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Table 1. Main clinical features of the patients and their liver specimens

Liver specimens

Hepatic diseases Sex _ Age
(number of cases examined) (F: M) (X% 8D, years) Autopsy  Surgical resection = Wedge biopsy
Normal liver (71) 28:43 62.91t16.2 60 1 10
Chronic hepatitis (24) 14:10 64.9+£13.0 11 1 12
Liver cirrhosis (45) 17:28 62.7k11.1 42 0 3
F, female; M, male.
Table 2. Antibodies used in this study
Antibodies used Source 1r:nr;l£?zlz d a;?l/gg d(;ZS Optimal dilution
Primary antibodies against
CD34 IMMUNOTECH, Marceille, France Mouse Monoclonal 1:200
Mast cell tryptase, AA | DAKO, Glostrup, Denmark Mouse Monoclonal 1:200
Mast cell chymase BIOGENESIS, England, UK Mouse Monoclonal 1 : 5000
Histamine ICN Pharmaceuticals, Aurora, OH, USA Rabbit Polyclonal 1:200
Endothelin-1 AFFINITY BIOREAGENTS, Golden, CO, USA Mouse Monoclonal 1 :500
Endothelin A Receptor ALEXIS, San Diego, CA, USA Sheep Polyclonal 1:400
Endothelin B Receptor ALEXIS, San Diego, CA, USA Sheep Polyclonal 1:40
Inducible Nitric Oxide Synthase AFFINITY BIOREAGENTS, Golden, CO, USA Rabbit Polyclonal 1:500
Endothelial Nitric Oxide Synthase TRANSDUCTION LABORATORIES, Lexington, Mouse Monoclonal 1:200
Biotinylated secondary antibodies against KY, USA
Sheep IgG Vector Laboratories, Burlingame, CA, USA Rabbit Polyclonal 1:200
EnVision+
Mouse DAKO, Carpinteria, CA, USA Goat Polyclonal no dilution
Rabbit Goat Polyclonal no dilution

DAKO, Carpinteria, CA, USA
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Table 3. Number of peribiliary mast cells in normal liver,
chronic hepatitis and liver cirrhosis

Hepatic diseases Number of mast cells around
(number of cases examined) septal bile ducts (X£SD, /mm?)
Normal liver (71) 39.4£20.8
Chronic hepatitis (24) 46.628.3 *
Liver cirrhosis (45) 59.0£29.9
* p<0.05
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Fig.2. Correlation between the numbers of peribiliary

microvessels and peribiliary mast cells. The peribiliary mast

C cells and the vessels of peribiliary vascular plexus are

parallel in their numbers in normal and cirrhotic livers.
r=0.713. O, normal liver; @, liver cirrhosis.

Fig. 1. Immunohistochemical staining of tryptase. (A)
Tryptase-positive mast cells (brown) are regularly distributed
along the duct lumen and sparsely scattered in the duct wall
and periductal tissue. Scale bar indicates 100 zm. (B) Some
tryptase-positive mast cells (brown) are seen around the septal

bile duct in normal liver. Scale bar indicates 100 zm. (C) Fig.3. Double-immunostaining of tryptase and «-smooth
Many tryptase-positive mast cells (brown) are seen around the muscle actin. Some of tryptase-positive mast cells (blue) are
septal bile duct in cirrhotic liver. Scale bar indicates 100 »m. located close to the «-smooth muscle actin-positive pericytes

(brown) in cirrhotic liver. Scale bar indicates 100 zzm.
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Fig.4. Double-immunostaining of endothelial nitric oxide Fig.6. Double-immunostaining of inducible nitric oxide

synthase and CD34. Majority of vascular endothelial cells is
double positive (dark brown) for endothelial nitric oxide
synthase (brown) and CD34 (blue) in cirrhotic liver. Scale bar
indicates 100 yzm.

synthase and tryptase. Some mast cells are double positive
(dark brown) for inducible nitric oxide synthase (brown) and
tryptase (blue) in cirrhotic liver. Scale bar indicates 100 zm.

Fig.5. Double-immunostaining of inducible nitric oxide
synthase and «-smooth muscle actin. Vascular endothelial
cells, pericytes, mast cells, and biliary epithelial cells are
positive for inducible nitric oxide synthase (brown) in cirrhotic
liver. Majority of pericytes is double positive (dark brown) for
inducible nitric oxide synthase and « -smooth muscle actin
(blue). Scale bar indicates 100 xm.

Fig. 7. Double-immunostaining of endothelin 1 and «-smooth
muscle actin. Vascular endothelial cells, pericytes, mast cells,
and biliary epithelial cells are positive for endothelin 1 (brown)
in cirrhotic liver. Majority of pericytes is double positive (dark
brown) for endothelin 1 and «-smooth muscle actin (blue).
Scale bar indicates 100 ym.

Table 4. Immunohistochemical results on vasoactive mediators around bile ducts in normal and cirrhotic livers

Vascular endothelium of PVP Pericytes of PVP Peribiliary mast cells Biliary lining epithelium
Vasoacti diat
asoactive mediators Normal Cirrhosis Normal Cirrhosis Normal Cirrhosis Normal Cirrhosis
Inducible nitric oxide synthase -~ + ~ -+ —-—~+ + ~+t —~+ —~ —~ ~ 4+
Endothelial nitric oxide synthase +~++ =~ - — — —_ —_ —
Endothelin-1 +~+t + ~ -~ —~tt + ~++ +t ~ + ~++ +~
Endothelin A recreptor —~+ +~+t+ —~+ + ~++ -~ -~ —_— + ~ 4+
Endothelin B recreptor -~+ +~++ -+ +~++ —~+ —~+ +~++ A~ -
Histamine -~ ~ -~=* -~k + + ~ — —

PVP, peribiliary vascular plexus; —, negative staining; %, questionable staining; +, focal and weak staining; ++, between +and +++;

+++, diffuse and strong staining.



16 %

magl., TAMAY T +AT7 7Y~ EiFEiTalkaline
phosphatase substrate kit 3 (Vector Laboratories) TELICHEE
L7z,

ay b= VELREEOR D D IERELEE HY, KD
HEHb T LIE DHEE L.

4. PEEHEROES & OPVP INE O

CD34, +U 7 —¥, MEBIEYEORELRERE (Ei
gE) * B, BEMERTY ¥ V% 2 7 DIGITAL CAMERA
HC-300 (BEE7 4 Va4, BX) Clgev /s0arda—4iC
B bk, BE(EMHFY 7 b TdhsHNIH IMAGE (National
Institutes of Health, Bethesda, USA) 2 BV T L7z, £hE
ROWMKETI~5 - FIORBERERES L U1~3 7 DFFAKRE
JRSEEYEIRL, )Ty —EBLCOEFSHEDEEER
LTWaEMaL, BLUCD3MEHEL T2 MENKEZH
BARETAZ LICL ) EREBERRERICREL THRA
7. Z OJEEEEER 0T NIH IMAGE THlse L, JEERE
BoORMERL - ) ORBHRREE LS L.

5. HETEEMRE

EEFS L CEBFRNTICEY 2 RE B EIREM K OFS
B L UF v — CHREHEROLEOEL tRE TRE L.
JRE B BRI & PVP ILE S O MEIC >V T BRI E
biw, 7V OMEBIREERVTHRELL.

B |
1. E5RF, BEFAS L UHFEECS T3 BRBMRIROSH
tRE
1. BBEMROSHA

IR RSB LR IC Y Ty YRR R L
(E1). vy 75— Ytz BmaRe L, BT o®
HEfTof. U7y — UBERERIE TR EESBRO
BECRERE, BIURFAKREEE > TRAUKND?2H
M LT (1A). AR TR IS OEHMERE I8
EEBEREER” LR b T - YBIEOBERELH
MEEEEEHBOET CRFICHAIEL ST 545,
IBERECRER AR TIREERCSHB LT ([J14). B
W NEMRE, H5VEMBEEORBE TIIMRE SRS

o

- e i - i

Fig.8. Double-immunostaining of endothelin 1 and tryptase.
Majority of mast cells is double positive (dark brown) for
endothelin 1 (brown) and tryptase (blue) in cirrhotic liver.
Scale bar indicates 100 zm.

Fig.9. Double-immunostaining of endothelin A receptor or
endothelin B receptor and «-smooth muscle actin. (A)
Vascular endothelial cells, pericytes, mast cells, and biliary
epithelial cells are positive for endothelin A receptor (brown)

" in cirrhotic liver. Majority of pericytes is double positive (dark
brown) for endothelin A receptor and « -smooth muscle actin
(blue). Scale bar indicates 100 zm. (B) Vascular endothelial
cells, pericytes, mast cells, and biliary epithelial cells are
positive for endothelin B receptor (brown) in cirrhotic liver.
Scale bar indicates 100 xm.

Fig. 10. Immunostaining of histamine. Some histamine-positive
mast cells (brown) are seen around the septal bile duct in
citrhotic liver. Scale bar indicates 100 zm.
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Fig. 11. Immunostaining of tryptase and chymase. (A) Some tryptase-positive mast cells (brown) are seen around the septal bile duct in
normal liver. Scale bar indicates 100 zm. (B) Only a few chymase-positive mast cells (brown) are seen on an adjacent section to A. Scale
bar indicates 100 xm. (C) Many tryptase-positive mast cells are seen around the septal bile ducts in cirrhotic liver. Scale bar indicates
100 «m. (D) Many chymase-positive mast cells are also seen on an adjacent section to C. Scale bar indicates 100 zm.
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Fig. 12. Proportion of mast cells with respect to immunohistochemical
positivity of chymase and tryptase. About half of peribiliary
mast cells in normal livers are tryptase-positive, chymase-
negative mast cells and the remaining tryptase-positive,
chymase-positive mast cells, while majorities of peribiliary
mast cells in cirrhotic livers are tryptase-positive, chymase-
positive mast cells. *P<0.01.

Normal Biliary Liver
Liver Epithelium \O Cirrhosis
Bile duct lumen ’o / -~
B ) __Bile ductwall™ _/
m“ Pen@l‘li ry N~
\“ Vascular )
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\’ﬂsf Cell

Fig. 13. Mechanism for regulation on blood flow in peribiliary
vascular plexus. Microvessels of peribiliary vascular plexus
are increased and dilated in liver cirrhosis. Vasoactive
substances secreted locally from the cell components
including mast cells around the biliary tree are involved in the
hemodynamic regulation of peribiliary vascular plexus in
normal liver and in the vascular and hyperdynamic changes of
peribiliary vascular plexus in cirrhosis.
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Abstract

Our pilot study disclosed that tryptase-positive mast cells were regularly distributed around the septal and intrahepatic
large bile ducts (peribiliary mast cells). In this study, the pathophysiology of the mast cells was examined with respect to the
microcirculation of the intrahepatic biliary tree in normal (n=71) and chronic liver disease (n=69) cases, which included
cirrhotic livers. Mast cells were found close to the microvessels of the peribiliary vascular plexus (PVP) supplying the
intrahepatic biliary tree, and were frequently adjacent to vascular smooth muscle cells including the pericytes of these vessels.
In cirrhosis, the numbers of PVP microvessels and peribiliary mast cells increased in parallel. Expression of vasoactive
substances was examined using immunohistochemistry. Peribiliary mast cells were frequently positive for endothelin 1 (ET-
1), and were variably positive for histamine, chymase, inducible nitric oxide synthase (iNOS), and endothelin A and B (ETA
and ETB) receptors. Pericytes of PVP expressed ETA and ETB receptors in addition to ET-1 and iNOS. Endothelial nitric
oxide synthase (eNOS) and ET-1 were constantly present, and ETA and ETB receptors and iNOS were variably expressed on
the vascular endothelial cells of the PVP. The biliary epithelial cells also expressed iNOS, ET-1, and ET, and ETs receptors
focally. In comparison with normal livers these vasoactive substances were more strongly expressed and the numbers of mast
cells expressing these substances was also found to be increased in cases involving cirrhosis. It seems plausible that these
substances have a cooperative influence on the microcirculation via paracrine and autocrine effects. These results suggest that
peribiliary mast cells play a role in the hemodynamic regulation of PVP in normal livers, and that vasoactive substances
secreted locally from the cell components including mast cells around the biliary tree are involved in the vascular and
hyperdynamic changes of PVP found in cases of cirrhosis.




