pared. Immunostaining was performed using primary an-
tibodies against TBR-! (sc-398, rabbit polyclonal; Santa
Cruz Biotechnology, Inc., Santa Cruz, CA), TBR-Il (sc-
220, rabbit polyclonal; Santa Cruz Biotechnology, Inc.),
CD34 (Immunotech), and pSmad?2 (Cell Signaling Tech-
nology, Inc.). After deparaffinization, antigen retrieval
was performed by incubating with 1 mg/mi of trypsin for
10 minutes at 37°C for TBR-! and TBR-I staining, and by
incubating with 20 mg/mi of proteinase K for 6 minutes at
room temperature for pSmad?2 staining. To block the
activity of endogenous peroxidase, sections were im-
mersed in 0.3% hydrogen peroxidase in methanol for 20
minutes at room temperature. After pretreatment with
blocking serum (DakoCytomation), sections were incu-
bated overnight at 4°C with individual primary antibadies;
TAR-I (1:50), TAR-II (1:50), CD34 (1:200), and pSmad2
(1:100). Then sections were incubated with secondary
antibodies conjugated to peroxidase-labeled polymer,
using the EnVision+ system (DakoCytomation). Color de-
velopment was performed using 3,3'-diaminobenzidine
tetrahydrochloride and the sections were slightly coun-
terstained with hematoxylin. Negative controls were done
by substitution of the primary antibodies with nonimmu-
nized serum, resulted in no signal detection.

Double Immunofluorescence Staining

Double immunofluorescence - staining of CD34 and
S100A4, CD34 and «-SMA, and CD34 and COL1A1 was
performed for the liver sections. Deparaffinized sections
were incubated 1 hour at room temperature with the
anti-CD34 antibody (1:200, immunotech). The sections
were incubated with secondary antibodies conjugated to
alkaline phosphatase-labeled polymer, the HISTOFINE
system (Nichirei). Color development was performed us-
ing the Vector Red alkaline phosphatase substrate kit
(Vector Laboratories, Burlingame, CA). Then, antigen re-
trieval was performed by incubating with 20 mg/mi of
proteinase K for 6 minutes at room temperature for the
staining of S100A4. After microwaving in 10 mmol/L ci-
trate buffer pH 6.0 for 10 minutes, the sections were
incubated overnight at 4°C with the anti-S100A4 antibody
{1:100, Abcam Inc.), the anti~e-SMA antibady (1:200,
DakoCytomation), and the anti-pro COL1A1 antibody (1:
100, Santa Cruz Biotechnology, Inc.). Alexa Fluor 488 (10
pg/mi; Molecular Probes, Eugene, OR) was used as a
secondary antibody. Nuclei were stained with 4'6-dia-
midino-2-phenylindole, and the sections were cbserved
under immunofluorescence confocal microscopy.

Histological Assessment

Semiquanititative analysis was performed for the sections
stained with the anti-CD34 antibody. In each section, a
total of 20 peripheral portal tracts were randomly se-
lected. For liver biopsy specimens, alf portal tracts in the
specimen were evaluated, because they usually did not
contain 20 portal tracts. As described later, the endothe-
lial cells of peripheral portal vein of IPH frequently
showed reduced immuno-expression of CD34. The CD34
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signal intensity of the endothelial cells was compared
between the portal vein and the escorting hepatic artery
in the same portal tract. The CD34 signal intensity was
regarded as being reduced when iess CD34 expression
was observed in more than 2/3 circumference of one
portal vein. The percentage of the number of portal veins
with reduced CD34 expression was caiculated in each
case, and was defined as CD34-reduction index. The
histological assessment was performed by two indepen-
dent investigators (A.K. and Y.S.).

For immunostained sections of pSmadz2, a total of 100
nuclei of the endothelial cells of peripheral portal vein
were randomly selected in each section. The percentage
of the endothelial cells positive for pSmad2 was deter-
mined, and was defined as pSmad2-labeling index. For
the determination of pSmad?2 expression in HMVECs, a
total of 100 nuclei of HMVECs immunostained with the
anti-pSmad? antibody were evaluated, and pSmadz2-ia-
beling index was calculated in the same manner.

Enzyme-Linked Immunosorbent Assay

The serum TGF-g1 and BMP7 levels of 66 samples ob-
tained from 57 IPH patients were determined using en-
zyme-linked immunosorbent assay kits (Quantikine Hu-
man TGF-g1 Immunoassay and Quantikine Human BMP7
Immunoassay; R&D Systems, Inc.) according to the man-
ufacturer’s instructions. As controls, serum samples ob-
tained from 16 healthy volunteers and 19 patients with
CVH/LC (hepatitis B, n = 9; hepatitis C, n = 10) were
used. Samples were added to a 96-well plate coated with
a monocional antibody for TGF-g1 or BMP7, and incu-
bated for 2 hours at room temperature. After washing, the
plate was incubated with anti-TGF-B1 or .anti-BMP7 anti-
body conjugated to horseradish peroxidase for 2 hours at
room temperature. Color development was performed
using a substrate solution for 30 minutes and the absor-
bance at 450 nm was measured.

Statistics

The data were expressed as the mean * SD. Statistical
significance was determined using the Mann-Whitney U-
test and the Pearson correlation test. A £ value less than
0.05 was accepted as the level of statistical significance.

Results

Effects of TGF-B1 and BMP7 on Cellular
Phenotype of HMVECs

RT-PCR analysis showed that HMVECs expressed recep-
tors for TGF-B (TBR-1, TBR-1) and BMP7 (BMP receptor
type |A, BMP type It receptor) (Figure 1A). In this study,
CD31 and CD34 were used as markers of vascular en-
dothelial cells, and S100A4 and o-SMA as markers of
myofibroblastic cells. Treatment of HMVECs with TGF-81
significantly reduced the expression of CD34 mRNA in
HMVECs, and induced mRNA expression of S100A4,
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Figure 1. Effects of TGF-B1 and BMP7 on cellular phenotype of HMVECs at
the mRNA level. HMVECs were treated with TGF-B1 (10 ng/ml) alone or in
combination with BMP7 (100 ng/ml) for 5 days, and phenotypic changes
were examined using RT-PCR as described in the Materials and Metbods.
HMVECs expressed receptors for TGF-8 (TSR-1, TBR-II) and BMP7 (BMP
receptor type IA, BMP type II receptor) (A). RT-PCR (B) and real-time PCR
(C) showed that treatment of HMVECs with TGF-B1 reduced the expression
of CD34 mRNA, and induced the mRNA expression of S100A4, a-SMA, and
COLI1AL1. All of these changes of HMVECs following TGF-1 treatment were
inhibited by the addition of BMP7 in the culture medium (B, C). The data
represent three independent experiments (A, B), and the mean * SD of six
per group (C). *P < 0.01; **P < 0.05.

a-SMA, and COL1A1, while mRNA expression of CD31
was unchanged (Figure 1, B and C). Western blot analysis
showed that proteins of the molecules showed similar
changes to those of mRNA following TGF-g1 treatment, and
semiquantitative analysis of the Western blotting confirmed
this tendency (Figure 2, A and B). All of these phenotypic
changes of HMVECs following TGF-p1 treatment were
blocked by the addition of BMP7 in the culture medium
(Figures 1, B and C, and 2, A and B). In addition, BMP7
reduced TGF-gB1-induced COL1A1 expression in HMVEC in
a dose-dependent fashion (Figure 2C).

Morphological and Phenotypic Alterations of
HMVEC by TGF-B1 and BMP7
In the endothelial growth medium, HMVEC grew in a form

of epithelioid, sheet-like appearance under the phase-
contrast microscopy. Following 5-day treatment with

TGF-B1, the cellular morphology of HMVEC changed
from epithelioid into spindle-shaped appearance (Figure
3). Immunocytochemistry showed that the spindle-
shaped HMVEC following TGF-g1 treatment exhibited
reduced expression of CD34, and increased expression
of S100A4, a-SMA, and COL1A1 (Figure 3), which were
consistent with the results of RT-PCR and Western blot
analysis. TGF-B1 treatment increased the expression of
pSmad?2 in the nuclei of HMVECs (Figure 3), and the
percentage of HMVECs positive for pSmad?2 were signif-
icantly increased from 8.2 = 6.3% to 52.7 = 18.3%
following the treatment. Again, the addition of BMP7 in
the culture medium inhibited the morphological and phe-
notypic conversion of HMVECs by TGF-g1 (Figure 3).
These results indicated that TGF-g1 could induce myofi-
broblastic features in HMVECs, and BMP7 antagonized
the effects of TGF-81.

Reduction of CD34 E)(pfession in Portal Vein
Endothelium of IPH Livers

Immunostaining of liver sections demonstrated that both
TBR-I and TBR-II were diffusely expressed in the liver
including portal vein endothelium of IPH (Figure 4A), as
well as NL and CVH/LC. Immunohistochemical expres-
sion of CD34 was observed in the endothelial cells of
portal vein, hepatic artery, and hepatic vein. in all liver
specimens without exceptions. The signal intensity of
CD34 immunostaining was almost equal among these
vessels in NL (Figure 4B). In IPH, reduction of CD34
expression in the endothelial cells of peripheral portal
vein was frequently observed when compared with those
of the escorting hepatic artery in the same portal tract
(Figure 4B). The reduction of CD34 expression was ob-
served in peripheral portal veins of IPH regardless of the
presence or absence of luminal narrowing. In CVH/LC,
CD34 expression in the portal endothelial cells tended to
be preserved in most of the cases (Figure 4B), but sev-
eral cases showed reduction of CD34 expression. Semi-
quantitative analysis of the results of CD34 immunostain-
ing was performed as described in the Materials and
Methods. As shown in Figure 4C, the CD34-reduction
index was significantly increased in IPH, when compared
with that of NL and CVH/LC.

Enhanced Expression of pSmad?2 in IPH Livers

Positive immunostaining for pSmad2 were rarely seen in
sections of NL (Figure 4B). By contrast, many IPH cases
showed diffuse and strong nuclear expression of pS-
mad?2 throughout the liver, including portal vein endothe-
lium, hepatocytes, and biliary epithelial cells (Figure 4B).
Several cases of CVH/LC showed positive immunohisto-
chemical signals of pSmad?2 in the liver, but most of the
cases lacked its expression (Figure 4B).
Semiquantitative analysis of the immunohistochemical
results showed that the expression of pSmad2 was neg-
ligible in NL, whereas IPH livers showed a high incidence
of pSmad2 expression in portal vein endothelium (73.8 +
25.6%) (Figure 4D). In CVH/LC, the pSmad2-labeling
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index was 12.4 = 4.0%, and there was a statistically pathological changes at an earlier disease stage of IPH,
significant difference between the index of IPH and when compared with those of autopsy livers. In autopsy IPH
CVH/LC groups. This study examined three cases of livers, the CD34-reduction index and the pSmad2-labeling
systemic sclerosis complicated with IPH. Interestingly, index were 68.3 = 19.9% and 67.9 * 26.9%, respectively,
these cases of systemic sclerosis exhibited high value of while those of biopsy livers were 69.2 = 9.7% and 91.8 =
the pSmad?2-labeling index as well as the CD34-reduc- 6.7%, respectively. These results indicated that the occur-
tion index (Figure 4, C and D, data indicated by white rence of reduction of CD34 expression and induction of
circles). When the pSmad2-labeling index was plotted pSmad?2 expression in the portal vein endothelium was not
against the CD34-reduction index for all 44 cases, they a phenomenon limited to the end stage of the disease, and
showed a fine liner correlation (Figure 4E), suggesting a might be closely associated with the disease progression.

causal relationship between the enhanced expression of
pSmad?2 and the reduced expression of CD34 in portal
vein endothelium. Colocalization of CD34 and Mesenchymal

In this study, liver specimens of IPH included both Markers in Portal Vein Endothelium of IPH Livers
liver biopsy and autopsy materials. Because all au-

topsy livers of IPH were obtained at an advanced dis- Co-expression of CD34 and S100A4 was observed in
ease stage, the specimens of liver biopsy might reflect portal vein endothelium of IPH (Figure 5, arrow), but the

Phase-contrast CD34 S100A4 a-SMA COL1A1 pSmad2

No
treatment

TGF-B1

TGF-p1
+
BMP7

Figure 3. Morphological and phenotypic alterations of HMVECs by TGF-B1 and BMP7. HMVECs grew in a form of epithelioid, sheet-like appearance under the
phase-contrast microscopy, and a 5-day treatment with TGF-B1 (10 ng/ml) changed the cellular morphology of HMVECs from epithelioid into spindle-shaped
appearance. Immunostaining showed that the spindle-shaped HMVECs following TGF-B1 treatment showed reduced expression of CD34, and increased
expression of S100A4, a-SMA, COL1A1, and pSmad2. Addition of BMP7 (100 ng/ml) in the culture medium inhibited the phenotypic changes of HMVECs by
TGF-B1. The protein expression was visualized by a Vector Red reaction under immunofluorescence confocal microscopy, and nuclei were stained with

4'6-diamidino-2-phenylindole (blue). Original magnification X1000.
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Figure 4. Reduction of CD34 expression and induction of pSmad2 expression in portal vein endothelium of IPH livers. Immunostaining of TGF-f3 receptors (TBR-I,
TBR-I), CD34 and pSmad?2 was performed for liver sections of normal liver (NL), chronic viral hepatitis/liver cirrhosis (CVH/LC) and idiopathic portal hypertension
(IPH). TBR-1 and TRR-II were diffusely expressed in the portal vein endothelium of IPH (A), as well as NL and CVH/LC. Endothelial cells of peripheral portal vein
of IPH showed reduced expression of CD34, and increased expression of pSmad2 (B). The CD34-reduction index and the pSmad2-labeling index of portal vein
endothelium were determined as described in the Materials and Metbods section. Portal vein endothelium of IPH showed a significant reduction of CD34
expression (C) and a significant induction of pSmad2 (D) when compared with those of NL and CVH/LC. The data of white circles represent those from the cases
of IPH complicated with systemic sclerosis (C, D). The CD34-reduction index and the pSmad2-labeling index showed a fine liner correlation (E). Arrowheads
indicate nuclei of pSmad2-positive portal vein endothelium (B). HA, hepatic artery. PV, portal vein. White bars = 50 pm; black barts = 20 pm. *P < 0.01.

expression was limited in a small number of portal veins.
Portal vein endothelium of NL and CVH/LC lacked dou-
ble-positive signals of CD34 and S100A4 (Figure 5). Co-
expression of CD34 and «-SMA was rarely seen in all
experimental groups (data not shown). Double immuno-
fluorescence staining of CD34 and COL1AT1 showed that
portal vein endothelium of IPH occasionally co-ex-
pressed CD34 and COL1A1 (Figure 5, arrowheads), and
the portal veins showing double-positive signals irregu-
larly distributed in an individual liver independently of the
presence or absence of luminal narrowing. Portal vein
endothelium of NL and CVH/LC typically lacked such
double-positive signals (Figure 5).

Elevation of Circulating TGF-B1 Level in IPH

The serum TGF-B1 and BMP7 levels of 66 samples ob-
tained from 57 IPH patients, 16 healthy volunteers, and
19 patients with CVH/LC were determined using an en-
zyme-linked immunosorbent assay. The serum TGF-g1
level of healthy controls, CVH/LC, and IPH were 40.3 =
17.6 ng/ml, 29.3 = 10.8 ng/ml, and 53.0 = 23.4 ng/ml,
respectively, and the TGF-B1 level in IPH patients was
significantly higher than the value of the other two groups
(Figure 6A). While the serum BMP7 leve! of healthy con-
trols, CVH/LC, and IPH were 5.0 * 2.4 pg/ml, 22.5 £ 12.4
pg/ml, and 6.6 + 5.5 pg/ml, respectively, and the serum
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Figure 5. Colocalization of CD34 and mesenchymal markers in portal vein endothelium of IPH livers. Double immunofluorescence staining of CD34 and $100A4
protein, and CD34 and COL1Al was performed for liver sections of normal liver (NL), chronic viral hepatitis/liver cirrhosis (CVH/LC), and idiopathic portal
hypertension (IPH). Figures shown were merged images in which the expression of CD34 was colored in red, and the expression of 5100A4 and COL1A1 was
colored in green. Nuclei were stained with 4'6-diamidino-2-phenylindole. Coexpression of CD34 and 5100A4 was observed in portal vein endothelium of IPH
(arrow), but the expression was limited in a small number of portal veins of IPH. Portal vein endothelium of NL and CVH/LC typically lacked double-positive
signals of CD34 and S100A4. Portal vein endothelium of IPH occasionally showed colocalization of CD34 and COL1A1 (arrowheads). PV, portal vein. White
bars = 30 pm.

BMP7 level in patients with CVH/LC showed a significant
increase compared with those of the other two groups
(Figure 6B). When the serum TGF-B1 level was plotted
against the serum BMP7 level for all cases examined, a
significant inverse correlation was observed between

and BMP7 preserved the endothelial phenotype. in vivo,
endothelial cells of peripheral portal vein of IPH were char-
acterized by the decreased expression of CD34, and the
enhanced expression of pSmad2 and COL1A1. Impor-
tantly, the serum TGF-B1 level of IPH patients was signifi-

them (Figure 6C). cantly elevated when compared with the value of the
healthy controls and CVH/LC. These results suggest that
EndMT of the portal vein endothelium via TGF-g1/Smad
activation is closely associated with the pathogenesis of
portal venous stenosis of IPH. Our hypothesis on the mech-

anism of portal venous stenosis of IPH is illustrated in Figure 7.

Discussion

In this study, TGF-81 induced phenotypic conversion of
HMVECs into collagen-producing myofibroblast-like cells,
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Figure 6. Elevation of circulating TGF-B1 levels in IPH. The serum TGF-B1 and BMP7 levels of 66 samples obtained from 57 patients with idiopathic portal
hypertension (IPH), 16 healthy volunteers, and 19 patients with chronic viral hepatitis/liver cirthosis (CVH/LC) were determined using an enzyme-linked
immunosorbent assay. Serum obtained from IPH patients contained a significantly high level of TGF-B1 when compared with that of healthy controls and CVH/LC
(A), while the serum BMP7 level in patients with CVH/LC showed a significant increase compared with those of the other two groups (B). When the serum TGF-1
level was plotted against the serum BMP7 level for all cases examined, 2 significant inverse correlation was observed between them (C). P < 0.01; =/ < 0.05.
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Figure 7. Proposed mechanism of.the portal venous stenosis of IPH. TGF-B1 induces endothelial to mesenchymal transition (EndMT) of endothelial cells of
peripheral portal vein of idiopathic portal hypertension (IPH). Endothelial cells acquire myofibroblastic features via Smad activation, and produce extracellular
matrix molecules including collagen. Collagen depositions in peripheral portal tracts compress the portal veins, resulting in portal venous stenosis and
presinusoidal portal hypertension. BMP7 may act as an inhibitor of EndMT by antagonizing the effects of TGF-p1.

Dense portal fibrosis with luminal narrowing of periph-
eral portal veins is a common histological hallmark of
IPH." Parenchymal fibrosis, such as pericellular fibrosis
and slender fibrous septa from the portal tracts, leading
to incomplete septal cirrhosis, is also observed in several
cases of IPH." Because a-SMA-positive activated he-
patic stellate cells are focally fund in perisinusoidal area
of IPH livers, parenchymal fibrosis may be explainable by
the contribution of myofibroblasts.® However, a-SMA-
positive myofibroblast-like cells are rarely seen in the
peripheral portal tracts of IPH,>2® suggesting that other
matrix-producing cells may exist in the portal tracts.

Since EndMT has been implicated in dermal fibrosis in
patients with systemic sclerosis, a possible clinical man-
ifestation of IPH,'®'5:'® we focused on EndMT of the
portal vein endothelium as a mechanism of portal venous
stenosis of IPH. In vitro, it has been reported that vascular
endothelial cells acquire myofibroblastic features, such
as an increase in S100A4/ fibroblast-specific protein-1,
a-SMA and type | collagen expression in response to
TGF-g1, which is accompanied by the reduced expres-
sion of vascular endothelial markers, CD31 and von Wil-
lebrand factor.’:'® In fact, this study confirmed that
TGF-B1 reduced the expression of CD34, and induced
S100A4, o-SMA, and COL1A1 expression in HMVEC,
which were accompanied by the increased nuclear la-
beling of pSmad2. In addition, portal vein endothelium of
IPH showed the reduced CD34 expression and the in-
creased nuclear expression of pSmad2. Although a
guestion remains whether HMVEC and portal vein endo-
thelium share the same endothelial phenotype, our data
indicate that EndMT via TGF-B1/Smad activation is a
possible mechanism of portal venous stenosis of IPH.

TGF-B1 is known to activate hepatic stellate cells,
which in turn acquire myofibroblastic features and pro-
duce extracellular matrix proteins. This transition is a
central process in LC due to various causes. However, no
cirrhosis occurs in IPH despite the facts that activation of
hepatic stellate cells occurs in focal areas of IPH livers,
and incomplete septal cirrhosis is regarded as a late
manifestation of IPH."® In systemic sclerosis, dermal fi-
broblasts shows hyperresponsiveness to TGF-p1, and
the deficient expression of Smad7, an inhibitory Smad,
may be responsible for the TGF-8 hyperresponsive-
ness.?” In addition, Smad6, another inhibitory Smad, is
not expressed equally among cell types consisting the

liver.2® From these results, it is suggested that the re-
sponsiveness to TGF-B1 is different between portal vein
endothelium and hepatic stellate cells of IPH; ie, portal
vein endothelium of IPH may be hyperresponsive to
TGF-g1 when compared with that of hepatic stellate cells,
which may be due to the abnormalities of the expression
of inhibitory Smads, accounting for the fact that no cir-
rhosis occurs in {PH.

In this study, only a small fraction of portal endothelial
cells of IPH exhibited transformed features in pathologi-
cal examinations. Similarly, previous studies have shown
the percentage of fibroblast-specific protein-1/CD31
double-positive cells remained in 3% of total cells in a
mouse model of cardiac fibrosis, although nuclear stain-
ing of pSmad2/3 was present in 30% of endothelial
cells.'” These results indicate that several but not all of
the endothelial cells with positive nuclear expression of
pSmad?2 or pSmad?2/3 undergo phenotypic changes into
myofibroblast-like cells, which may lead to the uneven
distribution of stenotic portal tracts in the liver of IPH.
However, a precise mechanism remains to be studied. In
addition, the induction of nuclear pSmad2 expression
and the reduction of CD34 expression were observed
even in peripheral portal veins without luminal narrowing
of IPH. We speculate that these portal veins will gradually
show [uminal narrowing along with the collagen deposi-
tion around the portal veins, and these changes may
slowly and disproportionally progress in the IPH liver.

Colocalization of CD34 and «-SMA was rarely seen in
the portal vein endothelium of IPH. These observations
were consistent with the results of previous studies re-
garding EndMT, showing that the occurrence of colocal-
ization of CD31 and «-SMA in the vascular endothelium
was a rare event in vivo, when compared with the fre-
quency of the occurrence of colocalization of CD31 and
S100A4/ fibroblast-specific protein-1.'® Therefore, vas-
cular endothelial cells may be able to acquire the fea-
tures of myofibrablasts in vitro, but they do not necessarily
differentiate into myofibroblasts themselves in vivo.

The elevated serum TGF-g1 level in IPH raises a ques-
tion as to the cellular sources of TGF-g81. In the liver,
hepatic stellate cells, macrophages, hepatocytes, and
bile duct epithelial cells are candidates of cell types that
produce TGF-p1.22-31 The spleen is an organ that closely
associates with the disease pathogenesis of IPH, and
macrophages have been shown to produce TGF-g1 in
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the spleen.®232 In cases of systemic sclerosis, myofibro-
blasts, fibroblasts, vascular endothelial cells, macro-
phages, lymphocytes, and platelets are potential sources
of TGF-B1.34~37 To determine cellular sources of TGF-B1
in IPH, further study is necessary. Also, the cellular
sources of BMP7 are of interest, especially in patients
with CVH/LC.

In [PH livers, hepatocytes, as well as portal vein endo-
thelium, showed diffuse and strong immuno-expression
of pSmad2, which probably reflected the elevation of the
serum TGF-B1 level. In addition to its contribution to
hepatic fibrosis, TGF-B1 has an effect of growth inhibition
or apoptosis induction on hepatocytes.?®*® Therefore,
hepatic parenchymal atrophy frequently seen in IPH pa-
tients at an advanced disease stage may associate with
the growth inhibitory effects of TGF-B1 on hepatocytes,
as well as the circulatory disturbance of the liver.

TGF-B induces connective tissue growth factor (CTGF)
in various systems, and hepatic stellate cells are the
major cellular sources of CTGF in the liver during liver
fibrogenesis.®® In patients with IPH, the serum CTGF level
is significantly elevated than the value in healthy volun-
teers, and overexpression of CTGF seems to be one of
the most important features of IPH.#C The major cellular
sources of CTGF in the liver of IPH has been shown to be
periductal mononuclear cells, but hepatic stellate cells of
IPH livers lack CTGF expression.®“° In addition to CTGF,
our data indicate that TGF-g is another novel factor in-
volved in the pathogenesis of IPH.

From the view point of therapeutic interventions, it is
important to note that BMP7 had striking effects on the
preservation of endothelial phenotype. The inverse cor-
relation between serum TGF-B1 and BMP7 levels in this
study suggests a possibility that TGF-g1 and BMP7 may
have an antagonistic effect on their expression to each
other. Although the inverse correlation between serum
TGF-B1 and BMP7 has not been recognized in the pre-
vious literature and the mechanism remains unknown,
there is a possibility that the administration of BMP7 in
patients with IPH may improve the elevation of serum
TGF-B1 level, and BMP7 can be a candidate of therapeu-
‘tic agents for IPH.

In conclusion, the present study demonstrated an in-
volvement of TGF-B1 in the pathogenesis of IPH. Al-
though the mechanism of deposition of extracellular ma-
trix proteins other than collagen such as elastin in the
peripheral portal tracts is not fully understood,*’ one
plausible mechanism of the portal venous stenaosis of IPH
is due to excessive collagen deposition via EndMT of
portal vein endothelium in response to TGF-g1. Our data
indicate that TGF-B is a potential target of therapy of IPH,
and BMP7 can be a possible therapeutic agent.
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FrFbOorEr, Juisa»C JOFarSDE
EFERE, VIEOBRHERLLTHSNTHEN
ENLSSVWOHETEI WO LERIFEETH2OMITD
WTOBEBEIRRhof, T2, YT —FTREL
7~ VIE BF 173 L5 HRIZI DOBEETOEREI—R
LD DNA S — 7 T A %2709, FORREER
3R d., VIEBRFE M RIIIRE I AERBEDT 2
JEEEESIEGTREERAELL. 071 SHE
GFRIEBRE1LEMASHE, LeF55H, K32%DE
FZ, VBOT I/ BOEEEIERSRAES N

B K M #,50:5

#£3 IMBAOVIEBZFRSNLTY I /R
FIHELT2ERERTHEREK

B=F4 BEK
FOF14>S 24*
JasF14>C 12
FrFrO EY 14
o512 S+7a51 > C 5
&5t 55

1 EOTOTA S BETFREREFED

x4 2D0DBEGETRERE2ETL5408F

ToF414rS JuFa-C VIEREFH FERE

Lys196Glu Lys193del 57 Eia L
Lys196Glu Arg221Trp 40 g
Lys196Glu Arg27Trp 39 H0
Lys196Glu Val339Met 25 Ho
Lys196Glu Val339Met 55 Aq W

T EH, TOFA S Lys196Glu iZEHRO & D I\ S
£ OBHEICELN, KWTTOF1 > C D Lysl93del
TEE Va33dMet ZREN 4 ZTDOOBREBIRES N/,
IOTENS, TIN5 3DDERIIBAAD VIE OfEkk
HFEUTEETHAH I ENHOM ST 7z, Val339Met
TREFZEOIOFA > CTIFESRITILIEL 77%) %
BrE, (RWEMARLES, Lysl93del BEFEFHITW
THH7 I REMHIT 0% EZR U AWNKFLEE
BREELEFFAELTH Y, FORBEEEZKEZSR

LTWE®, ZOI &5, Lysl93del FRII D57
> C OFBEERZ2ETIELINT I RIEHICIIZEL
BWbDEEX SNk, 0541 > C 72 REMED, T
OfEEN SEN-EREMENS, MRNEFEEORS ) —=
VA ELTELEDONTWAD, Lysl93del BEZFFD
Mg, 73 REESETLRENWI SR EET S0NEN
HAI, BaHi, Lysl6 BRI 071> CEED
CRMM S 6 BEHICMET 2.

VIEEFED> L, 54137051 >S&E70574C
D2 ODBETFIEREZFEALTVAE (FEL., Z054
OBFTNWTND TO51( > SLys196Glu EEEFE L
TWi, ZOZEMS, 7071 > SLysl96Glu BEIL
MOLREEETHIEICED VIEREDY AV & L
T EEAL SNz,

VIE ## 55 &1 7 3 JBELEED BETFERER
FLk (£3) OT, KEINSEBRFERREED
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— W K M W -

VIE REERELRERELZLUB L. TORE, &
EREEOVIERHREBLVFEIEETRETS
TENHBAL, BETERO VIEREANDOFENES
MCieof (BREAE S5 4, FRIEFE 4711655,
ERIEFEEE  BRIFEERH 1184, 52.6216.1 5%, P=
0.0031)%, H 7% )L— 7 TILE L= VIE B&EiE, %
BIOBERE, REREEETIH, NABRERS, B
DY ERFEFD. VIE R - BEETOBREE XL OH
HEIC T 2003, VIE BE2ERHE U TIET 2%
BhHDLEELD.,

23 bOYEREI2U CERT

ro RED U (TM) B, mERNEHRICER
BIICRHELTBD, BERGTECEZE MO EXICHE
L, hrOEHRTOFA > CEERLETSEEOIT 7
BH—ELTEL, Z0OZ &5, TM OFEEETIZ
VIE ICBENBuRENH B, T2 T, TM BLFEHET
L7, VIE B& 118 £ TM Bln¥ (IMEEFII—D
DLyYVTA-FENTND) 22—V IXAL, &
RERELE. 7055, HEOHVWEREERERT
FALEITL, ZREEAHETHIEICLIDVIEE
OEEERRS LUz o, TREETM 28EL, BET
ZREAABEETM EEOBELZHBIT L, TORBR,
Alad55Val BEZSDNTOY A 708, Bk - i
At TM E8&BEE2RL (P<0.05), EHTVIER
MEERLE (P=0.02, 95%{EHEXE 1.14~6.67)%,
AZAEAAEE TM B ORBER, XEOHATHES
=A%, VIE EOBREISMOWMR TIEZRI N T
DT, HEIZRFTTHHEND D,

24, EBETEEA L ES— (TFPD) BETF

TFPLIZMBETREORE RIS EMHT 50T, &R
FOEMBETIIVIE OER &350 RS 5. TFPI
Z3DD0 2w VBHERAS NSRS alll, 2D0
o VHERAA 2 HDBE (alternative splice &)
BHD, 17540 VIE BED TFPI BT OEIr Y >

BT AL, FREZNELEHER BHEETZ
I—-R¥BITYY VI At AER Asn221Ser 2R
L7, Z & Asn221 i glycosylphosphatidylinositol T
iR TDEEXONARETHD. BI5, TFPIBRC
@ Asn221 %41 L T glycosylphosphatidylinositol {1,
EEMAETHIOEANEMBOZMICHFETSEEZS
N5, #IT, LR LMFO total TFPI BH LU free
TFPI & & OBIE %<7, total TFPI #jE ki3 TFPIS
HEIFEREETH 548, free TFPIBEIFEHRITEI 7wy
RAA 2 ERBHT HEER NS0, TPPISELHEES
Nisvy, EEE, total TFPIE T, TR Ser 7 LIV #
Dbt MIFEROE X OBEERLE. —FH, free
TFPI ERBEEIC L 2ZRRD o k. O
Rk, TFPIB L Asn221 24 L THIlE EIcRET BT E
BXELZ, RiC, FBEE VIE OBEEEFE~N, &
ERhEEZRWEZIhAbhol., TOZEMS, TFPLE
EFDOI AL AL E Asn2218er 14, M+ TFPI EI2E
ET5H00, VIEFEIIEELRNWEZSAED, L
ML, ZER Ser221 & T 5 TFPIS I M E M K Hiflg ki
BRETEZRNVOT, TONEMEOTEEEHIIETT
BEEZLOND, HAEORETTIE, ZORKHREL
OFEEFEENMZOMEICBEETHYD, T50okH
HRAZHEFFIMRERZRT B LAGN,

3. AAEELBAEAD VIE DEGHEROHRE

BA® VIE DEGHEREL T, BV EF Leiden £
B (Arg506Glh ZH) & /nbo U EETFD 3EE
FEEEIC 20210G>AERSTENTNS (FH)+Y, B
V ET Leiden Z£REFFIS APCEIOEERHEOIEE
MAESHL (APC M EFFITINS). - I—Dw /N
BO—BRERD 10~15% B L U VIE BED 20~40% iZ
RoNBERTH LN, BEAZEVRT V7 AKIZR
S5Nixnen, iz, BABR OO ECVEETO
I IEBIFUERIC 20210G>AERE H D, TRATLIVE
HFERMH OOV CBSEL, VIEOU AV &R
5, FERIIEA—BREROK 2% B LU VIE BEHD 6

#5 VIE OEEGHER

LS AN ER FhAZER
B $EVHET Leiden £&E ;E;:iz
pe 75
Jorn2E 20210G>ALE FUFROYEY
Jur4 S
=f- N 75 > SLys196Glu & Jas14>2C

FTrFIOES
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~8%IZRENDM, BHFEACERREEEN TWARNWY, 7
oF4>S, JorF1>C FrFrOoryECIZRGHN
HRRERIY, BA - BEAZBDT, 503 AEIC
Ronsd, —h, AFEAEZMRIZLLEHENS, VIED
BEZANERELTIOTT 2 S Lys196Glu ZEMEH S )
ELirof=9®(F5), BLDE b LEREORZENS,
AEOBRWII L2 BETEHOBEEOENNLHNSH
BHEDIT>TER,

BHYIC

FZEIVIE OEREFEHONICT 2720, EHE
EFDOVIE ~NOBEEE®RF L=, VIE AOBEEIX, E
Bl I T o /208, Z O, FhFhonFEFo
i BULLEHER 29FBELLTAVWT, B
FEHMORE RN L. TRBE TH S HEFORE
HIEEE 52 5BRTLEIRDOMEETELZDOD
FNE0E W VIE SI3BEERET, #—JO51
> S Lysl96Glu ZEMNVIE EWEEZRTER &
ftojz. VIE OBEZEEFERSTSMETIE, EFANE
METHEELZRL, »OFEPERLEEZRTERE
FTERETDHIENEETHAD, FETHMLELS
i, MBECEGERTIIE, ABIISEWHEICR
5d. IO ULEEERTFOENILY, VIE DEED
ABIZLDBVWS—HHETELLS R0k S,
A THS MR > MEDREE T % VIE OFEh
EBBEICEDOXDITFESOMND, BEICRS EEDNS,

FAFO—EL, BEFEHRFMABRYES TITo /4.
FEEEDBICHEYD, HREFHELTHAWE IR
SRR E D T2 ENBRESRYE 5 —FHREET /N
AREELEE, BNEHEHE AMCERERCERT
5.
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A three-decade experience of radical open
endvenectomy with pericardial patch graft for
correction of Budd-Chiari syndrome

Hitoshi Inafuku, MD, Yuji Morishima, MD, Takaaki Nagano, MD, Xatsuya Arakaki, MD,
Satoshi Yamashiro, MD, PhD, and Yukio Kuniyoshi, MD, PhD, Okinawa, Japan

Background: We previously reported the valne of our operative procedure for Budd-Chiari syndrome (BCS) that
comprised reconstruction of the occluded or severely stenosed inferior vena cava (IVC) using an autologous pericardinm
patch and reopening as many occlnded hepatic veins as possible. Here, we present the long-term durability and efficacy
of the autologons pericardinm patch for reconstruction of the IVC in BCS.

Mithods: We retrospectively analyzed a series of 53 consecutive patients (mean age, 48.4 * 12.8 years; range, 24-76 years;
34 men) who underwent surgical treatment for BCS at our institution from 1979 to 2008. Patency of the IVC and
hepatic veins was examined by venography at discharge. Patients attended an outpatient clinic every 1 or 2 months for
follow-up. The reconstructed IVC was evaluated by enhanced computed tomography every 1 or 2 years.

Results: Two in-hospital (operative mortality, 3.7%) and 15 late deaths occurred. During a mean follow-up of 7.6 *+ 6.5
years (range, 0.08-24.1 years), the reconstructed IVC became totally obstucted in three patients, of whom two
underwent reoperation, and severely stenosed in two patients, who required percutaneous transvenous balloon veno-
plasty (PTV). The 5- and 10-year patency rates without reoperation or PTV for the reconstructed IVC were 20.5% and
84.3%, respectively. The cumulative 5- and 10-year survival rates were 89.8% and 70.7%, respectively.

Conclusion: The autologous pericardinm patch is effective and durable for reconstrucring a diseased IVC in BCS. (] Vasc

Surg 2009;50:590-3.)

Budd-Chiari syndrome (BCS) is defined as chronic,
progressive, and congestive liver dysfunction resulting in
Yiver drrhosis and hepatc failure due to hepadc inferior
vena cava (IVC) obstructon concomitant with ostial ob-
struction of the hepatic vein. We previously described our
corrective procedure for BCS that consists of reconsmic-
don of the occluded IVC nsing autologous pericardium
patch and reopening as many occluded hepatc veins as
possible.!3

Malignant involvement of the IVC or superior vena
cava (SVC) 1s sometimes surgically treated using autolo-
gous pericardium, which is considered good marenial for
patch reconstrucdon after partial resection of the IVC or
SVC.*7 We previously demonstrated that autologous peri-
cardium is more effective than bovine or horse pericardium
and expanded polytetrafluoroethylene (ePTFE) for recon-
stiction of the IVC in dogs.® However, the long-term
durability and efficacy of this autologous pericardium after
patch reconstruction of the IVC in patients with BCS is
unclear. To clarify the effectiveness and long-term durabil-
ity of the autologous pericardium for patch reconstoruction
of the IVC, we retrospectively reviewed patients with BCS
who had undergone our surgical corrective procedure.
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PATTENTS AND METHODS

We enrolled 53 consecutive patients (34 men) who had
undergone this corrective procedure for BCS at Ryukyn
University Hospital berween December 1979 and January
2008. The patients were 3 mean age of 48.4 = 12.8 years
(range, 24-76 years). Major symptoms or signs were lower
extremity edema in 11, abdominal distension in 10, hepatic
encephalopathy in 6, hepatomegaly in 5, superficial collat-
eral veins on the abdomen in 5, varicose vein or pigmenta-
tion of the leg in 5, gastrointestinal bleeding in 4, and
abdominal pain in 2. All patients had ascites at the opera-
tion. Three patients had associated Behget’s disease, 6 had
aprotein C deficiency, 5 had protein S deficiency, and 1 had
andphospholipid antibody syndrome. Esophageal varices
were confirmed in 46 patients (87%), of which six (11.3%)
had a history of hepatic encephalopathy.

The mean pressure gradient between the right atrium
(RA) and TVC was 12.0 £ 3.4 mm Hg (range, 8-21 mm
Hg). The 15-minute indocyanine green clearance test
(ICG 15°) was 30.4% * 16.4% (range, 5.3%-68%). Preop-
eratve venography showed thar the obstructed or stenosed
lesion of the IVC was 3.0 = 2.6 cm (range, 0-12 ¢m) in
length. Three padents had undergone previous catherer
intervention o the IVC stenosis. Our surgical indication
for BCSis an IVC obstruction or severe stenosis resulting in
elevation of the pressure gradient between RA and IVC,
with -or without a hepatic vein with ostal obstruction,
which is thought to be able to be reopened by our proce-
dure, simultancously.

The patents were placed in the left lateral position
under unilateral ventilation, and the lateral site of the
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Fig 1. Reconstmcted retrohepatic inferior vena cava (1VC) with
fresh anrologous pericardium patch. RA, righr atrium.

hepatic IVC and the right atrium were exposed by dividing
the diaphragm and right sixth intercostals by a thoracot-
omy. Harvested fresh autologous pericardium was im-
mersed in saline and used to reconstruct the occluded or
severely stenosed IVC (Fig 1). We concomitantly reopened
as many occluded hepatic veins as possible under a partial
cardiopulmonary bypass (CPB) through the right femoral
artery and vein cannulation. A thickened caval wall thar
occluded the ostia of the hepatic veins was partially resected
with some liver parenchyma to reopen and dilate the he-
patic venous outflow. The concept of lateral patch augmen-
tation and resection of liver parenchyma is to widen and
deepen the occluded or severely stenosed hepatic IVC and
normalize hepatic crculaton from the portal vein to the
RA through the hepatic veins.

All patients received continuous intravenous heparin
sulfate at a dose of 100 U/kg/day within 24 to 48 hours
postoperatively, followed by lifelong warfarin therapy at
doses required to maintain the international normalized
ratio between 1.5 and 2.5.

All surviving patients underwent venography and the
ICG 15’ test at discharge and were followed up every 1 or
2 months as outpatients. The reconstructed IVC was eval-
uated by enhanced computed tomography (CT) scanning
every 1 or 2 years. During the follow-up period, 129 CT
images of the surviving patents, with an average of 4.3
images per patient (range, 1-14 images) were reviewed.
When restenosis or occlusion of the hepatic IVC was indi-
cated on scans, the patents underwent venography. The
last imaging study that confirmed graft parency served as
the end point for graft patency calculations.

Statistical analysis was performed with Statview 5.0
software (SAS Institute, Cary, NC). All data were expressed
as mean % SD. The survival rate and the patency rate
without reoperation and transvenous balloon venoplasty
(PTV) for the reconstructed IVC were estimated using the
Kaplan-Meier product limit method. For comparison be-
tween two groups, significance was determined by the ¢
test. A value of P < .01 was considered significant.

Inafuku er al 591

RESULTS

The duration was 298.5 = 83.4 minutes (range, 180-
567 minutes) for the procedure and 30.5 = 15.5 minutes
(range, 13-71 minutes) for CPB. The harvested pericar-
dinm was 72 (range, 40-120) X 34 (range, 24-86) mm.
Two patents died in the hospital at postoperative day 15
for an operative mortality of 3.7%. One patent died of
severe liver failure and the other died of ventricular fibrilla-
tion from cardiac amyloidosis. The postoperative hospital
length of stay was 49 + 22 days (range, 15-124 days).
Complications developed in 11 patients, consisting of pleu-
ral effusion in 5, postoperative bleeding in 2, wound infec-
tion in 2, renal dysfunction in 1, and acute heparitis in 1.
Symptoms were acceptably reduced in all survivors, with no
evidence of hepatc failure.

All survivors underwent venography at discharge,
which revealed the absence of occlusion and severe stenosis
in the reconstructed IVC. The mean pressure gradient
between the RA and IVC was significantly decreased from
12.0 + 3.4 (range, 8-21) to 4.0 = 3.0 (range, 0.0-12.0)
mm Hg (P < .001). The ICG 15 was also significantly
decreased from 30.4% * 16.4% (range, 5.3%-68%) to
19.7% + 14.6% (range, 5.5%-56.6%; P < .001). The serum
bilirubin and plateler count were significantly recovered
from 1.62 * 0.7 (range 0.6-3.4) to 1.19 = 0.67 (range,
0.3-4.0) mg/dL (P < .001) and from 11.5 = 7.5 (range,
2.0-48.4) X 10*/mm? to 16.3 * 7.8 (range, 3.6-35.0) X
10* /mm?® (P < .001). The esophageal varices disappeared
in 11 of 46 patients (23.9%).

No graft infections developed during the mean follow-up
period of 7.6 = 6.5 years (range, 0.08-24.1 years). Total
obstruction of the reconstructed IVC occurred in three
patients at 5, 6, and 7 years, respectively, after the inital
surgery. Two of rhree patients with toral obstrucrion,
whose symptoms of lower extremity edema and esophageal
varices deteriorated despite medical treatment, underwent
a repeat procedure. One padent underwent repeated IVC
reconstruction using a ring-reinforced ePTFE graft, and
another underwent a Senning-type RA-liver anastomosis.
Four presented with severe stenosis of the reconstructed
IVC that was treated using PTV. The 5- and 10-year
patency rates without reoperation or PTV for the recon-
structed IVC were 90.5% and 84.3%, respectively (Fig 2).
The remaining patients did well wirh considerable improve-
ment of symptoms that were documented before surgery
and no progression of the liver dysfunction during the
follow-up period. Hepatocellular carcinoma developed in
13 patients (24.5%), and they underwent partial hepatic
resection 5.3 * 5.4 years (range, 0-17.6 years) after the
BCS surgery, including a one-stage operaton in three
patients.

There were 15 late deaths caused by heparocellular
carcinomain 2 patients, pneumonia in 2, respiratory failure
in 1, arrhythmia in 1, suicide in 1, liver failure in 1, and an
unknown cause in 7. The cumulative 5- and 10- year
survival rates were 89.8% and 70.7%, respectively (Fig 3).
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Fig 2. Cumulative patency rates withont reoperation or percuta-
neous rransvenous balloon venoplasty. Patency rates are 90.5% at 5
years and 84.3% at 10 years.
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Fig 3. Cumulative survival rates were 89.8% at 5 years and 70.7%
at 10 years.

DISCUSSION

These results suggest that autologous pericardium can
serve as an effective and durable patch for IVC reconstrc-
ton in BCS. Because of its geometric and functonal advan-
tages, antibacterial and anticoagulant potential, long-term
durability without calcificaion, and its cost, the autologous
pericardium is considered an excellent marerial for recon-
structive heart surgery®® and for treating tumors with
vascular involvement and thrombosis.*” It has been ap-
plied in many reconstructive procedures such as right ven-
gicular outflow tract repair of tetralogy of Fallot, aortic
arch reconstruction in hypoplastic left heart syndrome,
heart valve repair, and aortic root repair in aortic valve
endocardiris.”*?

Our previous immunohistologic findings® also support
the use of autologous pericardium for IVC reconstruction
in rerms of the quality of the neointima of grafis after patch
reconstruction of the TVC in dogs: Moreover, the pericar-
dium can be easily harvested through a thoracoabdominal
incision approached through the retrohepatic IVC and RA
in patients with BCS.

The autologous pericardium has some limitations,
however. The size of the pericardium available for harvest
using our approach might be insufficient for IVC repair in
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patients who have already undergone cardiac surgery or our
procedure for BCS, so an alternative material is required for
such patients. The ePTFE graft that has mostly been used
for IVC replacement or parch reconstruction in padents
with tumors or thrombus involving the IVC is considered a
good material for treating patients with BCS from the
viewpoints of size-matched TVC, resistance to compres-
sion, and high patency rates, regardless of anticoagulant
therapy.’¢*?

One of two patients with an obstructed IVC required
repeated patch augmentation with an external supported
ePTFE graft 6 years after the first operation; however,
severe edema of both feet developed 16 years after the
repeat operation. Venography revealed severe stenosis of
the proximal site of the graft, and the pressure gradient
across this stenosis site had increased from 0 (at the first
operation) to § mm Hg. PTV did not resolve his symptoms
or reduce the pressure gradient due to sclerotic change at
the stenosis site of previous ¢PTFE graft. Three other
patients with severe stenosis of the autologous pericardinm
underwent successful PTV. These findings suggested that
the anastomotic site of the ePTFE graft might undergo
long-term sclerotic changes.

In the setting of anticoagulation therapy, inherited and
acquired hypercoagulable states along with a varety of
other causes can be identified in about 75% of patients with
BCS, indicating that several etiologic factors are involved in
25% of these patients.?® Therefore, our patents were ad-
ministered indefinite postoperative warfarin therapy. In
fact, six (11%) of our patients with BCS had inherited and
acquired hypercoagulable states. Moreover, the two in-
hospital deaths occurred in patents who had hypercoagu-
lable states and presented fulminant liver failure before
surgery.

Transjugular intrahepatic portosystemic shunt (TIPS)
is thought to be feasible and effective in patients with
fulminant or acute BCS, and is also useful as a bridge to
liver transplantation. The long-term success of the TIPS is
limited, however, particularly in patients with liver cirrho-
sis.2*22 Tn our series, 32 patients (60.3%) had histologic
liver cirrhosis, and their cumulative survival rates were
93.3% at 5 years and 78.2 % at 10 years. So, TIPS should be
considered as a bridge to definitive surgery in case of
fulminant or acute liver failure of BCS with liver cirrhosis.

CONCLUSIONS

Fresh autologous pericardium is an effective and dura-
ble patch for reconstruction of the TVC in BCS. This
technique has a good long-term outcome. We consider that
long-term anticoagulant therapy with warfarin is necessary
for such hypercoagulable states.
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