vessel formation, and its dysregulation is involved in the pathogenesis of many diseases,
especially of cancers, promoting metastasis and tumor-induced neovascularization. (8–10)
Engagement of αvβ3 and its close relative αvβ5 upregulates ECM-degrading protease
activities, such as that of matrix metalloprotease (MMP) -2, -3 and -9. (11–13) Small
molecule inhibitors have been developed that suppress tumor angiogenesis in several animal
experimental tumor models via inhibition of integrins αvβ3/αvβ5. (14–16)

Aberrant angiogenesis is clearly implicated in the progression of hepatic fibrosis and is
considered a major determinant of hepatic dysfunction and irreversibility in cirrhosis. (3,17–
19) However, results regarding the benefit of anti-angiogenic therapy in fibrosis are
controversial. (20) Thus, in leptin-deficient Zucker rats fed with a choline-and amino acid-
defined diet hepatic neovascularization was identified as a prerequisite for fibrosis
progression, (21) and inhibition of new vessel growth by angiostatin or inhibitors of vascular
endothelial growth factor (VEGF) in the CCl4 model resulted in alleviation of liver fibrosis.
(22,23) In contrast, in the remnant kidney model of progressive renal failure inhibition of
angiogenesis worsened renal scaring, while application of proangiogenic VEGF reduced
fibrosis and stabilized renal function. (24,25)

In order to assess the effect of antiangiogenic treatment in hepatic fibrosis, we selected
Cilengitide (EMD121974), a specific inhibitor of integrins αvβ3 and αvβ5, that isused in
human cancer studies. (26) Cilengitide was expected to be beneficial both due to its specific
anti-angiogenic effect in vitro and in vivo (27,28) and to its antiproliferative and antifibrotic
activity on HSC in vitro. (6) To allow more general conclusions, we chose two different
animal models, secondary biliary fibrosis due to bile duct ligation (BDL) and panlobular
fibrosis due to thioacetamide.

EXPERIMENTAL PROCEDURES
Materials

Cilengitide (EMD121974) was obtained from Merck (Darmstadt, Germany). Cilengitide
(cyclo-Arg-Gly-Asp-D-Phe-(N-methyl)-Val) is an antagonist selective for integrins αvβ3
and αvβ5, with IC50 values of 3nM for αvβ3, 37nM for αvβ5, and 470nM for αvβ6 (29).
Cilengitide was dissolved at 25mM in a pyrogen free solution of phosphate buffer (pH 6.0).

Animal experiments
Animal experiments were approved by the Government of Lower Franconia (permission No:
621.2531.31–20/00) and by the State-appointed Board on Animal Ethics, Switzerland
(permission No: 105/04). Twenty male adult Wistar rats, weight 230–250g (Charles River,
Sulzfeld, Germany), underwent a midline abdominal incision under ethylether anesthesia
and cut of the common bile duct, which was doubly ligated with 5-0 silk (Perma-hand,
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Ethicon, Germany). Six rats were sham-operated and served as controls. Cilengitide was
given i.p. at 15mg/kg twice daily starting 1w after BDL (n=9). (30)

Thioacetamide (TAA) was applied at 200mg/kg twice per week for 12w. (31) One week
after Cilengitide was given at 15mg/kg twice daily for 8w (n=8). Animals with TAA-
induced fibrosis that remained untreated served as controls (n=7). Rats were sacrificed under
ketamine anesthesia by exsanguination from the portal vein. Tissues were fixed in 4%
formalin or snap frozen in liquid nitrogen for further analysis.

Hydroxyproline determination
Hydroxyproline (HYP) was determined biochemically from the left and right liver lobes
(220–260mg) as described. (32)

Quantitative real-time PCR
150–200mg of tissue was homogenized in 1ml of RNApure (PeqLab, Erlangen, Germany).
Total RNA was extracted and cDNA transcribed from 1μg of RNA according to the
manufacturer’s recommendation. Quantitative PCR was carried out on an ABI 7700
Sequence detector (Applied Biosystems, Rotkreuz, Switzerland). Probe and primer sets are
shown in suppl. Table 1. β3 mRNA was quantified by real-time PCR using the SYBR green
technique. Melting curve analysis and visualization of PCR-products was performed to
ensure specificity of RT-PCR. For normalization the housekeeping genesβ2 microglobulin
(β2MG) or glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were amplified in a
parallel reaction.

Liver histology
Tissue samples were fixed in formalin and embedded in paraffin using standard histological
procedures. 3μm paraffin sections were stained with hematoxylin and eosin (H&E), and
Sirius Red. (32,33) Thickness of fibrotic septa was measured as the width of the connective
tissue separating cirrhotic nodules taken in the middle of the fibrotic bands at ×200
magnification and expressed as micrometers (Metamorph software computer-assisted
analysis (MDS Analytical Technologies GmbH, Ismaning, Germany); 10 randomly selected
septa were measured for each specimen. (34) Scoring was performed without prior
knowledge of treatment.

Immunohistochemistry
Acetone-fixed frozen sections were incubated with 0.6% hydrogen peroxide (Merck,
Darmstadt, Germany) for 30min. After blocking with 5% BSA the sections were incubated
with monoclonal anti-CD31 (Fitzgerald, Concord MA, USA), monoclonal anti-CD68
(Serotec, Düsseldorf, Germany) (1:100), or monoclonal anti-HIF-1α (Abcam, Cambridge,
UK) overnight at 4°C, followed by secondary goat anti-mouse peroxidase-labeled IgG
(1:200) for 45min at RT and incubation with chromogenic substrate (Dako, Glostrup,
Denmark) for 15min. Sections were counterstained with Mayer’s Hemalaun and mounted in
aqueous mounting medium (Dako, Glostrup, Denmark). Microvessel density (MVD) was
assessed by counting the number of CD31 positive vessels using light microscopy, as
described. (35) Four areas from each sample were quantified. Every CD31 positive
endothelial cell or endothelial cell cluster that was clearly separated from adjacent
microvessels was counted as a single countable vessel. Macrophage quantification was done
by morphometrical analysis from 5 fields of every slide using Metamorph software and
expressed as total area count of positive cells (magnification 40x).

Protein extraction and Western Blot analysis were performed as described. (6) 20μg of
tissue lysates were applied to a 12% SDS-polyacrylamide gel, transferred to nitrocellulose
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and blocked with 5% BSA. Anti-CD68 monoclonal antibody (Serotec, Kidlington, UK) was
applied at a 1:100 dilution overnight at +4°C, following by incubation with horseradish
peroxidase-conjugated goat anti-mouse antibody (1:2000). Immunodetected proteins were
visualized using enhanced chemiluminescence (Amersham Biosciences, Freiburg,
Germany).

Serum parameters
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), gamma glutamyltransferase (GGT) and bilirubin were measured by the clinical
chemical department of the University hospitals in Erlangen and Bern using kits from
Boehringer (Mannheim, Germany) and an automated analyzer (BM/Hitachi 717).

Detection of apoptotic bodies
Apoptotic cells were identified by routine histological H&E staining, based on characteristic
morphological features as assessed by an expert pathologist (GN). The apoptotic index was
calculated as the number of apoptotic cells per 10 high power fields (hpf) from each liver
section.

Statistical analysis
Statistical analyses were performed using Microsoft EXCEL software. Data are expressed as
means ± SEM. The statistical significance of differences was evaluated using the unpaired
Student’s t-test.

RESULTS
The β3 subunit of integrin αvβ3 is highly expressed in rat liver

In normal rats, the highest basal expression of β3 integrin mRNA was found in liver when
compared to spleen, muscle, heart, lungs and kidneys (Fig.1A). After bile duct ligation for 1,
3 and 6 weeksβ3 transcripts were upregulated time-dependently 1.2-, 2.2-, and 3.1-fold,
respectively (Fig.1B). Upregulation in TAA-induced fibrosis was not significant (not
shown), but this could be due to harvest of livers 1 week after the last dose of TAA, as
compared to ongoing liver damage in the BDL model.

Liver histology of fibrotic animals with and without Cilengitide treatment
Rats with BDL for 6 weeks displayed marked bile duct proliferation with periductular
collagen accumulation and incipient disruption of the lobular liver architecture (Fig.1C).
This was accompanied by a mild to moderate inflammatory infiltrate consisting of lymphoid
cells and macrophages. These histological parameters were not changed by Cilengitide (Fig.
1D). The numbers of apoptotic bodies reached 0.25 per 10 high power fields for the normal
control livers, 8.5 in the untreated BDL animals, and 9.6 in the BDL animals treated with
Cilengitide (not shown).

Twelve weeks of TAA, followed by 8 weeks of no treatment or treatment with Cilengitide,
resulted in micro-macronodular cirrhosis that was highly populated by myofibroblasts. (Fig.
1E,F).

Cilengitide worsens biliary and panlobular liver fibrosis
Eight weeks of treatment with Cilengitide resulted in a 2-fold increase of the width of the
collagenous septa (p<0.05) when compared to the untreated TAA group (Fig.2A–C). In rats
with BDL and TAA-induced liver fibrosis, treatment with Cilengitide increased relative
collagen accumulation significantly by 31% and by 27%, respectively (Fig.2D), while the
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increase of total liver collagen did not reach significance (Table 2). In BDL rats which
received Cilengitide, the expression of profibrogenic genes (procollagen α1(I), TGFβ1,
TIMP-1, TIMP-2, PDGFR-β, plasminogen activator inhibitor-1) and of potentially fibrolytic
MMP-13 was significantly higher than in rats with BDL alone (Table 1A). αSMA, TGFβ2,
PDGF-BB and CTGF transcripts showed only a trend of upregulation in the treated group.
In TAA-induced fibrosis only procollagen α1(I) and TIMP-1 mRNA were significantly
induced in the group that received Cilengitide (Table 1B).

Hepatic expression of proinflammatory cyclo-oxygenase-2 (COX-2), tumor necrosis factor-
α (TNF-α) and IL-18 mRNA was strongly upregulated in both fibrosis models. Treatment
with Cilengitide further induced COX-2, TNF-α and IL-18 in BDL rats by 1.6-, 2.3 and 1.4-
fold, respectively, whereas in TAA-induced cirrhosis only IL-18 was 1.8-fold upregulated (p
0.05) Fig.2E,F).

Organ weights and serum parameters
Liver and spleen weights were significantly increased in rats with BDL and TAA-induced
cirrhosis. These were not altered by Cilengitide treatment (Table 2A,B). Bile duct ligation
and TAA administration resulted in a strong elevation of ALT, AST, ALP and bilirubin
levels, but only GGT was further increased by Cilengitide: 4.7-fold in BDL and 2.3-fold in
TAA model. (Table 2A,B).

Effect of Cilengitide on hepatic angiogenesis in rats with liver fibrosis
CD31 staining highlighted sinusoidal endothelial cells and endothelia of portal vessels and
central veins in normal livers, whereas BDL animals showed an irregular vascular pattern in
the portal/immediate periportal areas of the expanding portal tracts (Fig.3A–C). Treatment
with Cilengitide resulted in inhibition of vessel formation by 25% in portal and periportal
areas (p<0.05) (Fig.3D), but the total number of CD31 positive sinusoidal endothelial cells
remained unchanged (Fig.3E). The number of vessels in portal tracts relative to
hydroxyproline (mg per g of liver), reflecting the density of vessels in the fibrotic areas, was
even more drastically reduced in Cilengitide-treated BDL rats (Fig.3F).

Rats with TAA-induced cirrhosis revealed prominent CD31 staining within fibrotic septa,
with less prominent staining of sinusoids (Fig.4A–D), as compared to the stronger staining
of sinusoids in BDL. Cilengitide treatment reduced overall vessel formation by 13% which
did not reach statistical significance (p<0.1, Fig.4E). However, as for BDL the number of
blood vessels in the fibrotic portal tracts and septa, as represented by their ratio to
hydroxyproline was reduced significantly by Cilengitide (Fig.4F).

Hepatic macrophage infiltration is not affected by Cilengitide
Liver macrophages/Kupffer cells, important contributors to fibrosis progression or reversal,
(36,37) also express functional integrin αvβ3 which modulates their migration and
activation. (7) When compared to normal rat livers, macrophages increased about 3-fold in
rats with BDL, and were mainly localized in the fibrotic tissue (Fig.5A–D). Treatment with
Cilengitide did not affect macrophage numbers in both fibrosis models (Fig.5E,F). This was
confirmed by CD68 Western blotting and densitometry(suppl. Fig.1A,B).

Cilengitide treatment induces mild liver hypoxia
Treatment with Cilengitide resulted in upregulation of hypoxia-induced HIF-1α transcripts
and protein, and the HIF-1α dependent genes VEGF, iNOS and EPO in the BDL model. In
the TAA model only VEGF mRNA was upregulated significantly (by 24%) and EPO
mRNA was undetectable (Fig.6, suppl. Fig.2).
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DISCUSSION
The role of neovascularization in the liver during fibrosis progression is controversial. In a
number of studies, enhanced angiogenesis was associated with faster fibrosis progression
(19–21,23,38), while in the remnant kidney model neoangiogenesis was associated with
lessened fibrosis. (24,25) We chose validated models of biliary (BDL) and panlobular
(TAA) fibrosis, in order to assess the antifibrotic effect of a specific small molecule inhibitor
for the related integrins αvβ3 and αvβ5 (EMD121974 or Cilengitide), both being expressed
on endothelial cells (14,39), and αvβ3 being found on macrophages and activated HSC
(6,7,40). A dual benefit was expected, since activated HSC and myofibroblasts, the major
profibrogenic effector cells in the liver, which when blocked by Cilengitide lead to
downregulation of several profibrogenic genes and complete inhibition of HSC migration,
resulting in a fibrolytic phenotype, characterized by enhanced expression and activity of
certain MMPs. (6) Of note, Cilengitide has demonstrated biological activity in vivo, i.e.,
antitumor activity in colorectal carcinoma, melanoma and other cancers. (41) Furthermore,
our preliminary screening of αvβ3 integrin expression in different organs of healthy rats
unraveled particularly high levels of expression in the liver, followed by lung and spleen,
and subsequent to bile duct ligation in rats, hepatic expression of the β3 subunit was
markedly upregulated and correlated with the stage of fibrosis.

In contrast to the expected antifibrotic effect on HSC in vitro, in vivo Cilengitide worsened
liver fibrosis, either when given during progression of biliary fibrosis (BDL) or for
established TAA-induced fibrosis/cirrhosis. This was accompanied by an increase in
procollagen α1(I), TGFβ1, αSMA, TIMP-1, PDGFR-β and PAI-1 transcripts as compared to
untreated fibrotic animals. Furthermore, MMP-13 mRNA, was upregulated, as previously
observed in HSC in vitro. (6) If an upregulation of MMP-13 reflects fibrolysis or merely
increased ECM turnover during fibrogenesis remains unresolved. Serum markers of liver
damage, such as ALT, AST and ALP were not affected by Cilengitide in both models,
except for an increase of GGT, possibly due to hypoxic damage to bile duct epithelia.
Similarly, spleen weight which can be considered an indirect and crude indicator of portal
hypertension (42) was not affected by anti-angiogenic treatment in both fibrosis models.

Hepatic transcripts of COX-2, TNF-α, IL-18 and iNOS, effectors of inflammation that are
mainly produced by macrophages/Kupffer cells (43), were induced in Cilengitide-treated
rats with BDL and less strikingly with TAA-induced fibrosis, whereas macrophage numbers
remained unaffected. An important role of the αvβ3 integrin in dampening (macrophage-
induced) inflammation (44) and in suppression of hyperlipidemia-induced vascular
inflammation (45) was recently shown. This suggests that by blocking αvβ3 integrin,
Cilengitide mildly increased macrophage activation and the release of inflammatory
mediators. Taken together, in contrast to the beneficial antifibrotic in vitro effects on
isolated HSC, (6,40) in vivo inhibition of integrins αvβ3 and αvβ5 promoted hepatic
inflammation and fibrogenesis. Apart from the mild pro-inflammatory effect of αvβ3
inhibition on macrophages/Kupffer the relative loss of portal and septal but not sinusoidal
endothelial cells and vessels may have contributed to liver fibrosis progression. Thus
inhibition of activated endothelial cells in the expanding portal areas could have worsened
fibrogenesis as a consequence of hepatic hypoxia. A lack of supplying blood vessels can
compromise oxygen and nutrient delivery to the liver parenchyma, with subsequently
enhanced oxidative stress and pro-inflammatory responses, (46,47) and significant hypoxia
was found throughout the hepatic lobule in >95% of hepatocytes after 2 weeks of BDL. (48)
This assumption is supported by the induction of hypoxia-inducible genes by Cilengitide,
such as HIF-1α, VEGF, iNOS and EPO, predominantly in the BDL model in which the
antagonist also induced a more rigorous fibrogenic response as compared to the TAA model.

Patsenker et al. Page 6

Hepatology. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our findings are in accordance with observations that angiogenesis inhibition promoted
renal interstitial fibrosis. (20,48) Furthermore, several investigations showed that
hepatocellular hypoxia and angiogenesis went hand in hand with fibrogenesis after liver
injury and that hypoxia directly contributed to the progression of liver fibrosis. Thus,
hypoxia in vitro induced the expression of procollagen α1(I), VEGF and its receptors in
activated HSC, and of VEGF in hepatocytes. (49) Similarly, in CCl4-induced cirrhosis
hypoxia lead to an upregulation of TGFβ1 expression in hepatocytes. (50) Finally, pro-
angiogenic intervention, i.e., therapy with endothelial progenitor cells ameliorated fibrosis
and improved survival following CCl4-induced liver injury in mice via promotion of
parenchymal liver regeneration. (51,52)

Our results contrast with a recent study that demonstrated that (antiangiogenic) treatment
with the multikinase inhibitor Sunitinib ameliorated the inflammatory infiltrate, fibrosis and
portal pressure of rats with CCl4-induced fibrosis. (53) The discrepant results could be
explained by the different models used, the much shorter treatment with Sunitinib (only 1
week vs 5 and 8 weeks in our studies), and the different molecular targets. Of note, Sunitinib
mainly inhibits VEGF and PDGF receptors, but also a spectrum of other receptor tyrosin
kinases (c-kit, RET, G-CSF, Flt3). PDGF-AB or -BB, activating the PDGFR-β, is
considered a profibrogenic growth factor due to its promigratory and proproliferative action
on HSC (54), and inhibition of the PDGFR-β on HSC with Imatinib blocked early but not
advanced hepatic fibrogenesis. (55)

In summary, antiangiogenic therapy via pharmacological inhibition of αvβ3 (and αvβ5)
integrin promoted fibrosis progression both in experimental biliary (portal) and panlobular
hepatic fibrosis, despite clear antifibrotic effects of such inhibition on isolated HSC which
upregulate this receptor upon activation. This indicates that liver neoangiogenesis mediated
via integrins αvβ3 (and αvβ5) exerts beneficial antifibrotic activities during or after chronic
liver damage, outweighing their profibrogenic role in HSC in vitro. Our data also suggest a
note of caution for the use of potent and specific antiangiogenic substances in tumor patients
with hepatic fibrogenesis, or for the treatment of liver fibrosis itself.
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HSC hepatic stellate cell

HYP hydroxyproline

MMP matrix metalloproteinase

PDGF platelet derived growth factor

TGFβ transforming growth factor β

TIMP tissue inhibitor of matrix metalloproteinases
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Fig.1. Levels of β3 integrin mRNA and hepatic collagen deposition in untreated and Cilengitide-
treated rats with experimental liver fibrosis
(A) Integrin β3 mRNA in different organs of normal rats; (B) hepatic β3 mRNA after 1, 3
and 6w of BDL. Transcripts were measured by real-time PCR, normalized to β2MG and
expressed as x-fold change vs the corresponding control (means±SD). Sirius Red staining of
livers from rats with: (C) BDL 6w (n=8); (D) BDL 6w + Cilengitide 30mg/kg/day for 5w
(n=9); (E) TAA fibrosis and spontaneous reversal (TAA-R: TAA 12w + 8w of recovery,
n=7); (F) TAA-R + Cilengitide 30mg/kg/day for 8w (n=8). Shown are representative images
(magnification 40x).
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Fig.2. Hepatic collagen content, septal thickness and inflammation markers of fibrotic animals
untreated or treated with Cilengitide
The thickness of fibrotic septa was measured in rats with TAA-induced fibrosis (A) without
(TAA-R) and (B) with (TAA-R + Cil) Cilengitide treatment (magnification 100x); (C)
Quantification of mid-septal thickness measured with Metamorph software (μm); (D)
Relative hepatic hydroxyproline (mg/g of wet liver); (E,F) macrophage activation markers
COX-2, TNF-α and IL-18 in all experimental groups (means±SD). *p<0.05 vs the untreated
fibrosis control.
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Fig.3. CD31 immunohistochemistry of bile duct ligated rats treated with/without Cilengitide
(A) Sham-operated (n=4); (B) BDL 6w (n=8); (C) BDL 6w + Cilengitide 30mg/kg/day 5w
(n=9). Quantification of angiogenesis in portal areas (D) and in sinusoidal areas (E) of all
experimental groups. Calculation of CD31-positive vessels was performed in four areas
from each liver section using light microscopy (magnification 10x) and is expressed as a
number of vessels per field (means±SD); (F) Vessel number per fibrotic area is calculated as
the ratio of portal vessels to relative HYP (means±SD); *p<0.05 vs BDL alone.
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Fig.4. CD31 immunohistochemistry on livers of rats with TAA-induced fibrosis treated with/
without Cilengitide
(A) TAA-R (n=7, magnification 10x); (B) TAA-R + Cilengitide 30mg/kg/day 8w (n=8)
(10x); (C) and (D), magnifications of (A) and (B), respectively (40x). (E) Quantification of
angiogenesis. Calculation of CD31-positive vessels was performed in four areas from each
liver section using light microscopy (magnification 10x) and is expressed as a number of
vessels per field (means±SD). (F) Vessel number per fibrotic area is expressed as the ratio
of vessels to relative hepatic HYP (means±SD), *p<0.05 vs TAA-R group.
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Fig.5. CD68 immunohistochemistry for macrophages/Kupffer cells on livers of rats with BDL
and TAA-induced fibrosis treated with/without Cilengitide
(A) BDL 6w (n=8); (B) BDL 6w + Cilengitide 30mg/kg/day 5w (n=9); (C) TAA-R 8w
(n=7); (D) TAA-R + Cilengitide 30mg/kg/day 8w (n=8). Morphometry of CD68 positive
cells in (E) BDL and (F) TAA-induced fibrosis. Quantification of staining in each liver
section was performed using Metamorph software and is expressed as total area count
(means±SD).
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Fig.6. Upregulation of hypoxia-inducible genes in livers of fibrotic rats treated with Cilengitide
Hepatic expression of HIF-1α (A,B), EPO (C), VEGF (D) and iNOS (E, F) transcripts in
rats with BDL and TAA-induced fibrosis. Transcripts were quantified by TaqMan PCR,
normalized to GAPDH and expressed as x-fold change (means±SD). PF – peak of fibrosis;
*p<0.05 vs the corresponding fibrosis control.
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Table 1

A. Transcript levels of genes related to fibrosis in rats with BDL

Targeted genes Sham (n=4) BDL 6 w (n=8) Cilengitide 5w (n=9)

PC-α1(I) 1 ± 0.41 11.8 ± 1.9 19.5 ± 6.8*

TIMP-1 1 ± 0.63 7.12 ± 2.14 13 ± 5.4*

MMP-13 1 ± 0.67 1.07 ± 0.41 1.6 ± 0.4*

αSMA 1 ± 0.25 3.99 ± 1.72 5.9 ± 3.6

TGFβ1 1 ± 0.11 5.31 ± 1.01 9.8 ± 3.9*

TGFβ2 1 ± 0.19 22.6 ± 8.9 45.7 ± 30.5

TIMP-2 1 ± 0.34 4.49 ± 0.09 6.5 ± 2.2*

CTGF 1 ± 0.03 1.48 ± 0.93 3.33 ± 2.6

PDGF-BB 1 ± 0.14 12.2 ± 5.91 32.3 ± 21.6

PDGFR-β 1 ± 0.01 2.88 ± 0.34 5.93 ± 3.08*

PAI-1 1 ± 0.28 9.35 ± 2.6 19.1 ± 8.2*

B. Transcript levels of genes related to fibrosis in rats with TAA-induced fibrosis

Targeted genes TAA-R 8 w (n=7) Cilengitide 8w (n=8)

PC-α1(I) 12.2 ± 4.4 19 ± 7.6*

TIMP-1 2.9 ± 1.54 4.72 ± 1.5*

MMP-13 0.31 ± 0.16 0.6 ± 0.37

αSMA 7.24 ± 0.18 6.94 ± 0.16

TGFβ1 6.7 ± 0.26 6.23 ± 0.2

TGFβ2 7.6 ± 3.6 11.5 ± 4.2

PDGFR-β 6.93 ± 0.21 6.6 ± 0.21

PDGF-BB 9.9 ± 0.21 9.57 ± 0.19

CTGF 13.9 ± 0.24 12.7 ± 0.24

*
p≤0.05 vs fibrosis control
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Table 2

A. Organ weights and parameters of liver injury and fibrosis in rats with BDL

Parameters Sham (n=4) BDL 6w (n=8) Cilengitide 5w (n=9)

liver weight, g 14.55 ± 0.63 36.8 ± 3.62 36.25 ± 9.9

spleen weight, g 0.88 ± 0.05 3 ± 0.41 2.9 ± 0.92

total HYP (mg) 3.59 ± 0.2 24.5 ± 8.7 31.7 ± 11.5

ALT (IU/L) 73.3 ± 14.8 127.5 ± 18 109.8 ± 35.1

ALP (IU/L) 180.7 ± 17.6 484.6 ± 62.4 404.2 ± 88.1

AST (IU/L) 119.3 ± 38.6 534.6 ± 60.1 403.1 ± 154.3

GGT (IU/L) < 5 11.42 ± 4.05 53.3 ± 25*

bilirubin (μM/L) 0.1 ± 0.01 7.3 ± 1.4 9.8 ± 3.1

B. Organ weights and parameters of liver injury and fibrosis in rats with TAA

Parameters Control (n=4) TAA-R 8w (n=7) Cilengitide 8w (n=8)

liver weight, g 13.84 ± 0.22 22.4 ± 4.7 22.5 ± 1.67

spleen weight, g 0.89 ± 0.08 2.19 ± 0.62 2.29 ± 0.25

total HYP (mg) 3 ± 0.4 14.5 ± 4.8 19 ± 2.3

ALT (IU/L) 34 ± 4.85 61.1± 15.6 74.8 ± 14.9

ALP (IU/L) 206 ± 58.4 400.8 ± 115.08 448.6 ± 63.7

AST (IU/L) 78 ± 11.52 104.9 ± 48.4 124.3 ± 27.4

GGT (IU/L) < 5 6 ± 3.13 14 ± 4.1*

bilirubin (μM/L) 0.13 ± 0.06 0.22 ± 0.07 0.18 ± 0.11

*
p≤0.05 vs fibrosis control.
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