Pathology and Laboratory Medicine International downloaded from https://www.dovepress.com/

For personal use only.

Pathology and Laboratory Medicine International Dove

3

ORIGINAL RESEARCH

Frequent infiltration of S-100 protein® CCR5*
immature dendritic cells in damaged bile ducts
of primary biliary cirrhosis compared

to cholangiocellular carcinoma

Hiroko Mitsui'?
Hiroya Ohtake'
Rintaro Ohe!
Mitsunori Yamakawa'

'Department of Pathological
Diagnostics, 2Department of
Gastroenterology, Yamagata University
Faculty of Medicine, Yamagata, Japan

Correspondence: Mitsunori Yamakawa
Department of Pathological Diagnostics,
Yamagata University Faculty of Medicine,
2-2-2 lida-Nishi, Yamagata

990-9585, Japan

Tel +81 23 628 5237

Fax +81 23 628 5240

Email myamakaw@med.id.yamagata-u.ac.jp

This article was published in the following Dove Press journal:
Pathology and Laboratory Medicine International

12 April 2013

Number of times this article has been viewed

Abstract: Dendritic cells (DCs) are professional antigen presenting cells that initiate immune
responses. We evaluated the relationship between DC infiltration, chemokines/chemokine
receptors, and bile duct damage in primary biliary cirrhosis (PBC), compared to cases of
cholangiocellular carcinoma arising from the bile duct. Immunohistochemistry revealed
significantly more S-100 protein* DCs infiltrating the epithelial layer of bile ducts in PBC than
in chronic hepatitis C or control neonatal livers. Furthermore, a higher number of S-100 protein*
DCs, but not fascin® or DC lysosomal associated membrane protein* mature DCs, were found in
the epithelial layer of the damaged bile ducts of the PBC liver. CC-chemokine receptor (CCR)
5* immature DCs frequently accumulated in the portal area in PBC. CCRS mRNA was also
detected in liver tissues from PBC patients by reverse transcription polymerase chain reaction.
In situ hybridization revealed the expression of macrophage inflammatory protein (MIP)-1c.and
MIP-1 mRNA in the epithelial cells of damaged bile ducts. However, no CD1a* immature DCs
were found in any of the PBC or chronic hepatitis C specimens or in neonatal liver, whereas
they occurred frequently in the cancer nests of cholangiocellular carcinoma, which expressed
MIP-30. and were frequently infiltrated by CCR6" DCs. These results indicate that bile ducts
damaged by PBC secrete MIP-10. and MIP-1f, while neoplastic ones secrete MIP-3a.. They
also suggest that CCR5* immature DCs attracted by MIP-1o and MIP-1[3 may play an important
role in the pathogenesis of chronic nonsuppurative destructive cholangitis in PBC.
Keywords: chemokines, cholangiocellular carcinoma, chronic nonsuppurative destructive
cholangitis, dendritic cell, primary biliary cirrhosis

Introduction

Primary biliary cirrhosis (PBC) is an autoimmune liver disease characterized
histologically by progressive destruction of the small intrahepatic bile ducts, known as
chronic nonsuppurative destructive cholangitis (CNSDC). Immune reactions involving
T-cell-mediated responses to target antigens expressed on the epithelial cells of the
intralobular bile ducts and periportal hepatocytes are the key to understanding the
pathogenesis of PBC.

Dendritic cells (DCs) are professional antigen presenting cells that function as the
sentinels of the immune system in lymphoid and nonlymphoid tissues.!* Immature
DCs capture antigens and, after developing into mature DCs, become strong primers
of naive T-cells. DCs are closely involved in the development of chronic persistent
inflammation in various autoimmune diseases, including PBC.
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The migration, differentiation, and activation of DCs are
controlled by factors such as adhesion molecules, cytokines,
and chemokines. The chemokine family plays an important
role in signaling the induction of an immune response by
ligating to and activating various receptors expressed on
inflammatory cells and DCs.*® Immature DCs express
several chemokine receptors, such as CC-chemokine receptor
(CCR) 1, CCR2, CCR5, CCR6 and CXC-chemokine receptor
(CXCR) 4. In addition to the specific ligands, macrophage
inflammatory protein (MIP)-10/CC ligand (L) 3 can bind
to CCRI and CCR5, MIP-13/CCL4 can bind to CCRS5,
MIP-30/CCL20 can bind to CCR6, monocyte chemotactic
protein-4 (MCP-4/CCL13) can bind to CCR2, regulated
upon activation, normal T expressed and secreted (RANTES/
CCLS5) can bind to CCR1 and CCRS5, and stromal cell-derived
factor-1/CXCL12 can bind to CXCRA4.

A few previous studies have revealed that cells expressing
relatively DC specific antigens, including S-100 protein,
CDla, CD83, and BDCA-2, localized in liver specimens
obtained from patients with PBC.!!> Moreover, several
chemokines and chemokine receptors have recently been
demonstrated to be expressed in certain liver diseases,
including PBC.'*?! However, information regarding the
mechanisms underlying DC infiltration in PBC and an
epithelial neoplasm, cholangiocellular carcinoma (CCC),
arising from bile ducts and the pathological significance of
this phenomenon is limited. The aim of the present study
was therefore to investigate the histological distribution of
DCs and the mechanisms by which immature DCs infiltrate
the bile ducts in PBC, compared to CCC as a neoplastic
condition, by immunohistochemistry, reverse transcription
polymerase chain reaction (RT-PCR) amplification and in
situ hybridization.

Materials and methods

Patients and specimens

Forty-eight patients with PBC who underwent a liver biopsy
to make a definitive pathological diagnosis were selected
from registered case files in our department. Their median
age was 58 years (range 24 to 85) and the male:female ratio
was 11:37. The diagnoses were based on established criteria
and were confirmed by histological review by an independent
observer, which included clinical and laboratory analysis.
Antimitochondrial antibody and/or antimitochondrial M2
antibody were detected in the sera of all the PBC patients by
immunofluorescence. Eighty-four inflamed portal areas and
hepatic lobules were selected from the biopsy specimens and
the severity of the PBC was classified according to Ludwig’s

histological staging method: stage I, portal hepatitis;
stage II, periportal hepatitis; stage III, septal fibrosis,
bridging necrosis, or both; and stage IV, cirrhosis.?> Liver
biopsy specimens from 26 patients with chronic hepatitis C
(CH-C), which were obtained to make a definitive diagnosis,
and normal liver specimens obtained at autopsy from three
neonates were examined and compared with PBC cases.
Resected tumor specimens from four patients with CCC were
also examined as neoplastic bile duct tumors. The median
age of CH-C patients was 59 years (range 35 to 75) and the
male:female ratio was 14:9. The inflamed portal areas of the
CH-C specimens were classified according to the grading
and staging criteria of the International Association for the
Study of Liver grades: minimal, mild, moderate, and severe
activity; and stages: absent, mild, moderate, and severe
fibrosis, and cirrhosis.?

The majority of tissue specimens were fixed in 10%
formalin for 6 hours at room temperature, embedded in paraffin,
and cut into 4 um thick sections for immunohistochemistry.
Liver biopsy specimens from some cases were fixed in
4% paraformaldehyde for 6 hours at 4°C to use for not
only immunohistochemistry but also RT-PCR and in situ
hybridization because some biopsy specimens were too small
to use for independent studies.

Immunohistochemistry

After deparaffinization, the tissue sections were immersed
in either 0.1% trypsin (BD Difco; BD, Franklin Lakes, NJ,
USA) in 0.01 M phosphate-buffered saline (pH 7.4) with
0.1% CaCl, or 1 mM ethylenediamine tetraacetic acid
solution (pH 8.0; Muto Pure Chemicals, Tokyo, Japan).
These solutions were either incubated for 30 minutes at
37°C or microwaved for 20 minutes at 90°C. Endogenous
peroxidase activity was blocked with methanol containing
0.3% hydrogen peroxide. When the tyramide signal
amplification method was to be used, endogenous biotin
activity was also blocked using the Endogenous Avidin
Biotin Blocking Kit (Nichirei, Tokyo, Japan). The slides were
then incubated at 4°C overnight with the relevant primary
antibodies. The primary antibodies used in this study were
as follows: anti S-100 protein (recognizes pan DCs; rabbit;
Nichirei), CD1a (recognizes immature myeloid DCs; mouse
IgGlx; Immunotech, Marseille, France), fascin (recognizes
mature DCs; mouse IgG1; DAKO, Glostrup, Denmark),
DC lysosomal associated membrane protein (DC-LAMP;
recognizes mature DCs; mouse IgG1; Immunotech), CD4
(mouse IgG1; Novocastra, Newcastle, UK), CD8 (mouse
IgG2b; Novocastra), TIA-1 (mouse IgG1l; Immunotech),
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MIP-10 (goat; DAKO), MIP-1B (goat; DAKO), MIP-30.
(mouse IgG1l; R&D Systems, Minneapolis, MN, USA),
RANTES (goat; DAKO), CCR5 (mouse 1gG2b; DAKO),
and CCR6 (mouse 1gG2b; DAKO). The labeled streptavidin
biotin peroxidase method (UltraTech HRP Streptavidin-biotin
Universal Detection System; Immunotech) was used for the
immunostaining of CDla, fascin, DC-LAMP, CD4, CDS,
and TIA-1, while the peroxidase-labeled dextran polymer
method (EnVision+; rabbit; DAKO) was used for the
immunostaining of S-100 protein. The biotinylated F(ab’),
fragment of affinity isolated donkey anti-goat IgG (Jackson
Immunoresearch Laboratories, West Grove, PA, USA), biotin
conjugated affinity isolated goat anti-mouse IgG1 (Caltag
Laboratories, Burlingame, CA, USA), and biotin-conjugated
affinity isolated goat anti-mouse [gG2b (Caltag Laboratories)
were used as secondary antibodies for MIP-1o, MIP-10,
MIP-30,, RANTES, CCRS5, and CCR6. After using the
tyramide signal amplification method for MIP-1c,, MIP-103,
MIP-30, RANTES, CCRS5, and CCR6, the sections were
incubated with peroxidase conjugated streptavidin (DAKO).
After each step, the sections were washed with phosphate-
buffered saline containing 0.1% saponin (Junsei Chemical,
Tokyo, Japan). Peroxidase activity was then detected with
3,3’-diaminobenzidine (Dojin Chemicals, Kumamoto, Japan)
and the sections were counterstained with hematoxylin.

Formalin fixed liver biopsy specimens from 38 patients with
PBC, ten patients with CH-C and three neonates were used for
the immunostaining of S-100 protein, fascin, DC-LAMP, CD4,
CD8, and TIA-1. Seventy-one inflamed portal areas (including
CNSDC and hepatic lobules) from the PBC specimens (stages: I,
n=15;1,n=17;1II,n=19; IV,n=20), 17 areas from the CH-C
specimens (activity and fibrosis classes: minimal and absent,
n = 1; mild and mild, n = 10; mild and severe, n = 2; moderate
and mild, n = 1; moderate and moderate, n = 3), and 50 areas
from the neonatal livers were selected for the counting of
positive cells. Paraformaldehyde-fixed specimens from eleven
patients with PBC and 17 patients with CH-C were studied for
the immunostaining of MIP-10,, MIP-13, MIP-30,, RANTES,
CCRS5, and CCR6. Eleven inflamed portal areas from the
PBC specimens (stages: ,n=2; I, n=7; lIl, n=2;1V,n=0)
and 17 areas from the CH-C specimens (activity and fibrosis
classes: minimal and mild, n = 6; minimal and moderate, n=3;
mild and mild, n = 2; moderate and moderate, n = 1; mild and
severe, n = 4; moderate and moderate, n = 1) were selected.
Formalin-fixed specimens from only four patients with CCC
were available for this investigation. Paired “mirror image”
serial sections were used to identify cells that immunostained
positively for both S-100 protein and CCRS.

Cells that were positive for each antibody (except
those against chemokines and chemokine receptors) were
counted in high power microscopic fields (x400) covering
the epithelial layer of the bile ducts (area A), the portal
areas around the bile ducts (area B), and the hepatic lobules
(area C) with the aid of a computer-assisted image analyzer
(ImagelJ, 1.37v; Wayne Rasband, National Institutes of
Health, Bethesda, MD, USA).

RNA extraction and RT-PCR

amplification

Paraformaldehyde-fixed PBC and CH-C samples were used.
Although mRNA is better preserved in such samples, only
formalin-fixed CCC specimens were available; samples from
these specimens therefore had to be used. The Pinpoint Slide
RNA Isolation System II Kit (Zymo Research, Irvine, CA,
USA) was used to isolate the RNA from the paraffin-embedded
tissues. Ten—micrometer-thick sections were cut from the
paraffin-embedded specimens and put onto a glass slide. After
deparaffinization and hydration, a small amount of Pinpoint
solution was spread over the selected regions. The selected
areas (about 50 mm? each) were peeled off the dried slide.
Proteinase K and RNA digestion buffer were added, and the
samples were incubated for 4 hours at 55°C. RNA extraction
buffer and 99.9% ethanol were then added, and the mixtures
were transferred to a Zymo-Spin™ column. After washing
in RNA washing buffer, prewarmed RNA elution buffer was
added, the samples were centrifuged, and the RNA was eluted.

Subsequently, RT-PCR amplification was carried out
using the QTAGEN OneStep RT-PCR Kit (QIAGEN, Tokyo,
Japan). The extracted template mRNA was mixed with the
recommended quantities of QIAGEN OneStep RT-PCR
Buffer (containing 2.5 mM MgCl,), dNTP Mix (containing
0.4 mM dNTP), 0.6 uM sense and antisense primers, and
QIAGEN OneStep RT-PCR Enzyme Mix (containing HotStar
Taq DNA polymerase).

The conditions for amplification were as follows: 40 cycles
of 30 seconds at 94°C, 30 seconds at 58°C, and 30 seconds at
72°C, followed by a 10-minute extension step at 72°C.

The PCR products were resolved by electrophoresis on
1.2% or 2% agarose gels (Funakoshi, Tokyo, Japan). The bands
were visualized using ethidium bromide (Bio-Rad Laboratories,
Hercules, CA, USA) and the gels were photographed.

The primers used for PCR were as follows:
MIP-3o (GenBank accession number D86955):
5'"-TTGCTCCTGGCTGCTTTG-3" and
5’-ACCCTCCATGATGTGCAAG-3’, amplifying a 367 bp
product; CCR5 (GenBank accession number X91492):
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5'-GGTGGAACAAGATGGATTAT-3" and
5’-CATGTGCACAACTCTGACTG-3’, amplifying a
1117 bp product; and CCR6 (GenBank accession number
779784): 5’-ATTTCAGCGATGTTTTCGACTC-3" and
5’-GGAGAAGCCTGAGGACTTGTA-3’, amplifying a
1021 bp product. RT-PCR of the porphobilinogen deaminase
(PBGD) gene was also performed as a positive internal
control to check the integrity of the mRNA isolation from
each sample. The primers used to detect PBGD mRNA were
5’-TGTCTGGTAACGGCAATGCGGCTGCAAC-3’ (forward
primer) and 5-TCAATGTTGCCACCACACTGTCCGTCT-3’
(reverse primer); a 127 bp fragment was amplified.

In situ hybridization

In situ hybridization was performed on paraformaldehyde-
fixed, paraffin-embedded liver biopsy specimens from PBC and
CH-C patients. The oligonucleotide probes for MIP-1a
and MIP-13 were constructed using a DNA synthesizer
and labeled with digoxigenin (Nippon Gene Research
Laboratory, Inc, Sendai, Japan). The probes used to detect
MIP-1oo mRNA (GenBank accession number D90144) were
5’-GCAACCAGTTCTCTGCATCACTTGCTGCTGACA-
CGCCG-3’ (sense) and 5-CGGCGTGTCAGCAGCAAGT-
GATGCAGAGAACTGGTTGA-3’ (antisense). The probes
used to detect MIP-18 mRNA (GenBank accession number
X53682) were 5-TCTGCGTGACTGTCCTGTCTCTCCT-
CATGCTAGTAGCTGC-3’ (sense) and 5-GGCAGCTAC-
TAGCATGAGGAGAGACAGGACAGTCACGCAGA-3’
(antisense). The sections were dewaxed and rehydrated in
a graded ethanol series. After treatment with 0.2 N HCI in
phosphate buffered saline for 20 minutes at room temperature
and digestion with 20 ug/mL proteinase-K (Sigma-Aldrich,
St Louis, MO, USA) for 15 minutes at 37°C, the sections
were hybridized with the sense and antisense probes overnight
at 55°C. The concentration of each probe was 1 pg/mL. The
sections were then washed twice with 2 X SSC/60% formamide
(1 x SSC contains 0.15 M sodium chloride and 0.03 M
sodium citrate, pH 8.0; Junsei Chemical) for 60 minutes at
55°C, then three times with 0.5 x SSC/60% formamide for
30 minutes at 55°C. The digoxigenin-labeled probes were
detected using an alkaline phosphatase-conjugated rabbit
antidigoxigenin antibody (DAKO) with 5-bromo-4-chloro-
3-indoxyl phosphate/nitro blue tetrazolium chloride solution
(DAKO) containing levamisole (DAKO) as the substrate.

Statistical analysis
Statistical analysis was performed using the Expert Stat View
statistical software system (Abacus Concepts, Berkeley,

CA, USA). The Mann—Whitney U test was used to compare
the numbers of immunoreactive cells within the epithelial
layer of the bile ducts, in the portal area around the bile
ducts, and in the hepatic lobules. The same test was used to
compare the numbers of immunoreactive cells among the
histological staging classes. Spearman’s rank correlation
was used to examine the correlation between the number of
S-100 protein® DCs and the numbers of CD4*, CD8"*, and
TIA-1* T-cells. Differences with P < 0.05 were considered
statistically significant.

Results

Distribution of DCs in PBC

Although more S-100 protein®™ DCs were found in the
epithelial layer of the bile ducts (area A) in PBC than in
CH-C, there were no significant differences in the numbers
of infiltrating fascin® and DC-LAMP* DCs between PBC
and CH-C examined during this study (Table 1). S-100
protein*, fascin®, and DC-LAMP* DCs were very rarely
found in all areas of the neonatal livers. There were also
no significant differences in the numbers of fascin* and
DC-LAMP* DCs in area A between the CH-C and neonatal
liver samples.

In terms of sex, there was no significant difference in the
number of any DC phenotypes among liver diseases, except
that fewer S-100 protein® DCs were found in area B in female
patients with CH-C than in males (data not shown).

Relationship between DC infiltration

and the histological stages of PBC

In each stage of PBC except stage IV, abundant S-100
protein® DCs was found in area A (Table 2; Figure 1A
and B). Significantly fewer S-100 protein* DCs were found
in the portal areas around the bile ducts (area B) in the
advanced stages of PBC (stages Il and V) than in the earliest
stage (stage I). Furthermore, fewer infiltrating fascin® and
DC-LAMP"* DCs than S-100 protein® DCs were detected in
area A. In some stages of PBC, a larger number of fascin® and
DC-LAMP* DCs in area B were found (Figure 1C and D).

Detection of CDla" DCs in PBC

and other liver diseases

Only rare CDla* DCs were found in area A in PBC, but
not in any other areas of the PBC, CH-C, and neonatal liver
samples (Table 1). However, CD1a* DCs were observed to
be infiltrating the cancer nests in CCC (Figure 2F). These
cells were coincident with the S-100 protein® DCs detected
on the serial sections (data not shown).
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Table | Comparison of the number of infiltrating DCs among three different areas in PBC, CH-C, and neonatal livers

Histology/type of DC Number of positive cells/high-power field (X400), median (min, max)
Area A Area B Area C
S-100 protein* DCs
PBC (n=71) 81.4* (0.0, 478.1) 9.9 (1.3, 87.5) 0.3 (0.0, 2.8)
CH-C (n=17) 0.0 (0.0, 193.4) 6.5 (0.0,22.2) 0.3 (0.0, 1.3)
Neonatal liver (n = 50) 0.0° (0.0, 0.0) 0.0< (0.0, 5.1) 0.0¢ (0.0, 0.3)
Fascin* DCs
PBC (n=71) 0.0 (0.0, 234.9) 42 (0.0, 45.0) 0.3 (0.0, 1.5)
CH-C(n=17) 0.0 (0.0, 66.2) 5.9 (0.0, 15.5) 0.3 (0.0, 0.3)
Neonatal liver (n = 50) 0.0¢ (0.0, 0.0) 0.0 (0.0, 0.0) 0.0¢ (0.0, 0.0)
DC-LAMP* DCs
PBC (n=71) 0.0 (0.0, 500.7) 1.3 (0.0, 62.6) 0.0 (0.0, 0.0)
CH-C (n=17) 0.0 (0.0, 0.0) 3.2 (0.0, 30.1) 0.0 (0.0, 0.0)
Neonatal liver (n = 50) 0.0" (0.0, 0.0) 0.0 (0.0, 4.6) 0.0 (0.0, 0.0)
CDla* DCs
PBC (n=71) 0.0" (0.0, 62.7) 0.0 (0.0, 9.8) 0.0 (0.0, 0.0)
CH-C (n=17) 0.0 (0.0, 8.5) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
Neonatal liver (n = 50) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

Notes: Area A, epithelial layer of the bile duct; area B, portal area around the bile duct; area C, hepatic lobule. *The significant highest value among diseases in area A
(P < 0.01); “the significant lowest value among diseases in area A (P < 0.01); “the significant lowest value among diseases in area B (P < 0.01); “the significant lowest value
among diseases in area C (P < 0.01); °the significant lowest value among diseases in area A (P < 0.01); ‘the significant lowest value among diseases in area B (P < 0.01); ¢the
significant lowest value among diseases in area C (P < 0.01); "the significant lower value in neonatal liver than in PBC in area A (P < 0.05); 'the significant lowest value among
diseases in area B (P < 0.01).

Abbreviations: DC, dendritic cell; PBC, primary biliary cirrhosis; CH-C, chronic hepatitis C; LAMP, lysosomal-associated membrane protein.

Distribution of T-cells in PBC Relationship between DC infiltration

There were significant differences in the numbers of CD4*, and T-cell accumulation

CDS8", and TIA-1" T-cells accumulating in areas A and B In area A, there was a significant positive correlation
between stage IV and the other stages (Table 3). Fewer  between the number of infiltrating DCs positive for S-100
TIA-1* cells were also found in area C in stage [V than in  protein, fascin, and DC-LAMP and the accumulation of
other stages. lymphocytes positive for CD4, CD8, and TIA-1, for CDS§

Table 2 Comparison of the number of infiltrating DCs among three different areas in each histologic stage in primary biliary
cirrhosis

Stage/type of DC Number of positive cells/high-power field (x400), median (min, max)
Area A Area B Area C

S-100 protein* DCs

Stage | (n = 15) 159.4 (0.0, 311.8) 14.8% (9.9, 73.8) 0.3 (0.0, 1.8)
Stage Il (n=17) 88.4 (0.0, 478.1) 11.0 (1.3, 87.5) 0.3 (0.0, 2.8)
Stage Ill (n=19) 129.3 (14.3, 223.7) 6.6 (1.9, 67.5) 0.3 (0.0, 1.5)
Stage IV (n = 20) 7.6° (0.0, 93.7) 6.6 (1.7,37.1) 0.3 (0.0, 0.8)
Fascin® DCs
Stage | (n = 15) 0.0 (0.0, 234.9) 11.2 (0.0, 45.0) 0.3 (0.0, 1.5)
Stage Il (n=17) 0.0 (0.0, 126.1) 4.1 (0.0, 29.0) 0.5 (0.0, 1.0)
Stage Ill (n = 19) 0.0 (0.0, 158.6) 6.3 (0.0, 28.9) 0.5 (0.0, 1.0)
Stage IV (n = 20) 0.0 (0.0, 19.1) 1.3¢(0.0, 7.9) 0.0 (0.0, 0.8)
DC-LAMP* DCs
Stage | (n = 15) 0.0 (0.0, 500.7) 0.0 (0.0, 62.6) 0.0 (0.0, 0.0)
Stage Il (n=17) 0.0 (0.0, 466.8) 2.9 (0.0, 62.2) 0.0 (0.0, 0.0)
Stage Il (n=19) 0.0 (0.0, 71.6) 4.0 (0.0, 29.6) 0.0 (0.0, 0.0)
Stage IV (n = 20) 0.0° (0.0, 0.0) 0.0 (0.0, 2.3) 0.0 (0.0, 0.0)

Notes: Area A, epithelial layer of the bile duct; area B, portal area around the bile duct; area C, hepatic lobule. *the significant higher value in stage | than in stage Ill and IV
in area B (P < 0.05); ®the significant lowest value among stages in area B (P < 0.01); “The significant highest value among stages in area B (P < 0.05); ‘the significant lowest
value among stages in area B (P < 0.05); °the significant lower value in stage IV than in stage | in area A (P < 0.05); ‘the significant lower value in stage IV than in stage Il and
lllin area B (P < 0.01).

Abbreviations: DC, dendritic cell; LAMP, lysosomal-associated membrane protein.
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Figure | Immunohistochemistry demonstrating the localization of DCs in the
portal area of primary biliary cirrhosis (stage Il). Immunostain of S-100 protein*
(A, B, and E), fascin* (C), DC-LAMP* (D) and CCR5* (F and G) DCs. The segments
(E) and (F) are demonstrated by mirror sections. S-100 protein’, fascin®, DC-
LAMP, and CCR5* DCs are visualized as brown. S-100 protein* DCs infiltrate in
the portal area, in particular, accumulate within the epithelium layer of the bile duct.
Fascin® and DC-LAMP* DCs localize in the portal area around the bile duct. Less
than three DCs simultaneously positive for S-100 protein (E) and CCR5 (F) in the
portal area are indicated by same colored arrows, respectively. CCR5* DCs existed
in the epithelium layer of the bile duct are indicated by arrow (G). Counterstained
with hematoxylin.

Notes: Original magnification: X200 (A); X400 (B-G).

Abbreviations: CCR, CC-chemokine receptor; DC, dendritic cells; LAMP,
lysosomal associated membrane protein.

and TIA-1, and for TIA-1, respectively. In area B, there
was a significant positive correlation between the number
of infiltrating DCs positive for S-100 protein, fascin, and
DC-LAMP and the accumulation of lymphocytes positive
for CD4, CDS, and TIA-1, for CD4, CD8, and TIA-1, and
for CD8 and TIA-1, respectively. In area C, the number
of infiltrating S-100 protein® and fascin®™ DCs showed a
significant positive correlation with the accumulation of
TIA-1* cells (Table 4).

Immunohistochemical expression

of chemokines and their receptors

CCRS and S-100 protein were immunostained on paired
“mirror image” sections to investigate the distribution of
immature DCs. In PBC, CCRS5 was expressed on relatively
small lymphocytes and cells with a dendritic morphology.
The CCRS5" cells with a dendritic morphology corresponded

with the S-100 protein® cells on the mirror image section
(Figure 1E and F). CCR5* cells frequently (nine of eleven
samples) accumulated beneath or in damaged bile ducts
(Figure 1G). By comparison, in all 17 CH-C and all four CCC
samples, the CCR5" cells were mostly small lymphocytes,
and there were no cells with a dendritic morphology in area A.
However, the CD1a* cells observed in CCC corresponded
with CCR6" cells on the serial sections (Figure 2F and G).
CCR6 was expressed only on small lymphocytes, which
were mainly localized in the portal area in PBC and CH-C;
it was never detected on cells with a dendritic morphology
in this study.

In PBC, expression of MIP-1o. and MIP-1B (ligands
of CCRS) was detected on the epithelial cells of the bile
ducts in nine of eleven samples, and was also observed on
lymphocytes, mainly in the portal area (Figure 2A, C and E).
In CH-C, these ligands were also expressed on lymphocytes
(mainly in the portal area) but were never detected on the
epithelial cells of the bile ducts. MIP-3q, a ligand of CCR6,
was also restricted to small lymphocytes, again mainly in the
portal area, in both PBC and CH-C; it was never found on
the bile duct epithelia in either disease. Similarly, RANTES
(a ligand of CCRY) was stained only on small lymphocytes
that were mainly limited to the portal area in PBC and
CH-C. In CCC, MIP-10., MIP-1f3, MIP-30. (Figure 2H), and
RANTES were expressed on cancer nests, and there was no
difference in the intensity of staining for each ligand.

Expression of chemokine and

chemokine receptor mRNA

RT-PCR was performed to determine MIP-3a,, CCRS, and
CCR6 mRNA expression, using five PBC samples, three CH-C
samples, and two CCC samples. The PBC and CH-C samples
were fixed with paraformaldehyde, whereas the CCC samples
were fixed with formalin. Regardless of the fixation methods
and the different liver diseases, all sections expressed PBGD
mRNA in almost equal amounts. MIP-3ac mRNA expression
was evident in four PBC and three CH-C samples, and was weak
but clear in one PBC and two CCC samples. CCR5S mRNA
expression was quite strong in the PBC samples, negative or
faint in the CH-C samples, and weak but clear in two CCC
samples. CCR6 mRNA was expressed strongly in three PBC,
one CH-C, and one CCC samples, and weakly but clearly in
two PBC, two CH-C, and one CCC samples (Figure 3).

In situ hybridization was performed to determine the
localization of MIP-1o and MIP-13 mRNA expressed in PBC
and CH-C. Eight PBC specimens (stages: I, 1; 11, 6; II1, 1; IV, 0)
and five CH-C specimens (activity and fibrosis classes: minimal
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Figure 2 Immunohistochemistry and in situ hybridization demonstrating chemokine expression in primary biliary cirrhosis (stage Il). MIP-lo (A) and MIP-1B (C) are
immunohistochemically positive in the epithelial cells of the bile duct. In ISH, the expression of MIP-10. (B) and MIP-1f (D) mRNA are found on the epithelial cells of the bile
duct. Note that MIP-3a (E) is immunohistochemicaly positive for lymphocytes but not the bile duct epithelial cells in the portal area. Hematoxylin is used as a counterstain in
(A, C, and E); counterstained with hematoxylin. Inmunohistochemistry demonstrating CD la* DCs (F) and CCRé* DCs (G), and MIP-30:* cancer cells (H) in cholangiocellular
carcinoma. The segments (F and G) are demonstrating by serial sections. CDla* and CCR6* DCs visualized as brown infiltrate in the cancer nests.

Notes: MIP-30 is expressed on cancer cells. Counterstained with hematoxylin. Original magnifications: X600 (A and C); X200 (B, D, F-H); x400 (E).

Abbreviations: CCR, CC-chemokine receptor; DC, dendritic cells; ISH, in situ hybridization; MIP, macrophage inflammatory protein.

and absent, 2; minimal and mild, 1; mild and mild, 1; moderate
and mild, 1), fixed with paraformaldehyde, were studied. Both
MIP-1a and MIP-13 mRNA were expressed on the epithelial
layer of the damaged bile ducts and on lymphocytes in the
portal areas in PBC (six of eight samples; Figure 2B and D).
The two negative samples were from stage [ and I specimens,
respectively. These ligands were not expressed on the epithelial
layer of the bile ducts in any of the CH-C samples. The stainings
were specific because no positive staining was detected when
the tissues were hybridized with the sense oligonucleotide
probes for MIP-10. and MIP-13 (data not shown).

Discussion
DCs are potentially important in the pathogenesis of PBC,
which is characterized by the presence of antimitochondrial

antibodies and progressive CNSDC of the small intrahepatic
bile ducts.** Recent studies have revealed that antimito-
chondrial antibodies react with the E2 component of the
pyruvate dehydrogenase complex E2 that binds with high
intensity specifically to biliary epithelial cells.?® However,
only a few recent reports have demonstrated the localiza-
tion of DCs in PBC.!%"" In order to understand the immune
response underlying progressive CNSDC of the small intra-
hepatic bile ducts of PBC, it is essential to investigate the
localization and migration mechanisms of DCs. We have
demonstrated here for the first time the precise distribution
and characteristics of DCs in relation to CNSDC in PBC.
S-100* DCs were frequently found within the epithelial
layer of the bile ducts (area A) in PBC. However, the numbers
of fascin* and DC-LAMP* mature DCs were relatively low in
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Table 3 Comparison of the number of CD4*, CD8*, and TIA-I1* T lymphocytes among three different areas in each histologic stage

in primary biliary cirrhosis

Stage/T lymphocytes

Number of positive cells/high-power field (x400), median (min, max)

Area A Area B Area C
CD4" lymphocytes
Stage | (n=15) 86.4 (0.0, 726.6) 170.6 (5.1, 480.8) 2.3(0.3,7.0)
Stage Il (n=17) 90.0 (0.0, 753.4) 145.4 (2.4, 371.7) 1.0 (0.3, 6.3)
Stage lll (n=19) 158.6 (0.0, 590.1) 147.4 (11.0, 476.1) 1.5 (0.3, 10.3)
Stage IV (n = 20) 0.0° (0.0, 49.1) 70.6° (6.2, 155.1) 2.0 (0.0, 8.3)
CD8" lymphocytes
Stage | (n=15) 152.7 (0.0, 764.8) 271.1 (153.4, 488.9) 5.5(1.3,15.3)
Stage Il (n=17) 230.9 (0.0, 579.2) 228.6 (77.9,451.2) 4.8 (1.5,31.8)
Stage lll (n=19) 144.6 (0.0, 508.6) 210.1 (84.2, 412.5) 6.8 (1.3, 15.0)
Stage IV (n =20) 28.4< (0.0, 163.2) 55.0¢ (1.6, 164.1) 5.1 (0.3, 15.5)
TIA-1* lymphocytes
Stage | (n=15) 211.0 (0.0, 1208.8) 195.4 (48.8, 780.1) 16.8 (7.5, 39.5)
Stage Il (n=17) 150.7 (0.0, 1234.2) 532.5 (49.4, 273.4) 16.8 (2.5, 39.0)
Stage lll (n=19) 204.8 (0.0, 884.2) 143.8° (44.0, 278.4) 16.5 (6.5, 24.5)
Stage IV (n = 20) 0.0°(0.0, 69.7) 5.8¢(1.8,22.9) 5.8" (1.3, 12.3)

Notes: Area A, epithelial layer of the bile duct; area B, portal area around the bile duct; area C, hepatic lobule. *The significant lowest value among stages in area A (P <
0.01); bthe significant lowest value among stages in area B (P < 0.05); “the significant lowest value among stages in area A (P < 0.01); ‘the significant lowest value among
stages in area B (P < 0.01); °the significant lower value in stage Ill than in stage | and Il in area B (P < 0.05); ‘the significant lowest value among stages in area A (P < 0.01);
sthe significant lowest value among stages in area B (P < 0.01); "the significant lowest value among stages in area C (P < 0.01).

the epithelial layer of the damaged bile ducts but high in the
portal area around bile ducts (area B). In contrast, both the
S-100 protein* DCs and fascin® and DC-LAMP* mature DCs
accumulated predominantly in area B in CH-C. The degree
of DC infiltration was also found to be closely related to the
disease stage in PBC. In stages I, II, and III, most DCs were
infiltrating into the epithelial layer of the damaged bile ducts;
this infiltration dropped sharply in stage IV. These findings
indicate that immature DCs accumulate in the epithelial layer of
the damaged bile ducts in PBC but not CH-C, demonstrating a
sharp difference in the DC response to bile duct tissue between
PBCand CH-C. S-100 protein*, HLA-DR*, or KiMlp* DCs and

langerin* Langerhans cells were found between damaged biliary
epithelial cells of septal bile ducts of livers affected by early
stage (stages I and II) PBC, but were not present in ductular
proliferations occurring at later stages (stages Il and IV), 10111415
On the other hand, activated B7-2* or CD83*, BDCA-1" DCs,
and BDCA-2* plasmacytoid DCs were preferentially observed
around and between the damaged bile duct with a few located
in the biliary epithelial layer, tending to decrease according to
the stage of PBC.!>""* These data suggest that DCs including
Langerhans cells existing around or within biliary epithelial
layers are important as periductal antigen presenting cells
in PBC. Graham et al'® proposed an attractive suggestion that

Table 4 Correlation of infiltrating DCs with T-cell subsets in primary biliary cirrhosis

CD8 TIA-1

Arealtype of DCs CD4

Area A
S-100 protein r.=0.31 (P <0.05)
Fascin r.=035
DC-LAMP r,=039

Area B
S-100 protein r,=035 (P <0.01)
Fascin r,=0.27 (P < 0.05)
DC-LAMP r.=0.16

Area C
S-100 protein r,=0.20
Fascin r,=0.0l
DC-LAMP r.=050

r.=0.32 (P < 0.001)
r.=0.44 (P < 0.05)
r.=04l

r.=0.44 (P < 0.001)
r,= 045 (P < 0.05)
r,= 045 (P < 0.05)

r.=0.48 (P < 0.0001)
r.= 041 (P < 0.001)
r,=035 (P < 0.01)

r,= 035 (P < 0.01)
r,=0.44 (P < 0.001)
r.=033 (P < 0.05)

r,=0.06 r.=033 (P <00l)
r,=0.13 r.= 041 (P < 00l)
r,= 050 r,=0.50

Notes: Area A, epithelial layer of the bile duct; area B, portal area around the bile duct; area C, hepatic lobule.
Abbreviations: DC, dendritic cells; LAMP, lysosomal associated membrane protein; r, Spearman’s rank correlation coefficient.
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Figure 3 Expression of MIP-3o. (367 bp), CCR5 (1,117 bp), and CCR6 (1,021 bp)
mRNA in PBC, CH-C, and CCC by reverse transcription polymerase chain reaction.
Note: The PBGD (127 bp) is used as internal control.

Abbreviations: CCC, cholangiocellular CCR, CC-chemokine
receptor; CH-C, chronic viral hepatitis C; MIP, macrophage inflammatory protein;
PBC, primary biliary cirrhosis; PBGD, porphobilinogen deaminase.

carcinoma;

the detection of a Langerhans cell infiltrate of greater than or
equal to two cells by CD1a in a given bile duct on needle biopsy
may be a valuable tool in the diagnosis of PBC.

Next, to clarify the correlation between DCs and T-cells,
we investigated the degree of T-cell infiltration in PBC.

Primary biliary cirrhosis

Damaged

bile duct CCRG&*

T-cell

S-100 protein* CCR5*
immature dendritic cell

Fascin® and/or DC-LAMP*
mature dendritic cell

Figure 4 Scheme of the possible process of DC infiltration in PBC, compared to CCC.

Abundant T-cells accumulated in the portal area (including
the bile duct layer) and DCs decreased in association with
advancing disease stages. The accumulation of T-cells,
particularly TIA-1" cells, was related to the degree of mature
DC infiltration in all areas including the bile duct layer.
T-cells that have been activated by mature DCs migrate into
the draining lymph nodes and may be recruited to the portal
area, where they may cause further injury to the bile ducts
in PBC. Immature DCs probably capture any antigens in
the damaged epithelial cells. Previous reports have shown
that activated primed memory (CD4") and cytotoxic (CD8")
T-cells were increased in PBC.?”% Moreover, recent reports
have demonstrated that pyruvate dehydrogenase complex
E2 specific CD4* and CD8* T-cells were identified and
characterized.”

Several chemokines are involved in regulating the
migration, activation, and maturation of DCs, and the

Cholangiocellular carcinoma

CD1a* CCR6* immature
dendritic cell

O MIP-10/MIP-1f3
MIP-30

Notes: The damaged bile ducts in PBC secrete MIP-1o and MIP-1f3, which may be chemoattractants of S-100 protein® CCR5* immature DCs and CCR5* T-cells, forming a
feature of chronic nonsuppurative destructive cholangitis of PBC. Fascin* and/or DC-LAMP* mature DCs infiltrate into the portal area, but not into the epithelial layer, of the
bile ducts. In sharp contrast, neoplastic bile duct cells in CCC secrete MIP-30, a potent chemoattractant of CD la*CCRé* DCs.

Abbreviations: CCC, cholangiocellular carcinoma; CCR, CC-chemokine receptor; DC, dendritic cell; LAMP, lysosomal-associated membrane protein; MIP, macrophage

inflammatory protein; PBC, primary biliary cirrhosis.
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chemokine receptors expressed on immature DCs (CCRI1,
CCR2, CCRS5, CCR6, and CXCR4) are responsible for
their recruitment to inflamed tissue. Thus, CCR5* immature
DCs will migrate to relevant ligands, such as MIP-1aq,
MIP-18, and RANTES.** In PBC, CCL2/MCP-1, CX3CL1/
fractalkine, and CCL20/MIP-3 0o, but not CCL8/MCP-2 and
CCL7/MCP-3, were expressed mainly in biliary epithelial
cells, irrespective of the cause of disease.!*!517:202! The
portal areas in PBC have CCL8, CCL7, CXCL10/IP-10,
and CXCL9/MIG cells and chemokine receptor expressing
cells (CXCR3).'78 Borchers et al'* summarized that the CC
chemokines CCL21 and CCL28 and the CXC chemokines
CXCL9 and CXCL10 are involved in the recruitment of T
lymphocytes into the portal tract in PBC and PSC, and once
entering the liver, lymphocytes localize to bile duct and are
retained by the combinatorial or sequential action of CXCL12,
CXCL16, CX3CL1, and CCL28, and possibly CXCL9 and
CXCL10. We confirmed the expression of CCRS5 in PBC by
immunohistochemistry. Clear expression of CCR5 mRNA
was also confirmed in PBC by RT-PCR amplification, while
weak expression was detected in CH-C. Furthermore, in situ
hybridization demonstrated the localization of MIP-1a- and
MIP-1B-mRNA on the epithelial cells of the damaged bile
ducts in PBC but not in CH-C. These data imply that MIP-1a.
and MIP-1[ expressed on bile ducts damaged by CNSDC in
PBC may act as potent chemoattractants of CCR5* immature
DCs, although the question of whether DCs are secondary due
to the destructive process of PBC bile ducts remains open.

To date, only one reported study investigated DCs
infiltrating in CCC,*® revealing that the number of CD83*
DC:s at the invasive margin of CCC correlated significantly
with the number of CD8" or CD4* T-cells in the cancerous
region and was significantly higher in grp94* cancer than
in grp94- cancer. Furthermore, they concluded that mature
DCs are distributed predominantly at the invasive margin of
cancers, and a significantly higher number of mature DCs
at the invasive margin are observed in patients with grp94*
cancer cells. In this study, only a few CDla* DCs were
found in area A of PBC, whereas CCC tissues somewhat
frequently contained this type of DC. The cancer nests of
CCC expressed MIP-3¢; and contained CCR6" cells with a
dendritic morphology identical to CD1a* cells. Although the
expression of MIP-30-mRNA was recognized in PBC and
CH-C as well as CCC by RT-PCR, immunohistochemistry
indicated that it was confined to lymphocytes and was not
present on the epithelial cells of the bile ducts in PBC and
CH-C. Because the number of CCC specimens was low,
further study will be required.

Conclusion

In summary, firstly, in PBC the damaged bile ducts expressed
MIP-1ctand MIP-1[3, and CCR5* immature DCs accumulated
in and around these bile ducts (Figure 4). Secondly, there was
a significant positive correlation between DC accumulation
and activated T-cell infiltration within the epithelial layer of
the bile ducts in PBC. Finally, the damaged but non neoplastic
bile duct cells in PBC expressed MIP-10, and MIP-1 but
not MIP-30, while, in sharp contrast, neoplastic bile duct
cells expressed MIP-3q., which is a potent chemoattractant
of CDla* DCs. To our knowledge, this study is the first to
demonstrate the significance of immature and mature DCs
in and around bile duct epithelia damaged by PBC as well
as CCC.
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