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Patients who experience recurrence after LT show
rapid progression of recurrent disease and have a very poor
prognosis because the rate of progression of recurrent HCC
is more rapid after transplantation than after hepatic resec-
tion (11, 12). However, some patients have a good prognosis
if they are appropriately treated after recurrence. Hence, it is
important to predict not only who is likely to exhibit recur-
rence but also who may survive longer. There are no reports
about the relationship between NLR and patients with re-
current HCC after LDIT, and there is little information re-
garding prognosis and treatment for HCC recurrence after LT.
Therefore, in this study, we investigated the relationship be-
tween preoperative and postoperative NLR and prognosis of
patients with recurrent HCC after LDLT.

RESULTS

In total, HCC recurrence was identified in 26 (15.5%)
patients: 16 men and 10 women among the 167 patients with
HCC. The mean duration until the initial recurrence after LDLT
was 3.7 years, and the mean duration until death the initial re-
currence was 1.7 years. Clinicopathologic factors on recurrence
of HCC after LDLT using univariate analysis are shown in
Table 1 and Table S1 (see SDC, http://links.;ww.com/TP/A868).
AFP Z300 ng/mL, DCP 2300 mAU/mL, NLR Z4, tumor
number >3, tumor size =5 cm, duration of last treatment of
HCC to LDLT <3 months, Milan criteria exceeded, histologic
tumor number =10, histologic tumor size >5 c¢m, poor dif-
ferentiation, presence of histologic vascular invasion, adju-
vant chemotherapy, and interferon (IFN) therapy against
patients with hepatitis C virus (HCV) were significant dif-
ferences between patients with recurrence and without re-
currence of HCC. There were no significant differences
regarding host-related factors except IEN between the two
groups.

The prognostic factors for survival after recurrence
using univariate analysis are shown in Table 2. These data

1009

Harimoto et al.

included both factors before LDLT (Table 2) and those after
LDLT (Table 3). Male sex, IFN therapy against patients with
HCV, AFP Z300 ng/mL at recurrence, NLR 24 at recur-
rence, and nonsurgical resection for recurrent HCC were
significantly related to poor prognosis. The survival curves
after recurrence for the patients with NLR 24 at recurrence
are illustrated in Figure 1. The 3-year survival curves after
recurrence were 0% in patients with NLR 24 and 43.6% in
patients with NLR <4. The 3-year survival curves after re-
currence were 50% in females and 9.5% in males, whereas
the 3-year survival curves after recurrence were 53.3% in
patients with IFN therapy against HCV and 0% in patients
without IFN therapy. Furthermore, the 3-year survival curve
after recurrence were 0% in patients with AFP 2300 ng/mL
at recurrence and 28.4% in patients with AFP <300 ng/mL.
The 3-year survival curves after recurrence were 41.7% in
patients with surgical resection for recurrent HCC and 0%
in patients without surgical resection for recurrent HCC.
Interestingly, AFP and NLR before LDLT, in particular, were
not related to survival after recurrence of HCC. Multivariate
analysis was not performed because of the small sample size.

NLR was reelevated after LDLT in patients who
later died, whereas NLR gradually decreased in surviving
patients (Fig. 2).

DISCUSSION

Using univariate analysis, our retrospective study in-
dicated that male sex, IFN therapy for HCV, NLR and AFP
at recurrence, and surgical resection for recurrent HCC were
poor prognostic factors for survival after recurrence of
HCC among patients with LDLT. We recently proposed new
selection criteria for LDLT in patients with HCC (7). A
multivariate analysis identified independent risk factors for
post-LDLT tumor recurrence including tumor size, the pres-
ence of eight or more tumors, and an NLR of 4 or more. These
criteria could effectively exclude patients with biologically

TABLE 1. Patients and tumor characteristics between patients with recurrence and without recurrence of HCC
Factors Patients with recurrent HCC (n=26) Patients without recurrent HCC (n=141) P
AFP (ng/mL) <300/2=300 12/14 126/15 0.001
DCP (mAU/mL) <300/Z 300 12/14 122/19 0.001
NLR <4/24 16/10 125/16 0.001
Number of tumors =3/>3 16/10 108/33 0.002
Tumor size (cm) =5/>5 6/20 139/2 0.001
Duration of last treatment to LDLT

<3/Z3 months 16/10 127/14 0.001

Milan criteria, yes/No 7/19 98/43 0.001
Number of tumors (histologic)

<10/Z10 13/13 114727 0.002
Tumor size (cm) (histologic)

=5/>5 9/17 137/4 0.001
Tumor differentiation (histologic)

Well-+moderate/poor 16/10 111/30 0.001
Vascular invasion (histologic)

Yes/no 18/8 40/101 0.001
IFN

Yes/no 8/11 69/30 0.032
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TABLE 2. Clinicopathologic factors on survival after
recurrence of HCC using univariate analysis

Factors before LDLT Patients Survival at 3 years (%) P

Gender
Male 16 9.5 0.006
Female 10 50.0

Age (years)
=57 12 13.0 0.943
>57 14 36.5

Hepatitis
HCV 19 20.2 0.489
Non-HCV 7 45.7

Child-Pugh dlassification
A+B 14 0 0.066
C 12 44.2

MELD score
<15 21 34.2 0.157
=15 5 0

AFP (ng/mlL) .
<300 14 32.7 0.709
=300 12 15.6

DCP (mAU/mL)
<300 14 35.0 0.185
2300 12 16.7

NLR
<4 16 26.7 0.981
=4 10 24.2

Number of tumors
=<3 10 33.3 0.613
>3 16 25.0

Tumor size (cm)
=5 20 28.4 0.818
>5 6 16.7

Duration of initial HCC to LDLT
<1 year 7 162 0.509
=1 year 15 28.6

Duration of last treatment to LDLT
<3 months 16 35.4 0.191
=3 months 10 11.1

Milan criteria
Yes 7 60.0 0.481
No 19 21.1

Graft vs. standard liver volume (%)
<35 6 29.6 0.976
=35 20 20.8

Age of donor (year)
=30 11 15.0 0.926
>30 15 36.2

aggressive tumors before LT, promoting an extremely low re-
currence rate.

The rate of HCC recurrence after transplantation has
ranged from 8% to 22.7% in different studies (13-16). Pa-
tients who experience recurrence after LT show rapid pro-
gression of recurrent disease and have a very poor prognosis
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such that median survival after recurrence ranged from 7 to
9 months because the rate of progression of recurrent HCC
is more rapid after transplantation than after hepatic resec-
tion (15, 17). The main reason for this poor outcome is that
the progression of the disease is usually fast because of the
immunosuppressed state after transplantation. However,
some patients have a good prognosis if they are appropriately
treated after recurrence. In this study, NLR and AFP at re-
currence are useful biomarkers to predict the prognosis after

TABLE 3. Clinicopathologic factors on survival after
recurrence of HCC using univariate analysis

Factors after LDLT Patients Survival at 3 years (%) pP

Number of tumors (histologic)

<10 13 42.9 0.102
210 13 10.0

Tumor size (cm) (histologic)
=5 17 28.6 0.488
>5 9 22.2

Tumor differentiation (histologic)
Well+moderate 10 27.8 0.819
Poor 16 11.5

Vascular invasion (histologic)
Yes 18 19.7 0.446
No 8 38.1

Adjuvant chemotherapy
Yes 11 273 0.630
No 15 25.0

CNI
CyA 13 18.2 0.653
Tac 13 32.3

Steroid use
Yes 17 14.1 0.134
No 9 42.9

IFN against HCV
Yes 9 53.3 0.013
No 11 0

AFP (ng/mL) at recurrence
<300 23 28.4 0.001
2300 3 0

DCP (mAU/ml) at recurrence
<300 21 314 0.120
2300 5 0

NLR at recurrence
<4 17 43.6 0.006
=4 9 0

Initial site of recurrence
Liver 4 33.3 0.986
Extraliver 22 22.6

Duration of LDLT to recurrence (years)
>1 12 40.0 0.097
=1 14 12.2

Surgical resection for recurrent HCC
Yes 14 41.7 0.002
No 12 0
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recurrent HCC. This is the first report to discuss the rela-
tionship between NLR and the prognosis in patients with
recurrent HCC after LDLT.

It is difficult to treat recurrences because these tumors
tend to be involved in multiple organs, and if the tumor
recurs in a single organ, it usually manifests multiple lesions.
These findings suggest that the aggressiveness of the tumor
and the effectiveness of the treatment for the recurrent le-
sion were important to survival after recurrence. If the re-
current disease progressed slowly and if the recurrent lesion
was locally controllable, patient survival could be prolonged.
Hence, it is important to predict not only who may live but
also who can survive longer after recurrence.

Roayaie et al. (15) described that the surgical treat-
ment of recurrence was independently associated with sig-
nificantly longer survival. Furthermore, several articles
suggested that surgical treatment of recurrent tumors after
LT should be considered whenever possible (14-16). How-
ever, the indications for surgical resection of recurrent HCC
are a solitary tumor or curative resection; thus, there is pos-
sibility that the patient whose recurrence had more malignant
behavior (multiple recurrence or multisite recurrence) was
eliminated as a candidate of surgical treatment. Interestingly,
none of the primary tumor characteristics were associated
with survival after HCC recurrence. There was no association
of the survival after recurrence such as tumor size, number of
tumors, tumor marker at pre-LT, histologic differentiation, or
vascular invasion. Schlitt et al. (16) also reported that no
primary tumor characteristics were associated with survival
after HCC recurrence. These findings suggest that the ma-
lignant phenotype of the recurrent HCC might be quite dif-
ferent from that of the primary HCC. In our study, a
univariate analysis showed that sex, IFN therapy for HCV,
AFP Z300 ng/mL at recurrence, NLR 24 at recurrence, and
surgical resection were significant factors for recurrent HCC.
Tumor growth in recurrent HCC is quicker after LT mainly
because of the need for permanent immunosuppression (17).
NLR and AFP at recurrence may reflect the biological ma-
lignant behavior.

The molecular mechanism associated with elevated
NLR and the prognosis of patients with HCC is associated
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FIGURE 1. Survival after recurrence in patients with

NLR<4 at recurrence or those with NLR24 at recurrence.
Survival after recurrence in patients with NLRZ4 at recur-
rence was significantly poor prognosis.

Harimoto et al. 1011

NLR
10+
| - ® Patients with survival (n=8)
8 0 Patients with death (n=18)
6 -
4- p=0.02
24
0 . .
at LDLT 3months at recurrence
after LDLT

FIGURE 2. Time-dependent NLR at LDLT, 3 months after
LDLT, and at recurrence. 0, patients with death; B, patients
with survival. NLR was reelevated after LDLT in patients with
death; on the contrary, NLR was gradually decreased with
patients with survive.

with many factors, but it remains poorly understood.
Chronic systemic inflammation is an important prognostic
factor in patients with cancer. The NLR was used as a pa-
rameter of chronic inflammation in patients with cancer. We
previously showed that NLR was an important prognostic
factor in patients with HCC after hepatic resection (9) and
in patients who underwent LDLT (10). A close relationship
between accumulation of tumor-associated macrophages in
HCC and high NLR levels was observed in patients with
HCC who underwent hepatic resection and LDLT (18). A
high NLR is associated with a high infiltration of tumor-
associated macrophages and high inflammatory cytokine pro-
duction in the tumor, such as interleukin-6 and interleukin-8,
which promote systemic neutrophilia.

In conclusion, this retrospective analysis revealed that
NLR at recurrence is a prognostic factor affecting survival
after recurrence in LDLT for HCC. A multi-institutional
study is needed to provide evidence of the significance of
NLR in HCC.

MATERIALS AND METHODS

Patient Characteristics

A total of 393 LDLT operations were performed at Kyushu University
Hospital from October 1996 to August 2012 after approval was obtained
from the Ethics and Indications Committee of Kyushu University. Among
them, 167 adult-to-adult LDLTs for HCC were enrolled in this study. The
selection criteria for the HCC patients were as follows: (a) no modality,
except LDLT available to cure patients with HCC and end-stage liver dis-
ease; (b) no extrahepatic metastasis; and (c) no major vascular infiltration,
such as the portal vein or hepatic vein, thus indicating that there was no
restriction on the tumor size or the number of the tumors.

The transplant procedures for both the donors and recipients have been
described previously (6). The immunosuppressive regimen consisted of the
combination of a calcineurin inhibitor (CNI) (tacrolimus [Tac] or cyclo-
sporine A {CyA]) and steroid with or without mycophenolate mofetil. A
steroid injection was given intravenously (methylprednisolone 1 g) and ta-
pered to zero by day 7. Mycophenolate mofetil (1 g/day) treatment was started
from postoperative day 1 and completed by 3 months. A maintenance im-
munosuppression therapy was conducted with low-dose Tac or CyA from
postoperative day 7. Adjuvant systemic chemotherapy using 5-fluorouracil
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and cisplatin with or without gemcitabine for 1 month were administered to
patients who had more than 300 mAU/mL DCP, more than 5 cm of maxi-
mum tumor size, or who exceeded the Milan criteria.

Prognostic Factor

The prognostic factors were examined with respect to survival after re-
currence of HCC based on the following variables: sex (male vs. female}, age
(257 vs. <57 years), hepatitis (HCV vs. non-HCV), Child-Pugh classi-
fication (A+B vs. C), the Model for End-Stage Liver Disease (MELD) score
(<15 vs. Z15), serum AFP level (2300 vs. <300 ng/mL), DCP level
(2300 vs. <300 mAU/L), NLR (Z4.0 vs. <4.0), number of tumors (=3 vs.
>3), tumor size (£5 vs. >5 c¢m), duration of initial HCC to LDLT (<1 vs.
21 year), duration of last treatment to LDLT (<3 vs. 23 months), Milan
criteria (yes vs. no), graft vs. standard liver volume (<35% vs. 235%), age
of donor (<30 vs. >30 years), histologic number of tumors (<10 vs. Z10),
histologic tumor size (=5 vs. >5 cm), histologic tumor differentiation
(well+moderate vs. poor), histologic vascular invasion (yes vs. no), adju-
vant chemotherapy (yes vs. no), CNI (CyA vs. Tac), steroid use (yes vs. no),
IPN against HCV (yes vs. no), AFP level at recurrence (2300 vs. <300 ng/mL),
DCP level at recurrence (2300 vs. <300 mAU/L), NLR at recurrence (£4.0 vs.
<4.0), initial site of recurrence (liver vs. extraliver), duration of LDLT to
recurrence (<l vs. 21 year), and surgical resection for recurrent HCC
(yes vs. no}.

Patient Follow-up

The clinical follow-up of patients transplanted for HCC followed a strict
protocol, which did not change during the study period. The patients were
seen biweekly for the first month and then screened monthly for 6 months
for tumor markers such as AFP and DCP. The patients had ultrasound scans
and enhanced computed tomography scans at 6-month intervals. When
recurrence was suspected, additional examination such as hepatic angiog-
raphy were performed. The median follow-up period was 3.9 years.

Treatment of HCC Recurrence

Patients with recurrence that could be surgically cured underwent a re-
section or ablation of their tumors. All patients considered to be unsuitable
for surgical treatment were referred for palliative care by radiotherapy,
transarterial chemoembolization, and administration of 5-fluorouracil-based
systemic therapy.

Histologic Study

All of the resected specimens were cut into serial 5- to 10-mm-thick slices
and fixed in 10% formalin. After macroscopic examination, the slice with
the greatest dimensions was trimmed for embedding in paraffin and cut into
4-pm microscopic sections. The sections were stained with hematoxylin-
eosin. Tumor differentiation, microvascular invasion, intrahepatic metasta-
sis, and histologic liver cirrhosis were examined by the pathologist according
to the Liver Cancer Study Group in Japan (19).

Statistical Analysis

We analyzed the categorical clinicopathologic variables using the chi-
square test or Fisher’s exact test. Continuous variables were expressed as
means and SDs and compared with the Student’s ¢ test. The survival curves
after recurrence of the two groups were analyzed by the Kaplan—Meier
method and compared with the log-rank test. All analyses were performed
with Statview 5.0 software (Abacus Concepts, Berkeley, CA). NLR in a
subsequent phase were compared by repeated-measures analysis of variance.
P<0.05 was considered statistically significant.
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Modulation of the Biliary Expression of Arylalkylamin,
N-Acetyltransferase Alters the Autocrine Proliferativy
Responses of Cholangiocytes in Rats

Anastasia Renzi,>” Sharon DeMotrow,>> Paolo Onori,® Guido Carpino,'® Romina Mancinelli,”
Fanyin Meng,** Julie Venter,® Mellanie White,” Antonio Franchitto,” Heather Francis,>>* Yuyan H
Yoshiyuki Ueno,® Giuseppina Dusio,* Kendal J. Jensen,® John J. Greene, Jr.,” Shannon Glaser,'*%
Eugenio Gaudio,” and Gianfranco Alpini'*"

Secretin stimulates ductal secretion by interacting with secretin receptor (SR) activatin
cyclic adenosine 3',5’-monophosphate/cystic fibrosis transmembrane conductance regul
tor/chloride bicarbonate anion exchanger 2 (cAMP=-CFIR=-Cl"/HCO; AE2) signali
that is elevated by biliary hyperplasia. Cholangiocytes secrete several neuroendocri
factors regulating biliary functions by autocrine mechanisms. Melatonin inhibits bili
gtowth and secretin-stimulated choleresis in cholestatic bxle—duct-—hgated (BDL) rats
interaction with melatonin type 1 (MT1) receptor through down-regulation of cAMP,
dependent signaling. No data exist regarding the role of melatonin synthesized locally
cholangiocytes in the autoctine regulation of biliary growth and function. In this study;’
evaluated the (1) expression of arylalkylamine N-acetyltransferase (AANAT; the rate-lim
ing enzyme for melatonin synthesis from serotonin) in cholangiocytes and (2) effect of lo
modulation of biliary AANAT expression on the autocrine proliferative/secretory respon
of cholangiocytes. In the liver, cholangiocytes (and, to a lesser extent, BDL hepatocyt
expressed AANAT. AANAT expression and melatonin secretion (1) increased in BDL, cor
pared to normal rats and BDL rats treated with melatonin, and (2) decreased in norm:
and BDL rats treated with AANAT Vivo-Morpholino, compared to controls. The decre
in AANAT expression, and subsequent lower melatonin secretion by cholangiocytes, was
associated with increased biliary proliferation and increased SR, CFIR, and CI"/HC
AE2 expression. Overexpression of AANAT in cholangiocyte cell lines decreased the ba
proliferative rate and expression of SR, CFIR, and CI"/HCOj AE2 and ablated secreti
stimulated biliary secretion in these cells, Conclusion: Local modulation of melatoni
synthesis may be important for management of the balance between biliary proliferation
damage that is typical of cholangiopathies. (Heparoroay 2013;57:1130-1141)

holangiocytes modify canalicular bile before it bile secretion by interaction with secretin receptot
reaches the duodenum through a series of secre-  expressed only by large cholangiocytes in th
tory/absorptive events rcgulated by gastrointesti-  Binding of secretin to its receptor induces an inc
nal hormones, including secwtm % Secretin stimulates  cyclic adenosine 3',5-monophosphate (cAMP) I

Abbreviatians: AANAT, serotonin N-acesyltnansferase or arylalkylamine N-acetyltransforase; ALE atkaline phosphatase; ASMT, N-acetylserotonin O-methyl
BDL, bile duct ligation; BSA, bovine serum albwming BV body weight; eAME cyclic adenosine 3,5 -monophosphate; CFTR, cystic fibrosis sransmembrane é
regulator; CK-19, eptokeratin-19; CI"(HCO3— AE2, chioride bicarbonate anion exchanger 2; ELISA, enzyme-linked i benr assay; FACS, fluorescent
cell sorting: GAPDH, glyceraldehyde-3-phosphate debydrogenase; IBDM, intrabepatic bile duct masss HEF, hematoxylin and eosin; IHC, immunohistochemis
mouse cholangiocyte line; MT1, melatonin type 1; mRNA, messenger RNA; NCBI, National Center for Biotechnology Information; OS, axidative stres
proliferating cell nuclear antigen; PCR, polymenase chain reaction; PIA, protein kinase A; SEM, standard ervor of the mean; SGOT, serum glutamic
transaminase; SGPT, serum glutamate ymmtc transaminases; SR, secrerin :ewpmr. TBIL, total bilirubin; VEGF-AIC, vascular endothelial growth factor A/C.
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. of protein kinase A (PKA), which results in
- of CI™ through the cystic ﬁbrosm transmem-
uctance regulator (CFTR),? and subsequent
f the chloride bicarbonate anion exchanger 2
)y AE2)° stimulating bicarbonate secretion. 2
giocytes are the target cells in human cholan-
and animal models of cholestasis, such as bile
10n (BDL), a maneuver that induces prolifera-
ge, but not small, choianglocytes Subsequent
iliary hyperplasia is coupled with enhanced
expression of SR, CFIR, and CI"/HCO3
increased secretory responses to secretin,>>’ In
mode], small cholangiocytes proliferate de novo
nsate for the functional damage of large cholan-
e.g., after CClg administration).® The balance
iliary proliferation and damage is regulated by
tocrine factors, including vascular endothelial
ctor A/C (VEGE-A/C) and serotonin.”!°

nin is an indole formed enzymatically from
han by the enzymes, serotonin N-acetyltrans-
AANA]) and N-acetylserotonin O-methyltrans-
MT),"" and is produced by the pineal gland as
the small intestine and liver.'*"* Melatonin amel-
er fibrosis and systemic oxidative stress (OS) in
tic rats."*'> Melatonin inhibits biliary hyperpla-
ecretin-stimulated choleresis in BDL rats by
n with melatonin type 1 (MT1) receptor by
PKA phosphorylation.'® No information exists
g the role of melatonin in the autocrine regula-
blhary growth. We proposed to evaluate the (1)
on of AANAT by cholangiocytes and (2) effects
o and in vitro modulation of biliary AANAT
Jatonin secretion on the proliferative and secre-
ponses of cholangiocytes by autocrine signaling.

ials and Methods

rials. All reagents were purchased from Sigma-
(St. Louis, MO), unless otherwise indicated.
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Antibodies used are detailed in the Supporting Materi-
als. The RNeasy Mini Kit for RNA purification was
purchased from Qiagen (Valencia, CA). Radioimmuno-
assay kits for measurement of cAMP levels were
purchased from GE Healthcare (Arlington Heights, IL).
Animal Models. Male Fischer 344 rats (150-175 g;
from Charles River Laboratories, Wilmington, MA)
were housed at 22°C with 12-hour light/dark cycles and
had free access to chow and drinking water. In addition
to healthy (sham) rats, we used animals that, immedi-
ately after BDL, had free access to drinking watet (vehi-
cle} or melatonin (20 mg/L in drinking water)*® for 1
week. This dose corresponds to a melatonin intake of
approximately 2 mg/g body weight (BW)/day/rat.'® This
model of melatonin administration to rats has been pre-
viously validated and results in increased melatonin
serum levels."® Animal experiments were performed in
accordance with a protocol approved by the Scott &
White and Texas A&M Health Science Center Institu-
tional Animal Care and Use Committee (Temple, TX).
In separate experiments, healthy or BDL (immediately
after surgery)” rats (n = 9 per group) were treated with
Vivo-Morpholino  sequences  of  AANAT  (5-
GTTCCCCAGCTTTGGAAGTGGTCCC, to reduce
hepatic expression of AANAT) or mismatched Mor-
pholino (5-GTTCCCGACCTTTGCAACTCGTCCC)
(Gepe Tools LCC, Philomath, OR) for 1 week by an
implanted portal vein catheter (Supporting Materials).
Serum, liver tissue, cholangiocytes, pineal gland, kidney,
spleen, small intestine, stomach, and heart were collected.
Because we aimed to selectively knock down AANAT
expression in the liver, we used a lower dose (1.0 mg/kg
BW/day) of Vivo-Motpholino than that previously
described (3.0 mg/kg/day)."” This approach minimizes
the amount of Vivo-Morpholino that circulates outside
of the liver after slow infusion into the portal vein.
Freshly Isolated and Immortalized Cholangiocytes.
Pure small and large cholanglocytcs were isolated by
immunoaffinity separation.” In wizro studies were
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ned in immortalized large cholangiocytes
(mouse - cholangiocyte line [MCL]; from large bile

i duCtS)18 that are functlonally similar to freshly isolated

large cholangzocytes 719 MCLs were cultured as previ-
ously described.”

Measurement of AANAT Expression and Melato-
nin Levels. We evaluated the (1) expression of AANAT
in liver sections (4 ym thick) by immunohistochemistry
(IHC)?® and RNA (1 ug) and protein (10 ug) (by real-
time polymerase chain reaction [PCR] and immunoblot-
tings, respectively) from total liver, pooled, small, and/or
large cholangiocytes (Supporting Materials)'®*! and (2)
effectiveness of AANAT Vivo-Morpholino in altering
AANAT protein expression in liver sections by THC'® in 6
total liver, cholangiocytes, pmeal gland, and small intes-
tine by immunoblottings'® and melatonin levels by
enzyme-linked immunosorbent assay (ELISA} kits in
cholangiocytes from the selected groups of animals. IHC
observations were taken in a coded fashion by a BX-51
light microscope (Olympus, Tokyoe, Japan) with a Video-
cam (Spot Insight; Diagnostic Instruments, Inc., Sterling
Heights, MI) and were analyzed with an image analysis
system {IAS 2000; Delta Sistemi, Rome, Italy). Negative
controls were included. A previously described method
was used to quantify, in liver sections, the percent of bile
ducts positive for AANAT.'® When 0%-5% of bile ducts
were positive, we assigned a negative score; a plus/minus
score was assigned when 6%-10% of ducts were positive;
and a plus score was assigned when 11%-30% of bile
ducts were positive.'® Melatonin levels in serum and me-
dium of primary of cultures (after 6 hours of incubation
at 37°C)* of cholangiocytes were determined by ELISA
kits (Genway, San Diego, CA). We evaluated protein
expressnon of cytokeratin-19 (CK-19) by immunoblot-
tings'® in cholangiocytes from healthy rats and BDL rats
treated with vehicle or melatonin.

Evaluation of Histomorphology, Biliary Prolifera-
tion, Apoptosis, and Serum Chemistry. Connective
tissue was quantified by Sirius red staining by analyz-
ing liver sections with an image analysis system (IAS
2000; Delta Sistemi), and morphological changes in
spleen, kidney, heart, stomach, and small intestine by
hematoxylin and eosin (H&E) staining was measured.
Biliary proliferation was determined by measurement
of the percentage of proliferating cell nuclear antigen
(PCNA)-positive cholangiocytes, with intrahepatic bile
duct mass (IBDM) by THC for CK-19.*° Biliary apo-
ptosis was evaluated by a semiquantitative terminal de-
oxynucleotidyl transferase dUTP nick-end labeling kit

(Chemicon International, Inc., Temecula, CA).*°
iLevels of serum gluramate pyruvate transaminases
_ serum glutamic oxaloacetic transaminase

HEPATOLOGY, M

(SGOT), alkaline phosphatase (ALP), and tota
bin (TBIL) were measured by a Dimension
Integrated Chemistry system (Dade Behrin
Deerfield IL) by the Chemistry Department
Scott & White Digestive Diseases Research Cen
Effect of AANAT Knockdown on Expres.
PCNA, SR, CFIR, and CI"/HCO; AE2. W
uated, by real-time PCR and/or immunob
expression of PCNA, CK-19, SR, CFTR, an
HCOj; AE2 in liver tissuc and/or cholangiocyt
healthy and BDL rats treated with mismatch or
Vivo-Morpholino. A delta delta of the threshol
analysis was obtained using normal total liver or:
cholangiocytes, respectively, as control samples
for rat PCNA, SR, CFTR, CI"/HCOj3 AE2, a
19 (SABiosciences) were designed according to”
lowing National Center for Biotechnology Infoi
(NCBI) GenBank accession numbers: NM.:
(PCNA); NM_031115 (SR); NM_017048 (Cl~/
AE2); XM_001059206 (CFTR); and NM
(CK-19). Messenger RNA (mRNA) data are ex
as ratio to CK-19 mRNA levels.
In Vitro Effect of Melatonin on Proliferati
Protein Expression of SR, CFIR, and C.
AE2 of Large Cholangiocytes. After tryps
MCLs were treated at 37°C for 24, 48, or 7
with 0.2% bovine serum albumin (BSA) or me
(107" M)'® before evaluating cell prohferat
PCNA immunoblottings or MTS assays'® an
expression of SR, CFIR, CI"/HCOj3 AE2 b
cence-activated cell sorting (FACS) analysxs =
Overexpression of AANAT in MCL and M
ment of Biliary Proliferative and S
Activities. MCLs were transfected using an -2
complementary DNA clone vector from ‘
Technologies, Inc. (Rockville, MD), that confer
ance to geneticin for the selection of stable tra
cells. Transfected cells were selected by the add
geneticin into the media, and the selection pro¢
allowed to continue for 4-7 days.” Survivin
(MCL-AANAT) were assessed for relative expres
AANAT, compared to control transfected cells:
puro), by real-time PCR*' In the selected clor
the greatest ‘degree of overexpression, we m
protein expression of AANAT (by FACS)?*"
melatonin  secretion (after G-hour incubatio
ELISA kits, compared to MCL-puro. In the t
lines, we measured basal proliferative activity.
immunoblottings  for PCNA  (after 4
incubation)” and MTS assays (after 24-72 hi
incubation),” (2) determination of cell numbé
hemocytometer chamber and the Cellometer A
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1. (A) By IHC, AANAT was expressed by both small (red arrows) and large (yellow arrows) bile ducts from healthy and BDL rats. AANAT
sion increased in bile ducts from BDL, compared to healthy, rats and in BDL rats treated with melatonin, compared to BDL rats. Values
btained from IHC evaluation of 10 randomly selected fields of three slides obtained from 3 rats for each group. *P < 0.05 versus the cor-
ding value of healthy rats; #P < 0.05 versus the value of BDL rats. Original magnification, x40. (B) By real-time PCR, AANAT was
d by total liver and pooled, small, and large cholangiocytes from healthy and BDL rats. (B and C) By real-time PCR and/or immunoblot-
AANAT expression increased in total liver and pooled cholangiocytes from BDL rats, compared to healthy rats, and from BDL rats treated
atonin, compared to BDL rats. (B) Data are mean = SEM of six real-time reactions performed in cumulative preparations (resulting from
ell yield from 1 rat) of cholangiocytes obtained from 6 rats. (C) Data are mean = SEM of six immunoblottings performed in cumulative
ations of cholangiocytes obtained from 6 rats. *P < 0.05 versus the values of healthy rats; #P < 0.05 versus the value of BDL rats. (D)

pression increased in cholangiocytes from BDL, compared to healthy rats, and decreased in BDL rats treated with melatonin, compared
ats. Data are mean = SEM of six immunoblottings performed in cumulative preparations of cholangiocytes obtained from 6 rats. *P <
sus the corresponding value of healthy rats; #P < 0.05 versus the value of BDL rats.

celom Bioscience, Lawrence, MA)*® (after incuba- (GAPDH). mRNA data are expressed as ratio to
for 24-72 hours), and (3) mRNA and protin GAPDH mRNA levels.

ssion for SR, CFTR, and CI7/HCO; AE2 were Statistical Analysis. All data are expressed as mean
ated by real-time PCR and FACs analysis, respec- = standard error of the mean (SEM). Differences
224 Bffects of secretin (1077 M for 5 minutes) between groups were analyzed by Student unpaired # test
cAMP levels'®2® and CI~ efflux, a functional index when two groups were analyzed. Analysis of variance was
FTR activity, were also evaluated. Primers for utilized when more than two groups were analyzed,
¢ SR, CFTR, CI"/HCO; AE2, and glyceralde-  which was followed by an appropriate post-hoc test.
3-phosphate dehydrogenase (GAPDH) (SABio-
) were designed according to the followin,
Bl GenBank ac%ession numbe%s: NM_OOIOIZSZ% Results

) NM_021050 (CFTR); NM_009207 (CIT/HCOy Expression of AANAT By IHC in liver sections,
;0 NM_009591 (AANAT); and NM_008084 AANAT was expressed by small (red arrows) and large

]
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tein expression decreased in bile ducts (in liver sections), total liver samples, and cholangiocytes from both healthy and BDL rats tre:
AANAT Vivo-Morpholino, compared to controls. (A) Original magnification, x40. Values were obtained from IHC evaluation of 10
selected fields of three slides from 3 rats for each group. (B) Data are mean = SEM of six immunoblottings performed in three diffe
liver samples obtained from 6 individual rats. (C) Data are mean * SEM of six immunoblottings performed in cumulative preparations of ¢
giocytes obtained from 6 rats. *P < 0.05 versus the comesponding value of rats treated with mismatch Morpholino. #P < 0.05 versus f
sponding value of healthy rats. (D and E) CK-19 protein expression increased in total liver and cholangiocytes from healthy and BDL rat;
with AANAT Vivo-Morpholino, compared to controls. (D) Data are mean == SEM of six immunoblottings performed in three different t
samples obtained from 6 individual rats, (E) Data are mean = SEM of six immunoblottings performed in cumulative preparations of ¢
cytes obtained from 6 rats. *P < 0.05 versus the corresponding value of rats treated with mismatch Morpholino. #P < 0.05 versus

sponding value of healthy rats.

(yellow arrows) bile ducts from healthy and BDL rats
(Figs. 1A and 2A). AANAT expression increased in bile
ducts from BDL, compared to healthy rats, and in BDL
rats treated with melatonin, compared to BDL rats (Fig.
1A). Healthy hepatocytes were negative for AANAT,
whereas scattered hepatocytes from BDL rats showed
weak positivity for AANAT (Figs. 1A and 2A). By real-
time PCR, AANAT was expressed by total liver as well as
pooled, small, and large cholangiocytes from healthy and
BDL rats (Fig. 1B). By both real-time PCR and/or
immunoblottings, AANAT expression increased in total
liver and pooled (which included small and large cholan-
giocytes) biliary epithelial cells from BDL, compared to
healthy rats and from BDL rats treated with melatonin,
compared to BDL rats (Fig. 1 B,C). CK-19 expression
increased in cholangiocytes from BDL, compared to
- healthy rats and decreased. in BDL rats treated with mel-
atonin, compared to BDL rats (Fig. 1D).
~AANAT protein expression decreased in bile ducts
(m liver sections), total liver samples, and cholangio-
'cytes from healthy and BDL rats treated with AANAT

Vivo-Morpholino, compared to controls (Fig.
AANAT protein expression increased in pinea
and small intestine from healthy and BDL rats:
with AANAT Vivo-Morpholino, compared to ¢
(not shown). CK-19 protein expression incr
total liver and cholangiocytes from healthy ang
rats treated with AANAT Vivo-Morpholino, com|
to controls (Fig. 2 D,E).

Melatonin Levels in Serum and Cholan
Supernatant. Melatonin levels were higher in s
tant of cholangiocytes from BDL, compared to he
rats and increased in cholangiocyte samples fror
rats treated with melatonin (Supporting Table 1). G
ent with previous studies,'® melatonin serum leve
higher in BDL, compared to healthy, rats (Table 1)
tonin serum levels increased in healthy and B
treated with AANAT Vivo-Morpholino, compared
treated with mismatch Morpholino (Table 1). Al
AANAT biliary expression decreased in rats treated
AANAT Vivo-Morpholino (Fig. 2 A-C), the inci
melatonin serum levels observed in these rats was li

-690-



HEPATOLOGY, Vol. 57, No. 3, 2013 RENZIET AL 1135

Table 1. Evaluation of Melatonin Levels, Percentage of PCNA-Positive or Apoptotic Cholangiocytes,
and Intrahepatic Bile Duct Mass and Serum Chemistry

—_ Normal Rats + Mismatch Normal Rats + AANAT BDL Rats + Mismatch BDL Rats - AANAT
Morpholino Vive-Morpholine Morpholino Vivo-Morpholino
“melatonin levels (pg/mL) 09 x11h=05 77.6 = 2.9*% (n = 5) 975 * 2.8t (n = 5) 1741 = 117 (n = 5)
ocyte melatonin 439 =4 (n=4) 269 = 4.01* (n = 4) 615 = 3.5t (n = 4) 395 £ 144f (n = 4)
: positive cholangiocytes 6.80 = 2.13 10.24 = 1.17* 58.07 = 7.25% 68.10 + 4,941
) 0.22 = 0.1 041 = 0.08* 2.32 = 041} 4.75 * 1.60%
ptotic cholangiocytes Not detected Not detected 412 + 230 Not detected
| 626 = 77{(n=29) 70 £ 125 (n=9) 1944 = 17 {n = 9) 1212 % 19§ (n = 9)
129+ 7{(n=29) 148 £ 51 (n=29) 614.5 = 68.3 (n = 9) 312 £ 528 (n=9)
203 +66((n=9) 2028 = 8(n=19) 385 98 (n=19) 343.2 + 18.7§ (n = 9)
<01 (n=29) <01{n=9) 87+05{(n=29) 75+ 06§ (n=29)

2 are mean = SEM. IBDM represents area occupied by CK-19-positive bile duct/total area » 100.

< 0.05 versus the corresponding value of normal rats treated with mismatch Morpholino.

< 0.05 versus the corresponding value of normal rats treated with mismatch Morpholino AANAT Vivo-Morpholino.
z 0.05 versus all other groups.

0.05 versus the corresponding value of BDL rats treated with mismatch Morpholino.

of enhanced expression of AANAT (and subse- Melatonin levels decreased in supernatant of cholangio-

increased melatonin secretion) in the pineal gland cytes from healthy and BDL rats treated with AANAT
mall intestine, which also express AANAT."**”  Vivo-Morpholino, compared to controls (Table 1).

A . NR . BoL

Mismatch
Morpholino

AANAT
Vivo-Morpholino

Fig,3. Evaluation of the percentage of (A)

-positive cholangiocytes and (B) IBDM in B

gctions from the selected groups of ani-

In rats treated with AANAT Vivo-Morpho-

there was an enhancec~percentage of

ositive cholangiocytes and IBDM, com-

0 controls (for semiquantitative analy- Mismatch
Table 1). (A) Percentage of PCNA- Morpholino
cholangiocytes was assessed in 10

mly selected fields of three slides

d from 3 different animals for each

ositive cells were counted in six nono-

ng fields for each slide. Original mag-

tion, x40, (B) Percentage surface

d by CK-19-positive cholangiocytes

was assessed in 10 randomly AANAT -

ed fields of three slides. *P < 0.05 ver-  Vivo-Morpholino
€ corresponding value of healthy rats

d with mismatch Morpholino. Original

ation, %20,
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Relative SR mRNA expression

isolated cholangiocytes. Increased mRNA expression of PCNA, SR, CFTR, and CI™/HCO; AE2 was cbserved in total liver and cholangj
healthy and BDL rats treated with AANAT Vivo-Morpholino, compared to controls. Data are mean * SEM of six real-time reactions p
cumulative preparations (resulting from the low cell yield from 1 tat) of cholangiocyles obtained from 6 rats. *P < 0.05 versus the ¢
ing value of healthy and BDL rats treated with mismatch Morpholino. #P < (.05 versus the corresponding value of healthy rats treate
match Morpholino. (B) Effect of AANAT knockdown on protein expression of PCNA, SR, CFIR, and CI"/HCO; AE2 in lysate fro
cholangiocytes. Increased expression of PCNA, SR, CFIR, and CI"/HCO; AE2 was observed in cholangiocytes from normal and BDL
with AANAT Vivo-Morpholino, compared to controls. Data are mean = SEM of six immunoblottings performed in cumulative prep
cholangiocytes obtained from 6 rats. *P < 0.05 versus the corresponding value of healthy and BDL rats treated with mismatch

#P < 0.05 versus the corresponding value of healthy rats treated with mismatch Morpholino.

EBvaluation of Histomorphology, Biliary Prolifera-
tion, Apoptosis, and Serum Chemistry. In liver sec-
tions from healthy and BDL rats treated with
AANAT Vivo-Morpholino, there.was increased per-
centage of PCNA-positive cholangiocytes and IBDM,
compared to controls (Fig. 3A,B; Table 1). No
changes in biliary apoptosis (Table 1) were observed
between healthy and BDL rats treated with AANAT
Vivo-Morpholino, compared to healthy rats treated
with mismatch Morpholino. No difference in lobular
damage or necrosis was observed for healthy versus
BDL rats treated with AANAT Vivo-Morpholino,
red, to controls (not shown), A similar degree
ammation was observed between healthy
cated with AANAT Vivo-Morpho-

ontrols (not shown). Serum levels

of transaminases, ALP, and TBIL decreased in
rats treated with Vivo-Morpholino, compare
treated with mismatch-Morpholino (Table
BDL Mismatch-treated rats, we found that con
tissue represents approximately 1.5% of the
whereas in BDL rats treated with AANA
Morpholino, collagen tissues represented a
mately 3% of liver mass (not shown). None'
organs analyzed by H&E staining showed str
damage, necrosis, or inflammation (not shown)

Effect of AANAT Knockdown on Express
PCNA, SR, CFTR, and CI” /HCO3; AE2. The
increased expression of mRNA (Fig. 4A) and
(Fig. 4B) of PCNA, SR, CFTR, and CI"/HCO
in cholangiocytes from rats treated with
Vivo-Morpholino, compared to controls (Fig. 4
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tro Effect of Melatonin on the Proliferation
otein Expression of SR, CFTR, and CI/
AE2 of Large Cholangiocytes. In vitro, mela-
hibited biliary proliferation (by MTS assays
NA immunoblottings; Supporting Fig. 1) and
expression (by FACS analysis) of SR, CFIR,
/HCO; AE2, compared to large cholangio-
ated with 0.2% BSA (Supporting Fig, 1).

of Overexpression of AANAT in MCL on
ion of PCNA, SR, CFIR, and CI /HCOj;
hanced mRNA and protein expression for
and increased melatonin secretion were
“8etved  in AANAT-transfected  cholangiocytes,

compared to controls (Supporting Fig. 2A-C). In chol-
angiocytes overexpressing AANAT, there was (1)
decreased biliary proliferation shown by PCNA immu-
noblottings and MTS assays (Fig. 5A,B) and a reduced
number of cholangiocytes (Supporting Table 2) and
(2) reduced mRNA (Fig. 5C-E} and protein (by FACS
analysis; Fig. 5F) expression for SR, CFTR, and CI™/
HCO; AE2, compared to control cholangiocytes.
Secretin did not increase cAMP levels (a functional
index of SR <:5q)ressi011)4’28 and Cl7 efflux (a func-
tional parameter of CFIR activity)4 at 360 seconds
after treatment with sccretin in stably AANAT-
overexpressing cholangiocytes (Supporting Fig. 3A,B).
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Fig. 5. In cholangiocyles overexpressing AANAT, (A and B) decreased biliary proliferation was observed, as shown by PCNA immi
and MTS assays as well as reduced (C-E) mRNA and (F) protein expression (by FACS analysis) for SR, CFTR, and Ci"/HCO AE2, ¢
control cholangiocytes. (A and B) Data aré mean = SEM of six immunoblottings and MTS reactions performed in six different sampl
from cholangiocyte lines. (C-E) Data are mean £ SEM of six real-time PCR reactions performed in six different samples obtained fror
cyte lines. (F) Data aré mean = SEM of four different FACS analyses performed in four different samples obtained from cholangioc
< 0.05 versus the corrasponding value of cholangiocytes transfected with control vector,

Sccretin stimulated cAMP and CI™ effiux in large
cholangiocytes transfecred with the control vector

(Supporting Fig. 3A,B).

Discussion

The data demonstrate that (1) AANAT is expressed
by both small and large cholangiocytes and (2) local
modulation of AANAT expression alters large cholan-
glocytc growth and secretin-stimulated ductal secre-
tion. We demonstrated that (1) AANAT is expressed
by bile ducts, and AANAT expression is up-regulated
after BDL and by the administration of melatonin to
BDL rats; weak immunoreactivity is present in BDL
hepatocytes and (2) AANAT expression is decreased in
liver samples and cholangiocytes from both healthy
and BDL rats treated with AANAT Vivo-Morpholino,
compared to controls. Concomitant with reduced
AANAT biliary expression, there was increased prolif-
eration and IBDM in liver sections and enhanced
expression of PCNA, SR, CFIR, and CI"/HCOj
AE2 in cholangiocytes from healthy and BDL rats
treated with AANAT Vivo-Morpholino, compared to
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controls. Serum levels of transaminases, ALP,
bilirubin decreased in AANAT Vivo-Mo
treated BDL rats, confirming the improvemen:
lestasis after modulation of AANAT, likely
of increased melatonin serum levels. In suppo
findings, we have previously shown that ser
of transaminases and bilirubin increased in B
pared to healthy rats and decreased after ad
tion of melatonin,'® Jn vitro overexpression o
in large cholangiocytes decreased (1) biliary
tion, mitosis, and expression of SR, CFTR,
HCO;Z AE2 and (2) secretin-stimulated cAM
and Cl~ efflux, a functional index o
activity,“?

Growing information is evident regarding
regulation of cholangxocyte growth and dam
autocrine factors.”'® Serotonin regulates hyp
neoplastic biliary growth, both in wive
vitro.*®*! Blocking VEGF secretion decreases:
giocyte proliferation, revealing an autocrin
wherein cholangiocytes secrete VEGF interacti
VEGF receptors 2 and 3 to increase biliary p)
tion.'® In cholangiocytes from polycystic liver:
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HEl

Melatonin
N
MT1
6 Working model of changes
“hy local modulation of AANAT
‘piliary profiferation. Top: exoge-
elatonin, by interaction with
eptor, inhibits large cholangio-
roliferation  (hypoplasia) by
fig biliary AANAT expression  AANAT Vivo-
n melatonin secretion. Bottom: Morpholino

gulation of biliary AANAT levels
-Morpholino stimulates the pro-
nof large cholangiocytes by
n of biliary AANAT expression
latonin secretion, which induces
t activation of biliary protif-
perplasia).

VEGF expression is up-regulated and VEGF
its cholangiocyte proliferation by autocrine
inisms.”> Although melatonin synthesis is dys-
d in cholangiocarcinc;ma,33 no data exist
ing the autocrine role of melatonin (secreted by
giocytes) in the regulation of biliary hyperplasia.
rpholinos are free of off-target effects because
te not degraded in biological systems and do not
te degradation products toxic to cells.** Phos-
amidate Morpholino oligomers have been used
uate the role of f-catenin in cell proliferation
optosis and early biliary lineage commitment of
ntial stem cells in the developing liver.?® In
ish, Morpholino antisense oligonucleotide-medi-
knockdown of planar-cell polarity genes led to de-
mental biliary abnormalities as well as localization
s of the liver.>®

rst measured the expression of AANAT in liver
15, total liver and cholangiocytes, and melatonin
levels in our models. The reason why we meas-
AANAT expression in healthy and BDL rats, and
tats treated with melatonin, was to demonstrate
 between AANAT expression and cholangiocyte
ration in  well-established models of biliary
lasia (BDL)™'® and reduced biliary hyperplasia
melatonin).'® The increase of AANAT biliary
sion and melatonin secretion after BDL are
‘the result of a compensatory mechanism and
clates with increased melatonin serum levels
d in cholestartic rats,’® an increase that may
from enhanced secretion of melatonin not only

Cholangiocytes
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from cholangiocytes, but also from the small intestine
and pineal gland.'™"? The increase in AANAT expres-
sion by the pineal gland may result from a compensa-
tory mechanism to ameliorate cholestatic-induced
0S.%” The enhanced biliary expression of AANAT in
melatonin-treated BDL rats is supported by studies in
rats and humans.*®?® The reduction of biliary AANAT
expression and melatonin secretion in cholangiocytes
(after AANAT Vivo-Morpholino administration) sup-
ports the validity of the model and the hypothesis that
the AANAT expression=>melatonin secretion axis may
be an important autocrine loop regulating locally bili-
ary proliferation. The increase in melatonin serum lev-
els observed in rats treated with AANAT Vivo-Mor-
pholino was likely a result of the higher expression of
AANAT (and likely melatonin secretion) by other
sites, such as pineal glands and intestine, to compen-
sate for the loss of biliary AANAT expression. The cur-
rent findings do not exclude that other paracrine path-
ways (e.g., melatonin released from the pineal gland
and/or hyperplastic hepatocytes) are important for the
regulation of biliary function. In the healthy state,
cholangiocytes represent approximately 2%-4% of the
total liver cell population; however, after BDL cholan-
giocytes proliferate, and 1 week after BDL, biliary
mass represents approximately 25%-30% of the total
liver mass.” Hepatocytes may have a role (scattered) in
the modulation of biliary proliferation, but in light of
our findings (the reduced AANAT biliary expression
by Morpholino enhances IBDM in vivo, and overex-

pression of AANAT iz witro decreases biliary
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proliferation), we propose that AANAT has a role in
the niodulation of biliary proliferation, which probably
is not the main, or the only one, acting factor on chol-
angiocytes. Studies aimed to evaluate the effects of
changes in the central synthesis of melatonin (e.g.,
after pinealectomy and exposure to dark to stimulate
melatonin release from the pineal gland) in the regula-
tion of biliary functions are ongoing.

Having demonstrated that AANAT is expressed by
cholangiocytes and that AANAT expression is up-regu-
lated by BDL and melatonin administration, we pro-
posed to demonstrate that reduction of biliary AANAT
expression (by Vive-Morpholino) increases cholangio-
cyte proliferation and IBDM as well as the expression
of SR CFTR and CI“/HCO3 AEZ in cholanglocytcs

IBDM is followed by the extension of the peribiliary
plexus and the increase of surrounding connective ns-
sue, which is organized around bile ducts and vessels.'®
In our model, we only observed a slight difference in
collagen tissue content in BDL rats treated with mis-
match Morpholino versus BDL rats treated with
AANAT Vivo-Morpholino. This low increase of con-
nective tissue cannot determine a clear hepatic fibrosis
in our model of short time of BDL. Further studies
are needed to evaluate the long-term effects of BDL
on the modulation of melatonin synthesis on liver fi-
brosis. Also, the novel concept that AANAT regulates
SR=CFTR=CI™ /I—ICO3 AE2 expression is supported
by our previous study'® showing that iz vive adminis-
tration of melatonin to BDL rats decreases secretin-
induced choleresis.

To determine that the effects of down-regulation of
AANAT on biliary growth depend on direct effects on
bile ducts, cholangiocytes were treated in witro with
melatonin that decreased the biliary proliferation and
expression of SR, CFIR, and CI7/HCO; AE2. We
overexpressed AANAT in cholangiocytes and demon-
strated a decrease in biliary proliferation and secretin-
stimulated cAMP levels and Cl™ efflux. » virro, over-
expression of AANAT in cholangiocytes leading to
decreased biliary proliferation and secretin receptos-
dependent ductal secretion (in the absence of intestinal
secretin supply) was likely the result of the fact that
cholangiocytes express SR and ex press the message for
secretin and secrete secretin,”?>* which (similar to
what is observed in vive) is an important autocrine
factor sustaining biliary proliferation. We propose that
the: modulation of biliary melatonin secretion (by
chronic - administration of melatonin or changes in
AANAT expression; Fig. 6) may be a valuable thera-
petttic approach for regulating the balance between
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biliary growth/apoptosis. In support of this %
have shown that in the first stage of primary bi
rhosis, there is an increase of cholangiocyte prol
that resulted in a positive balance between groy
apoprosis.*' By contrast, the end stage is characte
the collapse of the proliferative capacity of
cytes, resulting in the reduction (high apoptos
the numbe1 of bile ducts (vanishing bile -
drome).*! Because, in our model, we have s
the modulation of melatonin synthesis is invol
balance between biliary growth and apoptosis;
tion of melatonin synthesis can be proposed as
strategy for the management of cholangiopatho
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‘ Abstract

. sBackground and Alms MicroRNAs are: small endogenous RNA molecules wrth specn‘xc expressron patterns that can serve as -
o blomarkers for numerous diseases. However, httle is known about the expressron prof ile of serum MiRNAs in PBC. :

. Methods Frrst we employed l!lumma deep sequencmg for the mmal screenmg to mdlcate the read numbers of mlRNA,
expression in 10 PBC, 5 CH:C, 5 CH-B patients-and 5 healthy controls, Comparing the differentially expressed miRNAs in the -
4 groups, analysrs of variance was performed on the number of sequence reads to evaluate the statistical significance.
' Hierarchical clustering was performed. using-an R platform and we have found candidates for specific miRNAs in the PBC
: patrents Second a quantltatrve reverse transcnptron PCR validation study was conducted in 10. samples in each. group. The
~ expression ‘levels of the selected miRNAs were presented as fold-changes (2~ AACt) Fmally, computer analysns was
conducted to predrct target’ genes and brologlcal functrons with. Meror 2.0 and DAVID v6. 7

" Resulfts: We obtained about 12 million 32-mer short RNA reads on: average per: sample and the mapping rates to- m:RBase :
* were 16.60% and 81.66% to hg19. In the statistical significance testing, the expression levels of 81 miRNAs were found to be
"drfferentlally expressed in the 4 groups. The heat map and hiefarchical clustering demonstrated that the miRNA profiles
“ from PBC clustered with those of CH-B, CH-C and:healthy controls. Additionally, the circulating levels of hsa-miR-505-3p,
~197-3p, and 500a-3p were signifi cantly decreased in PBC compared with healthy controls and the expression levels of hsa-
m|R 505 -3p; 139 Sp and 197~3p were srgmfrcantly reduced compared with the viral hepatltls group.

Canclustans. Our resu|ts mdrcate that sera from patrents with PBC have a unique miRNA expression proﬁ{e and that the‘ :
down- regu]ated expression of hsa-miR-505-3p  and miR-197-3p can serve as.clinical biomarkers of PBC. .
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Introduction

MicroRNAs (miRNAs) are small endogenous RNA molecules of
19 to 24 nucleotides that control the translation and transcription
of targeting mRNAs by base-pairing to the complementary sites
[1] [2] [3] [4]. The expression of miRNAs in serum is reported to
be stable, reproducible and consistent among individuals of the
same species [5]. So far, specific expression patterns of serum
miRINAs were identified as a fingerprint for numerous diseases and
cancers [6] [5]. The serum miR-122 levels are elevated in patients
with liver damage due to chronic hepatitis B (CH-B) and C
infection (CH-C) [7] [8]. In addition, the miR-122 and miR-34a
levels are positively correlated with the disease severity m CH-C
and non-alcoholic fatty-liver disease [9]. However, there are some
reports that miR-122 expression in healthy controls was signifi-
cantly higher than that in patients with hepatitis C virus (HCV)
infection [10]. Li et. al. described that 13 miRNAs were

PLOS ONE | www.plosone.org

differentially expressed in hepatitis B virus (HBV) serum and that
miR-25, miR-375 and let-7f could be used as biomarkers to
separate a HBV-positive hepatocellular carcinoma (HCC) group
from HBV-negative HCC [11]. However, little is known about the
expression profile of miRNAs in autoimmune disease such as
primary biliary cirrhosis (PBC).

PBC is female predominant, progressive autoimmune disease
characterized by immune-mediated destruction of the intrahepatic
bile ducts. The serological marker of PBC is the presence of anti-
mitochondrial antibody (AMA) directed against the E2 subunit of
the pyruvate dehydrogenase enzyme complexes located in the
inner mitochondrial membrane [12] [13] [14]. The etiology of
PBC is considered to be a combination of genetic predisposition
and environmental triggers [15]. Particularly, concerning genetic
predisposition, previous studies reported that common genetic
variants at the HLA class II, IL12A, IL12RB2, STAT4, IRF5-
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TNPO3 and IKZF3 had significant associations [16] [17] [18]
[19] [20] [21]. Recently, genome-wide association study in
Japanese population showed TNFSFI5 and POU2AF1 as
susceptibility loci [22]. Several GWAS data suggested the
important contributions of several immune pathways to the
development of PBC. However, the results have differed among
the study groups [21]. The diagnosis of PBC is established based
on the following criteria: (1) biochemical evidence of cholestasis; (2)
the presence of AMA; and (3) histopathologic evidence of
nonsuppurative cholangitis and destruction of the interlobular
bile ducts [23]. Though diagnostic criteria have been determined,
the eventual progression to biochemically and clinically apparent
disease is unpredictable. Many patients are recognized at an
earlier stage of disease and respond well to medical therapy, while
some patients will require liver transplantation [24] [25]. To
revolutionize the diagnosis, treatment and prognosis of PBC, new
biomarkers seem to be feasible, and miRNAs are emerging as
highly tissue-specific biomarkers with potential clinical applicabil-
ity [26] [6].

In this study, we employed a strategy of using Illumina small-
RNA sequencing for the initial screening followed by quantitative
reverse transcription PCR (qQRT-PCR) validation to analyze serum
samples, which were arranged in multiple trial and testing sets.
Additionally, computer analysis was conducted to predict target
genes and biological functions from the differentially expressed
miRNAs in PBC. The results demonstrate that the unique
expression pattern of serum miRNAs can serve as a noninvasive
biomarker for the diagnosis of PBC.

Results

Global analysis of miRNAs by deep sequencing

Circulating miRNAs were detected from human serum in 10
patients diagnosed with PBC and 15 non-PBC subjects with CH-
B, CH-C and healthy controls, using Illumina GA IIx sequencing.
Detailed clinical information is shown in table 1. We analyzed
three samples by single-end deep sequencing on one lane and
obtained about 12 million 32-mer short RNA reads on average per
sample. After trimming the reads to exclude adaptor and tag
sequences by using cutadapt, 9,245,752 high-quality reads per
sample were subjected to analysis [27]. The mapping rates to
miRBase were 16.60% on average and those to hgl9 were 81.66%
(Table 2).

miRNA expression profile in serum affected of PBC

We normalized the differential expression of miRINA count data
using the trimmed mean of M values (TMM) normalization
process and the number of individual miRNA reads was
standardized by the total numbers of 1,000,000 reads in each
sample [28]. Comparing the 4 groups (PBC, CH-C, CH-B and
healthy control), the differential expression levels of miRNA were
extracted using analysis of variance (ANOVA). 1594 miRNAs
were detected by deep sequencing (Table S1). Due to the small
number of miRINA detections, the statistical significance of 821
miRNAs could not be determined. The ANOVA was used to
determine differentially expressed miRINAs and multiple compar-
isons procedure was applied to compare more than one pair of
means at the same time. Therefore, in statistical significance
testing in the remaining 773 miRNAs, the p-value by multiple
comparisons was performed by calculating False discovery rate
(FDR)<<0.1. The expression levels of 81 miRINAs were found to be
differentially expressed in the 4 groups. Although, several types of
clinical data were shown to be different from PBC, M2 negative
for PBC-8, ANA positive for PBC-10 or past HBV infection for
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MicroRNAs Expression in Primary Biliary Cirrhosis

PBC-6, the histologies of all samples were characterized by PBC of
chronic, nonsuppurative cholangitis affecting the interlobular and
septal ducts. The heat map and hierarchical clustering demon-
strated that the miRINA profiles from PBC clustered with those of
CH-B, CH-C and healthy controls (Figure 1). Of note, CH-B and
healthy controls were not clearly distinguished.

In the result of Illumina sequencing, 3 miRNAs were up-
regulated (>2-fold) in PBC patients, with hsa-miR-1273g-5p being
most enriched. The relative levels of 6 dysregulated miRINAs were
down-regulated (<0.5-fold), with hsa-miR-766-5p being the
smallest (Table 3).

miRNA validation study

We used qRT-PCR to verify the data obtained from the
Mumina sequencing. The relative expression levels from 9
differentially expressed miRNAs were analyzed with the TagMan
MicroRNA assay (Applied Biosystems) or miRCURY LNA
microRNA PCR system (Exiqon). In addition to the 25 samples
used for Illumina deep sequencing, 10 cases of miRINA expression
in PBC, CH-C, CH-B and healthy controls were quantified
(Table 4). The expression levels of selected miRNAs detected by
gRT-PCR were normalized to spiked-in cel-miR-39 and present-
ed as fold-changes (Q”AACI) above those of the CH-C-5. Among 9
miRNAs, the quantity of four miRNA expressions could be
determined. The circulating levels of hsa-miR-505-3p, miR-197-
3p and miR-500a-3p (p<<0.01) were significantly decreased in
PBC compared with healthy controls and the expression levels of
hsa-miR-505-3p, miR-139-5p and miR-197-3p were significantly
reduced compared with the viral hepatitis group (Figure 2). The
quantities of miRINA expression by qRT-PCR were supported by
the data of Illumina sequencing. Of note, for samples with only
trace amounts, quantification of the reaction products after 30
cycles is uncertain. The quantity of 5 remaining miRNA
expressions indicated the Ct values under 30 cycles even in the
higher amount group or were undetected.

miRNA target genes and Gene ontology (GO) analysis
To determine possible target genes for the differentially
expressed miRNAs, we searched the miRror 2.0 database for
predicted miRINA targets in human. The ranking of miRror was
according to the miRror Internal Score (miRIS). This score is a
balance between (i) the proportions of predicting miRNA-target
prediction databases (MDBs) out of all tested MDBs and (i) the
fraction of the potentially regulated genes from the entire input
genes [29]. A total of 75 genes were predicted as targets for 9
differentially expressed miRNAs by Illumina sequencing of hsa-
miR-1273g-5p, miR-33a-5p, miR-3960, miR-766-5p, miR-505,
miR-30b, miR-139-5p, miR-197 and miR-500a in PBC serum
(Table 5). Then, these 75 genes were submitted to Database for
Annotation, Visualization and Integrated Discovery (DAVID)
v6.7, which was used for the GO biological process categorization,
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
and BIOCARTA pathway. The predicted target genes involved
biological processes such as blood circulation (5.4%), circulatory
system process (5.4%), positive regulation of I-kappaB kinase/NF-
kappaB cascade (4.1%), regulation of phosphoprotein phosphatase
activity (2.7%), cell volume homeostasis (2.7%), regulation of
phosphatase activity (2.7%) and cellular amino acid derivative
catabolic process (2.7%), some cellular components such as cytosol
(13.5%), cell fraction (12.2%), membrane fraction (9.5%) and
protein serine/threonine phosphatase complex (4.1%), and some
molecular functions such as ion binding (33.8%), Cation binding
(33.8%), metal ion binding (33.8%) and transition metal ion
binding (25.7%) (Table S2). The functional annotation analysis of
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Table 1. Clinical data for patients enrolled in lllumina sequencing analysis.

Biopsy T-bil ALT ALP Albumin M2 HBV-DNA HCV-RNA
Patient Sex Age finding® (mg/dl) (um [{LV71)] (g/dl) PT-INR ANA AMA (index) (Log copies/mi) (LoglU/ml) Past treatment”®
PBCT . . M 60 05 36 44 38 180 -7 T ime . 128 " ' o URSO (=) -
PBC-2 M 65 i 12 54 485 41 105 . 11160 125 URSO (-)
PBC3 CF e m 12 03 am 40 097 eoe a0t ges _URSO (-)
PBC-4 F 51 il 08 71 798 38 0.96 . . 479 URSO ()
PBCS CE e 0 06 26 a7 40 - Tome Tt qge o102 LURSO (-) |
PBC-6 F 61 1 06 38 527 42 0.91 - - 114 URSO (-)
PRG7 . . COFT LSSl 0 B3 8000 420 102 s el 899 “ URSO ()
PBC-8 F 52 09 28 525 37 094 1:80 - - URSO (-)
PBC-9° Ry )RR KIS S W RS -3 666 34 S0 e 1:80 1439 URSO ()
PBC-10 F 64 1 07 38 513 40 0.88 >2561 1:80 794 URSO (~)
CHC-T M 572 S06 . 220 240 44’ 09t o 54 JURNE
CH-C2 F 55 3 15 73 403 40 1.06 5.1 IEN ()
CHC3 B e a 2 179 42 s 52 BN ()
CH-C4 F 9 2 08 42 261 36 1.05 63 IEN (-)
CHCS R 08 27 1257 40 S 093 69 FN ()
CH-B-1 F 35 1 07 585 283 41 1.03 9.1 NA (~)
CH-B-2- GE T 2 09. - 6 .2 38 m ~ ‘ , 5 34 NA (=)
CH-B-3 F 33 2 08 283 268 31 0.99 88 NA (-)
cHEB4 P43 3 o6 & 2 37 101 ER : 74 NA (=)
CHBS M 47 1 06 40 156 41 112 59 NA (=)
Healthy-3 M 37 06 24 252 42 102 '
Healthy-4 E 49 0.7 21 274 41 108
Healthy-5. F 33 06 18 73 39 1
Healthy-7 M 26 08 35 218 43 1.08
Healthy-8 M2 09 22 238 427 104

*We used the Scheuer score in PBC and fibrosis score of histological activity index (HAI) in CH-B and CH-C [53] [54] [55].
SURSO is the abbreviation for ursodeoxycholic acid, IFN for interferon and NA for nucleos(t)ide analogue.
doi:10.1371/journal.pone.0066086.t001
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BIOCARTA showed that the genes of catenin (cadherin-
associated protein), alpha 1 and similar to breast cancer anti-
estrogen resistance 1 predicted target genes of the listed miRNAs,
and played a role in cell-to-cell adhesion signaling pathway (Figure
S1). The KEGG pathway indicated that the genes of baculoviral
IAP repeat-containing 2, protein phosphatase 3 catalytic subunit
beta isoform and tumor necrosis factor ligand superfamily member
10 were related to apoptosis (Figure S2).

Discussion

MiRNA changes in the liver have been reported in diseases such
as HCC or chronic viral hepatitis. However, there is only limited
information about their detection in blood and their correlations
in PBC patients. The current study provides the first evidence that
PBC is associated with altered miRINA expression. We have
demonstrated that a number of miRINAs, especially hsa-miR-505-
3p and miR-197-3p, were significantly differentially expressed in
patients with PBC, leading to a unique miRNA expression profile
in the diseased liver. Recently, many studies have examined
several PBCG associations with genes and there have been
significant differences in the genetic risk loci reported [21] [30].
Therefore more carefully constructed studies will be needed to
clarify, the pathogenesis of PBC, and the study of these
differentially expressed miRNAs could serve in identifying
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Table 2. The number of small RNAs in serum detected by lllumina sequencing.

Cutadapt Mapping (miRBase) Mapping (hg19)
Sample Total No. of read % read No. of read %read  No. of read: % read
PBC-1 9,996,912 5912,672 59.14 582,682 9.85 5,195,131 87.86
PBC-2 17,103,184 8,147,153 47.64 837,575 10.28 6,484,515 79.59
PBC-3 11,731,105 9,001,730 76.73 873,985 971 5,414,933 60.15
PBC-4 12,785,162 10,700,147 83.69 1463341 13.68 8,227,422 . 76.89
PBC-5 14,732,479 9,138,080 62.03 1,125,157 1231 7,317,178 80.07
PBC-6 12,139379 7,256,738 ‘ 59.78 1274462 - 1756 5,612,279 77.34
PBC-7 12,895,734 10,107,477 7838 1,067,578 1056 7,826,537 7743
PBC-8 18,786,941 11,711,844 6234 967,802 826 8,323,607 71.07
PBC-9 11,852,431 8,980,873 75.77 1,141,912 1271 7,593,581 84.55
PBC-10 18,224,562 12,752,337 69.97 756,930 594 8,912,212 o 6989
CH-C-1 10,874,814 7,820,291 71.91 2,870,316 36.70 6,924,685 88.55
CH-C-2 10,242,500 8,138,815 L7946 3250159 o0 3993 . 6976754 S 8572
CH-C3 19,183,649 12,135,107 63.26 1,878,487 15.48 9,056,579 74.63
CH-C-4 18,750,568 15952136 . 8508 1,877,654 " 1770 14829719 o 9296
CH-C-5 12,702,304 10,306,186 81.14 1,502,422 1545 9,269,394 89.94
CH-B-1 5,861,013 4732185 . 8074 1126751 2381 3708378 © . 7837
CH-B-2 7,164,871 5937,732 8287 1,213,392 2044 5,076,436 85.49
CH:B-3 7,029,349 6,357,274 , 9044 " 858562 . .l 1351 5378310 o 08460
CH-B4 8,077,025 6,788,987 84.05 1,581,475 2329 6,142,836 90.48
CH-B5 10,255,895 901,104 18874 19524000 . 2145° - 7687217 84.46
Healthy-3 1,111,254 7,843,011 70.59 1,248,499 1592 6,778,655 86.43
Healthy-4 12,449,813 110,690,833 8587 - 12410128 00 2254 9204163 ¢ 8609
Healthy-5 13,597,339 8,914,365 65.56 2,214,635 24.84 6,571,819 73.72
Healthy-7 11,351,494 9825442 7 8656 1,880,266 Y1914 18,618,696 87.72 =
Healthy-8 14,349,933 12,891,294 89.84 2,320,100 18.00 11,618,231 90.12
Total 313,249,710 ©231,143,813 L7379 138,366,670 1660 188,749,267 . 8166
doi:10.1371/journal.pone.0066086.t002

biomarkers or lead to a better understanding of the underlying
molecular mechanism that perpetuates PBC.

In our study, miRNA Illumina deep sequencing was first used to
screen 10 PBC patients’ sera. We were able to match the sample’s
sex because of particular importance for X-linked miRNA [31].
Then, qRT-PCR was used to confirm the result of deep
sequencing.

Quantitative differential expression analysis identified a 81-
miRNA signature distinguishing PBC, CH-C, CH-B and healthy
controls. A hierarchical clustering analysis was performed utilizing
the 81-miRNAs and their patterns separated the PBC from viral
hepatitis and healthy controls. In addition, there were three
subgroups (PBC-1,2,4,5, PBC-3,6,10 and PBC-7,8,9) in the PBC
cluster. When comparing the subgroups, the PBC-3, 6,10 group
showed an expression pattern that differed from those of the other
two subgroups. As for the clinical background, PBC-6 patient that
had been infected with hepatitis B virus were HBsAg negative and
anti-HBc and anti-HBs positive, and PBC-10 patient had positive
antinuclear antibodies (ANA) titers of 1:2560 or greater, while
other patients had no serological evidence of HBV infection and
no positive ANA titers of 1:160 or greater. However, there was no
clear difference between the three subgroups in terms of the
clinical stage. At present, there is no conclusive proof whether
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