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Abstract

AIM: To investigate the effect of biliary drainage on
inducible nitric oxide synthase (iNOS), CD14 and TGR5
expression in rats with obstructive jaundice (0J).

METHODS: Male adult Sprague-Dawley rats were ran-
domly assigned to four groups: OJ, sham operation (SH),
internal biliary drainage (ID) and external biliary drain-
age (ED). Rat models were successfully established by
two operations and succumbed for extraction of Kupffer
cells (KCs) and liver tissue collection on the 8" and 15"
day. KCs were isolated by /n sitv hepatic perfusion and
digested with collagen 1V, density gradient centrifuged
by percoll reagent and purified by cell culture attach-
ment. The isolated KCs were cultured with the endo-
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toxin lipopolysaccharide (LPS) with and without the ad-
dition of ursodeoxycholic acid (UDCA). The expression
of iNOS, CD14 and bile acid receptor-TGR5 protein in
rat liver tissues was determined by immunohistochem-
istry. The expression of iINOS and CD14 messenger RNA
(mRNA) on the isolated KCs was detected by reverse
transcription polymerase chain reaction (PCR) and the
TGR5 mRNA level in KCs was measured by real-time
quantitative PCR.

RESULTS: The iNOS protein was markedly expressed
in the liver of OJ rats, but rare expressed in SH rats.
After relief of O], the iNOS expression was decidedly
suppressed in the ID group (ID vs OJ, P < 0.01), but
obviously increased in rats of ED (ED vs OJ, P = 0.004).
When interfered only with LPS, the expression of iNOS
mRNA by KCs was increased in the OJ group compared
with the SH group (P = 0.004). After relief of biliary
obstruction, the iNOS mRNA expression showed slight
changes in the ED group (ED vs O], P = 0.71), but
dropped in the ID group (ID vs O], P = 0.001). Com-
pared with the simple intervention with LPS, the expres-
sions of INOS mRNA were significantly inhibited in all
four groups after interfered with both LPS and UDCA (P
< 0.01, respectively). After bile duct ligation, the CD14
protein expression in rat liver was significantly strength-
ened (O] vs SH, P < 0.01), but the CD14 mRNA level
by KCs was not up-regulated (OJ vs SH, P = 0.822).
After relieving the OJ, the expression of CD14 protein
was reduced in the ID group (ID vs OJ, P < 0.01), but
not reduced in ED group (ED vs OJ, P = 0.591). And
then the CD14 mRNA expression was aggravated by ED
(ED vs 0OJ, P < 0.01), but was not significantly different
between the ID group and the SH and OJ groups (ID vs
SH, P = 0.944; ID vs 0], P = 0.513, respectively). The
expression of TGR5 protein and mRNA increased signifi-
cantly in OJ rats (O] vs SH, £ = 0.001, respectively). Af-
ter relief of OJ, ID could reduce the expression of TGR5
protein and mRNA to the levels of SH group (ID vs SH,
P = 0.22 and P = 0.354, respectively), but ED could not
(ED vs SH, P = 0.001, respectively).
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CONCLUSION: ID could be attributed to the regula-
tory function of activation of KCs and release of inflam-
matory mediators.

© 2013 Baishideng. All rights reserved.
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Core tip: To date, there are still controversies over
whether and how to perform preoperative biliary drain-
age in patients with malignant or benign obstructive
jaundice (03J), even though the complication-related
mortality rate for OJ patients was high after surgery.
Internal biliary drainage could reverse the raised ex-
pression of inducible nitric oxide synthase and CD14
both in protein and messenger RNA levels in obstruc-
tive jaundice rat models, but external drainage could
not. The mechanism of internal biliary drainage supe-
rior to external drainage in relief of obstructive jaun-
dice might be attributed to the regulatory function of
activation of Kupffer cells and release of inflammatory
mediators.
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INTRODUCTION

To date, there are still controversies over whether and
how to perform preoperative biliary drainage in patients
with malignant or benign obstructive jaundice (O]J), even
though the complication-related mortality rate for O]
patients was high after surgery. One of the controversies
is the necessity of relieving biliary obstruction before
surgeryll"”. Some investigators suggested that preopera-
tive biliary drainage should not be routinely performed
in OJ patients planned for surgery due to the complica-
tions associated with the procedure itself, which might
outweigh the potential benefit of it"”. On the contrary,
other investigators confirmed the effect of preoperative
biliary drainage in reducing the postoperative morbidity
and mortality, complications of infection and hospital
stay in patients with O] P4 The second debate is which is
the appropriate drainage method, internal biliary drainage
(ID) or external biliary drainage (ED)"™? Some stud-
ies suggested that ID (eg., biliary stent endoprosthesis)
could recover the enterohepatic circulation of bile acid,
improve the intestinal barrier function and reduce endo-
toxin-related complications more obviously than ED, and
therefore, ID may contribute to the eatly recovery and
improve the patients’ life quality compared with ED".
On the contrary, some systematic reviews reported that
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ED (eg., percutancous transhepatic biliary drainage, en-
doscopic nasobiliary drainage and T-tube drainage) was
superior to ID, because ID could increase the risk of ret-
rograde cholangitis and had lower diagnostic value than
ED". Moreover, ED is better than ID concerning the
recovery of cellular immunity and liver inflammation in
the short term after relief from biliary obstruction'”.

Kupffer cells (KCs) as the resident liver macrophages,
constitute a vital component of the reticuloendothelial
system, and KCs are critically involved in the pathogenesis
of OJ by acting as antigen presenting cells and producing
many endotoxin-related inflammatory mediators. So we
carried out a series of experimental studies based on the
immune function of KC in OJ rat model to address those
questions. Our previous experimental studies found that
KC from rats with O] could produce large amounts of en-
dotoxin-mediated nitric oxide and ID was supetior to ED
in reversing the distorted nitric oxide due to the regula-
tion of inducible nitric oxide synthase (iNOS), messenger
RNA (mRNA)™'. ID could reverse the serum levels of
endotoxin and proinflammatory cytokines, such as tumor
necrosis factor-o. (INF-a)) and interleukin-6 (IL-6), but
ED could not""”. Although our earlier studies demonstrat-
ed the necessity of relieving obstruction preoperatively
and the advantages of 1D in relief of O] in contrast with
ED in animal models, but the mechanism is still unclear.

Lipopolysaccharide (LPS, endotoxin) as an abundant
component of the cell wall of gram-negative bacteria,
could provoke a generalized pro- inflammatory response
and stimulate the production of pro-inflammatory media-
tors through the activation of KC in patients with oy,
Recent investigations showed that CD14, one of the most
important LPS receptors, could play an important role in
the activation of KC and LPS-mediated liver injury>"”,
We proposed a hypothesis that CD14 as a receptor of
endotoxin might play an important role in the immune
suppression in O], and related to the effects of biliary
drainage.

Bile acids could successfully reduced endotoxin re-
lated complications following surgery in patients with
O], and the immunomodulatory function of bile acids
is obtaining more attention" """, Recently, the plasma
membrane bound, G-protein coupled bile acid receptor
TGR5 (Gpbar-1, M-Bar) has been first described by two
separate research groups'®”. TGRS5 is highly expressed
in CD14-positive monocytes/macrophagesUGJ. Studies
from Keitel e /"™ demonstrated that TGR5 was localized
in the plasma membrane of isolated KC, and bile acids
could alter macrophage function by affecting phagocytic
activity and inhibiting LPS-induced cytokines expression
in KC pia TGR5-cAMP dependent pathways. The immu-
noreactivity of TGR5 in KC was increased in rat livers
following bile duct ligation, suggesting that TGR5 may
play a protective role in O] preventing excessive cytokine
production, thereby reducing liver injury.

This study aims to detect the protein expression of
iNOS, CD14 and TGRS5 in liver and the mRNA expres-
sion in isolated KCs, and to investigate the immunomod-
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ulatory effect of ursodeoxycholic acid (UDCA) in terms
of the expression of iINOS mRNA after relief of OJ by
ID and ED in rats, in order to further explore the mecha-
nism whether ID is superior to ED in relief of O].

MATERIALS AND METHODS

Animals

Two hundred and forty adult male Sprague-Dawley rats
weighing 270-350 g were used in the study. All animals
were purchased from the Laboratory Animal Center of
Academy of Military Medical Sciences [License: SCXK
(Jun) 2007-004] and housed in the Experimental Animal
Service Center of the Chinese People’s Liberation Army
General Hospital. This study was carried out in strict ac-
cordance with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the National
Institutes of Health. The animal use protocol has been
reviewed and approved by the Institutional Animal Care
and Use Committee of the General Hospital of the
Chinese People’s Liberation Army. Rats were fed with a
standard diet of commercial rat chow and tap water ad
libitum. The experiment was approved by the Animal Re-
search Ethics Committee of the General Hospital of the
Chinese People’s Liberation Army.

Animal models

Animal models were induced using a modified method
in our previous study™. In brief, rats were randomly
assigned to four groups: O], sham operation (SH), ID
and ED groups. All procedures were performed under
anesthesia with 1.5% isoflurane and 98.5% oxygen using
a delivery and scavenging system designed in our labora-
tory"”. Rats were subjected to laparotomy twice every
seven days. OJ was induced by common bile duct ligation
and SH was produced by separating bile duct locally but
not dividing, ID was performed by implanting a drainage
tube between the dilated end of common bile duct and
duodenum, while ED was performed by exteriorizing a
drainage tube at the nape of the rat. The rat models were
succumbed for extraction of KC and liver tissue collec-
tion on the 8" and 15" day.

Hematoxylin and eosin staining

The caudate lobe of the liver was removed and the blood
vessels were tied off for facilitating the isolation of KC
in site perfusion. Liver tissues were fixed immediately in
10% neutral buffered formalin and paraffin-embedded
blocks were made. Serial sections 5 um thick were stained
with hematoxylin and eosin for evaluation of portal
inflammation, hepatocellular necrosis and inflammatory
cell infiltration. Sections were examined under a light mi-

croscope (CMS800, Olympus, Tokyo, Japan).

Immunohistochemistry and morphometry

The immunohistochemical staining was performed on
sections of liver samples. Briefly, 5 um paraffin sec-
tions were deparaffinized with xylene and rehydrated in
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a gradient of ethanol solutions. Antigen retrieval was
carried out by microwave heating the sections for 20
min in citric acid buffer, and then cooling for 15 min at
room temperature (RT). Endogenous peroxidase activity
was quenched with 3% hydrogen peroxide at RT for 10
min. Nonspecific binding was blocked by incubating the
sections for 10-15 min in the normal goat serum (5%,
100-150 pL). The sections were incubated overnight
at 4 C with the anti-iINOS antibody (rabbit polyclonal
antibody against iINOS; Santa Cruz, CA, United States)
at a dilution of 1:200, the anti-CD14 antibody (rabbit
polyclonal antibody against CD14, BA0719, Boster Bio-
technology, Wuhan, China) at a dilution of 1:200 and the
anti-TGR5 antibody (rabbit polyclonal antibody against
TGR5, SC-98888, Santa Cruz, CA, United States) at a
dilution of 1:100, respectively. Following several rinses in
phosphate buffered solution, the sections were incubated
with the biotinylated goat anti-rabbit immunoglobulin
G antibody (Zhongshan Jingiao Biotechnology, Beijing,
China) for 30 min at 37 C. Finally, the sections were col-
ored with DAB at RT for 1-15 min, counterstained with
hematoxylin for 30 s, dehydrated through gradient etha-
nol, cleared in xylene and then mounted with permount.
Images were obtained using a light microscope (CMS800;
Olympus, Tokyo, Japan). Immunoreactivity of iNOS,
CD14 and TGR5 in rat liver was morphometrically iden-
tified by the Image Pro Plus 6.0 image analysis software
system (Media Cybernetics, MD, United States).

Isolation and treatment of KCs

KCs were isolated and purified as previously described by
a combination of Percoll gradient centrifuging and tra-
ditional attachment method"’. Briefly, non-parenchymal
liver cells were dispersed by retrograde 7# situ collagenase
perfusion from the inferior vena cava to the portal vein
by Leffert’s solution with collagenase IV (0.2 mg/mlL;
Sigma, NY, United States). KCs were purified by centrifu-
gation through the two bands of Percoll gradients, and
suspended in RPMI-1640 culture media (Gibco, Catlsbad,
CA, United States) containing 1% penicillin/streptomycin
and 10% heat-inactivated fetal bovine serum. Moreover,
KCs were inoculated into the cell culture dish (Corning,
NY, United States) in a humidified incubator with 5%
COz2 and 95% air at 37 C. After 3 h cell culture, the non-
adherent cells were washed away with a warm Hanks bal-
anced salt solution, and then KCs attached to the bottom
of the dish were used for TGR5 mRNA measurement
immediately, cultured continuously for 18 h with LPS at
a final concentration of 10 ng/mL for CD14 mRNA de-
tection, and cultured with LPS (10 ng/mI) and LPS (10
ng/ml) + UDCA (0.1 mmol/L) respectively for iNOS
mRNA detection™?!, Viability of KCs was assessed with
trypan blue exclusion test and purity was confirmed by
peroxidase staining'”.

Reverse transcription polymerase chain reaction

The iNOS mRNA expression was measured as described
in our previous experiment“ol. Briefly, after the isolated
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KCs were cultured with LPS (10 ng/mL) or LPS (10 ng/
mL) + UDCA (0.1 mmol/L) i vitro for 18 h, the expres-
sion levels of INOS mRNA by KCs in these four groups
were detected by reverse transcription polymerase chain

reaction (RT-PCR).

Measurement of CD14 mRNA

Semiquantitative analysis of CD14 mRNA by KC was
detected by RT-PCR after the isolated KCs were cultuted
with endotoxin (10 ng/mL) 7z vitro for 18 h. Total RNA
was extracted by TRIzol reagent from Invitrogen and 1pg
RNA was primed with oligo (dT) using a reverse tran-
scriptase kit from Promega according to the manufac-
turer’s instructions. The sequences of CD14 primer were
derived from the published CD74 gene sequences: CD14
mRNA-sense: 5-CTCAACCTAGAGCCGTTTCT-3,
CD14 mRNA-antisense: 5-CAGGA TTGTCAGA-
CAGGTCT-3% B-actin-sense: 5’-ATCATGTTGAGA-
CCTTCAACA -3, B-actin-antisense: 5-CATCTCTT-
GCTCGAAGTCCA-3""". Two pl. ¢cDNA production
from RT-PCR reaction system was amplified in an au-
tomated thermocycler from Eppendorf. The conditions
for amplification were as follows: pre-denaturation for 5
min at 94 C for 1 cycle; denaturation for 1 min at 94 C,
annealing for 1 min at 58 C and extension for 1 min at
72 C for a total of 35 cycles of PCR, followed by a final
extension for 7 min at 72 °C for 1 cycle. The PCR prod-
ucts were electrophoresed in 1.5% agarose gels contain-
ing ethidium bromide and reviewed under the ultraviolet
light with the gel documentation system (UVP, Cold-
spring, Wilmington, DE, United States). Band intensity
of each sample was determined using Glow Discharge
Spectroscopy image analysis software (Coldspring, Wilm-
ington, DE, United States).

Measurement of TGRS mRNA

Quantitative analysis of TGR5 mRNA was performed
by RTQ-PCR. Total RNA from KCs was extracted us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA, United
States) according to the manufacturer’s instructions.
The quality and quantity of RNA were assessed using
1% agarose gel electrophoresis and spectrophotometric
analysis of 260/280 ratios, and then RNA was stored at
-70 °C prior to analysis. RNA was reversely transcribed
with oligo (dT) primer using a reverse transcriptase kit
(Promega, Madison, WI, United States). The resulting
cDNA was detected using SYBR Green I dye (Qiagen
GmbH, Hilden, Germany) and amplified using the BIO-
ER Linegene-3320 system (Hangzhou Bioer Technology,
China). Thermocycling conditions for RTQ-PCR were
1 cycle at 95 °C for 2 min and 45 cycles at 95 C for 20
s, 60 C for 25 s and 72 C for 30 s. The primers were
designed by Primer Premier 5.0 and Oligo 6.0 based on
GeneBank and B-actin was used as an internal refer-
ence gene to normalize the transcript levels. The primer
sequences were as follows: TGR5-sense: 5’-CCTG-
GACCGCCACTTACG-3’, TGR5-antisense: 5-CCCT-
GTGAGTAGCCCAGCTAGT-3’; B-actin-sense: 5-C
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Table 1 Changes of body weight after operation in the four
groups (g) (mean + SD)

Day Body weight

OJ(n=32) SH@m=30) ID@m=35) ED@m=29)
D1 297.65+13.95 296.90+20.04 300.60+19.29 301.90 £ 20.65
D8 299.70+17.95 326.10+30.16 307.60+19.38 306.90 £ 29.89
D15 31210+30.11 360.20 £20.27 333.65+28.12 281.15+29.99

D1: The 1 day; D8: The 8" day; D15: The 15" day; ED: External biliary
drainage; ID: Internal biliary drainage; OJ: Obstructive jaundice; SH: Sham
operation.

CCATCTATGAGGGTTACGC-3’, B-actin-antisense:
5-TTTAATGTCACG CACGATTTC-3’. The relative
mRNA levels of TGR5 were measured according to the
2" method.

Statistical analysis

Continuous data were expressed as mean = SD. The one-
way analysis of variance, Student Newman Keuls-g test
or nonparametric test of K independent sample were
used for the continuous data. A P value less than 0.05 was
considered statistically significant. All statistical analyses
of the experimental data were performed with SPSS 17.0
software (Chicago, IL, United States).

RESULTS
Morbidity and mortality

After bile duct ligation, the main cause of rat death was
biliary leakage. During and after the biliary drainage
procedures, hemorrhage and dehydration were the main
death reasons. Finally, 126 rats were enrolled into this
study and divided into four groups: OJ (» = 32), SH (» =
30), ID (# = 35) and ED (# = 29) groups. Rats were kept
under veterinary care and body weights were measured
on the 1%, 8™ and 15" day before laparotomy (Table 1).
After bile duct ligation, skin stained yellow and lethargy
were observed in O] rat models. OJ rats ate markedly
less food and there was a slowly increasing trend of body
weight between the 1%, 8" and 15" day (P = 0.155). On
the contrary, weight gain was more significant in SH rats
compared with that in OJ rats both on the 8" and 15"
day (P < 0.01). After relief of OJ, the appetite of ID rats
recovered and the body weight of ID rats on the 15 day
was significantly higher than that on the 8" day (P < 0.01).
On the contrary, weight loss was observed in ED rats and
the body weight on day 15 was significantly lower than
that on the 1% or 8" day (P < 0.05) (Figure 1). Moreover,
the bile from ED could stimulate the neck wound and
cause local skin inflammation.

Histopathological changes of liver tissues

After bile duct ligation for 7 d, the liver of O] rats showed
hepatocellular degeneration and mild bile duct prolifera-
tion with acute inflammatory cell infiltration in the portal
and periportal areas. Focal necrosis and mild fibrosis were
present in the cholestatic liver, but liver cirrhosis did not
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Figure 1 Changes of rat body weight with time following operations among the four groups. A: Obstructive jaundice (OJ) rats ate markedly less food and there
was a slowly increasing trend of body weight between the 1%, 8" and 15" day (P = 0.155). On the contrary, weight gain was more significant in sham operation (SH)
rats compared with that in OJ rats on the 8" and 15" day. After relief of OJ, the appetite of internal biliary drainage (ID) rats recovered and the body weight of ID rats
on the 15" day became significantly higher than that on the 8" day. °P < 0.01 vs OJ; °P < 0.05 vs SH; 'P < 0.01 vs external biliary drainage (ED); B: Weight loss was
observed in ED rats and the body weight on day 15 was significantly lower than that on the 1% or 8" day. °P < 0.05, "P < 0.01 vs D15.

occur in O] rats on the 8" day. However, following bile
duct ligation for 14 d, the liver showed moderate to severe
bile duct proliferation and fibrous expansion of the portal
tracts with severe fibrosis and signs of eatly cirrhosis in
the liver (Figure 2). After sham operation for 7 d, histo-
logic study revealed a normal liver lobular architecture and
no pathological changes in livers from SH rats. After 7 d
of biliary drainage by ID and ED, the liver displayed not-
mal morphological features of hepatocytes and preserved
lobular architecture with only mild bile duct proliferation.
Furthermore, the progression of fibrosis and cirrhosis
stopped and reversal of the progression of cirrhosis and
inflammation was observed (Figure 2).

Expression of iNOS in rat liver tissues

There was rare expression of iNOS protein in SH rats,
but the liver of O] rats markedly expressed iNOS protein
in terms of the mean optical density (0.296 £ 0.055).
After relief of O] by ID, the expression of iINOS was
noticeably suppressed (0.204 £ 0.029) when compared
with the higher expression observed in O] rat models (ID
vs OJ, P < 0.01). However, the expression of liver iNOS
obviously increased in rats of ED (0.399 * 0.086) (ED »s
O], P = 0.004) (Figure 3).

Expression of iNOS mRNA interfered with LPS and LPS
+ UDCA

When interfered only with LPS, the expression of iNOS
mRNA by KC was stronger in the OJ group (0.58 * 0.13)
than in SH group (0.38 * 0.07) (O] »s SH, P = 0.004).
After relief of biliary obstruction, INOS mRNA expres-
sion showed slight changes in the ED group (0.59 + 0.12)
(ED »s OJ, P = 0.71), but dropped in the ID group (0.45
1 0.12) as compared with ED and O] groups (ID »s ED,
P = 0.004; ID »s OJ, P = 0.001). When interfered with
LPS and UDCA, inhibited iNOS mRNA expressions by
KC were seen in all four groups (Figure 4).

Expression of CD14 in rat liver tissues

The immunoreactivity of CD14 protein was mainly
detected in the membrane of KCs on the edge of liver
sinusoid and portal areas. Moreover, in some sinusoidal
liver endothelial cells and hepatic stellate cells, the expres-
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sion of CD14 was also detected, and even a small quan-
tity of positive expression was located on the surface
of hepatocytes. Slight intrahepatic expression of CD14
was observed in SH rats (0.0014 £ 0.0008), but after bile
duct ligation, the expression of CD14 protein in O] rats
was significantly stronger (0.0156 £ 0.0021) (O] »s SH,
P < 0.01). The expression of CD 14 protein in liver tis-
sues reduced in ID rats (0.0015 £ 0.001) compared with
OJ rats (ID »s OJ, P < 0.01), but not reduced in ED rats
(0.0086 £ 0.0019) (ED »s OJ, P = 0.591) (Figure 5).

Expression of CD14 mRNA by KC

Under the stimulation of LPS, the expression of CD14
mRNA by KC was not strengthened in OJ group (1.998
* 0.74) compared with that in SH group (1.388 £ 0.683)
(O] »s SH, P = 0.822). After relieving the O], the expres-
sion of CD14 mRNA was aggravated by ED (6.104 £
2.171) (ED »s OJ, SH and ID, P < 0.01, respectively), but
the expression of CD14 mRNA in ID group (1.018 *
0.489) was not significantly different compared with that
in SH and OJ groups (ID »s SH, P = 0.944; ID »s O], P =
0.513, respectively) (Figure 6).

Expression of TGRS in rat liver tissues

TGR5 was mainly located in the plasma membrane of
KCs, and in the cell wall of some sinusoidal endothelial
cells and biliary epithelial cells. The expression of TGR5
protein in rat liver was significantly stronger in OJ group
(0.513 * 0.07) than in SH group (0.305 = 0.01) (P =
0.001). ID could substantially down-regulate the expres-
sion level of TGRS protein (0.356 * 0.051) (ID »s O],
P =0.001) and there was no difference between ID and
SH groups (ID »s SH, P = 0.22). On the contrary, the ex-
pression of TGRS protein could not be inhibited by ED
(0.439 £ 0.078) (ED »s OJ, P = 0.062) (Figure 7).

Expression of TGR5 mRNA by KCs

The expression of TGR5 mRNA by KCs was consider-
ably stronger in OJ group (1.024 + 0.325) (2°**°") than
in SH group (0.133 £ 0.045) (P = 0.001). There was no
significant difference between ID group (0.320 + 0.115)
and SH group (P = 0.354). It was significantly stronger in
ED group (0.632 £ 0.233) than in SH group (P = 0.001),
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Figure 2 Micrograph of liver sections from rats of sham operation, obstructive jaundice, internal and external biliary drainage groups (the pathological
changes were marked by black arrows). A, B: There was almost no pathological changes in the liver of sham operation (SH) rats, the liver lobular architecture was
intact; C, D: After bile duct ligation for 7 d, the liver showed focal necrosis and mild bile duct proliferation with acute inflammatory cell infiltration in the portal and peri-
portal areas, but the lobular architecture was still intact in the cholestatic liver; E, F: After bile duct ligation for 14 d, the liver showed striking liver fibrosis and prominent
bile duct proliferation in the portal tracts; G, H: Following 7 d of internal biliary drainage (ID), the liver displayed preserved lobular architecture with only mild bile duct
proliferation, and the progression of liver fibrosis and cirrhosis stopped; I, J: After external biliary drainage (ED), lobular architecture was preserved with only mild bili-
ary proliferation, but the degree of liver fibrosis was still at a high level. HE: Hematoxylin and eosin; OJ: Obstructive jaundice.

and there was significant difference between ED and O] rate. Whether preoperative biliary drainage is still neces-
group (P = 0.003) (Figure 8). sary for O] patients planned for surgery is questioned by
many experts'™!. Another debate focuses on whether ID
is superior to ED in terms of reducing the postoperative
DISCUSSION mortality and some associated complications™”. During
Patients with malignant or benign O] carry an increased the past decades, many clinical studies have been carried
risk of postoperative complications and a high mortality out to address the two controversies, but it is difficult to
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Figure 3 Representative immunohistochemical analysis of inducible nitric oxide synthase in rat liver of sham operation, obstructive jaundice, internal
and external biliary drainage groups. A: There was rare expression of inducible nitric oxide synthase (INOS) in sham operation (SH) group; B: 14 d after bile duct
ligation, the iINOS-immunoreactivity became stronger as compared with SH group; C: After relief of obstructive jaundice (OJ) by internal biliary drainage (ID), the
expression of INOS was markedly suppressed; D: The expression of iNOS obviously increased in rat liver of external biliary drainage (ED); E: Comparison of mean
absorbance values of INOS in rat liver tissues among the four groups. IHC: Immunohistochemical.
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Figure 4 Ethidium bromide-stained agarose gel of inducible nitric oxide synthase reverse transcription polymerase chain reaction products, expression
of inducible nitric oxide synthase messenger RNA on Kupffer cell interfered with lipopolysaccharide + ursodeoxycholic acid. A: Lane M, 100 bp molecular
marker. The 138 bp-inducible nitric oxide synthase (INOS) band; B: The 300 bp-B-action products; C: Expression of INOS messenger RNA (mRNA) interfered with
lipopolysaccharide (LPS) as compared with LPS + ursodeoxycholic acid (UDCA). °P < 0.05, °P < 0.01 vs LPS + UDCA. M: Marker; ID: Internal biliary drainage; SH:
Sham operation; ED: External biliary drainage; OJ: Obstructive jaundice.
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Figure 5 Representative immunohistochemical analysis of CD14 in rat liver tissues of sham operation, obstructive jaundice, internal and external biliary
drainage groups. A: CD14-immunoreactivity was detected mainly in the membrane of Kupffer cell on the edge of liver sinusoid and portal areas. There was slight
expression of CD14 in sham operation (SH) rats; B: 14 d after bile duct ligation, the CD14-immunoreactivity became stronger as compared to SH rats; C: After relief of
obstructive jaundice (OJ) by internal biliary drainage (ID), the expression of CD14 was markedly suppressed; D: The expression of CD14 in external biliary drainage (ED)
rats was still at a high level; E: Comparison of mean absorbance values of CD14 in liver tissues among the four groups. IHC: Immunohistochemical.
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Figure 6 Ethidium bromide-stained agarose gel of CD14 reverse transcription polymerase chain reaction products products. A: Lane M, 100 bp molecular
marker. The 267 bp-CD14 band; B: The 300 bp-B-actin reverse transcription polymerase chain reaction products products; C: Comparison of CD14 messenger RNA
(mRNA) expression by Kupffer cell interfered with lipopolysaccharide. CD14 mRNA levels were standardized using 3-actin mRNA. M: Marker; ID: Internal biliary drain-
age; SH: Sham operation; ED: External biliary drainage; OJ: Obstructive jaundice.
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Figure 7 Representative immunohistochemical analysis of TGRS in rat liver tissues of sham operation, obstructive jaundice, internal and external biliary
drainage groups. TGR5-immunoreactivity was detected mainly in the plasma membrane of Kupffer cell and its intracellular compartments, and also localized in some
sinusoidal endothelial cells and biliary epithelial cells, but merely in hepatocytes. A: There was slight expression of TGRS in rats of sham operation (SH); B: After bile
duct ligation, the TGR5-immunoreactivity became stronger as compared to SH rats; C: After relief of jaundice by internal biliary drainage (ID), the expression of TGR5
was markedly suppressed; D: The expression of TGR5 in external biliary drainage (ED) rats was still at a high level; E: Comparison of mean absorbance values of
TGRS in rat liver tissues among the four groups. OJ: Obstructive jaundice; IHC: Immunohistochemical.

reach a consensus. So we have performed a series of ex-
perimental studies based on the immune function of KCs
to present some preliminary perspectives about these
questions™""”,

In the present study, we observed that the expres-
sion of iINOS protein was markedly enhanced 14 d after
bile duct ligation, but rarely expressed in SH rat models,
which was in agreement with the results observed in
other previous studies”**”. Moreover, we found that ID
could suppress the expression of iNOS while the expres-
sion of iINOS protein was promoted by ED. Our catlier
studies have confirmed that KCs from rats with O] pro-
duced large amounts of endotoxin-mediated NO". ID
was better than ED in reversing the distorted NO pro-
duction by KCs based on the activities of INOS mRNA
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under the stimulation of LPS!"". Altogether, these find-
ings undetrlined that the production of NO in O] rats
could be induced by iNOS in both protein and mRNA
levels, and 1D was superior to ED in depressing the ex-
pression of iNOS.

The major pathogenic role of LPS in the progression
of OJ has been supported in previous studies™*”. L.PS
as a substantial component of the outer membrane of
gram-negative bacteria, could stimulate the production
of pro-inflammatory cytokines (e.g., TNF-q, 1L.-6) and
other mediators (e.g., ROS, NO, iNOS) via CD14/toll-like
receptor pathway”**”. CD14 as one of the most im-
portant LPS recognition receptors is responsible for the
activation of KCs by pathophysiological concentrations
of LPS"*", The data presented here show that the CD14
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Figure 8 Effect of biliary drainages on TGR5 messenger RNA expression
by Kupffer cell (2*“"). ID: Internal biliary drainage; SH: Sham operation; ED:
External biliary drainage; OJ: Obstructive jaundice; KC: Kupffer cell; mRNA:
Messenger RNA.

protein expression in rat liver was substantially up-regu-
lated in the OJ group compared with the SH group. After
relieving the OJ by ID, the expression of CD14 protein
in liver tissues was significantly reduced, but could not
by ED. We investigated whether the induction of CD14
protein expression was correlated with the CD14 mRNA
level, and found that the expression of CD14 mRNA by
KC was not strengthened on O] rats compared with SH
rats, because the rat models receiving bile duct ligation
for 14 d could develop severe fibrosis and cirrhosis in the
liver, which influenced the isolation of KCs and the fol-
lowing analysis for CD14 mRNA. ID could decrease the
expression of CD14 mRNA in rats with O] and regu-
lated the sensibility of CD74 gene to endotoxin, but ED
enhanced the expression of CD14 mRNA. In addition,
our previous studies have already found that the levels of
serum endotoxin, TNF-q, and 1L-6, the production of
NO and the expression of iNOS by KCs were increased
in O] rats, and ID could entirely reverse the changes,
but external drainage could not”"”. Taken together, our
results indicated that the LPS receptor-CD14 on the
membrane of KCs could play an important role in the
immune suppression in O], and related to the effects of
biliary drainage.

The essential difference between ID and ED may be
associated with the re-establishment of enterohepatic
circulation of bile acids. Although ED could partially re-
cover damaged liver function, it could not set up normal
enterohepatic circulation'”. A large amount of bile lost
through ED resulting in malabsorption of fat, loss of
some immune substances as well as imbalance of water
and electrolytes. Several studies have confirmed the im-
munomodulatory function of bile acids, for instance,
oral or intravenous administration of UDCA could re-
duce endotoxin-related complications in O]“MS’ZS]. The
anti-inflammatory effect of UDCA is attributed to the
inhibition of the production of endotoxin induced pro-
inflammatory mediators™*"*** In the present study,
we found that the expression level of iNOS mRNA by
isolated KCs was lower under the stimulation with L.PS +
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UDCA compared with simple stimulation of LPS among
the four groups. The consequence confirmed that UDCA
had the suppressive effect on the endotoxin.

Recently, the bile acid receptor-TGR5 as a mem-
ber of the G protein coupled receptors localized at the
plasma membrane and internalized into the cytoplasm
in response to its activation, has been identified as the
first cell surface receptor for bile acids by two different
groups respectively“()’m. TGRS is highly expressed in
CD14 positive monocytes and macrophagesﬂ(’m. KC as
the CD14-positive and liver resident macrophages, has
a higher expression level of TGR5 mRNA compared
with other white blood cells"”. Several studies have re-
ported that bile acids could inhibit LPS-induced pro-
inflammatory cytokine expression in KC via TGR5-
dependent pathwaym’lg]. The present study found that
the immunoreactivity of TGR5 was mainly detected in
the plasma membrane of KC and SEC, and also local-
ized in some intracellular compartments, but merely in
hepatocytes. There was slight expression of TGR5 in SH
rats, but stronger expression in O] rats. Keitel e al’ have
confirmed that TGR5 staining was not strong in SEC
of O] rats, so the high expression level of TGR5 in O]
rats was specific for KC. After relief of O], the TGR5-
immunoreactivity could be reversed by ID, but not by
ED. We also found that the induction of TGR5 protein
expression was correlated with the expression level of
TGR5 mRNA. Bile duct ligation could result in higher
expression of TGR5 mRNA compared with sham opera-
tion. Likewise, ID could down-regulate the expression of
TGR5 mRNA, but ED could not. Keitel ¢ 2/" demon-
strated the direct link between the protein and gene ex-
pression levels of TGR5 and the gene expression of pro-
inflammatory cytokines by KCs. Based on our results, the
variation of TGR5 was in accordance with the changes
of serum endotoxin and pro-inflammatory cytokines
among these four groups[g’m]. Altogether, activation of
TGR5 in KC could prevent excessive cytokine produc-
tion, thereby alleviating liver injury, which indicated that
the ID was superior to ED in relief of O], and the mech-
anism may be based on the regulation process of TGR5
in both protein and gene levels.

Besides the dysfunction of liver KC leading to the
diminished clearance of endotoxin and the production
of large amounts of pro-inflammatory cytokines, lack
of bile acids in intestine through bile duct ligation could
result in the disruption of the epithelial barrier, transloca-
tion of bacteria and endotoxin across the mucosa into
lymph nodes and remote organ systems, and sometimes
could cause lethal endotoxemia™. Inagaki ez al™ have
confirmed that the farnesoid X receptor (FXR), a nuclear
receptor for bile acids, could induce genes involved in
neuroprotection and inhibited bacterial overgrowth and
mucosal injury in ileum caused by bile duct ligation. Bile
acid receptors such as FXR and TGRS, mainly exerting
in the lipid and cholesterol metabolism, are increasingly
recognized as one of the new frontiers of immunology.
These receptors expressed in liver and gut might play
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an important role in the reaction to inflammation in en-
terohepatic tissues. Our study demonstrated that ID was
superior to ED in relief of O], which might be based on
the regulation process of TGR5 by KCs, further inves-
tigations derived from intestinal macrophages are neces-
sary to elucidate the immunoregulatory role of bile acid
receptor.

In conclusion, we found that internal biliary drainage
could reverse the raised expression of iINOS and CD14
in both protein and mRINA levels in obstructive jaundice
rat models, but external drainage could not. In addition,
UDCA could protect KCs from the endotoxin of LPS
related to the down-regulation of iINOS mRNA expres-
sion. The up-regulation of TGRS5 in protein and gene
levels in obstructive jaundice could play a protective role
in alleviating the inflammatory reaction. The mechanism
of internal biliary drainage superior to external drainage
in relief of obstructive jaundice might be attributed to
the regulatory function of activation of KCs and release
of inflammatory mediators.

COMMENTS

Background

To date, there are still some controversies over whether and how to perform
preoperative biliary drainage in patients with malignant or benign obstructive
jaundice (OJ), even though the complication-related mortality rate is high for OJ
patients followed by surgery.

Research frontiers

During the past decades, many clinical studies have been performed to ad-
dress the two controversies, but it is difficult to reach a consensus. The authors
performed a series of experimental studies based on the immune function of
Kupffer cell (KC) in an attempt to offer some preliminary perspectives about
these questions.

Innovations and breakthroughs

The authors found that internal biliary drainage could reverse the raised expres-
sion of inducible nitric oxide synthase (iNOS) and CD14 in both protein and
messenger RNA levels in obstructive jaundice rat models, but external drainage
could not. The mechanism of internal biliary drainage superior to external drain-
age in relief of obstructive jaundice might be attributed to the regulatory function
of activation of KC and release of inflammatory mediators.

Peer review

This is an experimental study concerning superiority of internal biliary drain-
age to external biliary drainage. Internal biliary drainage could reverse the high
expression of INOS, CD14, and TGR5 in rats with obstructive jaundice, but ex-
ternal drainage could not. The mechanism might be attributed to the regulatory
function of activation of KCs and release of inflammatory mediators. The manu-
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