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Abstract

Hypoxia/reoxygenation (H/R) injury of cholangiocytes causes serious biliary complications during

hepatobiliary surgeries. Molecular hydrogen (H ) has been shown to be effective in protecting various cells

and organs against oxidative stress injury. Human liver cholangiocytes were used to determine the potential

protective effects of hydrogen against cholangiocyte H/R injury and explore the underlying mechanisms. We

found that H  ameliorated H/R-induced cholangiocytes apoptosis. Our study revealed that H  activated NF-

E2-related factor 2 (Nrf2) and downstream cytoprotective protein expression. However, the protective

function of H  was abolished when Nrf2 was silenced. Apoptosis in cholangiocytes isolated from a rat model

of liver ischemia/reperfusion injury indicated that H  significantly attenuates ischemia/reperfusion

cholangiocyte injury in vivo. In conclusion, our study shows that H  protects intrahepatic cholangiocytes

from hypoxia/reoxygenation-induced apoptosis in vitro or in vivo, and this phenomenon may depend on

activating Nrf2 expression.

Introduction

Ischemia/reperfusion (I/R) injury is a severe deleterious postsurgical complication in liver transplantation,

partial hepatic resection and trauma settings (Liu et al., 1996). Hypoxia/reoxygenation (H/R) is the root of I/R

injury and has been regarded as an important model to study the pathophysiology of I/R injury in vitro

(Monno et al., 2010, Pardo and Tirosh, 2009). During hepatobiliary surgeries, hepatic I/R injury or H/R injury

is caused by interruption of hepatic blood inflow, which result in massive liver parenchyma injury (Jaeschke,

2003). Several studies have demonstrated that generation of reactive oxygen species (ROS),
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proinflammatory cytokines and oxidants are associated with hepatic I/R or H/R injury (Abu-Amara et al.,

2010, Ren et al., 2011, Jaeschke, 1991, Jaeschke, 1998). Regulation of ROS and proinflammatory cytokines is

suggested to be an important therapeutic strategy for hepatic H/R injury.

Cholangiocytes, also known as biliary epithelial cells, are an important cell type in the liver parenchyma, in

addition to hepatocytes. As a kind of important but delicate cells, cholangiocytes are also sensitive to

oxidative stress and involved in the process of cholangiopathies (Mizuguchi et al., 2014, Brain et al., 2013).

Although an increasing number of studies have investigated intracellular mechanisms and therapeutic

targets to prevent H/R-induced hepatocyte injury (Pardo and Tirosh, 2009, Chen et al., 2012, Spencer et al.,

2013), only a few have focus on H/R-induced cholangiocyte injury. It’s worth noting that H/R injury also

induces cholangiocytes necrosis or apoptosis and results in serious complications, such as biliary

obstruction or stricture (Sanchez-Urdazpal et al., 1992, Xu et al., 2004).

Several studies have demonstrated that molecular hydrogen (H ) is an important gaseous signaling

molecule with antioxidant and anti-inflammatory protective effects on cells and organs (Huang et al., 2010).

H  can act as a scavenger to selectively alleviate ROS and activate potent cellular protective effects. Recent

research has revealed that H  protected tissue from oxidative stress injury via activating NF-E2-related

factor 2 (Nrf2) expression (Kawamura et al., 2013). H  has been shown to be effective in protecting various

cells, including hepatocytes, and organs against I/R injury (Ohsawa et al., 2007, Fukuda et al., 2007, Nakao et

al., 2010), but its exact effect on cholangiocytes with H/R injury is still unclear.

To avoid the influence from other cells and to accurately investigate underlying mechanisms, our study

explored the potential function of H  on intrahepatic cholangiocytes in vitro and in vivo.

Section snippets

Isolation of cholangiocytes

After informed consent was obtained from patients and the tissue acquisition protocol was approved by the

Zhejiang University Institutional Review Board, liver explant tissue from a female patient with hepatic

hemangioma without other hepatic diseases was obtained. Cholangiocytes were isolated from the normal

liver tissue samples with minor modifications to previously described protocols (Tabibian et al., 2014, Coots

et al., 2012). Briefly, about 5 g of liver tissue was cut into small pieces…

Isolated cholangiocytes express cholangiocyte-specific markers and are highly purified

Following cholangiocyte-specific magnetic bead-purification of cells isolated from liver, cholangiocyte

marker expression was re-examined to confirm the presence of cholangiocytes. Immunofluorescence

staining revealed that the isolated cells were CK19 positive, indicating a highly purified population of

intrahepatic cholangiocytes (Fig. 1A). Similar to the gall bladder epithelium, isolated cells expressed higher

cholangiocyte marker or cell adhesion molecule mRNA expression, including CK7, GGT, …
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Liver I/R injury cannot be completely avoided during many hepatobiliary surgeries, such as liver

transplantation and hepatectomy. Previous studies have released that cholangiocytes produce high levels of

ROS during the H/R process (Noack et al., 1993). I/R injury of the bile duct induces serious postoperative

complications, such as nonanastomotic biliary strictures and liver allograft failure, after hepatobiliary

surgeries (Demetris et al., 2006). Although cholangiocytes are more resistant to…
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