840 F. Nomura et al./Biochemical and Biophysical Research Communications 421 (2012) 837-843

1.4 eo

1.2
’g‘\ @
s T
e
=
® 0.8 ®
]
N
§ 0.6
M
04 -
g (24

-3 L4
@ L3 &
0.2 0go o
G0, g B : pe : rL
{ 11ttt @ &
0 S esgg8eo ° ; ° i
Nommal ic HCC Stomach  Colorectal  Pancreas
(1p=114} (N=137) {(N=58) (N=16) (N=16) N=18)

0.16£0.06 0181008 0411028 0141007 036+£005 0155006

Fig. Z. Serum anti-Ku86 levels in patients with HCV-related chronic liver diseases, HCC, other gastrointestinal cancers and in healthy volunteers. Serum anti-Kus6 levels in
HCC patients were significantly higher than those in patients with liver cirrhosis (LC) and other gastrointestinal cancers. Significance of the differences was assessed by

Mann-Whitney U-test,

2.4. Data collection and statistical analysis

Serum levels of AFP and PIVKA-II were measured using com-
mercial enzyme {mmunoassay kits (Fujirebio Inc., Tokyo, Japan),
with cut-off values set at 40 ng/ml and 40 mAU/ml, respectively,
to give 90% specificity in patients with liver cirrhosis. Numerical
data are presented as the mean + 5D. The significance of differences
in above analyses was examined using IBM SPSS Statistics 19 (PSS
Inc., Chicago, W, USA). The overall diagnostic accuracies of each
tumor marker were evaluated by receiver-operating characteristic
(ROC) analysis using R statistical software, version 2.12.1
(http:f/www.r-project.org/) with the pROC add-on package.
P <0.05 was considered significant in all analyses.

3. Resulis
3.1. immunohistochemistry of Ku86 in HCC tissues

Although staining of Ku86 in nontumor tissues was minimal,
strong staining was noted in tumor tissues mainly in the nucleus.
In some tumor cells, weak staining was also seen in the cytoplasm
(Fig. 1A), Similar results were obtained in four other comparisons.
It was noteworthy that HCC was distinguished from adjacent non-
tumor tissue by stronger staining of Ku86 (Fig. 1B).

3.2. Serum anti-Ku86 levels in patient groups

Serum anti-Ku86 levels in patient groups and healthy subjects
are presented in Fig. 2. Serum anti-Ku86 levels were significantly
higher in patients with HCC(0.42 £ 0.25) compared to those with li-
ver cirrhosis (0,18 + 0.08) (all P<0.001), The levels in gastric, colo-
rectal and pancreatic cancers were increased but were significantly
lower than those of HCC (P < 0.001). In 12 cases, serum anti-Ku86
levels were determined just before and 2 months after surgical
resection of the tumors. As shown in Fig. 34, the levels significantly
decreased after surgery (0.49+033 vs. 019016, P<0.001).

Preoperative serum anti-Ku86 levels as related to expression levels
of Ku86 assessed by immunohistochemistry are presented in
Fig. 3B. Anti-Ku86 level tend to be higher in patients with greater
Ku86 expression in HCC tissues.

3.3. Comparison with AFP and PIVKA-II (DCP)

There was no significant correlation of anti-Ku86 with the two
conventional HCC tumor markers, AFP and PIVKA-I (Supplemern-
fary Fig 1).

Serum levels of AFP, PIVKA-II and anti-Ku86 in HCC patients are
summarized in Table 2A. Also, serum levels of the three markers in
all the 28 Stage I cases are shown in Table 2B.

The cut-off values of the three markers were all set at levels that
gave 80% specificity compared with patients with liver cirrhosis:
0.28 Abs, 40 ng/ml, 40 mAU/ml for anti-Ku886, AFP, and PIVKA-II,
respectively. In 28 HCC patients with solitary small (<2 ¢m) tumor
(Stage I, serum anti-Ku86 levels were above the cut-off value in 17
cases (60.7% sensitivity). In these 28 patients, the sensitivities of
AFP and PIVKA-I at cut-off levels that gave 90% specificity were
17.8% and 21.4%, respectively (Fig. 4A). Anti-Ku86 levels were
above the cut-off level in 11 (61.1%) of 18 Stage | cases in which
the serum levels of AFP and PIVKA-I were both below their respec-
tive cut-off values. Thus, combination assays of AFP, PIVKA-II and
anti-Ku86 could detect 21 out of 28 Stage I HCC cases {Table 2B).

ROC curves for anti-Ku886, PIVKA-II, AFP and a combination of
AFP and PIVKA-1] in Stage [ and Stage I-1I HCC cases compared with
LC patients are presented in Fig. 4B . The area under the curve
(AUC) for anti-Ku86 was significantly greater than those for
PIVKA-II, AFP and a combination of AFP and PIVKA-II (P<0.001).

4, Discussion

The data presented in this study provides the first evidence that
anti-Ku86 could be an early indicator of HCV-related HCC. The
study is also a good example of potential HCC tumor marker
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Fig. 3. Serum anti-Ku86 before and after surgical resection of twmors. (A} Serum
anti-KuB6 levels before and 2 months after surgical resection of HCC in 12 cases.
The levels sigaificantly decreased after surgery (P < 0.001 assessed by the Wilcoxon
signed rank sum test). {B) Preoperative serum anti-Ku86 levels as related to
expression levels of Ku86 assessed by immunohistochemistry. Anti-Ku86 level tend
to be higher in patients with greater Ku86 expression in HCC tissues.

Table 2/

Serum levels of AFP, PIVKA-Il and anti-KuB6 in patients with hepatocellular
carcinoma, {A) The mean values {mean + S8} of each marker In patients with liver
cirrhosis and HCC.

Liver cirrhosis HCC
(N=137) Stage ! Stage It
(N=28} {N=30)
AFP {ngf/mi) 1422145 245+ 475 47389420106
PIVKA-I (mAUY/ 216%133 B7812188 136.7 £ 2244
mk)
Anli-Ku86 (Abs) 0.18£0.08 035017 046 £0.34

discovery originating from comprehensive proteome analysis of
HCC tissues,
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Table 28
Serum AFP, PIVKA-I and anti-Ku86 levels in 28 patients with solitary and small
(<2 cm) HCC (Stage 1). Positive data are underlined,

No, Age Sex Noncancerous Child- Tumor AFP  PIVKA-  Anti-
tissue Pugh  size (ng/ WU KuB6

{mm) mlL) (mAU[ (Abs)

mk)

1 73 Female LC B 14 56 14 gsp
2 69 Pemale LC A 20 48 12 038
3 B0 Female ILC A 18 143 30 D38
4 74 Female LC A 20 87 20 p3s
5 61 Male IC C 20 438 12 g86
6 81 Female LC C 20 90 585 041
7 73 Male L A 17 86 1047 023
8 56 Female IC B 8 140 13 022
g 5 Male LC A 12 46 gg 024
0 60 Male IC [ 16 145 41 015
11 71 Female L€ A 17 55 19 pas
12 70 Male IC B 10 23 12 0325
13 67 male IC A 7 66 16 38
14 76 Female LC A 10 87 15 gpan
15 80 Female IC B 14 2217 50 060
16 79 Male IC A 15 1379 18 024
i7 61 Male IC B 8 405 20 037
18 81 Male c A 12 6.4 26 039
189 76 Male £ B 10 417 13 029
20 51 Male 1€ A 12 74 12 024
21 81 FPemale IC B 10 128 10 p3p
22 7% Female IC A 17 6.1 15 035
23 83 Male IC A 12 78 33 g3
24 75 Female ILC A 18 85 20 018
25 71 Female LC B 17 55 18 p33
26 75 Male CH 14 36 37 g4y
27 69 Male LIC A 17 24 17 023
28 49 Female LC A 11 8% 7 g2

LC, liver cirrhosis; CH, chronic hepatitis, Child-Pugh, Child-Pugh classification to
indicate the severity of liver cirrhosis.

Although direct analyses of serum or plasma by mass spectrom-
etry may provide biomarker candidates for a variety of diseases,
the spectrum of observed proteins and peptides suggests that they
are not easily applicable to early detection of solid tumors [25].
Glycomic and glycoproteomic approaches might be more promis-
ing [26,27].

We previously conducted proteome analyses to compare pro-
tein expression levels between surgically resected HCC tissues
and adjacent non-tumor tissues using agarose 2D-DIGE [23]
Expression levels of 83 proteins differed between the tumor and
non-tumor tissues, and immunocblotting showed significantly in-
creased expression of clathrin heavy chain (CHC) and Ku86 in the
tumor tissue [23], Since gutologous proteins overexpressed in tu-
mor cells can be altered in a way that renders them immunogenic,
we compared the serum anti-CHC and anti-Ku86 levels in HCV-re-
lated HCC patients with those in patients with liver cirrhosis with-
out HCC, The results of preliminary experiments showed that the
increase of serum anti-Ku86 in HC{ sera was much greater than
that of anti-CHC {data not shown). Therefore, in the current study,
we focused on anti-Ku86.

The Ku complex is composed of twa subunits of 70 and 86 kDa,
which are designated as Ku70 and Ku86 (also referred to as Ku80D),
respectively [28]. Ku70 and KuB6 are the regulatory region of a
DNA-dependent protein kinase that is involved in multiple biolog-
ical processes, including DNA double-strand break repair, V(D))
recombination, telomere length maintenance, cell cycle progres-
sion, and transcriptional regulation {29]. We detected Ku86 over-
expression in HCC by direct 2-DE proteome analysis of HCC
tissues, Qverexpression of Ku86 in HCC was also shown by Luk
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Fig. 4. Comparison of anti~Ku86 with the conventional tumor markers of HCC. (A) Sensitivity of AFP, PIVKA-II and anti-Ku86 in early {Stage I) and relatively early (Stage II)
HEC cases. Sensitivities were obtained at cut-off levels that gave 90% specificity in cirrhotic patients without HCC: 40 ngfm! for AFP, 40 mAU/m! for PIVKA-IL, and 0.28 Ab for
anti-Ku86, The sensitivity of anti-Ku86 was significantly higher than those of AFP and PIVKA-II in Stage 1 and Stage Il cases. The differences between anti-Ku86 and AFP or
PIVKA-I in Stage | and Stage II cases were statistically significant (? < 0.05) as assessed by Fisher's exact test. (B) ROC curves for anti-Ku86, PIVKA-II, AFP in Stage [ (early) and
Stage i~1l HCC cases, compared with LC patients, The area under the curve (AUC) for anti-Ku86 was significantly greater than those for PIVIKA-H, AFP and a combination of AFP

and PIVKA-IL (P<0.001).

et al. by a different approach {30]; using a murine monoclonal anti-
body generated against HCC samples, overexpression of the het-
erodimer Ku70/Ku80 (=Ku86) in the nucleus and/or cytoplasm
was shown in HCC cell lines and in liver cancer tissues [30].
Ku7@ is also present in the plasma membrane [31], which makes
this antigen more accessible to the immune system.

There are many ways in which autologous proteins become
immunogenic in tumor cells, including overexpression, mutation,
misfolding, and aberrant degradation. 1o addition, proteins that
are mislocalized during malignant transformation can also pro-
voke a humoral response. Overexpressed proteins appear to
increase the antigenic load in HCC, as in the case of cyclin B1
[24]. Indeed, in the present study, immunohistochemical stain-
ing of anti-Ku86 tended to be stronger in HCC cases in which
preoperative serum anti-Ku86 levels were highly elevated. The
possibility of a missense mutation of the XRCC5 gene that codes
for Ku86 should also be considered. The exact reasons of the
increased antigenicity of Ku86 in HCC tissues remain to be
clarified.

Autoantibodies have various characteristics and advantages as
cancer biomarkers {21,22]. First, the immune response to tumor
associated antigens (TAAs) can occur at a relatively early stage
of carcinogenesis. Second, autoantibodies are stable and remain

elevated for a relatively long period, in contrast to other biomark-
ers including TAAs themselves, which are less stable and rapidly
degraded and cleared. Serum levels of the autoantibodies are
also much higher than their respective TAAs, as a result of
amplification by the immune system in response to a single
autoantigen.

Based on a proteome analysis of HCC tissues, we have provided
the first evidence that anti-Ku86 is a promising tumor marker for
early detection of HCV-related HCC. Ku86 appears to develop anti-
genicity at a relatively early stage of tumorigenesis. Since mecha-
nisms of hepatocarcinogenesis are variable depending on the
etiology, it is possible that the antigenic potential of Ku86 differs
in HCC of other etiologies. Therefore, a larger multicenter prospec-
tive study including HCC of various etiologies including HBV and
non-alcoholic steatohepatitis (NASH) is required for further evalu-
ation of the diagnostic and pathophysiological roles of elevation of
serum anti-Ku86 in early HCC.
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Abstract

Background/purpose  The aim of this study is to examine
the effects of biliary drainage on hepatic microcirculation
and Kupffer cell activity in the liver with obstructive
jaundice.

Methods Common bile duct ligation and division was
performed on C57BL/6 mice to induce obstructive jann-
dice. Seven or 14 days after surgery, some mice underwent
biliary drainage. Three days after biliary drainage, sinu-
soidal perfusion, leukocyte rolling and sticking in the
postsinusoidal venules, and the diameters of sinusoids
containing blood flow were evaluated using intravital
microscopy. Kupffer cell phagocytic activity was estimated
as the ratio of Kupffer cells that phagocytosed fluorescent-
labeled particles to sinusoids containing blood flow.

This article is a secondary publication based on a study first reported
in the JJBA (Journal of Japan Biliary Association) 2009;23:740-748.
We contribute this article to the Jowrnal of Hepato-Biliary-Pancreatic
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Results Sinusoidal perfusion after biliary drainage was
significantly increased compared with that in livers with
obstructive jaondice, but remained decreased compared
with controls, Although the number of rolling leukocytes
and sticking leukocytes was significantly decreased, the
diameters of sinusoids remained reduced, associated with
an increase in Kupffer cell phagocytic activity compared
with controls even after biliary drainage.

Conclusions Leukocyte—endothelial cell interaction is
ameliorated but sinusoids remain narrowed due to swelling
of activated Kupffer cells; this might cause deterioration of
hepatic microcirculation during the early phase of biliary
drainage.

Keywords Mice - Biliary drainage - Intravital
nmicroscopy - Hepatic microcirculation - Kupffer cell

Introduction

It has been noted that obstructive jaundice (0OJ) is one of
the major causes of postoperative complications after sur-
gery [1]. In particular, morbidity and mortality rates have
been reported o be high after major hepatectomy in
patients with OJ [2, 3], and preoperative biliary drainage
(BD) is recommended in patients with OJ undergoing
major hepatectomy [4]. However, the mechanisms under-
lying the high incidence of postoperative complications
and the effects of BD in patients with OJ are still not
clearly understood.

Intravital microscopy (IVM) is one of the best methods
to examine microenvironmental events in the normal
physiological state. Using IVM, we have previously shown
that OJ reduces hepatic microcirculdtion and activates
individual Kupffer cells in mice [5, 6]. The aim of this
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study was to clarify the mechanisms underlying the effects of
BD on hepatic function by examining hepatic microcircu-
lation and Kupffer cell activity in mice with OJ using IVM,

Methods
Animals

Eight-week-old male C57BL/6 mice (Shizuoka Laboratory
Animal Center, Shizuoka, Japan), individually housed in
cages and fed standard laboratory food and water ad libi-
tum, were used for these experiments. Approval for this
study was obtained from Chiba University Animal Care
and Use Committees and was in compliance with the
guidelines established by the National Institutes of Health.

Obstructive jaundice

Mice were anesthetized with pentobarbital sodium (75
mg/kg ip). The mice underwent a midline laparotomy and
common bile duct ligation and division (CBL) to induce OJ
in the OJ group. Briefly, the common bile duct was mobi-
lized, doubly ligated and divided using 5-0 silk, A silicone
catheter with an inuer diameter of 0.5 mm was inserted into
the gatlbladder. The other end of the catheter was ligated and
was placed in the nape of the neck through the subcutaneous
tunnel. In the sham group, the common: bile duct was
mobilized but not ligated. A silicone catheter was inseried
into the gallbladder in the same manner as the OF group.

Biliary drainage

Mice were anesthetized by ether inhalation, In the QI/BD
group, the ligated end of the catheter was exposed by
incising the skin of the neck, and opened for external BD 7
or 14 days after CBL. In the ShanyBD group, the ligated
end of the catheter was also opened for external BD 7 or
14 days after the sham operation. On the third day after
BD, the following experiments were performed.

Assay

At the time of sacrifice, blood was withdrawn from the
inferior vena cava to obtain serwm samples for later anal-
ysis. Serum total bilirubin levels and alanine aminotrans-
ferase (ALT) levels were determined by commercial kits
(Wako Pure Chemical Industries, Co., Osaka, Japan).

Intravital microscopy

The mice were anesthetized with pentobarbital sodium
(75 mg/kg ip) and air patency was maintained by a
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tracheotory and 4 tracheal stent. The carotid artery was
cannulated and blood pressure was monitored continuously
using a blood pressure analyzer. The respiratory rate was
counted every 10 min and body temperature was moni-
tored continuously using a thermometer. The mice wete
studied using established high-resolution intravital micro-
scopic methods as previously described [7]. The liver was
gently exteriorized through a midline and left subcostal
abdominal incision and positioned over a window of mica
cover glass in a specially designed microscope stage with
drainage for irrigating fluid. The stage was. positioned
under a fluorescent microscope (BXS50WI, Olympus,
Tokyo, Japan) so that the liver was observed by transmitted
light or fluorescent microscopy. A closed circuit television
systern, a CCD video camera (DXC-108; SONY, Tokyo,
Japan) and a videotape recorder were used to monitor and
record each experiment for subsequent analysis,

The relative adequacy of sinusoidal perfusion was
evaluated by counting the number of sinuscids containing
blood flow in five to ten periportal and five to ten centri-
lobular microscopic fields (Fig. la, b).

Two postsinusoidal venules (20-40 pm in diameter,
150200 pm in length) for each mouse were identified for
counting leukocytes that had adhered to the endothelial
surface. Rolling leukocytes were counted as those that
rolled along the endothelial surface. They were categorized
by sinusoidal circumference (m x diameter of vessel
observed). Sticking leukocytes were counted as those that
did not move for 20 s during the observation period. They
were categorized by endothelial surface area (n x diame-
ter x length of vessel segment observed) (Fig. 2a, b).

The dismeters of more than fifty randomly selected
sinusoids containing blood flow were measured in each

mouse.
Kupffer cell function was assessed by observing the
of  I-pm

phagocytosis fluorescent  latex  particles

Fig. 1 Intravital light microscopic image (a) and schema (b) of
sinusoids containing blood flow (shaded areay and Kupffer cells
(arrow). Bar = 10 pm
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Fig. 2 intravital light microscopic image (a) and schema (b) of the
postsinusoidal venule (PV). S sinusoids, bar = 10 jun

Fig, 3 Intravital fluorescent microscopic image (a) and schema (b) of
sinusoids containing blood How (shaded wrea) and Kupffer cells
{arrow) Tor the same fleld as Fig. 1. Asterisk phagocytosed beads,
bar = 10 pm

{Polyscience, Inc., Warrington, PA, USA) by individual
cells. The latex was diluted with sterile saline (1:15) and
administered intravascularly into the tail of each mouse at a
dose of 0.1 ml (3 x 10° particles). The number of cells
that phagocytosed latex was counted in the same periportal
and centrilobular microscopic fields 15 min after each
mouse had received the latex solution. Since reduced per-
fusion of individual sinusoids can reduce the delivery of
the latex to Kupffer cells in these vessels, the ratio of
Kupffer cells that phagocytosed latex to sinusoids con-
taining blood flow was used as a measure of Kuapfler cell
phagocytic activity (Fig. 3a, h)

Statistical analysis

All data were expressed as means & SD. Data were ana-
tyzed with an analysis of variance with subsequent Fisher's
PLSD test. Differences were considered significant when
p < 0.05,

Results
Serum parameters

CBL significantly increased the serum ALT levels. BD
significantly decreased the serum ALT levels, and no sig-
nificant differences were detected in the serum ALT levels
between the shan/BD group and the OJ/BD group (Fig. 4).
CBL significantly increased the serum total bilirubin levels.
BD significantly decreased the serum total bilirubin levels,
but levels in the O}BD group were slightly, but signifi-
cantly, higher than those in the sham/BD group (Fig. 5).

Intravital microscopy

The mean arterial blood pressure, respiratory rate and
rectal temperature showed no significant differences
among the 4 groups doring the observation period (data not
shown).

CBL significantly decreased the number of sinugoids
containing blood flow on days 7 and 14 after surgery. BD
significantly increased the number of sinusoids containing
blood flow, but that in the CI/BD group was significantly
lower than that in the sham/BD group (Fig. 6). No significant
differences were observed between the periportal area and
the centrilobular area (data not shown).

UBIL significantly increased the number of rolling leu-
kocytes on days 7 and 14 after surgery. BD significantly
decreased the pumber of rolling leukocytes, and no sig-
nificant differences were detected in the number of rolling
leukocytes between the sham/BD group and the OJBD
group (Fig. 7). CBL significantly increased the number of
sticking leukocytes after 7 days of OJ. BD significantly
decreased the number of sticking leukocytes, and no sig-
nificant differences were detected in the number of sticking
leukocytes between the sham/BD group and the OJ/BD
group, Similar findings, but not statistically significant,
were observed in mice undergoing BD after 14 days of OJ
Fig. 8).

CBL significantly reduced the diameters of sinusoids
containing blood flow on days 7 and 14 after surgery.
However, BD had no effect on the diameters of sinusoids
containing blood flow at all, and the diameters of sinusoids
containing blood flow in the OJ/BD group was significantly
reduced compared with those in the sham/BD group (Fig. 9).
The narrowest potats of sinusoids were always found in the
area where phagocytosing Kupffer cells were present in both
the OJ and the OJ/BD group (Figs. 1, 3). No significant zonal
differences were observed (data not shown).

CBL significantly induced Kupffer cell phagocytic
activity on days 7 and 14 after surgery. However, BD
had no effect on Kupffer cell phagocytic activity on days
7 and 14 after CBL. Kupffer cell phagocytic activity in

@ Springer

131



400

I Hepatobiliary Pancreat Sci (2012) 19:397-404

Fig. 4 Changes in the serom
alanine aminotransferase (AL7)
fevels. CBL common bile duct
tigation and division, ¢/
obstructive jaundice, Sham/BD
sham operation followed by
biliary drainage, ON/BD
obstructive jaundice followed
by biliary drainage. Values
represent means = SD with

n = 10 mice per group,

#p < 0,03 compared with sham;
'p < 0.05 compared with OF

Fig. & Changes in the serum
total bilirubin levels, CBL
common bile duct ligation and
division, OJ obstructive
jaundice, Sham/BD sham
operation followed by biliary
drainage, OJ/BD obstructive
jaundice followed by biliary
drainage. Values represent
means == 8D with = 10 mice
per group. *p < 0.05 compared
with sham; 'p < 0.05
compared with OF; %p < 0.05
compared with sham/BD

Fig. 6 Changes in the number
of sinusoids containing blood
flow. CBL common bile duct
ligation and division, OJ
obstractive jaundice, Shan/BD
sham operation followed by
biliary drainage, OJ/BD
obstructive jaundice followed
by biliary drainage. Values
represent means 3= 8D with

n == 10 mice per group.

sp < 0.05 compared with sham;
fp < 0.05 compared with OF;
%) < 0.05 compared with
sham/BD
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Fig. 7 Changes in the number
of rolling levkocyies. CBL
common bile duct figation and
division, OJ obstructive
jaundice, Shen/BD sham
operation followed by biliary
drainage, QJ/BD obstructive
jaundice followed by biliary
drainage. Values represent
means == 8D with # = 10 mice
per group, *p < 0.05 compared
with sham; 'p < 0.0 compared
with OJ
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Fig. 8 Changes in the number 1200
of sticking leukocytes. CBL
cammon bile duct ligation and
division, OJ obstructive
jaundice, Sham/BD sham
operation followed by biliary
drainage, OJ/BD obstructive
jaundice foliowed by biliary
drainage. Values represent
means = SD with # = 10 mice
per group. ¥p < 0.03 compared
with sham; 'p < 0.05 compared
with OJ
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Fig. 9 Changes in the
diameters of sinuseids
containing blood flow. CBL
common bile duct ligation and
division, OJ abstructive
jaundice, Sham/BD sham
operation followed by biliary
drainage, OJ/BD obstructive
jaundice followed by biliary
drainage. Values represent
means == 8D with n = 10 mice
per group, *p < (.05 compared
with sham; ¥p < 0.05 compared
with sham/BD
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the OJ/BD group was significantly increased compared  were observed in mice undergoing BD after 7 days of OJ
with that in the sham/BD group after 14 days of OJ and  (Fig. 10). No significant zonal differences were observed
BD. Similar findings, but not statistically significant,  (data not shown).

@ Springer

133



42

J Hepatobiliary Pancreat Sci (2012) 19:397-404

Fig. 10 Changes in Kupffer
cell phagocytic activity, CBL
commion bile duct ligation and
division, OJ obstructive
jaundice, Sham/BD sham
operation followed by hiliary
drainage, OJ/BD obstructive
jaundice followed by biliary
drainage. Values represent
means = 8D with 1 = 10 mice
per group. *p < 0.03 compared
with sham; %p < 0.05 compared
with sham/BD
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Discussion

We employed mice to examine the effects of BD in this
study although rats have been employed in many studies
with small animals. This is because, although the amount
of sample fromt mice is smaller than that from rats, mice are
superior to rats in werms of cost, space to cage and the
convenience of obuining many kinds of reagents for
experiments such as commercially available antibodies.
Moreaver, mice have a significant advantage in that hepatic
microcirculation and leukocytes (rolling and sticking) can
be observed using not fluorescent but light IVM because
the livers of mice are thin (Figs. 1, 2). Mice underwent
CBI to induce Ol and insertion of a catheter for biliary
drainage into the gallbladder which exisis in mice, but not
in rats, during the same laparotomy. This procedure avoi-
ded relaparotomy. Kishimoto et al. [8] reported an animal
model of BD after OJ using mice, in which the common
bile duct was clamped with a surgical clip to induce OI,
and the clip was removed for BD with relaparotomy. Each
model has its respective benefits because our model is for
external BD and the other is for internal BD. However, our
model has the advantages that there is no risk that clipping
might injure the mucosa of the common bile duct, and that
it is unnecessary to perform relaparotomy for BD, com-
pared with the other model.

The effect of preoperative BD in patients with OJ
remains confroversial. Some reports have shown that pre-
operative BD is unnecessary before pancreaticoduodenec-
tomy {9, 10]. However, it has been reported that there is a
high mortality rate in patients with OJ after extended
hepatectomy, caused mainly by hepatic failure [111. Some
reports have shown that BD contributes to improvement in
the mortality rate after major hepatectomy. [12, 13]. These
data suggest that BD is important for patients with OJ
undergoing major hepatectomy. However, the mechanisms
underlying the effect of BD on hepatic function are not
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clear, Serum ALT levels were decreased to normal levels
by BD for 3 days after both 7 and 14 days of OJ (Fig 4).
However, the serum total bilirubin levels were decreased,
although they remained slightly but significantly higher
compared with controls with BD for 3 days (Fig. 5). To
investigate these inconsistent data, we examined changes in
hepatic microcirculation 3 days after BD using IVM.
Sinusoidal perfusion was significantly ameliorated but
remained significantly deteriorated compared with controls
with BD for 3 days (Fig. 6). The rolling and sticking leu-
kocytes were reduced to the levels of controls after BD.
Leukocyte rolling and sticking is known to be mediated by
leukocyte—endothelial cell interaction, which is regulated
by various adhesion molecules. It has been reported that OJ
has induced expression of intercellular adhesion molecule-
1 in the livers of rats by Western blot analysis [14] and by
immunohisotochemistry [15], Moreover, it has been
reported that expression of vascular cell adhesive mole-
cule-1 has been induced by OJ and reduced by internal BD
in mice [8]. These data suggest that leukocyte-endothelial
cell interaction is induced by OJ and reduced by BD. BD
might ameliorate hepatic microcirenlation in part by
improved Tleukocyte—endothelial cell interaction which
caused deterioration of hepatic microcirculation during OJ.

In this study, we evaluated the diameters of sinusoids
containing blood flow which are thought to be involved in
alteration of hepatic microcirculation. Diameters of sinu-
soids containing blood flow were not ameliorated and
remained reduced compared with controls provided with
BD for 3 days (Fig. 9). Using a laser flow meter,
Matsumoto et al. [16] showed that BD ameliorates hepatic
perfusion in rats with OJ and that changes in the ultra-
structure and the number of fenestrae in the sinusoids were
associated with alterations in hepatic perfusion observed by
scanning electron microscopy. On the other hand, it is
known that Kupffer cells are activated causing swelling by
some-stimuli such as endotoxin [7]. We previously showed
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that swollen Kupffer cells cause a reduction in the diam-
eters of sinusoids leading to hepatic microcirculatory dis-
turbance in mice with O [5, 61. In this study, Kupffer cell
phagocytic activity remained induced after BD for 3 days
in mice with OJ. These data suggest that narrowing of
sinusoids due to swollen Kupffer cells might cause dete-
rioration of hepatic microcirculation during the early phase
of BD.

Whereas many reports have shown that phagocytic
activity of the whole liver is decreased by O and ame-
liorated by BD [17-20], few studies have demonstrated
phagocytic activity of individual Kupffer cells. Movement
of endotoxin from the gut into the portal circulation is
eliminated mainly by Kupffer cells [21]. It has been
reported that OJ causes endofoxin transfocation from the
gut [22] which is thought to activate individual Kupffer
cells [23]. In this study, Kupffer cell phagocytic activity in
sinusoids containing blood flow was increased in livers
with OJ and remained activated after BD for 3 days
(Fig. 10). The period of adequate BD required for recovery
of Kupffer cell activity was reported to range from days to
moenths [20]. This might be due to differences in the pro-
cedures and models. Further analysis is needed to ascertain
the adequate period of BD.

Phagocytic activity of the whole liver depends on both
the activity of individual Kupffer cells and the sinusoidal
perfusion delivering substances to individual Kapffer cells.
We showed in this study that Kupffer cell phagocytic
activity remained induced and that sinusoidal perfusion
was ameliorated compared with that in hivers with GJ, but
remained deteriorated compared with controls when the
serum total bilirubin levels were decreased after BD. These
data suggest that sinusoidal perfusion deterioration com-
pared with controls during the sarly phase of BD might
reduce clearance of endotoxin, leading to posioperative
complications associated with endotoxenia in patients with
OI. Alternatively, it might be possible that activated
Kupffer cells concomitant with amelorated sinusoidal
perfusion compared with that in livers with OJ contribute
to elimination of endotoxin and avoid postoperative com-
plications during the early phase of BID.

We did not examine whether internal BD orexternal BD is
superior. Many studies have shown that internal BD is
superior to external BD. Gouma et al. [24] showed that res-
toration of gastrointestinal bile by imternal BD prevented
portal and systemic endotoxemia in rats. Kamiya et al. {25]
showed that bile replacement during external BD restored
the intestinal barrier function in patients with OJ. On the
other hand, it has been reported that relief of biliary
obstruction is more important than restoration of gastroin-
testinal bile in prevention of endotoxemia [26]. This study
also showed that external BD resulted in ameliorated sinu-
soidal perfusion compared with that in livers with OJ. There

is another argument regarding the procedures for BD: per-
cutaneous transhepatic biliary drainage (PTBD) and endo-
scopic nasobiliary drainage (ENBD) provide external BD,
and endoscopic biliary stenting (EBS) provides internal BD.
A recent report has recommended ENBD because of fewer
complications related o the procedure [27]. Whereas PTBD
was shown to be associated with a risk of cancer dissemi-
nation via the BD tract [27], cholangiography via PTBD or
ENBD catheter, which are both external drainage, provides a
precise indication of longitudinal cancer spread along the
bile duct for patients with hilar cholangiocarcinoma. PTBD
is also useful when several tubes for BD are needed or when
endoscopic BD was unsuccessful. Further investigation is
needed to discover the appropriate procedure for preopera-
tive BD for patients with OJ.

In summary, leukocyte—endothelial cell interaction is
ameliorated, but sinusoids remain narrowed due to swelling
of activated Kupffer cells, which might reduce hepatic
microcirculation during the early phase of BD. These data
suggest that hepatic microcirculatory disturbance could
cause postoperative complications associated with endo-
toxemia even after BD in patients with OJ. Whereas the
optimal duration of BD) is not clear, it has been reported
that at least 4-6 weeks of drainage is needed for full
recovery of hepatic function [9]. This study has shown that
liver damage due to decreased sinusoidal perfusion does
not correlate with the serum total bilirubin levels during the
carly phase of BD. The serum hyaluronic acid level is
known to be an indicator of sinusoidal injury {28, 29], and
might be a good marker of changes in hepatic microcir-
culation after BD. A recent report demonstrated the use-
fulness of contrast-enhanced ultrasonography using
Sonazoid to examine hepatic microcirculatory disturbance
in patients with acute liver injury [30], suggesting that the
procedure might be useful to determine the alteration of
hepatic microcirculation during BD. It is important to
establish the timing of hepatectomy in patients with OJ by
examining the optimal period of BD required for recovery
of hepatic microcirculation and Kupffer cell activity.
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Clinical Practice Guidelines for Pancreatic Cancer Based on
Evidence-based Medicine, 2006, were published by the
Japan Pancreas Society (Conumittee for Revision of Clinical
Guidelines for Pancreatic Cancer) in March 2009 in
Japanese' and were revised to Clinical Practice Guidelines
for Pancreatic Cancer Based on Evidence-based Medicine
2009 in July 2009 in Japanese.” These guidelines were estab-
lished according to Evidence-Based Medicine. A total of
443 papers were collected from 2544 reports concerning
pancreatic cancer that were listed on PubMed and Jgakuchuo
Zasshi from July 2004 to April 2007. This new guidelines
were written by members of the Committee for Revision of
Clinical Practice Guidelines for Pancreatic Cancer in the
Japan Pancreas Society. The guidelines show algorithm for
the diagnosis (Fig. 1) and treatment (Fig. 2) of pancreatic
cancer, address five subjects; diagnosis, chemotherapy, radi-
ation therapy, surgical therapy and adjuvant therapy, and
include 25 clinical questions (CQs) and 39 recommen-
dations. The corresponding CQ numbers are inserted in the
algorithms. There are five degrees of recommendation:

A Strongly recommended because there is strong scientific
evidence.

B Recommended because there is scientific evidence.

C1 Recomumended although there is no scientific evidence.

C2 Not recommended because there is no scientific
evidence.

D Not recommended because there is evidence showing
that it is ineffective or harmful.

This article presents a synopsis of the guidelines in
English.

Diagnosis

CQ1-1 What are risk factors for pancreatic cancer?

The below-mentioned risk factors have been reported to
have evidences supporting the relationship between the
factors and pancreatic cancer:

(i) Family history: pancreatic cancer and hereditary pan-
creatic cancer syndrome, :
(iiy Accompanying diseases: diabetes mellitus, obesity,
chronic pancreatitis, hereditary pancreatitis, infraductal
papillary mucinous neoplasm (JPMN).
(iii) Habits: tobacco.

RecommMenDaTiON 1-1

(i) Patients with more than one risk factor are rec-
ommended to undergo further examination to detect
pancreatic cancer (Grade B).

(i) IPMN progresses to invasive cancer and accompanies
pancreatic cancer. IPMN should be adequately
assessed and carefully followed up (Grade B).

CQ1-2 What are the clinical symptoms of pancreatic cancer?
The below-mentioned clinical symptoms have been reported
as those of pancreatic cancer:

(1) Abdominal pain is the most frequent symptom, fol-
lowed by jaundice, back pain and body weight loss,
(i1) Clinically silent pancreatic cancer,
(iii) Fifty percent of pancreatic cancer patients show
early-onset diabetes mellitus (glycogen metabolism
disturbance) within 3 years.

RecommenDpATION 1-2

(i) Patients with unexplainable abdominal pain, back
pain, jaundice and/or body weight loss should
undergo further examination for pancreatic cancer.
However, the clinical outcome of symptomatic pan-
creatic cancer is poor (Grade B).
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