28 254

FF

3

45% 55 (2004)

Table 6 Transition in the form of esophageal/gastric varix after administration of propranolol
hydrochloride at maintenance dose

Form Baseline Week 4 Week 16 Week 28 Week 40 Week 52

F0 0 0.0 ¢ (0.0 0 (0.0 0 (0.0) 0 (0.0 0 (0.0)

F1 0 .0 7{17.5) 9(25.7) 7(25.0) 6(28.6) 5(35.7)

F2 40(88.9) 21(52.5) 22(62 9) 13(46.4) 13(61.9) 9{(64.3)

F3 5(11.1) 1 (2.5) .9 0 (0.0 0 (0.0) 0 (0.0)

No data 0 {(0.0) 11(27.5) ( 6) 8(28.6) 2 (9.5) 0 (0.0)
Total number 45 40 35 28 21 14

of patients

F0 : No varices F1 : Straight varices F3 . Largest-sized varices

(%)

F2 . Enlarged tortuous varices

Table 7 Comparison in the form of esophageal/gastric varix between before and
after administration of propranolol hydrochloride

Final examination after

Form Baseline . . . Wilcoxon’s signed rank test
administration
Fo 0 (0.0) 0 (0.0)
F1 0 (0.0 16(40.0) P <0.0001
F2 36(90.0) 24(60.0)
F3 4(10.0 0 0.0
Total 49 40

F0 : No varices F1 : Straight varices F2 : Enlarged tortuous varices

F3 : Largest-sized varices

(%)

Table 8 Transition in the red color sign of esophageal/gastric varix after administra-
tion of propranolol hydrochloride at maintenance dose

Red color sign  Baseline Week 4 Week 16 Week 28 Week 40 Week 52
-- 0 (0.0 6(15.0) 13(37.1) 12{42.9) 10{47.6) 8(57.1)
+ 34(75.6) 20{50.0) 16(45.7) 6(21.4) 8(38.1) 6(42.9)
++ 10(22.2) 1 (2.5) 2 (5.7 1 (3.6) 0 (0.0 ¢ (0.0)
+++ 1{2.2) 2 (5.0 1 (2.9 1 (3.6) 1 (4.8 0 0.0
No data 0 {0.0) 11(27.5) 3 (8.6) 8(28.6) 2 (9.5 0 0.0
Total number 45 40 35 28 21 14
of patients
— 1 No red color sign + : Few localized red color signs
++ : Mid between{+)and (++ +} + 4+ ! Many sings all around (%)
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Table 9 Comparison in the red color sign of esophageal/gastric varix between before
and after administration of propranolol hydrochloride
. . Final examination after , .
Red color sign Baseline .. . Wilcoxon's signed rank test
administration
- 0 (0.0} 20050, 0}
+ Nn(77.5) 16€40,0% P <0.0041
++ 8(20.0) 3 (7.9
+++ 1 (2.5 1 (2.5}
Total 40{(100) 40 (100}
— . No red coloer sign + 2 Fe\\lr localized red color signs
+ + : Mid between (+) and {+++) + + +  Many sings all around (%}
Table 10 Transition in the PH(I} finding of esophageal/gastric varix after adminis-
tration of propranolol hydrocl?loride at maintenance dose
PHG finding Baseline Welek 4 Week 16 Week 28 Week 40 Week 52
|
— 33(73.3) 16(%0.0) 24(68.8) 14(50.0) 12(57.1) 10(71.4)
+ 7(15.6) 11(27.5) 7(20.0) 4(14.3) 5(23.8) 4{28.6)
++ 5(11.1) 2 |5'0) 1(2.9) 2 {7.1) 2 (9.5 0 (0.0)
No data 0 (0.0 11(2|7.5) 3 (8.6) 8(28.6) 2 {9.5) 0 (0.0
Total mumber o do 3 28 21 14
of patients !
— ! No finding + : Mild lesio|n + + ! Severe lesion (%)
Table 11 Comparison in the PHG finding of esophégea]/gastric varix between before
and after administration of pr:opranolo] hydrochloride
PIG finding Baseline Final examination Wilcoxon’s signed rank test
- 29(72.5) 28(70.0}
+ 7(17.5) 9(22.5) P =1.0000
++ 4(10.0) 3 (7.5
Total 40 40
— ! No finding  + ! Mild lesioln + 4 ! Severe lesion (%)
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Table 12 Adverse events

Case No Sex Adverse Dose at Time of onset ~ Serfousness  Severity  Continuation or Other Outcome Causal relationship
events the time (after discontinuation  [nterventions with the
Ape of onset  administration) of investigational
investigational drug
drug
ni-o0z  Male Hepatic 60 Day 58 Serfousness  Very severe  Discontinued Yes Aggravaled Not related
Bivears failwrelacute  mgiday {death)
old aggravation
of cirrhiosis)
001010 Male Dizziness 0 Day 13 Not Mitd Continued Xo Relieved Possibly refated
30 years mg/day Seripusness
old
0nl-016  Male Headache- 30 Day 23 Not Mild Discontinued No The symptom was  Probably related

61 years dull mg/day Serigusness remitted after
old discontinuation
M2-061 Male Acute 10 Day? Seriousness  Very severe  Discontinued Yes The symptom was  Possibly related
b6 years  myocardial mg/day remitted after
old infarction discontinuation,
but the patient
died
due to aggravation
of hepatic failure
later.
M7 3 Male Amnesia 60 Day 19 Not Moderate Discontinued No The symptom was  Definitely related
mg/day Seriousness remitted after
64years  Tongue-tied ) Day 19 Not Moderate Discontinued No dlscqntlnuatmn.
.. and disappeared 1
old mg/day Seriousness
week later
Restlessness ) Day 19 Not Moderate Discontinued No
mg/day Seriousness
[rsomnia ] Day 19 Not Moderate  Discontinued No
mg/day Serfousness
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Assessment of the prophylactic effect and safety of propranolol
in upper gastrointestinal bleeding associated with portal
blood circulation disorder (portal hypertension)

Keizo Sucniacni | Shunji Futacawa? | Hiroyuki Katon®, Takashi Kaxeyarsu®,
Seigo Kitano®, Susumu Stoa® | Hiroaki [wasg?, Morimasa ToMIKAWAS
Kazuo Taxoue? | Masuhiro Kato!", Makoto Hasuzumg!D

A prospective long-term study was conducted to evaluate the prophylactic effect and safety
of propranolol in upper gastrointestinal bleeding for 46 patients with portal hypertension untrea-
ted by sclerotherapy. The duration of administration at the maintenance dose, which was to
decrease the resting heart rate by 25%, was 33.5+£19.6 weeks. Of the 45 patients, 3 patients
experienced bleeding from upper gastrointestinal tract and cumulative non-bleeding ratio was
90.9% . Significant improvement was observed in the form and red color sign of the varices
compared with the baseline by endoscopy. A total of 8 adverse events were reported in 5 of 46
patients evaluable for safety. Of them, 4 patients were withdrawn from the study due to the
events, however, there was no clinically problematic cases. Propranoclol was considered as a
useful drug in prevention of upper gastrointestinal bleeding for the patients with portal hyperten-
sion, in terms of the efficacy and safety.
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Summary

Idiopathic portal hypertension (IPH) is characterized by
presinusoidal portal hypertension owing to the ihtrahep-
atic, presinusoidal portal venous block, whereas the pri-
mary cause and initial vascular lesions(s) remain only
speculative. In this study, a total of 97 IPH livers were
histopathologically and immunohistochemically exam-
ined, placing emphasis on hepatic parenchymal fibrosis
and atrophy as well as on portal tract fibrosis. Alcoholic
cirrhosis and normal livers were used as controlé When
compared with normal livers, the expressmn of | connec-
tive tissue growth factor (CTGF) in periductal mononu-
clear cells was significant. Matrix metalloproteinase
(MMP)9-positive mononuclear cells were fewer in
number in the portal tract of IPH liver, when cémpared
with alcoholic cirrhosis. These findings suggest a possi-
ble pathogenesis of collagen and elastin deposition be-
cause of increased CTGF expression and decreased
MMP-9 expression in portal tracts of IPH. Sinusoidal
dilatation associated with hepatocellular atrophy and
apoptosis occurred frequently, but focally in 20% of the
IPH cases, These changes were most often found in hy-
perplastic hepatocellular areas and in the perivenular
areas of hepatic lobules. In these areas, pericellular fi-
brosis and thin fibrous septa were also frequently seen.
In these fibrotic areas, there were deposited not only
collagen fibers, but also elastic fibers, in which «-
smooth muscle actin-positive sinusoidal cells, reflecting
activated hepatic stellate cells, were frequently detected.
It is possible that in IPH cases, continuing portal venous
blood insufficiency may be responsible for hepatic
parenchymal damage, which may be followed by hepa-
tocellular apoptotic dropout and then by hepatic
parenchymal atrophy and fibrosis.

Pathol, Res. Pract. 198: 597-503 (2002)

Key words: Idiopathic portal hypertension — Hepatocel-
lular apoptosis — Portal venous insufficiency — Perisinu-
soidal cells

Abbreviations: ABS = acidophilic bodies, 0-SMA =
alpha-smooth muscle actin, CTGF = connective tissue
growth factor, EVG = elastica von Gieson, HSPG =
heparan sulfate proteoglycan, IPH = idiopathic portal
hypertension, MMP = matrix metalloproteinase

Introduction

It is generally believed that intrahepatic microcirculation
disturbance is more or less involved in the progression of
chronic hepatobiliary discases, irrespective of etiologies
[17, 18]. In experimental animals, hepatic ischemia, in
particular portal venous insufficiency, is known to cause
hepatocellular atrophy and apoptosis, followed by hepat-
ic parenchymal atrophy {6, 19]. In fact, in human livers,
atrophy of hepatocytes or hepatic lobules is found in
cases of portal vein obliteration {17]. For example, focal
portal venous obstruction is associated with focal hepatic
atrophy, called infarct of Zahn {18]. Recently, Wanless et
al. [17] suggested that hepatocellular apoptosis and atro-
phy as well as hyperplasia caused by ischemia might be
the consequence of vascular obstruction in normal or cir-
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rhotic human livers. They also suggested that hepatocel-
lular apoptosis is a transient response to acute ischemia,
that atrophy and nodular hyperplasia of hepatocytes con-
stitute a chronic response to ischemia, and that vascular
obstruction is an important cause of atrophy of hepato-
cytes and hepatic lobules in chronic liver diseases [17].

Idiopathic portal hypertension (IPH) presents with
sustained presinusoidal portal hypertension because of
intrahepatic portal venous block, and it is believed that
dense portal fibrosis and portal venous phlebosclerosis
are probably related to the immune-mediated process
and coagulative factors are responsible for the portal ve-
nous block {1, 7, 9]. Thrombotic processes of the portal
venous system eventually occur after splenectomy in
particular, possibly leading to aggravation of portal hy-
pertension and death of IPH patients {18]. IPH is also
frequently associated with intralobular fibrosis, such as
slender hepatic fibrosis, and with parenchymal damage,
such as hepatocellular atrophy and hyperplasia. While
many authors believe that these parenchymal changes
represent secondary developing changes in IPH 9], it is
unclear how these changes occur, and whether these
changes are progressive or not.

In this study, we first tried to clarify the fibrotic
mechanism of IPH, placing emphasis on the immuno-
histochemical expression of connective tissue growth
factor (CTGF), which is one of the strongest fibrotic
factors of the liver, and on that of matrix metallopro-
teinase (MMP)9, which plays an important role in the
degradation of elastin {5, 8, 11, 16/. Alpha-smooth mus-
cle muscle actin (a-SMA)-positive sinusoidal cells, re-
flecting activated hepatic stellate cells, were also im-
munchistochemically examined. The hepatic parenchy-
mal changes were surveyed histopathologically.

Materials and Methods

Histopathological analysis
IPH is characterized by the presence of chronic presinuscidal
portal hypertension and the absence of cirrhosis [1, 1Q]. The
well-known causes of portal hypertension, such as extrahepat-
ic portal venous obliteration and congenital hepatic fibrosis,
are excluded in the diagnosis of IPH. The liver specimens
from the cases fulfilling these criteria were obtained from the
files of hepatobiliary diseases collected in our laboratories and
affiliated hospitals: a total of 20 needle and 27 wedge biopsies
as well as 50 autopsy liver specimens were used for this study.
As controls, we used 10 cases of normal livers, and 10 cases
of alcoholic cirrhosis (wedge biopsy or surgically resected
liver specimens) with an age and sex distribution similar to
that in IPH cases. It is known that inflammatory cell infiltra-
tion in portal tracts and fibrous septa is minimal to mild in al-
coholic cirrhosis, and comparable to that of IPH.

Tissue preparation
The liver tissues were fixed in neutral formalin and embedded
in paraffin. More than 20 serial sections, 4 um thick, were cut

from each paraffin block, some of which were processed for
H&E, elastica van Gieson (EVG), Mallory’s azan, Gomori’s
reticulin and orcein stains. The remaining slides were used for
immunohistochemistry as described below. '

Histopathological evaluation of IPH livers

Fibrotic portal tracts were defined as dense collagen and
elastin deposition in the enlarged portal tracts. In addition, the
following six histopathological changes in hepatic parenchy-
ma were examined: atrophy of hepatic lobules, hepatic
parenchymal fibrosis, sinusoidal dilatation, hepatocellular at-
rophy, hepatocellular nodular hyperplasia, and apoptotic hepa-
tocytes. Atrophy of hepatic lobules was characterized by an
unusual approximation of medium to large portal tracts or hep-
atic vein tributaries to the hepatic capsule or to each other 1,
10]. Hepatic parenchymal fibrosis can be subdivided into three
types: intralobular slender fibrosis, pericellular fibrosis, and
slender fibrous septa from the portal tracts. Intralobular fibro-
sis was defined as slender fibrous septa in the parenchyma,
and pericellular fibrosis was found around the hepatocellular
cords. Hepatocellular atrophy was characterized by small or
slender hepatocytes. Round acidophilic bodies (round ABs)
and steflate-shaped acidophilic bodies (stellate ABs) were con-
sidered to represent 2 types of hepatocellular apoptosis [17].
The round ABs were characterized by round and shrunk hepa-
tocytes with pyknotic or fragmented nuclei or without nuclei
and detached from surrounding hepatocytes. The stellate ABs
were thomboid or had condensed cytoplasm and pyknotic nu-
cleus; they were shrunk and still firmly attached as compared
with adjacent hepatocytes. Hepatocellular nodular hyperplasia
of IPH was characterized by predominant nedular hyperplasia
of the hepatic parenchyma.

Immunohistochemical analysis for portal tract

and parenchymal fibrosis

Of 97 IPH specimens, 16 wedge biopsies, which showed
parenchymal hepatic fibrosis and optimal fixation, were used
for immunohistochermical analysis. Ten cases of normal livers
and 10 cases of alcoholic cirrhosis (wedge biopsy and needle
biopsy) with similar age and sex distribution to the IPH cases
were used as controls.

After deparaffinization and standard microwave treatment
[2], the sections were incubated in serum-free protein block-
ing reagent (DAKO, Carpinteria, CA) for 30 minutes, and then
incubated with a goat polyclonal antibody against CTGE,
mouse monoclonal antibody against MMP-9 (Fuji Chemical,
Toyama, Japan), or mouse monoclonal antibody against o-
SMA (DAKO, clone 1A4) overnight at 4 °C. After a phos-
phate-buffered-saline (PBS) wash, Envision-PO or Envision-
alkaline phosphatase (Envision-AP) (DAKOQO) was applied.
Specimens were incubated with Envision solution for 1 hour,
After PBS wash, DAB was applied as the substrate for Envi-
sion-PO, and Fast Red (Vector Laboratories, Burlingame, CA)
with Levamisol (Vector) for Envision-AP. Replacement of the
primary antibody with PBS resulted in negative staining.

Statistics

Intergroup comparison was done by Fischer’s extact test and
the %2 test; the difference was considered significant when p
values were less than 0.05.



Results

Histopathologic evaluation in IPH

Dense portal fibrosis and portal venous obliteration
were found in all IPH cases. In addition, the following
histopathological changes were found (Table 1):|

Atrophy of hepatic lobules occurred in 45 cases with
different degrees. L

As for hepatic parenchymal Jfibrosis, intralobular slen-
der fibrosis was seen in more than 50% of IPH cases, and
was occasionally linked to the pericellular ﬁbros1s or
slender fibrous septa from portal tracts, which developed
afterwards. Pericellular fibrosis was frequently|seen in
the perivenular areas of the hepatic parenchyma, and be-
tween hyperplastic hepatocellular nodules. In these
areas, hepatocytes were atrophic, and sinusoids were
usually dilated, resulting in the linkage to neighboring
central veins. Pericellular fibrosis was also seen in the

Table 1. Incidence and degree of the histopathological
changes in IPH livers

Hepatic parenchymal change ‘

— Atrophy of hepatic lobules 45 (46.4%)
— Parenchymal hepatic fibrosis
Intralobular slender fibrosis 49 (50.5%})
Pericellular fibrosis 90 (92 8%)
Slender fibrous septa from the fibrotic 71 (73%)
portal tracts
— Sinusoidal dilatation 35 (36.1%)
— Hepatocellular atrophy 20 {(20.6%)
— Hepatocellular nodular hyperplasia 35/(36.1%)
- Apoptosis of hepatocytes
Round acidophilic bodies 60 (61 9%)
Stellate acidophilic bodies 50 (51.5%)
Other hepatic and portal changes
— Focal hepatocellular necrosis 20 (20.6%)

{with pigmented macrophages)
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perivenular areas without sinusoidal dilatation. In two
cases, there were clear-cut thin fibrous septa around
these areas. These septa appeared to be linked to in-
tralobular fibrosis, which is unrelated to portal tracts.
Central veins frequently showed obliteration or thicken-
ing of their wall with focal sinusocidal dilatation.

Sinusoidal dilatation was seen in 35 cases. Of these,
hepatocellular atrophy and nodular hyperplasia occurred
in 3 and 6 cases, respectively. In some cases, sinusoidal
dilatation was closely related to fibrous cord (probably
obliterated central veins). Some of the dilated sinusoids -
were related to abnormally dilated vasculatures in the
hepatic parenchyma.

Hepatocellular atrophy was most often seen in
perivenular areas and between hyperplastic hepatocytic
nodules.

Hepatocellular nodular hyperplasia was found in 35
cases. '

As for hepatocellular apoptosis, stellate and round
ABs were usually found focally or in clusters in the hep-
atic parenchyma. They were more or less frequent in the
areas with sinusoidal dilatation.

In addition, focal hepatocellular necrosis was occa-
sionally associated with pigmented macrophages in 20
of the 97 cases.

Immunochistochemical analysis

CTGF expression in portal tracts

CTGF was expressed in mononuclear cells and in the ex-
tracellular matrix in portal tracts, while there was no
clear expression in hepatic parenchyma except for a few
sinusoidal mononuclear cells (Fig. 1). The mononuclear
cells were frequent around the bile ducts. Expression of
CTGF on the biliary epithelial cells was vague and vari-
able in 13/16 cases (81%) of IPH, 7/10 cases (70%) of al-
coholic cirrhosis, and in 9/10 (90%) cases of normal
liver. The results are shown in Table 2. The number of
CTGF-positive mononuclear cell infiltration in portal

Table 2. Expression of connective tissue growth factor (CTGF) in portal tract in idiopathic portal hypertension (IPH), alcoholic

cirrhosis (AC), and normatl livers (NL)

Diseases Frequency of CTGF expression CTGF expression in mononuclear cells  CTGF expression in extracellular
on biliary epithelial cells in portal tracts and their distribution connective tisste matrix
pattem (PD type: Diffuse type)
IPH (16} 13 (81%) 7.31 10.5* 8 (50%)
(11:5)
AC (10) 7 (70%) 8.3+ 6.7+ 8 (80%)
' (2:8)
NL (10) 9 (90%) 2.8 £2.3% 1(10%)
(2:8)

' Distribution pattern of CTGF-positive mononuclear‘cells are subdivided into two types: PD type, CTGF-positive cells are rela-
tively dense arcund the bile ducts; diffuse type, CTGF -positive cells are diffusely located in portal tracts.
*The number of positive cells per one visual field of X200 magnification. ?p < 0.05 when compared to normal liver
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<4 Fig. 1. Immunostaining for connective tissue growth factor
(CTGF) in portal tract of idiopathic portal hypertension. Biliary ep-
ithelial cells faintly expressed CTGF in their cytoplasm. CTGF ex-
pression was evident in mononuclear cells near or beside the bile duct
(arrows). Diffuse expression of CTGF was also seen in extracellular
matrix, BD, bile duct. (Envision-AP method with Fast Red. Counter-
stained with hematoxylin.)

A Fig. 2. Immunostaining for matrix metalloproteinase (MMP)-9 in the liver of aleoholic cirrhosis (A) and idiopathic portal hy-
pertension (B). A: MMP9-positive mononuclear cells (arrows) were seen not only in hepatic parenchyma (H), but also in portal
area (P). B: MMP9-positive mononuclear cells (arrows) were seen in hepatic parenchyma (H), while MMP-9 expression was not
evident in mononuclear cells in portal tract (P). (A, B: Envision-PO method with DAB. Counterstained with hematoxylin)

< Fig. 3. The number of MMP9-positive
Portal tract Parenchymal area mononuclear cells per one visual field of
200 times magnification was evaluated in
portal tract and hepatic parenchymal area
(sinusoids). In sinusoidal area, the number
of MMP9-positive mononuclear cells in
idiopathic portal hypertension (IPH) and
alcoholic cirrhosis was increased com-
pared to that of normal liver (p < 0.05). In
the portal tract, the number of MMP%-pos-
itive mononuclear cells in IPH was not in-
creased compared to that in normal livers;
however, there was a significant increase
in the number in alcoholic cirrhosis. IPH =
idiopathic portal hypertension, AC = alco-
holic cirrhosis, NL = normal liver

<4 Fig. 4. Immunostaining for o-smooth muscle actin (0-SMA) in
hepatic parenchyma of idiopathic portal hypertension (IPH). o-
SMA-positive activated hepatic stellate cells (myofibroblasts, ar-
rows) were evident and increased around atrophic hepatocytes (H).
(Envision-PO method with DAB. Counterstained with hematoxylin,)




tracts was more increased in IPH (7.3 = 10.5 per one vi-
sual field of 200 times magnification) and alcoholic cir-
rhosis (8.2 + 6.7) than in the normal liver (2.8 + 2'3) (p<
(0.05). There were two distribution patterns for CTGF—
posmve mononuclear cells. One was the periductal pat-
tern, in which CTGF-positive mononuclear celfs were
located near and/or besides bile ducts; the other pattern
showed diffusely located CTGF-positive cells, there
being no association with bile duct. In IPH, the ¢ p'eriduc—
tal pattern” was seen in 11/16 (69%) cases (Flgs lA—C)
and was significantly more frequent than in alcoholic
cirrhosis (2/10) and the normat liver (2/10). CTGF was
also expressed on extracellular connective tissue!matrix
in 8/16 (50%) of IPH cases, in 8/10 (80%) cases of alco-
holic cirrhosis, and in 1/10 (10%) normai livers (Fig. 1).

MMP-9 expression in portal tracts and hepatic
parenchyma

MMP-9 was expressed in mononuclear cells of portal
tracts and sinusoids, but not in the hepatocytes |or bile
ducts. The number of MMP9-positive mononuclear
cells per one visual field (200x) was evaluated i m the si-
nusoidal and portal tracts. In the sinusoidal area, the
number of MMPS-positive cells of IPH (14.1 + 12.3 per
one visual field, 200x) was similar to that in alcoholic
cirrhosis (12.9 + 16.5), and was higher than in the nor-
mal liver (7.1 £ 5.6). Although the number of MMP9—
positive cells of alcoholic cirrhosis (8.9 + 8.8) was high-
er in the portal tracts, the number of IPH (1.5 % 1|3) was
almost equal to that of normal liver (2.9 + 3.7) (Fig. 2A,
B, Fig. 3).

o-SMA in portal tracts and hepatic parenchyma

In hepatic parenchyma, o-SMA-positive activated peri-
sinusoidal cells (myofibroblasts) were 1ncreascd in the
perivenular areas and also around atrophic hepatocytes
in almost all IPH livers (Fig. 4). Such activated périsinu-
soidal cells were also frequent in alcoholic cirrhosis, but
were rare or occurred only occasionally in normal livers,
In portal tract, o-SMA was expressed on the §mooth
muscle layer of portal veins and hepatic arteries in IPH,
alcoholic cirrhosis, and normal livers,

Discussion

The present study disclosed that IPH livers constantly
showed not only portal tract dense fibrosis and portal
venous obliteration, but also hepatic parenchymal
changes, such as atrophy of hepatic lobules and hepat:c
parenchymal fibrosis, with high frequency. Smusmdal
dilatation with hepatocellular atrophy and apoptosis
were most often found in the perivenular areas ofl hepat-
ic lobules and between hyperplastic hepatocellular nod-
ules. Hepatic atrophy and lobular distortion were fre-
quent in the IPH livers, as already reported in previous
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studies {1, 7, 10]. All of these findings, including those
obtained in this study, suggest that the hepatocellular
dropout from the hepatic lobules persists, leading to at-
rophy of hepatic lobules and hence to lobular distortion
in IPH.

Interestingly, pericellular fibrosis was frequent in the
perivenular areas and also around atrophic hepatocytes
in hepatic parenchyma. Slender fibrous septa were also
found in these areas, and these septa and pericellular fi-
brosis merged sometimes. These findings allow us to
hypothesize that microcirculatory changes are related to
pericellular fibrosis. Interestingly, in these areas, o-
SMA-positive activated hepatic stellate cells (myofibro-
blasts) were increased or accumulated in these par-
enchymal fibrotic areas. It is assumed that perisinu-
soidal cells, known to produce extracellular matrix pro-
teins, including collagen, laminin, and fibronectin /3, 4,
12/, are involved in the hepatic fibrosis, caused by sev-
eral diseases, such as alcoholic fibrosis and chronic hep-
atitis f13]. It seems likely that these cells were increased
and activated in the parenchymal areas showing is-
chemic change. Taken together, these intralobular fi-
broses, such as intralobular thin fibrous septa and peri-
cellular fibrosis, might have been cansed by increased
and activated perisinusoidal cells in the hepatic
parenchyma, probably secondary to ischemia. This sug-
gests that such parenchymal changes are related to por-
tal venous insufficiency, and contribute to the develop-
ment and progression of parenchymal fibrosis during
the long course of [PH.

Hepatocellular hyperplasia, often occurring with
vague nodule formation, was also frequently seen. It re-
mains unclear why hepatocellular hyperplasia is pre-
dominant in some cases and absent in other cases. It is
known that almost all chronic hepatocellular, biliary and
hepatic venous obstructive diseases may lead to liver
cirrhosis. However, it still needs to be clarified whether
or not the chronic effect of intrahepatic portal venous
blocks on the liver results in liver cirrhosis.

Dense portal fibrosis is a characteristic and important
feature of IPH liver [9]. In the present study, CTGF was
expressed in portal mononuclear cells, particularly
around the bile ducts, while MMP9-positive mononu-
clear cells in portal tracts were fewer in number in IPH
liver. CTGF, a eystein-rich peptide with heparin-binding
modules, can enhance fibroblastic proliferation and
chemotaxis /11, 16]. In the present study, although bile
ductal expression of CTGF was vaguely seen in IPH, al-
coholic cirthosis and also even in normal liver, CTGF
expressing mononuclear cells around the bile ducts was
frequent in IPH liver. CTGF, which is produced by these
periductal mononuclear cells, may play an important
role in progressing periductal fibrosis in IPH liver {10].
CTGF was also expressed on the extracellular matrix of
portal tract in alcoholic cirrhosis and IPH. CTGF has
heparin-binding modules and can bind to heparan sul-
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fate proteoglycan (HSPG), which exists in newly
formed fibrotic areas of the portal tracts f14, 15]. As
HSPG was frequently seen in the portal tract of alco-
holic cirrhosis and IPH (data not shown), CTGF may
bind and be stored in extraceltular matrix.

MMP9-positive mononuclear cells were not in-
creased in the portal tract of IPH, but they were signifi-
cantly increased in alcoholic cirrhosis. As MMP-9 can
degrade not only collagen but also elastin {5], it seems
to play a role in maintaining the fibrotic balance in the
portal tract in normal and pathological livers. Decreased
expression of MMP-9 positive mononuclear cells, de-
spite fibrosis, may cause disturbance of elastin and col-
lagen degradation, thus inducing excessive elastin and
collagen deposition in IPH.

In IPH, dense portal fibrosis and periductal fibrosis
are frequently seen; however, cirrhosis does not develop
afterwards /9, 10/]. In IPH, portal venous insufficiency is
the most common cause of hepatocellular damage, al-
though in other progressive diseases, such as chronic
viral hepatitis and alcoholic liver disease, active hepato-
cellular damage, such as immune reaction and metabolic
injuries, are associated with active or reparative hepato-
cellular regeneration and eventually followed by cirrho-
sis [20]. This fact suggests that portal venous insuffi-
ciency alone does not necessarily lead to liver cirrhosis
f9]. The expression patterns of CTGF and MMP-9 in
portal tracts and hepatic lobules in alcoholic cirrhosis
and IPH were different. Increased CTGF-positive
mononuclear cells, particularly around the bile ducts,
and non-increased MMP9-positive mononuclear cells in
portal tracts may explain the periductal and portal fibros-
es in IPH, although the expression patterns of CTGF and
MMP-9 in alcoholic liver disease do not explain the de-
velopment of cirrhosis. Fibrogenetic factors other than
CTGF and MMP-9 as well as persistent and active hepa-
tocellular damage with regeneration play a more impor-
tant role in the development of liver cirrhosis.

In conclusion, portal tract fibrosis and elastosis may be
due to unbalanced activation of CTGF and MMP-9 in the
portal tract in IPH. The long-standing porial venous insuf-
ficiency caused by portal fibrosis and portal venous oblit-
eration may be responsible for the occurrence and pro-
gression of several hepatic parenchymal changes in IPH.
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Abstract

We tried to establish an animal model of portal venous thrombosis in order to analyze the ensuing pathological changes of the
liver. An emulsion with Escherichia coli endotoxin and Lipiodol-Ultra-Fluide was injected into the portal vein of the left anterior
lobe of the rabbit liver. The target lobe and portal vein were time-sequentially examined. In the experimental groups, it was found
that fibrin thrombi were formed in the portal vein within 48 h after the injection and thrombi persisted for over 7 days. In an
association with thrombus formation, numerous tortuously dilated vasculatures developed in the portal tract (cavernomatous
vasculature) within 48 h. Both the number and the total area of the cavernomatous vasculatures increased from 2- to 3-fold more
than in the control group at 72 h. The majority of proliferated vasculatures were positive for a-smooth muscle actin, thus suggesting
that they derived from the portal venous branches. In conclusion, portal endotoxemia may be one of the pathogenetic factors of
portal venous thrombosis and, in this model, the cavernomatous vasculatures rapidly developed from the portal venous branches,

{© 2003 Elsevier B.V. All rights reserved.

Keywords: Portal venous thrombosis; Cavernomatous vasculature; Cavernomatous transformation; a-Smooth muscle actin

1. Introduction

Extrahepatic portal obstruction (EHO) is a disease
characterized by portal hypertension due to the obstruc-
tion of the portal venous trunk near the hepatic hilum
[1,2]. Portal venography demonstrated a complete ob-
struction of the extra-hepatic portal trunk with tortu-
ously dilated hepatopetal venous channels and this
development is called cavernomatous transformation
[3.4]. EHO is divided into two types, namely, idiopathic
or secondary. The onset of most cases of the idiopathic
EHO occurs in the pediatric age group. The etiology of
the idiopathic EHO remains unestablished, however,
umbilical catheterization [5], sepsis [6], exchange trans-
fusion [7], abdominal operation [8], peritonitis [9],
congenital anomaly of the portal vein [10] and antic-
cagulant deficiency [11,12] are suspected. On the other
hand, secondary EHO is the sequela of hepatic fibrosis
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[13,14], idiopathic portal hypertension (IPH) [15], col-
lagen disease [16], biliary tract infection {17], pancreatic
disease [18], myeloproliferative disorder [19] and malig-
nancies [20,21). While an animal model for idiopathic as
well as secondary EHO are mandatory for an analysis of
their etiopathogenesis, such models are not available so
far.

Several clinical experiences have raised the possibility
that intra-portal coagulopathy due to intra-abdominal
infection may play an important role in the initiation of
EHO, as described above. However, the pathophysiol-
ogy of thrombus formation localized to the extrahepatic
portal trunk ‘has not been clearly settled, so far. In
addition, numerous abnormal vasculatures characteris-
tically develop around the occluded portal veins in the
portal tracts [22,23], which is alse a hallmark of EHO.
The nature of these vasculatures and the sequences of
vasculature development subsequent to the portal ve-
nous thrombus formation also remain unclarified.
Furthermore, Ohno et al. [24] reported that massive
hepatic necrosis was able to be induced by the admin-
istration of Escherichia coli endotoxin. This phenom-
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enon is known as the Shwartzman mechanism [24].
Interestingly, portal venous thrombosis was frequently
seen in the portal tracts of the liver in their study.

Such clinical as well as experimental evidence has
prompted us to hypothesize that portal venous endo-
toxemia is an important causative factor for|portal
venous thrombosis and the resultant EHO, As a’' result,
in this study, we tried to determine whether or not portal
venous endotoxin administration can induce the! portal
venous thrombosis and EHO in rabbits. Such an
approach has not been reported so far.

2. Materials and methods

All experimental protocols were reviewed and ap-
proved by the Nagasaki University Rescarch, Animal
Resources and Animal Care Committees and met the
institutional and national guidelines. The experiments
were performed at the Animal Center of the Nagasaki
University School of Medicine.

2.1 Animals

Japanese albino adult rabbits weighing between 2.2
and 3.2 kg were used for the experiments. All were
female, but none had ever previously been pregn'ant.

2.2. Chemicals

E. coli endotoxin (0111;B4, Difco Laboratories, MI)
was used as the agent. Lipiodol Ultra-Fluide (ethyl ester
of the fatty acid of poppy-seed oil, Andre-Gelbe
Laboratory, France), an oily contrast medium for
lymphography, was used as the carrier for endotoxin.
Endotoxin {3 mg/ml) was dissolved in a mixture bf 60%
Urografin (Schering AG, Berlin/Bergkamen, Gel"many)
with one-fifth volume of distilled water. This solute was
mixed with three times volume of Lipiodol just|before
the injection (termed EX-LPD emulston).

2.3. Experimental procedures

The rabbits were anesthetized with intravenous pen-
tobarbital sodium (Abbott Labs., Abbott Park, iL), 30
mg/kg of body weight. The abdomen was opened
through a midline incision. A needle (No. 26 Igaugc)
was inserted directly into a branch of the portal :vein of
the left anterior lobe of the liver, which was the target
lobe. The EX-LPD emulsion was then injected |manu-
ally. The dose of the emulsion was about 0.4—0.8 m! per
body. ‘

The animals were divided into four groups. Groups
II-1V were experimental groups treated with EX-LPD
emulsion as described above. The animals were !autop-
sied at varying intervals: group II (r=10) after 48 h,

group IIl (r = 10} after 72 h and group IV (n = 10) after
7 days. The rabbits in group I {# = 3) which underwent a
sham operation served as a control.

2.4. Biochemical evaluation

Blood samples were collected via the marginal ear
vein before and at 6, 12, 24, 48, 72 and 168 h after the
EX-LPD emulsion injection. The samples were analyzed
for serum chemistry analyses, including aspartate ami-
notransferase, alanine aminotransferase and total bilir-
ubin.

2.5. Pathological and immunohistochemical evaluation

The animals were sacrificed by an intravenous over-
dose of sodium pentobarbital and were then autopsied.
All the organs were grossly examined and representative
sections, including the liver, portal vein trunk and
spleen, were fixed in formalin and embedded in paraffin.
More than 20 thin sections, 4 um in thickness, were cut
from each block and some were stained with hematox-
ylin-eosin and phosphotungustic acid hematoxylin for
fibrin. The remaining sections were used for the follow-
ing immunohistochemical examination,

Serial tissue sections were stained immunohistochemi-
cally for e-smooth muscle actin («-SMA). Anti-human
®-SMA monoclonal antibody (1A4, Dako, Glostrup,
Denmark) was used as a primary antibody and the water
soluble polymer conjugates (ENVISION K 1490, Dako)
was used as a secondary antibody. After deparaffiniza-
tion, the sections were immersed in 3% H,0; solution
for 5 min to block endogenous peroxidase activity. Each
step was followed by repeated washing in phosphate-
buffered saline adjusted to pH 7.4, The sections were
incubated with primary antibody for 1 h at room
temperature. Next, these sections were incubated with
secondary antibodies for 1 h at room temperature, The
reaction products were visualized in 0.001% H,0,-3,3'-
diaminobenzidine tetrahydrochloride (Wako Pure Che-
mical, Osaka). The sections were counterstained with
hematoxylin.

In the histological evaluation, portal venous throm-
boemboli and the formation of cavernomatous vascu-
lature were focused. In the present study, the
cavernomatous vasculatures were defined as the thin-
walled, dilated vessels in the portal tract in the liver.
Main portal vein branches were not included in the
cavernomatous vasculatures. The cavernomatous vascu-
latures increased in number in the experimental groups
in comparison to the small channels in the portal tract in
the normal liver and were rather concentrated around
the portal vein. It is difficult to clearly identify their
origin, either in the portal venous branch or lymph
vessel, based on routine histological examinations. o-
SMA staining was positive on smooth muscle cells of the
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blood wvessels, including the portal vein, hepatic artery
and central vein of the liver. In this study, the
cavernomatous vasculatures were divided into two
groups according to whether or not they were positive
immunchistochemically for «-SMA (Fig. 1).

2.6. Computerized analysis

In each group, at least 20-30 tissue blocks including
various levels of portal tracts were obtained. To mini-
mize the sampling error, the portal tracts contatning bile
duct with 0.1-0.2 mm diameter were selected for the
measurements. A digital microphotograph was obtained
using the Olympus HDTV system (AX80T and OHD-
200D, Olympus, Tokyo). The identifiable vessels were
manually traced on the monitor by means of a
computer-tracking device. An image analysis was per-
formed using the public domain NIH Image program
(developed at the US National Institutes of Health and
available from the Internet by anonymous FTP from
zippy.nimh.nih.gov) on a Power Macintosh 9500/150
computer.

Both the number and total area of cavernomatous
vasculatures were measured and calculated per portal
tract. The number and total area of the cavernomatous
vasculatures positive or negative for «-SMA were
measured and compared between them.

2.7. Statistical analyses

The data were expressed as the mean+S.D. Differ-
ences among the groups were tested for statistical

w.ﬂ' JJ’}_\ \\

/.-. by " b
.,2 7&;‘; =

significance with the use of the Student’s ¢-test and
ANOVA post hoc test. A P value of <5% was
considered to be significant.

3. Results

3.1. Serum biochemical analysis

The results of a serum biochemical analysis in
experimental groups II-1V are summarized in Fig. 2.
The serum levels of aspartate aminotransferase, alanine
aminotransferase and total bilirubin rose within 24 h
and then returned to basal levels within 2-7 days.

3.2. Histopathological findings

In the target lobe of the liver in the control (group I),
there were no abnormal changes. In the target lobe in
group 11, there were marked thrombus formations in all
rabbits examined. The fresh fibrin thrombi were mainly
present in the middle-sized portal branches, while they
also both extended to near the portal trunk and the
subcapsular peripheral portal venous branches. Hepa-
tocellular necrosis was focally seen in five of ten rabbits.
The subcapsular peripheral branches were filled with
inflammatory cell infiltrations around the Lipiodol
droplets and the infiltrative cells were composed of
lymphocytes, neutrophils and histiocytes. Eosinophil
infiltration was also seen.

In the target lobe of groups IlI and 1V, the histolo-
gical findings were fundamentally similar to those of

Fig. 1. The different immunoreactivities of the cavermomatous vasculatures for anti-x-SMA. (A) a-SMA positive vasculature. A-1; hematoxylin-
eosin { x 80}, A-2; anti-u-SMA staining. (B) a-SMA negative vasculature. B-1: hematoxylin-eosin { x 60), B-2; anti-x-SMA staining,
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Fig. 2. {a. b) The results of the serum biochemical analysis. AST,
aspartate aminotransferase; ALT, alanine aminotransferase; T-Bil,
total bilirubin. ‘

group Il. In group IIl, all rabbits showed marked
thrombus formations in the distal to middle-sized portal
branches (Fig. 3). In group IV, the absorption figure of
the organized thrombi with multinucleated giant cells
was frequently seen. In the hepatic lobes, other than the
target lobe in groups IF-1V, no histological changes
were evident.

3.3. Image analysis of cavernomatous vasculatures

The outstanding feature in group Il was a significant
increase in both number and area of cavernomatous
vasculatures, which were mainly distributed around the
large to middle-sized portal branches (Fig. 4). In group
IV, the cavernomatous vasculatures tended to decrease
in both number and area. |

In the normal livers (group 1), the mean number of
cavernomatous vasculatures was 13.9+5.6 per portal
tract. It was 12.54+7.5 in group Il and increased up to
25.7+8.6 in group III, respectively. However, it was
20.5+7.9 in group IV (Fig. 5). The mean number of

|

139
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Fig. 3. Portal venous thrombosis in group LT { x 40). (A} Hematox-
ylin-eosin; (B) phospkotungustic acid hematoxylin.

Fig. 4, Cavernomatous vasculatures in group I1I. Hematoxylin-eosin
{ x 20); (inset) magnification view of a cavernomatous vasculature.
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Fig. 5. (a, b) Changes in the number and total arca of the
cavernomatous vasculatures per portal tract.

cavernomatous vasculatures in group III was signifi-
cantly higher than in groups I and II (P <0.01),
respectively.

The total area of cavernomatous vasculatures per
portal tract was 0.0754£0.042 mm? in group I. It
increased up to 0.108+0.035 mm?® in group II and
0.236+0.143 mm? in group I1I, respectively. However, it
was 0.120+0.076 mm? in group IV. The total area of
cavernomatous vasculatures in group III was signifi-
cantly larger than in groups I, II and also group IV
(P <0.01}.

3.4. a-SMA immunohistochemistry

In group I, the mean number of cavernomatous
vasculatures per portal tract was 139, as described
above. Of these, 1.8 (12.9%) were positive for a-SMA,
but 12.1 (87.1%) were negative (Fig. 6). On the other
hand, in group III, the mean number of cavernomatous
vasculatures was 25.7, which was the largest among the
experimental groups. Of these, 17.6 (68.5%) were
positive for «-SMA, but 8.1 (31.5%) were negative.

30 r
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15t L8

number of cavernomatous vasculatures
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Fig. 6. Anti-o-SMA staining and changes in the number of caverno-
matous vasculatures per portal tract. «-SMA: H, positive; O, negative.

From the standpoint of the total area of cavernoma-
tous vasculatures, which was 0.075 mm” in group I,
0.018 mm’ (24.0%) were positive for «-SMA but 0.057
mm? (76.0%) were negative (Fig. 7). In group III, the
total area of the cavernomatous vasculatures was 0.236
mm?. Of these, 0.179 mm? (75.8%) was occupied by
positive vasculatures for «-SMA staining and only 0.057
mm? (24.2%) of area was negative for a-SMA.

4. Discussion

The present study established a novel animal model of
portal venous thrombosis due to endotoxin administra-
tion. EX-LPD emulsion has a sustained-releasing effect
on endotoxin [24]. Endotoxin induces the secretion of
cytokines, including interleukin-1 B and tumor necrosis
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Fig. 7. Anti-a-SMA staining and changes in the total area of the
cavernomatous vasculatures per portal tract. «-SMA: W, positive; O,
negative,
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factor, which both promote an abnormal activation of
coagulation on endothelial cells in portal veins. Both
thrombin and activated platelets can synergize with
endotoxin to stimulate monokine release [25,26].
Although several animal models of EHO have been
reported in the literature [23 27], all are deve]opcd by
a ligation of the portal vein. The portal vein ligation
is not a physiological state and may disturb the
secondary development of collaterals. Compared with
these models, our model has one advantage that the
physiological substance is used as an inducer of throm-
bus formation. Collaterals are also likely to develop
in our model.

In this study, the developmental process of the
cavernomatous vasculatures in the portal tracts was
evaluated. Secondary to thrombus formation :in the
portal veins, both the number and total area of
cavernomatous vasculatures increased within 48 h, The
development in the total area occurred first, followed by
a subsequent increase in their number. At 72 h, both
increased 2- to 3-folds more than in the control group
and these increases were statistically significant. This
phenomenon is considered to be a rapid reaction against
the abrupt cessation of the portal venous flow and
stagnation. At 7 days, the cavernomatous vasculatures
tended to decrease in both number and area, which
attributed to the reopening of the portal flow due to the
absorption of the organized thrombi, In nine patients
with acute thrombosis, De Gaetano et al. [28] observed,
by the hemodynamic consequences of cavernomatous
transformation using Doppler sonography, that caver-
nomatous transformation developed within 6-20 days.
Our study seems to confirm such clinical ewdence After
the thrombus formation, microscopic cavernomatous
vasculatures tend to develop within a few days sub-
sequent to the evolution of macroscopic cavernomatous
transformation within a few weeks.

As for the nature of these increased cavernomatous
vasculatures around the thrombotic portal veins, tiny
portal venous branches might develop as collaterals. In
fact, Terada et al. demonstrated such budding of new
vessels from the portal vein by serial section observa-
tions [29]). However, using routine histological techni-
ques, it was impossible to clearly discriminate between
portal venous branches and lymph vessels. |

o-SMA is the isoform of actin and is routinely used as
a reliable marker for smooth muscle cell differentiation.
Fetal liver showed «-SMA positive cells along the blood
vessels of the portal tract, terminal hepatic venule and at
the perisinusoidal spaces [30]. In addition, in the portal
tract of normal livers, a-SMA positive cells were noted
in the vascular wall [31}. Masuda et al. [32] reported
that, in the porial tracts of the human liver, lymph
vessels measuring < 100 um in diameter can be distin-
guished from the portal venous branches by the
immunohistochemical detection of a-SMA.. The authors

|

confirmed their method using rabbit livers in our
preliminary experiment; a-SMA positive vasculatures
were portal venous branches and negative ones were
lymph vessels.

The immunostaining of the «-SMA not only well
characterized the vessel wall in the portal tract, but was
also applicable to the sequential observations during the
increase of the cavernomatous vasculatures in this study.
A majority of the increased cavernomatous vasculatures
was found to be positive for a-SMA and therefore the
venous branches are considered to be related to collat-
eral formation. In other words, peri-portal capillary
venules [22] developed as cavernomatous vasculatures
within 48 h to compensate for the blocked portal venous
flow by thrombosis.

Oikawa et al. [30] examined the lymph vessels and the
portal venous branches in liver wedge biopsies of IPH
liver. In their study, the number of lymph vessels
increased more in the IPH samples than in control.
This phenomenon in IPH patients contrasts sharply with
the results obtained from our mode! of portal venous
thrombosis. These differences may be attributable to the
specificity in the mechanism of reduction in the portal
blood flow between two different situations. For in-
stance, the hepatopetal collateral formations are dis-
tinctive features in EHO but they could not be observed
in IPH.

The peribiliary vascular plexus plays an important
role in bile flow physiology. The peribiliary vascular
plexus, a network of small vessels surrounding the
intrahepatic bile ducts, is supplied by the hepatic arterial
branches and drains into the sinusoids or the portal
venous branches. In some cases of portal hypertension
associated with ductular proliferations, the peribiliary
vascular plexus are increased in number and diameter,
suggesting that the peribiliary vascular plexus serves as
intrahepatic collaterals [33]. However, the proliferation
of peribiliary vascular plexus was not an outstanding
feature in our study. It is likely that the increase in
peribiliary vascular plexus may not reflect the abrupt
cessation of the portal venous flow and stagnation, but
chronic changes in regional blood flow related to the
intrahepatic bile ducts in various hepatobiliary diseases.

In conclusion, the results of this study demonstrated
that endotoxin played an important role in the patho-
genesis of portal venous thrombosis. A single applica-
tion of EX-LPD emulsion induced portal venous
thrombosis within 48 h and the resulting thrombus
existed for over 7 days. Most of the developed caverno-
matous vasculatures consist of portal venous branches
as collaterals. However, we could not demonstrate
the typical thrombosis located only around the hepatic
hilum similar to that observed in EHO and this
aspect should therefore be the focus of future investiga-
tions.



