
Introduction

Chymase, one of the proteases contained in secre-

tory granules of human mast cells, produces an-

giotensin II（AII）by conversion of angiotensin I. In

recent years, considerable investigation focusing on

interactions between mast cells and fibroblasts has

indicated that in the presence of fibroblasts, secre-

tion of chymase by mast cells promotes differentia-

ton of interstitial connective tissue. This secretion

has been implicated in myocardial and renal intersti-

tial fibrosis1－3. AII produced by the action of chy-

mase promotes both cell proliferation and extracellu-

lar matrix production4,5. Involvement of mast cells in

hepatic fibrosis has been investigated so far from a

histologic viewpoint6－12. We previously established a

method for determination of chymase in liver tissue

to study fibrosis in chronic hepatitis13,14. Chymase

was significantly more abundant in liver specimens
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from chronic hepatitis patients with advanced he-

patic fibrosis than in those from patients with incipi-

ent fibrosis. Thus chymase appears to be involved in

hepatic fibrosis in chronic hepatitis. Autoimmune

hepatitis（AIH）and primary biliary cirrhosis（PBC）

are autoimmune liver diseases that both cause fibro-

sis leading to cirrhosis. In the present study of AIH

and PBC, we investigated the association between

amounts of chymase in liver specimens and severity

of fibrosis. We also immunohistochemically localized

chymase（and therefore mast cells）in AIH and PBC

liver specimens.

Materials and Methods

Patients

Subjects included 10 patients with AIH（1 man, 9

women; age, 56.0±11.2 years）and 12 patients with

PBC（2 men, 10 women; age, 60.0±12.6 years）. AIH

was diagnosed according to the 1993 International

Diagnostic Criteria15 ; PBC was diagnosed based on

biochemical, serologic, and histologic findings. Sub-

jects selected as controls were 10 patients with

acute hepatitis（AH）（5 men, 5 women; age, 48.2±

10.3 years）. Types of AH were hepatitis A in 2 pa-

tients; hepatitis B in 4; non- A non- B types in 2; and

drug-induced hepatitis in 2. Liver biopsy was per-

formed in all subjects to collect liver tissue speci-

mens. Patients were told before the procedure that a

portion of the specimen would be used for investiga-

tional purposes, and written consent was obtained

from all patients. This study was approved by the

ethics committee at our institution.

Preparation of human chymase

For amplification of prochymase cDNA, the

restriction enzyme site for a cloning vector was

attached to the prochymase cDNA and subjected to

polymerase chain reaction（PCR）. The PCR product

was inserted into the vector for cloning. The prochy-

mase cDNA then was inserted into the expression

vector（pCI-neo mammalian expression vector; Pro-

mega, San Luis Obispo, CA）. The expression vecter

was used to transform Chinese hamster ovary

（CHO）cells to produce recombinant human prochy-

mase. Expression of prochymase protein was con-

firmed by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis（SDS-PAGE）.

Preparation of anti-human chymase antibodies

Together with Freund’s complete adjuvant, CHO-

cell-derived prochymase was administered subcuta-

neously three times to mice. Splenic lymphoid cells

from the mice were made to fuse with mouse P3UI

tumor cells. Positive clones were identified by

screening with a microtiter plate coated with recom-

binant human prochymase. Among the hybridomas,

three clones were selected（ANOC10801 to 3）. West-

ern analysis indicated that all three monoclonal anti-

bodies reacted with CHO cells in manner specific for

recombinant human prochymase, as opposed to CHO

cell-derived proteins.

Measurement of chymase in liver

A portion of the liver biopsy specimen was frozen

until chymase in the tissue was measuured by an

enzyme-linked immunosorbent assay（ELISA）as pre-

viously described13 , using the ANOC10803 monoclo-

nal antibody.

Immunohistochemical identification of mast cells

A portion of the liver biopsy specimen was em-

bedded in paraffin. Thin sections were cut, affixed to

slides, and deparaffinized. Antigen availability was

enhanced by immersing sections in 10 m M citrate

buffer（pH 6.0）for 40 min at 95℃. Endogenous per-

oxidase then was inactivated by treatment with 0.3

％ H2O2 in methanol for 20 min. ANOC10803 mono-

clonal antibody was diluted 1: 100 with an antibody

diluent（DAKO）and allowed to react with sections

for 1 hr at room temperature. The section was

washed with phosphate buffered saline（PBS）, and

then exposed to peroxidase-labeled anti-mouse IgG

antibody（EmVision）for 30 min at room temperature.

After repeated, washing with PBS, a color reaction

was carried out with diaminobenzidine（DAB）. After

termination of the reaction, mounting, and coverslip-

ping, localization of staining was compared by light

microscopy with histologic patterns in hematoxilin

and eosin（H and E）-stained sections.
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Table 1 Chymase level in liver tissue in patients 
with AIH and PBC

P valueChymase（ng/mg）Cases

 11.56 ± 10.64a10AIH
 ＊ ＊ 11.67 ± 9.9612PBC

 2.72 ± 2.2310AH

aResults are expressed as mean ± S.D. ＊: P<0.05. 
AIH: Autoimmune hepatitis.
PBC: Primary biliary cirrhosis.
AH: Acute hepatitis.

Results

Chymase content of liver tissue

Mean quantities of chymase in liver tissue were

11.56±10.64 ng�mg in patients with AIH and 11.67±
9.96 ng�mg in patients with PBC. Chymase was sig-
nificantly more abundant in specimens with AIH

and PBC than in specimens with various forms of

AH（2.27±2.23 ng�mg, p＜0.05; Table 1）.

Intrahepatic distribution of mast cells

immunoreactive for chymase

Liver tissue sections from patients with AIH and

PBC were stained with monoclonal antibody to

human prochymase and compared with H and E

staining patterns in adjacent sections. Mast cells

immunoreactive for chymase, staining yellowish-

brown, were present at sites of fibrosis in the portal

areas（Figs. 1A and 2A）.

Immunoreactive mast cells also were seen in in-

tralobular sinusoidal walls involved by fibrosis（Fig.

1B）and fibrotic areas surrounding central veins（Fig.

2B）. Immunoreactive mast cells were numerous in

specimens with increased chymase content. In AH,

very few mast cell immunoreactive for chymase

could be seen in the portal areas and lobules（Fig. 3）.

Discussion

Mast cells are present in the connective tissues of

nearly all organs. Major inflammatory and pro-

fibrogenic mediators of mast cells are stored in their

cytoplasmic granules16. Degranulation of mast cells

may occur in response to various immunologically

nonspecific agents17. Accordingly, mast cells are con-

sidered to participate importantly in development

and persistence of inflammation and fibrosis18,19.

Fig. 1 Microscopic findings in a liver biopsy specimen showing autoimmune hepatitis.
A: Mast cells immunoreactive for chymase are seen in the portal area. Left, hematoxylin
and eosin; original magnification，×40. Right, chymase immunostaining; original magnifica-
tion, ×40. B: Mast cells immunoreactive for chymase also are seen in a fibrotic intralobular
sinusoidal wall. chymase immunostaining; original magnification, ×100.

A

B
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Interactions between mast cell and fibroblasts

involving direct intercellular contact or dispersion of

mediators by degranulation of mast cells promotes

proliferation of fibroblasts and collagen formation20,21.

Indeed, when mast cells and fibroblasts are cocul-

tured, fibroblast proliferation and collagen formation

are enhanced22. In longstanding fibrotic reactions,

mast cells appear to interact with other cells such as

fibroblasts, macrophages, and T cells23. Hepatic fibro-

sis, which represents a form of healing associated

with longstanding liver inflammation and necrosis, is

considered a physiologic defense mechanism that

can be deleterious when exaggerated.

The relationship between mast cells and hepatic

fibrosis in liver disease has been investigated his-

tologically. Murata et al6. demonstrated that mast

cell numbers increase as liver cirrhosis progresses.

By immunohistologically identifying mast cells, Arm-

brust et al.9 demonstrated the presence of numerous

mast cells in the portal region and walls of fibrous

septa in cirrhosis. Yamashiro et al.10 identified mast

cells by immunofluorescence in patients with acute,

chronic, and cholestatic liver disease, finding signifi-

cantly increase a numbers of mast cells in patients

Fig. 2 Microscopic findings in a liver biopsy specimen showing primary biliary cirrhosis.
A: Mast cells immunoreactive for chymase are seen in the portal area. Left, hematoxilin
and eosin; original magnification，×40. Right, chymase immunostaining; original magnifica-
tion, ×40. B: Mast cells immunoreactive for chymase are seen in fibrotic zones surrounding
central veins. chymase immunostaining; original magnification, ×100.

Fig. 3 Microscopic findings in a liver biopsy specimen showing acute hepatitis. Few mast cells im-
munoreactive for chymase can be seen in the portal area or lobules. Left, hematoxilin and
eosin; original magnification ; ×40. Right, chymase immunostaining; original magnification,
×40.

A

B
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with alcoholic hepatic fibrosis, PBC, and intrahepatic

choledocholithiasis. Farrell et al.7 found that mast cell

numbers increased as fibrosis progressed in patients

with PBC or alcoholic liver disease, becoming par-

ticularly high in PBC. Other reports8,10－12, including

immunohistochemical studies, have shown increas-

ingly numerous mast cells with increasing severity

of fibrosis in chronic liver disease.

Chymase, stored in secretory granules of mast

cells and released extracellularly when mast cells de-

granulate, converts AI to AII with only minor cleav-

age elsewhere in the molecule24. In addition to acting

on vascular smooth muscle, AII stimulates prolifera-

tion, hypertrophy, and migration of smooth muscle

cells and fibroblasts25. Extracellularly, chymase is sta-

bilized by binding to extracellular matrix constitu-

ents such as heparin and glycosaminoglycan, extend-

ing enzyme activity over time26. Chymase initiates

degranulation of surrounding mast cells by binding

to them, representing a pro-inflammatory chain reac-

tion27.

We previously hypothesized that chymase secretd

by mast cells was involved in liver fibrosis and

developed a method for determining amounts of chy-

mase in liver tissue13, finding more chymase in livers

involved by more severe fibrosis in chronic hepatitis

（F3 and F4 by the International Classification28）

than in F1 and F2 livers14. We therefore concluded

that chymase contributed to fibrosis in chronic hepa-

titis.

In addition to tissue chymase assay, the present

study of AIH and PBC included immunohistochemi-

cal determination of chymase（i.e., mast cell）distri-

bution in the liver. Immunoreactive mast cells were

found in portal areas and sinusoidal walls in patients

with AIH and PBC, particularly in livers with

increased chymase. The presence of mast cells in

sinusoid with fibrosis suggested a relationship between

these cells and hepatic stellate cells in the space of

Disse. The stellate cells are the main cells producing

extracellular matrix constituents in hepatic fibrosis.

Hepatic stellate cells, which normally represent a

stationary cell population, proliferate in liver disease

and ultimately become fibroblasts producing

increased extracellular matrix constituents. Type 1

AII receptors（AT1）are expressed by human hepatic

stellate cells; acting through the receptors, AII con-

tributes to hepatic fibrosis in response to liver in-

jury29. Schneider et al.30 recently demonstrated that

the AT1 antigonist losartan decreased elevated por-

tal vein pressure in patients with cirrhosis. In an

analogous manner, chymase inhibitors may be able

to limit hepatic fibrosis in patients with AIH and

PBC.

In our present study chymase was significantly

more abundant in livers with AIH or PBC than in

specimens with AH and it colocalized with fibrosis.

This suggests that as previously demonstrated for

chronic hepatitis, chymase is related to hepatic fibro-

sis in AIH and PBC.

Numbers of patients in our study were too limited

to conclusively relate severity of hepatic fibrosis to

amounts of chymase detectable in livers with AIH

and PBC. This will require investigation in larger

groups of patients.
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