Roles of Mast Cells in Pathogenesis of Various
Hepatobiliary Diseases, An Histopathological and
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Table 1. Main clinical features of formaline fixed and paraffin-embedded liver tissue specimens used in this

study
Number of cases Sex
Hepatobiliary diseases  “Needle  Wed Z. Age
) ge biopsy and  Autopsy ., (XESD, years) pgle  Female
biopsy surgical resected liver  liver

PBC

Total 1 28 2 31 60.7+£11.3 6 25

Stage 1 0 10 0 10 57.68.2 1 9

Stage 2 0 10 0 10 56.7£13.1 1 9

Stage 3 1 6 0 7 65.7£10.8 3 4

Stage 4 0 2 2 4 70.0£8.5 1 3
PSC 10 5 1 16 67.2+8.7 8 8
EBO 0 5 3 8 68.5£75 5 3
Hepatolithiasis 0 8 0 8 63.011.0 3 5
Chronic viral hepatitis 21 1 11 33 61.3+10.9 17 16
Alcoholic liver disease 12 0 0 12 53.1%£12.5 12 0
Autoimmune hepatitis 7 0 0 7 61.3£9.7 2 5
Drug-induced hepatitis 15 0 0 15 5534173 10 5
Acute viral hepatitis 19 0 0 19 39.2+125 9 10
Liver cirrhosis 9 0 7 16 645112 9 7
Histologically normal liver 0 2 9 11 744159 8 3

PBC, primary biliary cirthosis; PSC, primary sclerosing cholangitis; EBO, extrahepatic biliary obstruction.

sclerosing cholangitis; PVP, peribiliary vascular plexus; Strept ABC/AP, streptavidine-biotin complex with alkaline
phosphatase; UEA- 1, Ulex europaeus agglutinin I; ;58 B, &8 Z BT SRR
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Table 2. Main clinical features of AMeX fixed and paraffin-
embedded liver tissue specimens used in this study

Sex
Hepatobiliary diseases Numberof = Age

autopsy cases (X =+ SD, years) Male Female

EBO 18 62.7+13.2 9 9
Chronic viral hepatitis 8 72.9%10.7 3 5
Alcoholic liver disease 4 62,.5x14.0 3 1
Liver cirrhosis 16 61.6+10.8 14 2

65.0£16.5 15 13

AMeX, acetone-methyl benzoate-xylene; EBO, extrahepatic
biliary obstruction.

Histologically normal liver 28
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Table 3. Primary and secondary antibodies used in this study and their optimal dilution

Antibodies against Source

Animals Type of Suitable  Optimal
immunized antibodies fixation dilution

Primary antibodies

Mast cell tryptase (AA1) DAKO, Glostrup, Denmark Mouse Mone F,A,L 1: 200
Mast cell chymase Chemicon, Temecula, CA, USA Mouse Mono AL 1: 200
Bovine basic fibroblast growth factor type I Upstate biotechnology, Lake Placid, NY, USA  Rabbit Poly F,A,L 1: 200
Histamine Chemicon, Temecula, CA, USA Rabbit Poly F,A, L 1: 200
Neuropeptide tyrosine (NPY) Affiniti, Exeter, UK Rabbit Poly F,A L 1: 1000
S100 protein DAKO,Glostrup, Denmark Rabbit Poly F,A,L 1: 400
Biotinylated secondary antibodies
Rabbit IgG Vector, Burlingame, CA, USA Goat 1: 200
Mouse IgG Vector, Burlingame, CA, USA Horse 1: 200
Rat IgG Vector, Burlingame, CA, USA Rabbit 1: 200
Biotinylated lectin
Ulex europaeus agglutinin I Vector, Burlingame, CA, USA 1:200

mono, monoclonal antibody; poly, polyclonal antibody; F, formalin fixation; A, AMeX fixation; L, live tissue.
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Fig. 1. One mast cell in hepatic sinusoid in normal liver. (A)
Round shaped mast cell in hepatic sinusoid (arrow). (B)
Spindle shaped mast cell in hepatic sinusoid (arrow). (A) and
(B), immunostaining for tryptase (ABC method) and
hematoxylin, X 400.
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Fig.2. Mast cells in small portal tract in normal liver. (8)
There are two tryptase-positive mast cells (arrows) adjacent to
the limiting plate. (B) Mast cells (arrowheads) are present
around bile ductule and small portal vein. (A) and (B),
immunostaining for tryptase (ABC method) and hematoxylin,
X 260.
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Fig..3. Mast cells in medium-sized and large portal tracts and surrounding peribiliary glands in normal liver. (A) Medium-sized portal
tract. Mast cells (arrows) are present in connective tissue around the bile duct. Some of mast cells are located close to the capillary
vessels (arrowheads). (B) and (C) Large bile duct. Mast cells beneath biliary epithelium around the large bile duct were closely related
to inner layer of peribiliary vascular plexus (arrowheads). In bile duct wall and periductal connective tissue many mast cells are also seen.
(D) Peribiliary glands. Many mast cells are shown around and within the peribiliary glands (A), (B), (C) and (D), immunostaining for
tryptase (ABC method) and hematoxylin; (A) and (B), X 100; (C), X 40; (D) X 130. B, bile duct lumen; P, portal vein.
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Fig.4. Mast cells in fibrous septa in cirrhotic liver. There are Fig. 5. Mast cells surrounding large bile duct. Mast cells are
many mast cells in fibrous septa. Immunostaining for tryptase stand in a line directly under biliary epithelium (arrowheads).

(ABC method) and hematoxylin, X 80. These mast cells surround venules of the peribiliary vascular
plexus. In bile duct wall many mast cells are also seen. Liver
cirrhosis. B, bile duct lumen. Immunostaining for tryptase
(ABC method) and hematoxylin, X 100. -
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Fig. 6. Double-immunostaining for tryptase and Ulex
europaeus agglutinin I (UEA-D) of the same specimen. (A)
Bright yellow cells are tryptase-positive mast cells. These
mast cells surround peribiliary vascular plexus. (B) Red cells
are tryptase-positive mast cells. Black shadows (arrows) show
UEA-I-positive small venules. B, bile duct lumen. Normal
liver. Comforcal laser microscopic observation, X 520.
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Table 4. Phenotypes of mast cells in the liver, gastrointestinal
mucosa and skin

Tissue examined and location 1mmunohistochemical expression of
of mast cells

Tryptase Chymase
Liver Sinusoid 4+ +~ 4+
Portal tract +++ ++
Peribiliary A MC 4+ +
Peribiliary B MC +4+4 ++
GI Mucosa +++ Very few
Submucosa +++ ++
Skin et o+

A, beneath the duct lining epithelia; B, in the duct wall and
periductal tissue; MC, mast cells; Gl, gastrointestinal tract; +,
mild; ++, moderate; +++, marked.

Table 5. Number of mast cells in hepatic sinusoid in normal
livers and various hepatobiliary diseases

Hepatobiliary diseases cal:eusﬁi’:n‘;fw d Numbg(c;f ?S)Sl cells
Normal liver 11 0.55+0.55
Acute viral hepatitis 19 0.52%+0.59
Drug induced hepatitis 15 0.44£0.27
Alcoholic liver disease 12 1.00+1.23
Autoimmune hepatitis 7 0.54%0.68
Chronic hepatitis 33 0.39+0.18
Liver cirrhosis 16 0.39£0.33
PBC (stages 1 and 2) 20 0.48+0.22
PBC (stages 3 and 4) 11 0.69£0.29
PSC 16 0.61%1.13
Hepatolithiasis 8 1.35+1.30
EBO 8 0.35+0.22

PBC, primary biliary cirrhosis; PSC, primary sclerosing
cholangitis; EBO, extrahepatic biliary obstruction.

Fig.7. Immunoelectronmicroscopy of mast cells. Mast cell is
adjacent to mesenchymal cell surrounding small venule. Mast
cell have many tryptase-positive granules (arrows). Normal
liver. MC, mast cell; V, small venule. X 14000.
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Fig.8.  Quantification of mast cells around the large bile ducts,
with individual categories in individual hepatobiliary diseases,

and periductal connective tissue of large bile duct. CH, chroni

biliary cirrhosis (stages 1 and 2) (n=18); PBC3+4, primary bil
fn=9); HL, hepatolithiasis (n=7); EBO, extrahepatic biliary
Increased; N, slightly decreased; W, decreased.
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Table 6. Number of mast cells in small portal tract in normal
livers and various hepatobiliary diseases

Number of Number of mast cells

Hepatobiliary diseases

cases examined (X£SD)
Normal liver 11 1.19£0.49
Acute viral hepatitis 19 1.26+0.58
Drug induced hepatitis 15 1.36£0.56
Alcoholic liver disease 12 3.42+491
Autoimmune hepatitis 7 4,931+4.,05
Chronic hepatitis 33 2.27+1.09%
Liver cirrhosis 16 2.83%1.21 *@**
PBC (stages 1 and 2) 20 4,93 i3.85*:|** ]**
PBC (stages 3 and 4) 11 8.1343.11*
PSC 16 32341 55+
Hepatolithiasis 8 5.08 £2.00*
EBO 8 2.49£1.00%

PBC, primary biliary cirthosis; PSC, primary sclerosing
cholangitis; EBO, extrahepatic biliary obstruction. *significant
difference from normal liver, P<0.05; **, P<0.05

100
80
60
40

20

Proportion of cases (%)

-20

-40

CH

LC  PBCI+2 PBC3+4 PSC HL EBO

compared to normal livers. The graphs show the proportion (%) of cases
(A) Mast cells beneath biliary epithelium. (B) Mast cells in bile duct wall
c viral hepatitis (n=11); LC, liver cirrhosis (viral) (n=7); PBC1+2, primary
iary cirrhosis (stages 3 and 4) (n=5); PSC, primary sclerosing cholangitis
obstruction (n=8), M, marked increased; ¥g, increased; |, slightly
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Fig.9. Mast cell infiltrating into biliary epithelium. Mast cell
(arrow) infiltrates into biliary epithelium. Primary biliary
cirrhosis. Immunostaining of tryptase (ABC method) and
hematoxylin, X 100.

Fig. 10. Nerve fibers in portal tracts. (A, B) Many S-100-positive
nerve fibers surround artery and portal vein (arrowheads).
But no nerve fibers are shown around bile ducts. Normal
liver. Immunostaining of S-100 (ABC method) and
hematoxylin, X 100.

i

FRET, KABEEREE L CIRERBEESEN BT SR
BoORBRBOME 21T,

Weidner 5 '"¥125gyy, BEMMI % REABILEMIZMGE
(M) 75 —YBH, v —YEHE) & MCrc® (P75 -
B, hA— YR LICESELL 2B, HIREBL
UFAEICRE Lz M, BEZRCFO—ROBEEDR
TOKRETIE, BEHEEFORBHERE M) 75— E2RH%
THhot:DH4v—ENEETH), HEE MCR) OoxH
BaRLr. EMOEEEMIL L) T8 —¥, #{T—LOR
HHREETH Y, BEEE MCreH) ORHB LR L (RY),

3) “EBERE

iRy Ty —PREREL N IV TRERI LYy
(Ulex europaeus agglutinin I, UEA-1) L 7 5 3t

FHREICL Y, BEARIIEEDE, SICBEELRET
OEMMEFIECEELCHERAL T, 22T, LR
¥ M) 7y —VoRiERe L, EHOLELTUEAITL Y 72
=L, MEOMESY 2EREIZL VIRE L. 28, UBA IV
b7y —MENEICEET S MO NTEY, UEA 1%
HuwiLoF BB TUEA I LET ¥ — DREATTE S8,

2FY, BT 74 v HOWEE, 0.3% HO@MAF VT
NMa—uIEpIz30 MBS, REMALVA XY Y- EERLR
K71k, 10%EEEREMETIOFHLELL. KRNWTY
BE#%VY A+ {LUEA- 1 L4 C TGS €72, RICABCH
L RIBTI0FMEIE &%, 0.03%H0,% & 72 DABH
TRESEk. RNBEDIEREIlREeTH. K0T, 7
IDEREE, WM Ty —EEAT TGS E, VHTY
RORFME, TVHVTAAT 75 —EHEA LT ITEY
v - ¥4 F v - #4414 (streptavidine-biotin complex with
alkaline phosphatase, Strept ABC/AP) (DAKO, Glostrup,
Denmark) & R EFN0FHRG &K, 77— ALyl
THRELEBEE, BAEAL, #RLL.

T/, RECHER, B8 EESL-F-HBETT
BB L (%), MR & IRmAM & OBRE & SRR L.

Fig. 11. Basic fibroblast growth factor (b-FGF)-positive mast
cells (arrowheads) in fibrous connective tissue surrounding
large bile duct in hepatic hilum. Liver cirrhosis.
Immunostaining for b-FGF (ABC method) and hematoxylin,
X 130.
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Fig.12. Proportion of b-FGF-positive mast cells in all
tryptase-positive mast cells in various hepatobiliary
diseases. The graph shows proportion of cases in individual
Categories. NL, normal liver (n=28); AL, alcoholic liver
disease (n=4); CH, chronic viral hepatitis (n=8); LC,
liver cirrhosis (n=16); EBO, extrahepatic biliary
obstruction (n=18); W, negative for b-FGF, #, weakly
Positive; B, positive; M, strongly positive.
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Fig. 13. Proportion of histamine-positive mast cells in all
tryptase-positive mast cells in various hepatobiliary diseases.
The graph shows proportion of cases in individual
categories. NL, normal liver (n=28); AL, alcoholic liver
disease (n=4); CH, chronic viral hepatitis (n=8); LC, liver
cirrhosis (n=16); EBO, extrahepatic biliary obstruction
(n=18); N, negative for histamine; B, weakly positive; &,
positive; M, strongly positive.
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Abstract

Mast cells (MCs) are present in connective tissue or mucosa in many organs, and they contain many biological active
substances. In several organs, MCs are known to play an important role in the development and maintenance of
microenvironment in normal and pathologic states. MCs are divisible into connective tissue type and mucosal type. Although
MCs are known to be present in the normal and pathological livers, their exact roles remain unclear. In this study,
distribution, number and phenotype of MCs were studied histopathologically and immunochistochemically in the 11 normal
and 176 pathological livers. Tryptase-positive MCs were found sparsely in small portal tracts (portal MC) and hepatic
sinusoids (sinusoidal MC), while they were densely and regularly distributed in large portal tracts and around the intrahepatic
biliary tree and peribiliary glands. In the latter, MCs were present around small venule and capillary vessels. MCs beneath
biliary epithelium of the intrahepatic large bile duct (peribiliary MC) were closely related to the inner layer of peribiliary
vascular plexus. Ultrastructurally, MCs were related to capillary vessels and had characteristic cytoplasmic granules.
Immunohistochemically, most of the MCs beneath the biliary epithelial layer were positive for tryptase and negative for
chymase, suggesting that they were of the mucosal type. Most of the MCs in other sites were of connective tissue type. In
chronic liver diseases, particularly chronic cholestatic diseases such as primary biliary cirrhosis, portal MCs were increased
considerably, while sinusoidal MCs were not increased. In primary sclerosing cholangitis, hepatolithiasis and extrahepatic
biliary obstruction, many MCs were found around the damaged intrahepatic large bile duct. Almost all MCs in these diseased
liver were of connective tissue type. Some populations of these increased MCs were also positive for basic fibroblast growth
factor and/or histamine, suggesting that MCs play a role in fibrous enlargement of the portal tract, fibrous septa formation and
fibrosis of bile ducts. The knowledge of such changes of distribution and number of MCs in normal and pathologic livers are
important not only for pathological analysis, but also for interpretation of cholangiography and angiography and also for
application in interventional radiology.



