
 1

Quantitative Gene Expression in Budd-Chiari Syndrome : a Molecular Approach to the 
Pathogenesis of the Disease 

 
V Paradis 1, 2, I Bièche 3, D Dargère 2, D Cazals-Hatem 1, I Laurendeau 3, V Saada 4, J 
Belghiti 5, A Bezeaud 4, M Vidaud 3, P Bedossa 1, 2, D-C Valla 6. 
 
1 Service d’Anatomie pathologique, Hôpital Beaujon 
2 CNRS UMR 8149, Faculté de Pharmacie, Paris V  
3 UPRES EA 3618, Faculté de Pharmacie, Paris V  
4 Service d’Hématologie, 5 Service de Chirurgie hépatique, 6 Service d’Hépatologie 
Hôpital Beaujon, Clichy 
 
 
Keywords : liver fibrosis, thrombosis, tissue factor, SCG10, real-time RT-PCR  
 
 
Corresponding author 
Valérie Paradis, M.D. 
Service d’Anatomie pathologique, Hôpital Beaujon, 110 bd du général Leclerc, 92118 Clichy 
Cedex, FRANCE.  
e-mail: vparadis@teaser.fr 
 

 Gut Online First, published on September 14, 2005 as 10.1136/gut.2005.065144

Copyright Article author (or their employer) 2005. Produced by BMJ Publishing Group Ltd (& BSG) under licence. 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 2

ABSTRACT 
 
Background Budd-Chiari syndrome (BCS) is associated with parenchymal changes leading 
to major architecture remodeling. In order to gain further insight into the pathogenesis of 
BCS, we investigated the expression of a set of genes involved in the course of chronic liver 
diseases. 
Methods Quantitative expression of 35 selected genes involved in extracellular matrix 
regulation, growth factors and angiogenesis was investigated in 13 cases of BCS and 
compared to 10 normal livers and 13 cirrhosis by real-time RT-PCR. Differential gene 
expression was considered as significant for genes showing at least a 2-fold variation with p 
<0.05.  
Results The expression of 14 genes was significantly increased in BCS versus normal liver, 
with the highest increase in Superior cervical ganglion 10 (SCG10) gene. BCS cases were 
classified according to their evolution and morphological pattern as either acute or chronic in 
6 and 7 cases, respectively. Unsupervised hierarchical clustering of acute and chronic BCS 
cases on the basis of similarity in the gene expression pattern led to distinction between the 
two groups. Expression of 3 genes was significantly different in acute versus chronic BCS 
(increase in Matrix metalloproteinase 7 and SCG10, decrease in Thrombospondin-1 for 
chronic BCS). Seventeen and 10 genes, mainly involving in extracellular matrix and vascular 
remodeling, were significantly de-regulated in acute BCS versus normal liver and cirrhosis, 
respectively.  
In conclusion, these results showed that BCS cases display a specific gene expression profile 
which is different from that of normal liver and cirrhosis; the molecular configuration of BCS 
can be readily distinguished by its evolution and morphological pattern. 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 3

INTRODUCTION 
Budd-Chiari syndrome (BCS) is a rare liver disease related to obstruction of the 

hepatic venous system. It is a clinically heterogeneous disorder presenting as either an acute, 
subacute or chronic liver disease, and occurs predominantly in young adults.[1] A recent 
pathological report of explanted livers focusing on parenchymal changes in the course of 
severe BCS clearly demonstrated the importance of the superimposed portal flow obstruction 
in the progression of the disease, and the relationship between the increase in hepatic arterial 
perfusion and the development of large regenerative nodules.[2][ 3] 

Liver fibrosis is the hallmark of all chronic liver diseases whatever their origin. 
However, on histology, elementary morphological features may vary according to a specific 
etiology. In addition, fibrogenesis in specific settings is clearly associated with an 
inflammatory reaction within the portal tract and the lobule. Indeed, this inflammatory 
reaction is one of the key mechanisms triggering fibrogenesis, through production of various 
cytokines and growth factors.[4][5] In chronic vascular diseases including BCS, extracellular 
matrix accumulation in the liver follows a different stepwise progression with fibrosis initially 
developing around the centrolobular veins and progressing towards extensive fibrous septa 
interconnecting different vascular structures, with no significant inflammation.[6][7] These 
morphological data suggest that liver fibrogenesis requires additional or different mechanisms 
in the context of BCS. Among them, hypoxia-induced cytokines involved in angiogenesis 
remodeling or extracellular matrix (ECM) production might be relevant candidates.[8] 
Finally, it has been shown, from animal models and in vitro studies, that connective tissue 
growth factor (CTGF), a member of the CCN (Connective tissue growth factor/fisp12, 
Cyr61/cef10 and Nov) family, may be one of the main profibrogenic mediators involved in 
the development of fibrosis following vascular damage occurrence.[9][10][11]  

Therefore, the mechanisms and gene pathway that trigger fibrogenesis in BCS might 
be different from those observed in in post-inflammatory fibrosis such as viral hepatitis, auto-
immune or biliary diseases. The objective of the present study was to gain further insight into 
the pathogenesis of BCS using a molecular approach to assess deregulation of some key genes 
potentially involved in the course of this syndrome, and to focus on their longitudinal 
evolution. For this purpose, we investigated the expression level of a set of selected genes 
involving in various biological processes known to be implicated in liver disorders using real-
time RT-PCR in a series of BCS liver specimen at various stages and comparing them to 
normal livers and cirrhosis of non-vascular origin. 
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MATERIALS 
Liver specimens 
 Liver explants were obtained from 13 patients transplanted for BCS in one institution 
(Hôpital Beaujon). The indications for liver transplantation (LT) were severe clinical 
manifestations uncontrolled by medical or surgical management and/or liver failure (defined 
as factor V < 40%). The duration of BCS was assessed as the time from the onset of clinical 
manifestations of BCS to the date of transplantation. All patients were tested for 
thrombophilic factors including primary myeloproliferative disorders (patent or occult), factor 
V Leiden, prothrombin gene G 20210 A mutation, deficiencies in protein C, protein S or 
antithrombin, and the presence of anti-phospholipid antibodies. 

Histological analysis was performed on liver explants using extensive samplings 
throughout the entire liver. Morphological elementary features systematically evaluated were 
(1) ischemic necrosis [considered as significant when more than 20% of hepatocyte necrosis 
was present], (2) fibrosis scored on a 4-scale level [0: no fibrosis, 1: venocentric fibrosis 
without bridging, 2: extensive venocentric fibrosis with bridging, 3: numerous venoportal 
bridging, 4: “venoportal cirrhosis”], (3) nodular regenerative hyperplasia (NRH) defined as 
multiple regenerative nodules without a circumscribed fibrous rim [0: absent, 1: focal, 2: 
extensive], and (4) the presence of liver macronodules [0: absent, 1: present]. BCS cases were 
separated into 2 groups (acute and chronic BCS) according to the presence of extensive 
fibrosis (fibrosis stage > F2) in the native liver. 

As controls, 13 cases of liver explants displaying cirrhosis related to chronic hepatitis 
C or B virus infection or chronic alcohol consumption and 10 histologically normal livers 
obtained from surgical specimens with benign tumors or metastasis, were included. 

  
 

Real-time RT-PCR 

A total of 35 genes, selected based on their role mainly in the process of fibrogenesis 
and angiogenesis, were quantified. Genes are listed in Table 1. Total RNA was extracted from 
BCS, cirrhotic and normal livers, using the acid-phenol guanidium method. All steps of the 
real-time RT-PCR procedure have been previously described.[12] We quantified transcripts of 
the TBP (TATA box-binding protein) gene as the endogenous RNA control. Each sample was 
normalized on the basis of TBP content. Results, expressed as N-fold differences in target 

gene expression relative to the TBP gene (termed Ntarget), were determined by the following 
formula: Ntarget = 2 Ctsample, where the Ct value of the sample was determined by subtracting 
the average Ct value of the target gene from the average Ct value of the TBP gene. Ntarget 
values of the samples were subsequently normalized such that the mean ratio of the normal 
liver would equal a value of 1. Experiments were performed with duplicates for each data 
point.  
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Table 1: List of the 35 genes selected for the gene expression study of Budd-Chiari syndrome. 
Gene (Alternate symbol) Gene definition 

Extracellular matrix  
COL1A1 Collagen type I alpha 1 
COL4A1 Collagen type IV alpha 1 
CTGF Connective tissue growth factor 
MMP2 Matrix metalloproteinase 2 
MMP7 Matrix metalloproteinase 7 
THBS1 Thrombospondin-1  
Coagulation cascade  
PLG Plasminogen 
PLAU Plasminogen activator urokinase 
PLAUR Plasminogen activator urokinase receptor 
PLAT Plasminogen activator tissue 
F3 (TF) Tissue factor 
F2R (TR, PAR1) Thrombin receptor 
Growth factor and receptors  
TGFB1 Transforming growth factor beta 1 
PDGFA Platelet-derived growth factor alpha chain 
PDGFB Platelet-derived growth factor beta chain 
PDGFRA Platelet-derived growth factor receptor alpha 
PDGFRB Platelet-derived growth factor receptor beta 
IL6 Interleukin 6 
TNF Tumor necrosis factor  
Angiogenesis and stress-hypoxia  
VEGFA Vascular endothelial growth factor A 
VEGFB Vascular endothelial growth factor B 
VEGFC Vascular endothelial growth factor C 
VEGFD Vascular endothelial growth factor D 
VEGFR1 Vascular endothelial growth factor receptor 1 
VEGFR2 Vascular endothelial growth factor receptor 2 
VEGFR3 Vascular endothelial growth factor receptor 3 
ANGPT1 Angiopoietin 1 
ANGPT2 Angiopoietin 2 
TEK (TIE2) TEK tyrosine kinase 
HIF1A Hypoxia-inducible factor 1 alpha 
THBD Thrombomodulin 
XLKD1 (LYVE1) Lymphatic vascular endothelial receptor 1 
NOS3 (ENOS) Endothelial nitric oxide synthase 
Cytoskeletal molecules  
KRT19 Keratin 19 
STMN2 (SCG10) Superior cervical ganglion 10 

 
 
Statistical analysis 

For comparison of gene expression level, we used non-parametric Mann-Whitney and 
an unpaired two-sample T-test. Genes were considered to be differentially expressed when the 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 6

mean expression level was higher than a 2-fold difference between groups with a p value 
<0.05. 

BRB-ArrayTools Ver.3.1.0 (http://linus.nci.nih.gov/BRB-ArrayTools.html) was used 
to compare the gene expression level, class prediction, hierarchical clustering and 
multidimensional scaling of samples. 
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RESULTS 
Clinical and pathological data 

Patients with BCS included 9 women and 4 men with a mean age of 33 years (range: 
21-48). The mean interval between the diagnosis of BCS and LT was 42 months (range: 0.5- 
120 months). The pretransplant course was 6 months or less in 5 patients. Primary 
myeloproliferative disorders were identified in 8 patients (3 of them also displaying a 
thrombophilic condition), factor V Leiden in 2, a prothrombin gene mutation in 1, isolated 
anti-phospholipid antibodies in 1, and no detectable prothrombotic disorder was found in 1 
patient.  

Extensive samplings of the native livers showed both significant fibrosis (stage > 2) 
and the presence of liver macronodules in 7 cases.  

NRH features were observed in all native livers, restricted to some areas in 9 cases and 
extensively distributed in 4 cases. Finally, according to the morphological features (presence 
of extensive fibrosis), cases were classified either as acute BCS (n = 6) or chronic BCS (n = 
7). Typical cases of acute and chronic BCS are illustrated in fig 1. Mean duration of 
symptoms in the group of acute and chronic BCS was 2.3 and 61 months, respectively.  
Clinical and pathological data are reported in Table 2. 

 
Table 2: Clinico-pathological data of the 13 patients with Budd-Chiari syndrome 
 
Case 

# 
Sex Age 

(years) 
Etiology Evolution 

 
Fibrosis 

stage 
Liver 

macronodules 
Nodular 

regenerative 
hyperplasia 

32 M 48 MD A 0 0 1 
22 M 32 FC A 0 0 1 
16 F 43 Un C 4 1 1 
31 F 34 MD C 2 1 2 
20 F 34 MD C 3 1 1 
27 F 42 MD/FC A 0 0 1 
25 F 22 MD/FC A 0 0 1 
24 M 30 MD C 3 1 1 
12 F 30 FC C 3 1 1 
21 F 33 MD C 3 1 1 
14 F 21 APL C 2 1 2 
9 F 38 MD/PS A 1 0 2 
4 M 21 FC A 0 0 3 

Abbreviations : MD: myeloproliferative disorder, FC: coagulation factor mutation (factor V 
Leiden or prothrombin), APL: anti-phospholipid  antibodies , PS: protein S, A: acute, C: 
chronic. Un: undetermined 

 
 
Histologically, normal livers were obtained from surgical samples at distance from 

liver metastasis (n=4), benign tumors (liver cell adenoma, n=1; focal nodular hyperplasia, 
n=1; biliary cyst, n=1; and hemangioma, n=3) in 10 patients (8 women and 2 men, mean age 
= 53 years). Cirrhotic liver samples were obtained from 13 patients (13 men, mean age 60 
years) with chronic hepatitis C infection (n=8), chronic hepatitis B infection (n=3) and 
chronic alcohol consumption (n = 2). 
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Differential gene expression in BCS versus normal liver   
The relative RNA expression level of the 35 selected genes was quantified by a real-

time RT-PCR procedure and compared between the groups of BCS (including both acute and 
chronic cases) and normal liver. Since significant morphological heterogeneity was observed 
throughout the entire liver, serial liver samples obtained from 2 BCS cases were included. 
Thus, a total of 15 BCS samples from 13 patients were used for the study. Results were 
normalized to the level of expression of each gene in the group of normal livers. Significant 
differential expression in BCS, as high as 2-fold the value of normal liver, was observed for 
14 of the 35 genes tested, with upregulation for all of them in the group of BCS. The highest 
increase in the gene expression level was observed for a molecule belonging to the 
OP18/Stathmin family (SCG10). Detailed data are given in Table 3. 

 
Table 3: Genes with significant differential levels of expression (2-fold difference and p < 
0.05) in Budd-Chiari syndrome versus normal liver  
 

Gene Mean value + SD 
(n fold versus normal liver) 

p 

SCG10 13.3 + 4.3 0.02 
CTGF 9.3 + 1.9 0.001 
COL1A1 9.1 + 2.4 0.001 
F3 7.4 + 1.9 0.002 
ANGPT1  6.7 + 1.0 0.0001 
PDGFRA 6.2 + 1.6 0.001 
COL4A1 5.7 + 1.1 0.0008 
MMP2 5.4 +1.0 0.0001 
PLAT 5.0 + 0.9 0.001 
PLAU 4.3 + 1.0 0.009 
PDGFA 4.1 + 0.6 0.0006 
PDGFRB 4.0 + 0.8 0.003 
VEGFC 3.1 + 0.7 0.01 
PDGFB 2.9 + 0.6 0.009 
 
 
In order to check for possible heterogeneity within the liver, gene expression was 

analyzed in 2 separate samples performed either in the left or right lobe of 2 native livers 
(cases # 9 and 14). A three-dimensional scaling plot was performed using the 35 genes and 
BRB array tools. This representation assesses the position of each case in three-dimensional 
Euclidean space with the distance between each data point reflecting their approximate degree 
of correlation. Each pair of tissue samples provided from the same liver clustered together, as 
shown in fig 2, suggesting that heterogeneity is not a relevant limit in the present study. 

 
Gene expression pattern of BCS according to evolution of the disease 

BCS cases included in the study were separated into 2 groups (acute and chronic BCS) 
according to their morphological pattern. An unsupervised hierarchical clustering of cases 
with acute and chronic BCS on the basis of similarity in the gene expression pattern yielded 2 
major clusters, one representing acute BCS and one representing chronic BCS with only 2 
exceptions. A representative dendrogram is shown in fig 3. Thus, BCS can be readily 
distinguished not only according to its clinical evolution but also to its molecular 
configuration. Therefore, expression levels of the 35 selected genes were compared between 
the group of acute and chronic BCS. This analysis showed differential gene expression for 3 
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genes (SCG10, MMP7, and THBS1), with 2 upregulated in the group of chronic versus acute 
BCS. One of the upregulated genes, MMP7, is mainly involved in remodeling of the 
extracellular matrix, and the highest mRNA increase was observed for SCG10. In contrast, 
THBS1 was significantly downregulated in the course of evolution of BCS. Data are given in 
Table 4. 

 
Table 4: Genes differentially expressed in Budd-Chiari syndrome as a function of evolution of 
the disease (acute versus chronic BCS). 
 
Gene Acute BCS Chronic BCS p 
SCG10 2.9 + 1.3 25.1 + 7.0 0.002 
MMP7 1.2 + 0.3 5.1 + 0.9 0.002 
THBS1 3.1 + 0.7 1.3 + 0.3 0.03 

(mean value in acute and chronic Budd-Chiari syndrome versus normal liver) 
 

 
Differential gene expression in acute and chronic BCS versus normal liver  
 In order to focus on genes early involved in the course of BCS, we compared the gene 
expression level in the group of acute BCS versus that of normal liver. Among the 35 selected 
genes, significant differential expression was observed for 17 genes, all of which were 
upregulated in the group of acute BCS. Several genes involved in extracellular matrix 
(COL1A1, COL4A1, CTGF and MMP2) or vascular (ANGPT1 and 2) remodeling, and tissular 
factor (F3) were among the most discriminating (p <0.001), enabling accurate classification 
of 94 % of cases using a leave-one-out cross-validation procedure and several different 
models (nearest neighbor, compount covariate predictor, nearest centroid or support vector 
Machn). Interestingly, genes involved in the coagulation cascade were also significantly 
upregulated (PLAU and PLAT). Quantitative data are given in Table 5. 
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Table 5: Differential gene expression in Budd-Chiari syndrome (acute or chronic) versus 
normal liver.  
 

Acute BCS Chronic BCS Gene 

Mean value + SD P Mean value + SD P 

COL1A1 7.5 + 1.1 < 0.0001 10.9 + 5.2 0.04 
ANGPT1 5.8 + 0.8 < 0.0001 7.9 + 2.0 0.0009 
COL4A1 4.8 + 0.7 < 0.0001 6.7 + 2.4 0.01 
MMP2 4.1 + 0.8 0.001 6.9 + 2.0 0.003 
PDGFRB 3.3 + 0.8 0.007 4.8 + 1.5 0.009 
PLAT 4.9 + 1.4 0.008 5.2 + 1.3 0.001 
CTGF 11.4 + 2.6 0.0004 6.9 + 2.8 0.02 
PDGFA 3.3 + 0.8 0.007 4.9 + 0.9 0.0003 
PDGFRA 4.1 + 0.5 <0.0001 8.5 + 3.4 0.02 
PLAU 4.8 + 1.6 0.02 3.8 + 1.2 0.02 
F3 6.8 + 1.1 < 0.0001 8.0 + 4.0 0.05 
PDGFB 2.5 + 0.4 0.003 3.3 + 1.3 0.05 
IL6 4.3 + 1.5 0.03 2.8 + 2.4 ns 
VEGFC 3.1 + 0.9 0.02 1.0 + 0.3 ns 
THBS1 3.1 + 0.7 0.005 1.2 + 0.4 ns 
ANGPT2 2.6 + 0.5 0.007 4.6 + 3 ns 
THBD 2.2 + 0.5 0.03 1.3 + 0.3 ns 
SCG10 2.9 + 1.3 ns 25.1 + 7.0 0.0009 
MMP7 1.2 + 0.3 ns 5.1 + 0.9 0.001 

ns: not significant 
 

In order to focus on genes whose deregulation was maintained at the stage of chronic 
BCS, gene expression levels were compared between chronic BCS and normal liver. Fourteen 
genes were significantly upregulated in chronic BCS versus normal liver (Table 5). 

All together, this approach led to the distinction of specific profiles in gene expression 
according to the evolution of the disease. Group 1, defined by genes upregulated in acute BCS 
and which returned to normal liver levels at the chronic stage, included PDGFRA, PDGFA, 
ANGPT2, VEGFC, IL6 and THBD. Group 2, defined by genes upregulated in acute BCS and 
remaining at a stable high level in the chronic stage, included ANGPT1, COL1A1, F3, 
COL4A1, CTGF, PDGFB, PDGFRB, PLAU and MMP2. Group 3, defined by genes which 
increased only at the chronic stage, included MMP7 and SCG10. 
 
Differential gene expression in chronic BCS versus cirrhotic liver 
 In chronic BSC, venous outflow obstruction leads to the development of perivenular 
and perisinusoidal fibrosis in centrolobular areas which further progresses to extensive 
fibrosis and cirrhosis. In order to assess whether specific regulation pathways may be 
involved in vascular fibrosis and cirrhosis, differential gene expression was investigated in the 
group of chronic BCS versus cirrhotic samples of other origins. This analysis showed that 10 
genes were significantly deregulated, with 9 upregulated in the group of chronic BCS versus 
cirrhotic samples. Most of them encoded extracellular matrix genes or associated molecules 
(COL4A1, CTGF and MMP2), angiogenic molecules (ANGPT1, and VEGFR3), profibrogenic 
cytokines (PDGFA, PDGFB and PDGFRA), and PLAT. The downregulated gene in chronic 
BCS was related to an epithelial marker of biliary cells (KRT19). Data are reported in Table 6.  
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Table 6: Differential gene expression in chronic Budd-Chiari syndrome versus cirrhosis. 
 
Gene Chronic BCS Cirrhosis p 
    
PDGFRA 8.5 + 3.4 2.4 + 0.4 0.02 
ANGPT1 7.9 + 2.0 1.6 + 0.2 0.0004 
CTGF 6.9 + 2.8 2.0 + 0.4 0.03 
MMP2 6.9 + 2.0 3.2 + 2.1 0.03 
COL4A1 6.7 + 2.4 1.8 + 0.3 0.01 
PLAT 5.1 + 1.3 1.7 + 0.3 0.003 
PDGFA 4.9 + 1.0 2.3 + 0.4 0.008 
PDGFB 3.3 + 1.3 1.1 + 0.2 0.02 
VEGFR3 2.0 + 0.4 0.7 +  0.1 0.0007 
KRT19 1.4 + 0.4 4.5 + 0.9 0.02 
(mean value in chronic Budd-Chiari syndrome and cirrhosis versus normal liver) 
 
Interestingly, the three multidimensional scaling plot showed complete separation between the 
group of chronic BCS and that of cirrhosis (fig 4). 
 
Discussion 

To our knowledge, this is the first attempt to study the pathogenesis of liver 
parenchymal changes related to BCS using gene expression approach. Although molecular 
investigation was limited to a restricted set of genes, this approach provides further insight 
into the biological and cellular mechanisms involved in development of liver injury associated 
with BCS. Using a real-time RT-PCR approach, we quantified a set of genes in a series of 
native livers displaying pathological features of BCS representative of the different stages of 
the disease. Our choice of genes was based on molecular knowledge of the main metabolic 
pathways involved in fibrogenesis, focusing on genes that are mainly regulated at the 
transcriptional level. Thus, this study points out several genes displaying significant 
differential expression in BCS compared to normal tissue or cirrhosis, and also within the 
group of BCS according to evolution. 

First, comparison between BCS taken as a whole group and normal liver showed that a 
set of genes was upregulated in BCS. As expected, most of them are involved in the process 
of extracellular matrix remodeling (COL1A1, COL4A1, CTGF and MMP2), vasculogenic 
molecules (ANGPT1, VEGFC) or growth factors and their receptors (PDGFA, PDGFB, 
PDGFRA and PDGFRB). Interestingly, the highest mRNA upregulation in BCS was observed 
for SCG10, a gene known to be restricted to the neural cells. Indeed, SCG10 belongs to the 
OP18/Stathmin family and was initially identified as a marker of neuronal 
differentiation.[13][14] Like other members of the stathmin family, SCG10 functions as a 
tubulin sequester, interfering with microtubule dynamics and thus playing a role in cell 
motility.[15][16] The upregulation of SCG10 in the group of BCS, and especially in the group 
of chronic BCS displaying significant fibrosis, is in accordance with recent experimental and 
human data showing a gradual upregulation of SCG10 mRNA in the development of liver 
fibrosis.[17] 

In order to gain further insight into the pathogenesis of early stages of BCS, we 
compared the gene expression profile of acute BCS with that of normal liver. Results showed 
that, in addition to the expected ECM and vascular genes, tissue factor (F3) is significantly 
upregulated in acute BCS. F3, a major regulator of coagulation through binding of factor VII, 
is mainly expressed, under physiological conditions, by cells not in contact with blood, 
including vascular smooth muscle, mesenchymal and epithelial cells. Nevertheless, induction 
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of F3 expression by endothelial cells has been shown to contribute to intravascular 
thrombosis.[18] Based on our results, it can be hypothesized that, during BCS, upregulation of 
F3 mRNA expression in the liver, might participate in or be associated with subsequent 
venous outflow obstruction. In addition, F3 has recently been recognized as an inducer of 
angiogenesis through upregulation of VEGF, especially in the context of tumor invasion and 
metastasis.[19][20] Interestingly, in this study, we also observed a significant increase in 
VEGF mRNA in acute BCS versus normal liver. 

Liver fibrosis is the hallmark of chronic liver disease, although some morphological 
features are suggestive of a specific etiology. In this regard, we sought to compare the gene 
expression pattern of chronic BCS, characterized by extensive fibrosis in the absence of 
significant inflammation, with liver cirrhosis of other origin. This analysis demonstrated that 
both extracellular matrix and vasculogenesis encoding genes (COL1A1, COL4A1 and 
ANGPT1) are expressed at higher levels in the context of chronic BCS than in alcoholic or 
viral-induced cirrhosis. These data may reflect extensive remodeling of the mesenchymal 
compartment that occurs in BCS. Interestingly, the highest increase in mRNA expression 
observed in chronic BCS versus cirrhosis was that of CTGF. CTGF is a potent cystein-rich 
heparin-binding growth factor, initially isolated from human umbilical vein endothelial cells, 
that is also highly expressed in mesenchymal cells, including fibroblasts and 
HSC.[21][22][23] Previous studies have provided evidence that CTGF may play a significant 
role in promoting extracellular matrix production after tissue injury, including liver fibrosis, 
by stimulating type 1 collagen and fibronectin mRNA expression.[24][25] Interestingly, 
Chambers et al. showed that CTGF expression may be induced by molecules involved in the 
coagulation cascade, such as thrombin.[26] Indeed, the BCS syndrome is related to genetic or 
acquired prothrombotic conditions which results in random obstructions within the venous 
hepatic system. Therefore, it is fully conceivable that the formation of multiple venous 
thrombosis, observed in the course of this disease, may directly participate in the further 
development of liver fibrogenesis, partly through upregulation of CTGF expression. Such a 
mechanism would also explain recent findings that, in the context of chronic viral hepatitis, 
there is a significant association between advanced fibrosis and underlying thrombophilic 
states.[27][28] The molecular relevance of these clinical data is provided by in vitro studies 
which showed that thrombin receptors are upregulated in HSC during liver damage.[29][30] 
Finally, an additional factor potentially involved in the CTGF upregulation observed in 
chronic BCS may be the mechanical stress that is induced in the sinusoidal and perisinusoidal 
spaces of the liver secondary to venular obstructions. Indeed, it has been clearly shown that 
CTGF displays the most striking upregulation, among 588 different cDNAs using gene array 
technology, induced by mechanical stress in human lung fibroblasts.[31] Finally, since no 
adjustments for mass significance were made, results must be drawn with caution. However, 
both internal consistency, level of gene expression variation and biological plausibility 
strengthen the argument that the effect of mass is small. 

 
In conclusion, this study shows that fibrogenic and angiogenic factors are 

differentially expressed in BCS livers as compared to cirrhosis of other origins. Furthermore, 
this study points to differential expression of these factors according to the stage of the 
disease. 
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Figures legends 
 
Figure 1: Morphological patterns of acute (A) and chronic (B) Budd-Chiari syndrome. 
A: Case # 32: extensive ischemic and congestive necrosis of centrolobular areas without 
fibrosis, note the centolobular thrombosis (*). B: Case # 16: extensive fibrosis (score 4) 
named as “venoportal cirrhosis”, note the portal tract included in the nodule (**). 
 
Figure 2: Three-dimensional scaling plot of the 15 BCS samples obtained from 13 
patients using the 35 genes. Pairs of tissue samples are represented by green and blue dots.  
 
Figure 3: Unsupervised hierarchical clustering of acute and chronic Budd-Chiari 
syndrome according to 35 gene expression profiles. On the basis of similarity in gene 
expression profiles, two main branches, one with the acute cases (acute BCS) and the other 
with chronic cases (chronic BCS), were observed. 
 
Figure 4: Three-dimensional scaling plot of chronic Budd-Chiari syndrome and 
cirrhosis. This representation assesses the position of each case in three-dimensional space. 
The distance between each data point reflects their approximate degree of correlation. Chronic 
BCS and cirrhotic cases are represented in red and green dots, respectively. 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.065144 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/

