
&p.1:Abstract There is evidence that mast cells are involved
in a number of pathophysiological processes. The signif-
icance of mast cells in hepatic fibrosis was examined in
28 patients with histologically normal livers, 34 with
acute liver diseases, 51 with chronic liver diseases, and
59 with cholestatic biliary diseases, using immunostain-
ing of the mast cell-specific proteinase, tryptase. Mast
cells that were positive for tryptase and for chymase
were significantly increased in frequency in fibrotic por-
tal tracts and fibrous septa, particularly in cholestatic/bil-
iary diseases. Mast cells were also increased in frequen-
cy around the fibrotic septal and intrahepatic large bile
ducts and peribiliary glands of biliary diseases. However,
they were less common or even rare in the sclerotic bile
ducts and in scarred portal or septal fibrosis. More than
half of these more numerous mast cells were positive for
histamine, and some were also positive for basic fibro-
blast growth factor. These two substances were detect-
able by immunoelectron microscopic in the cytoplasmic
granules of mast cells. In contrast, mast cell numbers
were not significantly increased in acute viral or drug-in-
duced hepatitis, or in zones 2 and 3 of the hepatic acinus
with respect to pericellular and perivenular fibrosis in
chronic liver diseases. These findings suggest that mast
cells increase in number in cholestatic/biliary diseases,
and to a lesser degree in chronic liver diseases, and are
involved in the active fibrous enlargement of portal tract
and fibrous septa formation and also in the fibrosis of the
intrahepatic bile ducts as they display fibrosis-promoting
factors such as tryptase, fibroblast growth factor and his-
tamine.
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Introduction

Active investigations into the role of mast cells (MCs) in
various inflammatory, fibrotic and proliferative disorders
and angiogenesis have been undertaken [9, 20, 21, 29,
37] and have shown that human MCs promote fibroblast
growth and collagen synthesis and affect the organiza-
tion of connective tissue elements in several organs [9,
16, 17, 22, 29, 31] by producing and secreting bioactive
mediators contributing to fibrosis. These mediators in-
clude tryptase [33], tumour necrosis factor-α [3,14], IL-1
[4] and transforming growth factor-β [15]. More impor-
tantly, recent studies [19, 29] suggest that MCs are a ma-
jor source of basic fibroblast growth factor (bFGF).

MCs have been identified in normal human livers [8]
and in some granulomatous liver diseases [5]. A recent
study (W. Kouda et al., submitted) disclosed that in nor-
mal livers, MCs are few in number in portal tracts and
hepatic parenchyma, but densely and regularly distribut-
ed around the intrahepatic biliary tree. We suggest that
the latter are resident MCs in a normal human liver. Dur-
ing hepatic fibrogenesis [6, 12, 25], stellate cells (fat-
storing cells) and bile ductular cells are known to secrete
fibrosis-related mediators and are regarded as the prima-
ry source of collagen and other extracellular matrix com-
ponents. Recently, Farrel et al. [8] showed quantitatively
that intrahepatic MCs are also involved in portal fibrosis
in alcoholic liver diseases and primary biliary cirrhosis
(PBC). Armburst et al. [1] stressed that MCs may inhibit
extracellular matrix degradation by displaying protease
inhibitors. However, the exact pathologic roles of MCs
and their bioactive substances, particularly fibrogenetic
mediators, have not been fully examined.

We first examined the distribution of intrahepatic
MCs in various hepatobiliary diseases, and secondly at-
tempted to analyse their pathobiological role in fibrosis
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using primary antibodies against tryptase, bFGF, and his-
tamine, which are known as potent fibroblast growth fac-
tors [19, 29, 33].

Materials and methods

Liver tissue specimens (needle or wedge biopsied, surgically re-
sected, and autopsied liver specimens) registered in our file of liv-
er diseases were used. In the autopsy and surgically resected spec-
imens, the hepatic hilar regions were also processed for tissue
preparation. All specimens were fixed in 10% neutral buffered for-
malin and embedded in paraffin. Their number and main clinical
features are shown in Table 1.

Acute drug-induced hepatitis was histologically similar to
acute viral hepatitis. The aetiology of acute viral hepatitis was
HAV related in 15 cases and HCV related in the remaining 4
cases; the two diseases were grouped together as acute liver dis-
ease. Chronic viral hepatitis (nonchirrhotic) was HCV related in
28 cases, while the remainder were HBV related. These were
staged according to the degree of fibrosis [7]: F0, no portal fibro-
sis; F1, fibrous portal expansion; F2, bridging fibrosis, F3, bridging
fibrosis with architectural distortion. Liver cirrhosis was HBV re-
lated in 2 cases and HCV related in 8. Eight cases of alcoholic liv-
er fibrosis showed moderate portal and perivenular fibrosis, with a
few cases of portal-to-central and central-to-central bridging fibro-
sis and moderate fatty change; alcoholic hepatitis or cirrhosis was
not included. Chronic viral hepatitis, liver cirrhosis, and alcoholic
fibrosis were grouped as chronic liver disease. In 8 cases of hepa-
tolithiasis, all hepatoliths were localized to the intrahepatic biliary
tree and were of calcium bilirubinate stones. PBC was histologi-
cally staged according to Scheuer [36]: I, II, III, and IV. In prima-
ry sclerosing cholangitis (PSC) moderate portal fibrosis was seen
with portal-to-portal bridging fibrosis, and also cholestasis in 14
cases, the remaining 2 cases being cirrhotic. The duration of jaun-
dice in 8 cases of extrahepatic biliary obstruction (EBO) was un-
der 3 months (5 cases due to biliary tract carcinoma, 2 cases due
to pancreatic carcinoma and the remainder due to choledocholithi-
asis). PBC, PSC, heaptolithiasis and EBO were grouped together
as cholestatic/biliary disease.

Twenty-four liver specimens were fixed in AMeX (acetone,
methyl benzoate, and xylene; Table 1) [35]. These were included

with the formalin-fixed specimens; liver tissue specimens were
fixed in acetone at −20° C overnight, then cleared in methyl ben-
zoate and xylene and embedded in standard paraffin. This fixation
was devised as a new simplified method of immunostaining using
both monoclonal and conventional polyclonal antibodies. In addi-
tion, tissue and cellular structures were well preserved by this pro-
cedure to a standard comparable to that of formalin fixation.

More than 20 4-µm-thick sections were cut from each paraffin
block. Some were processed for routine stainings including H&E.
The remainder were used for immunohistochemistry with the pri-
mary and secondary antibodies shown in Table 2.

Our preliminary study showed that after formalin or AMeX
fixation, the antigenicity of tryptase was well preserved. Chymase,
bFGF and histamine were detectable more clearly and reproduc-
ibly after AMeX fixation. In accordance with the method pub-
lished by Inoue etal. [19], we adapted monoclonal antibody
against bovine bFGF type II to detect human bFGF. MCs were
surveyed and quantitated in formalin-fixed sections immuno-
stained for tryptase, a specific and sensitive marker of MCs [19].
The immunohistochemical detection of tryptase, chymase, bFGF
and histamine was also done in the AMeX fixed sections for fur-
ther characterization of MCs.

A standard avidin–biotin complex–peroxidase (ABC/PO)
method involving a Vectastain ABC kit (Vector, Burlingame,
USA) was used. After abolition of endogenous peroxidase and in-
cubation in nonimmune serum, the sections were incubated at 4° C
overnight with primary antibodies. The sections were then treated
for 45min at room temperature with biotinylated secondary ant-
obidies and then in the ABC/PO (Vectastain ABC kit, Vector) for
45 min at room temperature. Peroxidase activity was visualized by
the benzidine reaction. Nuclei were counterstained with methyl
green.

Double immunostaining of tryptase and bFGF in MCs was
done using AMeX-fixed paraffin sections (1 normal, 2 cirrhotc,
and 1 hepatolithiatic livers). The sections were incubated with pri-
mary antibody to tryptase (diluted 1:200) and then treated with
secondary antibodies to mouse IgG (horse). Thereafter, ABC-alka-
line phophatase (ABC/AP; Vector) was applied and the sections
were visualized with the alkaline phosphatase substrate kit 1 con-
taining fast red (Vector Lab) with one drop of levamisole (1.25
mmol/l, Vector). To abolish and inactivate both the primary and
the secondary antibodies applied, the sections were washed in run-
ning water and then incubated in hot water (90°C) for 10min [2].
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Type of liver No. of Age range Male:female Fixation in
cases (years) formalin 

(and AMeX)

Histologically ‘‘normal livers’’ 28 35–70 15:13 28(10)
(A 15; S 5; N 8)

Acute viral hepatitis (all N) 19 23–50 12:7 19

Acute drug-induced hepatitis 15 31–70 10:5 15
(A 1; N 14)

Chronic viral hepatitis
Noncirrhotic (W 3; N 30) 33 28–67 23:10 33

(F0 3; F1 5; F2 20; F3 5)
Cirrhotic (N 5; A 5) 10 54–70 7:3 10(4)

Alcoholic liver fibrosis (A 2; N 6) 8 54–70 5:3 8 (2)

Primary biliary cirrhosis
Stages I+II (W 8; N 12) 20 34–63 18:2 20(1)
Stages III+IV (W 4; N 3) 7 40–66 6:1 7(1)

Primary sclerosing cholangitis 16 27–71 9:7 16(1)
(A 2; S 4; W 6; N 4)

Hepatolithiasis (all S) 8 35–58 4:4 8(1)

Extrahepatic biliary obstruction 8 53–75 5:3 8(2)
(A 8)

&/tbl.b:

Table 1 Liver tissue specimens
used and their main clinico-
pathological features (AMeX
fixation in acetone, methyl ben-
zoate, and xyline (35), A autop-
sy, Ssurgically resected, W
wedge biopsy, N needle biopsy,
F0–3 staging of chronic hepati-
tis (F0 no portal fibrosis, F1 fi-
brous portal expansion, F2
bridging fibrosis, F3 bridging
fibrosis with architectural dis-
tortion) according to Desmet
[7]; staging of primary biliary
cirrhosis is in accordance with
Scheuer [36])&/tbl.c:&tbl.b:



Then, the sections were incubted with the primary antibody to
bFGF (diluted 1:200). Next, the sections were incubated with fluo-
rescein-conjugated anti-mouse IgG horse antibody. Tissue sections
were examined under confocal laser microscope (LSM410, Carl
Zeiss, Göttingen, Germany): tryptase was recognizable as red (ar-
gon laser 710nm for Vecta red) and bFGF as green (argon laser
492nm for fluorescein).

For immunoelectron microscopic examination, fresh fragments
of two histologically normal livers and two PBC livers obtained at
biopsy were examined by immunoelectron microscopy for hista-
mine and bFGF by the postembedding method [32]. These liver
specimens were dissected into small cubes and fixed with 1% glu-
taraldehyde. The tissues were then dehydrated through a graded
ethanol series and embedded in Lowicryl K4M (Chemische Werke
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Table 2 Primary and secondary antibodies used and their optimal dilution (F formalin fixed, monomonoclonal, poly polyclonal)&/tbl.c:&tbl.b:

Antibodies against Source Animals Type of Suitable Optimal
immunized antibody fixation dilution

Primary antibodies
Mast cell tryptase (AA1) DAKO, Glostrup, Denmark Mouse mono F, AMeX 1:200
Mast cell chymase Chemicon, Tamecula, USA Mouse mono AMeX 1:200
Bovine basic fibroblast Upstate Biotechnology, Lake Placid, Mouse mono AMeX 1:200

growth factor, type II USA
Histamine Chemicon, Tamecula, USA Rabbit poly AMeX 1:200

Biotinylated secondary antibodies
Rabbit IgG Vector, Burlingame, USA Goat 1:200
Mouse IgG Vector, Burlingame, USA Horse 1:200

Fluorescein-conjugated 
secondary antibodies

Mouse IgG Chemicon, Tamecula, USA Horse poly 1:200

&/tbl.b:

A

B

Fig. 1 A One tryptase-positive mast cell (arrow) is found in the
sinusoid of hepatic acinus (zone 2). Normal liver. Immunostaining
of tryptase (ABC method) and haematoxylin, ×350 B One trypt-
ase-positive mast cell (arrow) is found in a portal tract. Normal
liver (P portal tract). Immunostaining of tryptase (ABC method)
and haematoxylin, ×300&/fig.c:

A

B

Fig. 2 A Tryptase-positive mast cells are found beneath the bili-
ary epithelial layer (arrowheads) and also in the peribiliary glands
(arrows; L bile duct lumen). Immunostaining of tryptase (ABC
method) and haematoxylin, ×100 B Tryptase-positive mast cells
(arrows) are found within one lobule of peribiliary gland. Immu-
nostaining of tryptase (ABC method) and haematoxylin, ×350&/fig.c:



Low, Maldkraiburg, Germany). The tissues were polymerized in
an ultraviolet radiation chamber. Semithin sections (1µm) were
stained with toluidine blue to select appropriate areas harbouring
the bile ducts from which ultrathin sections (80–100nm) were
mounted on carbon-coated nickel grids and immersed in 1% bo-

vine serum albumin. The sections were incubated in a drop of pri-
mary antibodies to histamine or bFGF (Table 2) (diluted 1:2000),
then incubated in a drop of secondary antibodies (diluted 1:100)
and finally allowed to react with 20nm protein A-gold particles
(E-Y Lab, San Mateo, USA) for 30min at room temperature.
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They were then fixed with 1% osmium tetraoxide, stained with
uranium and lead and examined under an electron microscope (H-
300; Hitachi, Tokyo, Japan).

Negative controls for immunostaining were performed by sub-
stituting the primary antibodies with nonimmune serum, by substi-
tuting the secondary antibodies with nonimmune serum, or by
omitting protein-A gold for the immunohistochemistry and immu-
noelectron microscopy.

MCs in hepatic sinusoids were referred to as sinusoidal MCs
(Fig. 1A), those in portal tracts and fibrous septa as portal MCs
(Fig. 1B) and those around the intrahepatic large bile ducts and
their finer branches (septal bile ducts) and intrahepatic peribiliary
glands [26] as peribiliary MCs (Fig. 2A, B). MCs were counted by
a blind observer as follows, and the mean and standard deviations
(SD) were compared among various hepatobiliary diseases. Sinu-
soidal MCs were counted in more than 10 areas chosen at random
in zones 2 and 3 of the hepatic acinus in individual cases (bio-
psied, surgically resected or autopsy cases, Table 3) under a mod-
erate magnification (×200). Portal MCs were also counted in more
than 7 small portal tracts in individual cases (surgically resected,
wedge biopsied or autopsy cases; Table 4) at a moderate magnifi-
cation (×200). Peribiliary MCs were evaluated semiquantitatively
in surgically resected or autopsy specimens as ‘‘decreased’’, ‘ ‘nor-
mal’’, or ‘‘increased’’ in comparison with the number of their nor-
mal equivalents.

Unless otherwise indicated, all data are expressed as the
mean±SD of groups of at least 8 cases. The difference between
two group values was tested by Student’s unpaired t-test, and the
difference was considered significant when P-values were less
than 0.05.

Results

MCs in zones 2 and 3 of the hepatic acinus or in central
and middle parts of individual regenerative nodules were
not increased in number in either acute or chronic hepa-
tobiliary diseases compared with normal livers (Table 3).

MCs were increased in fibrously enlarged portal tracts
in chronic viral hepatitis and alcoholic fibrosis (Table 4,
Fig. 3), while they were not increased significantly in
tracts with no or minimal fibrosis or variable inflamma-
tion [the mean±SD of portal MCs in 3 cases (F0) and 30
cases (F1–3) of chronic viral hepatitis was 1.70±1.30 and
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Table 3 Number of mast cells in hepatic lobules (zones 2 and 3)
and in cirrhotic regenerative nodules (middle and central parts of
individual nodules) in normal livers and various hepatobiliary dis-
eases&/tbl.c:&tbl.b:

Type of liver No. of mast cells per
(no. of cases examined) medium-power field

mean±SD

Histologically ‘‘normal livers’’ (28) 0.58±0.51
Acute viral hepatitis (19) 0.52±0.59
Acute drug-induced hepatitis (15) 0.44±0.27
Chronic viral hepatitis

Noncirrhotic (10) 0.39±0.31
Cirrhotic (8) 0.39±0.33

Alcoholic liver fibrosis (8) 1.00±1.23
Primary biliary cirrhosis

Stage I+II (20) 0.48±0.22
Stage III+IV (7) 0.69±0.29

Primary sclerosing cholangitis (16) 0.61±1.13
Hepatolithiasis (8) 1.35±1.30
Extrahepatic biliary obstruction (8) 0.35±0.22

&/tbl.b:

Fig. 3 Tryptase-positive mast cells are seen in enlarged portal
tract showing active inflammation and fibroplasia (arrows) and
also in the parenchymal sinusoids (arrowhead) facing the portal
tract (C Chronic viral hepatitis, P portal tract). Immunostaining of
tryptase (ABC method) and haematoxylin, ×350&/fig.c:

Fig. 4 Tryptase-positive mast cells (arrows) are increased in fi-
brously enlarged portal tract showing active inflammation (P por-
tal tract; H hepatic parenchyma). Primary biliary cirrhosis. Immu-
nostaining of tryptase (ABC method) and haematoxylin, ×200&/fig.c:

Fig. 5 A Numerous tryptase-positive mast cells are seen in the fi-
brously thickened bile duct of hepatolithiasis. This bile duct shows
inflammatory cell infiltration and active fibroplasia (* proliferated
peribiliary glands, L bile duct lumen). Immunostaining of tryptase
(ABC method) and haematoxylin, ×120 B Tryptase-positive cells
are markedly increased in number of proliferated peribiliary
glands (*) of hepatolithiasis. Immunostaining of tryptase (ABC
method) and haematoxylin, ×180&/fig.c:

Fig. 6 In the sclerotic bile duct wall (D) mast cells are absent,
while there are tryptase-positive mast cells (arrows) in the peri-
ductal connective tissue (L bile duct lumen). Hepatolithiasis. Im-
munostaining of tryptase (ABC method) and haematoxylin, ×120&/fig.c:

7

8

Fig. 7 Mononuclear cells in the fibrotic bile duct are positive for
basic fibroblast growth factor (arrows). Their distribution and
shape suggest that they are peribiliary mast cells (L bile duct lu-
men). Hepatolithiasis. Immunostaining of basic fibroblast growth
factor (ABC method) and haematoxylin, ×200&/fig.c:

Fig. 8 Double immunostaining of tryptase (right, red colour visu-
alized by ABC-alkaline phosphatase and vecta red) and basic fi-
broblast growth factor (left, green colour with fluorescein) in the
same mast cell around the bile duct of hepatolithiasis, examined
under a confocal laser microscope. ×500&/fig.c:

▲



2.30±1.83]. In biliary/cholestatic diseases, MCs were in-
creased variably and unevently in both fibrotic portal
tracts and fibrous septa showing inflammation, but were
rare or absent in scarred portal tracts and fibrous septa
(Fig. 4). More portal MCs were present in PBC and he-
patolithiasis than in chronic viral hepatitis, viral cirrhosis
and alcoholic fibrosis. EBO also showed mildly in-
creased portal MCs. MCs were also increaed at the limit-
ing plates and adjoining sinusoids in chronic liver diseas-
es and also in biliary/cholestatic diseases. In contrast, in
acute viral and drug-induced liver diseases, MCs in por-
tal tracts were not increased significantly.

Peribiliary MCs were variably increased in the peri-
ductal tissue, and to a lesser degree in the ductal walls of
the septal and intrahepatic large bile ducts in the biliary
diseases, particularly PSC and hepatolithiasis (Fig. 5A).
MCs were also increased in the peribiliary glands in
these diseases (Fig. 5B). This increase was more evident
in the actively fibrotic and inflammatory bile ducts,
while the peribiliary MCs decreased in number of disap-
peared in the sclerotic bile duct walls (Fig. 6).

Sinusoidal and portal MCs and the majority of peri-
biliary MCs were positive for chymase, another specific
marker of tryptase. Some of the peribiliary MCs beneath
the biliary lining epithelia were negative for chymase.

b-FGF was inconsistently detected in mononuclear
cells in the fibrotic portal tracts and fibrous septa, and to
a lesser degree around the septal bile ducts, intrahepatic
large bile ducts and peribiliary glands (Fig. 7). Immuno-
staining of bFGF and tryptase using serial sections and
double staining of tryptase and bFGF suggested that
some of the tryptase-positive MCs were positive for
bFGF (Fig. 8). Around the septal and intrahepatic large
bile ducts and peribiliary glands, tryptase-positive MCs
beneath the biliary epithelia were negative for bFGF,
while those in the ductal wall and periductal fibrous tis-
sue were positive for bFGF (Fig. 7).

Histamine-positive mononuclear cells were scattered
in the sinusoids and fibrotic portal tracts, and also around
the septal and intrahepatic large bile ducts and peribiliary
glands (Fig. 9A, B). These cells resembled sinusoidal,
portal, and peribiliary MCs in shape and distribution.
Comparison of tryptase and histamine immunostaining
in serial sections suggested that more than half of the
tryptase-positive MCs were also positive for histamine.
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A B

Fig. 9A, B Step serial sections
of the same area. Tryptase-pos-
itive and histamine-positive
cells (arrows) are seen in a fi-
brously enlarged portal tract (*)
and around the septal bile ducts
(B) of primary biliary cirrhosis.
More than half of the tryptase-
positive cells are also positive
for histamine. A immunostain-
ing of tryptase (ABC method)
and haematoxylin, ×100 B, im-
munostaining of histamine
(ABC method) and haematoxy-
lin &/fig.c:

Table 4 Number of mast cells in small portal tracts in normal liv-
ers and various hepatobiliary diseases&/tbl.c:&tbl.b:

Type of liver No. of mast cells 
(no of cases examined) per medium-power field

Mean±SD Statistical
difference

Histologically ‘‘normal livers’’ (28) 1.20±0.13
Acute viral hepatitis (19) 1.26±0.58
Acute drug-induced hepatitis (15) 1.36±0.56
Chronic viral hepatitis

non-cirrhotic (33) 2.25±1.06
cirrhotic (16) 2.80±1.23

Alcoholic liver fibrosis (8) 3.42±4.91
Primary biliary cirrhosis

Stage I+II (20) 4.93±3.85
Stage III+IV (7) 8.13±3.11

Primary sclerosing cholangitis (16) 3.23±1.55
Hepatolithiasis (8) 5.08±2.00
Extrahepatic biliary obstruction (8) 2.49±1.00

*, P<0.05&/tbl.b:

*

*
*

*
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A

B

C

Fig. 10 A Gold particles repre-
senting basic fibroblast growth
factor densely packed in almost
all cytoplasmic granules (ar-
rows) of a mast cell (N nucle-
us). Primary biliary cirrhosis.
Immunoelectron microscopic
observation using postembed-
ding and immune gold method,
×12,000 B Gold particles repre-
senting histamine packed in
many granules (arrows) of a
mast cell (N nucleus). Primary
biliary cirrhosis. Immunoelec-
tron microscopic observation
using postembedding and im-
mune gold method, ×14,000
C Gold particles are not detect-
ed in the cytoplasm of a mast
cell, including the granules
(N nucleus of a mast cell).
Primary biliary cirrhosis. Im-
munoelectron microscopic ob-
servation using post-embedding
and immune gold method with-
out primary antibodies (nega-
tive control), ×14,500&/fig.c:



Immunoelectron microscopy revealed gold particles
representing bFGF and histamine in some characteristic
granules of MCs (Fig. 10A, B). Immunoreactivity for
histamine and bFGF were occasionally detected on the
thickened basement membrane around the bile ducts and
peribiliary glands and blood vessels. Negative controls
for immunostaining consistently resulted in no staining
(Fig. 10C).

Discussion

We found that tryptase-positive MCs, which were also
largely positive for chymase, were increased in both fi-
brously enlarged portal tracts and septa in chronic viral
hepatitis, cirrhosis, alcoholic fibrosis and cholestatic/bili -
ary diseases. They were not significantly increased in
nonfibrotic portal tracts with inflammation without fibro-
sis in chronic viral hepatitis or in the portal tracts of
acute liver diseases. Kollinger etal. [24] recently report-
ed that MCs were increased in the fibrotic portal tract in
chronic hepatitis C. This study also disclosed that MCs
were markedly increased around the intrahepatic large
and septal bile ducts and peribiliary glands showing ac-
tive fibrosis, cholangitis and/or adenitis [26]. These find-
ings suggest that the increased numbers of portal and
peribiliary MCs are incolved in active fibroplasia in
these locations.

MCs have been shown to promote fibroblast prolifera-
tion, presumably through secretion of fibrogenic media-
tors. That is, bFGF mRNA and protein were actually de-
tectable in the cytoplasmic granules of human MCs of
the skin and lungs [19, 29, 30]. b-FGF has multiple roles
in paracrine regulation, such as the stimulation of fibro-
blast proliferation, remodelling and angiogenesis [10,
11]. In the hepatobiliary system, direct linkage of bFGF
to both fibroplasia and repair was recently reported in rat
liver injuries [18, 25], but its cellular localization re-
mains unknown. It was shown in this study that the MCs
accumulated in the fibrotic portal tracts and fibrous septa
and those around the fibrotic biliary tree were positive
for bFGF. The gold particles representing bFGF were
found by immunoelectron microscopy in the characteris-
tic granules of MCs, suggesting that bFGF is actually
stored in these granules. Tryptase is also known to be a
potent mitogen for fibroblasts: Ruoss et  al. [33] dis-
closed that low levels of tryptase markedly potentiate
DNA synthesis of fibroblasts stimulated by bFGF, sug-
gesting that bFGF and tryptase play a cooperative part in
fibrosis. In addition, increased MCs were also positive
for histamine both on immunohistochemistry and on im-
munoelectron microscopy. MC-derived histamine is
known to enhance the biosynthesis of collagen by fibro-
blasts [17, 34], and increase histamine levels in the liver
are known to accompany hepatic fibrogenesis [13, 38]. It
therefore seems likely that MCs displaying tryptase,
bFGF and histamine, are responsible for fibrosis in the
above locations in hepatobiliary diseases. More bio-
chemical and in situ information is vital, however, to

clarify how these MC-derived mediators are involved in
hepatic fibrogenesis.

The reason(s) why portal and peribiliary MCs are
more dense in cholestatic/biliary diseases may be related
to the leakage or accumulation of biliary substances, in-
cluding bile acids, which are known to stimulate MCs [8,
28]. Stem cell factor, which is known to stimulate c-kit-
expressing MCs, has recently been shown to be ex-
pressed on biliary epithelial cells in bile duct-ligated rats
[27, 39]. This could also be the case for human bili-
ary/cholestatic diseases.

In contrast, in the acute liver diseases MCs were not
increased in the hepatic parenchyma. The present study
also failed to show an increase of MCs in foci of pericel-
lular and perivenular fibrosis in the zone 2 and 3 areas of
hepatic acinus in chronic liver diseases and cholestat-
ic/biliary diseases, suggesting that MCs are not involved
in fibrotic processes within the hepatic parenchyma,
where stellate cells may be the main effector cells of liv-
er fibrogenesis [23]. MCs were, however, found in the
periportal sinusoids adjoining the destructive and in-
flamed limiting plates in chronic liver diseases and
biliary/cholestatic diseases, suggesting that these MCs
are at least involved in periportal fibrosis and inflamma-
tion.

We suggest that in chronic hepatobiliary diseases, and
in particular in cholestatic/biliary diseases, MCs increase
in number and participate in fibrous portal elargement,
fibrous septa formation and bile duct fibrosis by produc-
ing fibrogenic mediators.
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