ISSN 1948-5182 (online)

World Journal of
Hepatology
World J Hepatol 2016 August 18; 8(23): 957-998

Published by Baishideng Publishing Group Inc

WJH

World Journal of
Hepatology
Editorial Board
2014-2017

The World Journal of Hepatology Editorial Board consists of 474 members, representing a team of worldwide experts
in hepatology. They are from 52 countries, including Algeria (1), Argentina (6), Armenia (1), Australia (2), Austria
(4), Bangladesh (2), Belgium (3), Botswana (2), Brazil (13), Bulgaria (2), Canada (3), Chile (1), China (97), Czech
Repoublic (1), Denmark (2), Egypt (12), France (6), Germany (20), Greece (11), Hungary (5), India (15), Indonesia
(3), Iran (4), Israel (1), Italy (54), Japan (35), Jordan (1), Malaysia (2), Mexico (3), Moldova (1), Netherlands (3),
Nigeria (1), Pakistan (1), Philippines (2), Poland (1), Portugal (2), Qatar (1), Romania (6), Russia (2), Saudi Arabia
(4), Singapore (1), South Korea (12), Spain (20), Sri Lanka (1), Sudan (1), Sweden (1), Switzerland (1), Thailand (4),
Turkey (21), Ukraine (3), United Kingdom (18), and United States (55).

EDITORS-IN-CHIEF
Clara Balsano, Rome
Wan-Long Chuang, Kaohsiung
ASSOCIATE EDITOR
Thomas Bock, Berlin
Silvia Fargion, Milan
Ze-Guang Han, Shanghai
Lionel Hebbard, Westmead
Pietro Invernizzi, Rozzano
Valerio Nobili, Rome
Alessandro Vitale, Padova
GUEST EDITORIAL BOARD
MEMBERS
King-Wah Chiu, Kaohsiung
Tai-An Chiang, Tainan
Chi-Tan Hu, Hualien
Sen-Yung Hsieh, Taoyuan
Wenya Huang, Tainan
Liang-Yi Hung, Tainan
Jih RU Hwu, Hsinchu
Jing-Yi Lee, Taipei
Mei-Hsuan Lee, Taipei
Chih-Wen Lin, Kaohsiung
Chun-Che Lin, Taichung
Wan-Yu Lin, Taichung
Tai-Long Pan, Tao-Yuan
Suh-Ching Yang, Taipei
Chun-Yan Yeung, Taipei
MEMBERS OF THE EDITORIAL
BOARD

Philip Meuleman, Ghent
Luisa Vonghia, Antwerp
Argentina
Fernando O Bessone, Rosario
Maria C Carrillo, Rosario
Melisa M Dirchwolf, Buenos Aires
Bernardo Frider, Buenos Aires
Jorge Quarleri, Buenos Aires
Adriana M Torres, Rosario

Botswana
Francesca Cainelli, Gaborone
Sandro Vento, Gaborone

Brazil
Armenia
Narina Sargsyants, Yerevan

Australia
Mark D Gorrell, Sydney

Austria
Harald Hofer, Vienna
Gustav Paumgartner, Vienna
Matthias Pinter, Vienna
Thomas Reiberger, Vienna

Edson Abdala, Sao Paulo
Ilka FSF Boin, Campinas
Niels OS Camara, Sao Paulo
Ana Carolina FN Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Julio CU Coelho, Curitiba
Flavio Henrique Ferreira Galvao, São Paulo
Janaina L Narciso-Schiavon, Florianopolis
Sílvia HC Sales-Peres, Bauru
Leonardo L Schiavon, Florianópolis
Luciana D Silva, Belo Horizonte
Vanessa Souza-Mello, Rio de Janeiro
Jaques Waisberg, Santo André

Bulgaria
Bangladesh

Mariana P Penkova-Radicheva, Stara Zagora
Marieta Simonova, Sofia

Shahinul Alam, Dhaka
Mamun Al Mahtab, Dhaka
Canada

Algeria
Samir Rouabhia, Batna

WJH|www.wjgnet.com

Belgium
Nicolas Lanthier, Brussels

I

Runjan Chetty, Toronto
Michele Molinari, Halifax
Giada Sebastiani, Montreal

March 30, 2016

Chile
Luis A Videla, Santiago

China
Guang-Wen Cao, Shanghai
En-Qiang Chen, Chengdu
Gong-Ying Chen, Hangzhou
Jin-lian Chen, Shanghai
Jun Chen, Changsha
Alfred Cheng, Hong Kong
Chun-Ping Cui, Beijing
Shuang-Suo Dang, Xi’an
Ming-Xing Ding, Jinhua
Zhi-Jun Duang, Dalian
He-Bin Fan, Wuhan
Xiao-Ming Fan, Shanghai
James Yan Yue Fung, Hong Kong
Yi Gao, Guangzhou
Zuo-Jiong Gong, Wuhan
Zhi-Yong Guo, Guangzhou
Shao-Liang Han, Wenzhou
Tao Han, Tianjin
Jin-Yang He, Guangzhou
Ming-Liang He, Hong Kong
Can-Hua Huang, Chengdu
Bo Jin, Beijing
Shan Jin, Hohhot
Hui-Qing Jiang, Shijiazhuang
Wan-Yee Joseph Lau, Hong Kong
Guo-Lin Li, Changsha
Jin-Jun Li, Shanghai
Qiang Li, Jinan
Sheng Li, Jinan
Zong-Fang Li, Xi'an
Xu Li, Guangzhou
Xue-Song Liang, Shanghai
En-Qi Liu, Xi‘an
Pei Liu, Shenyang
Zhong-Hui Liu, Changchun
Guang-Hua Luo, Changzhou
Yi Lv, Xi'an
Guang-Dong Pan, Liuzhou
Wen-Sheng Pan, Hangzhou
Jian-Min Qin, Shanghai
Wai-Kay Seto, Hong Kong
Hong Shen, Changsha
Xiao Su, Shanghai
Li-Ping Sun, Beijing
Wei-Hao Sun, Nanjing
Xue-Ying Sun, Harbin
Hua Tang, Tianjin
Ling Tian, Shanghai
Eric Tse, Hong Kong
Guo-Ying Wang, Changzhou
Yue Wang, Beijing
Shu-Qiang Wang, Chengdu
Mary MY Waye, Hong Kong
Hong-Shan Wei, Beijing
Danny Ka-Ho Wong, Hong Kong
Grace Lai-Hung Wong, Hong Kong
Bang-Fu Wu, Dongguan
Xiong-Zhi Wu, Tianjin
Chun-Fang Xu, Suzhou
Rui-An Xu, Quanzhou
Rui-Yun Xu, Guangzhou

WJH|www.wjgnet.com

Wei-Li Xu, Shijiazhuang
Shi-Ying Xuan, Qingdao
Ming-Xian Yan, Jinan
Lv-Nan Yan, Chengdu
Jin Yang, Hangzhou
Ji-Hong Yao, Dalian
Winnie Yeo, Hong Kong
Zheng Zeng, Beijing
Qi Zhang, Hangzhou
Shi-Jun Zhang, Guangzhou
Xiao-Lan Zhang, Shijiazhuang
Xiao-Yong Zhang, Guangzhou
Yong Zhang, Xi'an
Hong-Chuan Zhao, Hefei
Ming-Hua Zheng, Wenzhou
Yu-Bao Zheng, Guangzhou
Ren-Qian Zhong, Shanghai
Fan Zhu, Wuhan
Xiao Zhu, Dongguan

Czech Repoublic
Kamil Vyslouzil, Olomouc

Veronika Lukacs-Kornek, Homburg
Benjamin Maasoumy, Hannover
Jochen Mattner, Erlangen
Nadja M Meindl-Beinker, Mannheim
Ulf P Neumann, Aachen
Margarete Odenthal, Cologne
Yoshiaki Sunami, Munich
Christoph Roderburg, Aachen
Frank Tacke, Aachen
Yuchen Xia, Munich

Greece
Alex P Betrosian, Athens
George N Dalekos, Larissa
Ioanna K Delladetsima, Athens
Nikolaos K Gatselis, Larissa
Stavros Gourgiotis, Athens
Christos G Savopoulos, Thessaloniki
Tania Siahanidou, Athens
Emmanouil Sinakos, Thessaloniki
Nikolaos G Symeonidi, Thessaloniki
Konstantinos C Thomopoulos, Larissa
Konstantinos Tziomalos, Thessaloniki

Denmark
Henning Gronbaek, Aarhus
Christian Mortensen, Hvidovre

Egypt
Ihab T Abdel-Raheem, Damanhour
NGB G Bader EL Din, Cairo
Hatem Elalfy, Mansoura
Mahmoud M El-Bendary, Mansoura
Mona El SH El-Raziky, Cairo
Mohammad El-Sayed, Cairo
Yasser M Fouad, Minia
Mohamed AA Metwally, Benha
Hany Shehab, Cairo
Mostafa M Sira, Shebin El-koom
Ashraf Taye, Minia
MA Ali Wahab, Mansoura

France
Laurent Alric, Toulouse
Sophie Conchon, Nantes
Daniel J Felmlee, Strasbourg
Herve Lerat, Creteil
Dominique Salmon, Paris
Jean-Pierre Vartanian, Paris

Hungary
Gabor Banhegyi, Budapest
Peter L Lakatos, Budapest
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Zsolt J Tulassay, Budapest

India
Deepak N Amarapurkar, Mumbai
Girish M Bhopale, Pune
Sibnarayan Datta, Tezpur
Nutan D Desai, Mumbai
Sorabh Kapoor, Mumbai
Jaswinder S Maras, New Delhi
Nabeen C Nayak, New Delhi
C Ganesh Pai, Manipal
Amit Pal, Chandigarh
K Rajeshwari, New Delhi
Anup Ramachandran, Vellore
D Nageshwar Reddy, Hyderabad
Shivaram P Singh, Cuttack
Ajith TA, Thrissur
Balasubramaniyan Vairappan, Pondicherry

Indonesia
Germany
Laura E Buitrago-Molina, Hannover
Enrico N De Toni, Munich
Oliver Ebert, Muenchen
Rolf Gebhardt, Leipzig
Janine V Hartl, Regensburg
Sebastian Hinz, Kiel
Benjamin Juntermanns, Essen
Roland Kaufmann, Jena
Viola Knop, Frankfurt

II

Pratika Yuhyi Hernanda, Surabaya
Cosmas RA Lesmana, Jakarta
Neneng Ratnasari, Yogyakarta

Iran
Seyed M Jazayeri, Tehran
Sedigheh Kafi-Abad, Tehran
Iradj Maleki, Sari
Fakhraddin Naghibalhossaini, Shiraz

March 30, 2016

Israel
Stephen DH Malnick, Rehovot

Italy
Francesco Angelico, Rome
Alfonso W Avolio, Rome
Francesco Bellanti, Foggia
Marcello Bianchini, Modena
Guglielmo Borgia, Naples
Mauro Borzio, Milano
Enrico Brunetti, Pavia
Valeria Cento, Roma
Beatrice Conti, Rome
Francesco D'Amico, Padova
Samuele De Minicis, Fermo
Fabrizio De Ponti, Bologna
Giovan Giuseppe Di Costanzo, Napoli
Luca Fabris, Padova
Giovanna Ferraioli, Pavia
Matteo Garcovich, Rome
Edoardo G Giannini, Genova
Rossano Girometti, Udine
Alessandro Granito, Bologna
Alberto Grassi, Rimini
Alessandro Grasso, Savona
Francesca Guerrieri, Rome
Quirino Lai, Aquila
Andrea Lisotti, Bologna
Marcello F Maida, Palermo
Lucia Malaguarnera, Catania
Andrea Mancuso, Palermo
Luca Maroni, Ancona
Francesco Marotta, Milano
Pierluigi Marzuillo, Naples
Sara Montagnese, Padova
Giuseppe Nigri, Rome
Claudia Piccoli, Foggia
Camillo Porta, Pavia
Chiara Raggi, Rozzano (MI)
Maria Rendina, Bari
Maria Ripoli, San Giovanni Rotondo
Kryssia I Rodriguez-Castro, Padua
Raffaella Romeo, Milan
Amedeo Sciarra, Milano
Antonio Solinas, Sassari
Aurelio Sonzogni, Bergamo
Giovanni Squadrito, Messina
Salvatore Sutti, Novara
Valentina Svicher, Rome
Luca Toti, Rome
Elvira Verduci, Milan
Umberto Vespasiani-Gentilucci, Rome
Maria A Zocco, Rome

Japan
Yasuhiro Asahina, Tokyo
Nabil AS Eid, Takatsuki
Kenichi Ikejima, Tokyo
Shoji Ikuo, Kobe
Yoshihiro Ikura, Takatsuki
Shinichi Ikuta, Nishinomiya
Kazuaki Inoue, Yokohama

WJH|www.wjgnet.com

Toshiya Kamiyama, Sapporo
Takanobu Kato, Tokyo
Saiho Ko, Nara
Haruki Komatsu, Sakura
Masanori Matsuda, Chuo-city
Yasunobu Matsuda, Niigata
Yoshifumi Nakayama, Kitakyushu
Taichiro Nishikawa, Kyoto
Satoshi Oeda, Saga
Kenji Okumura, Urayasu
Michitaka Ozaki, Sapporo
Takahiro Sato, Sapporo
Junichi Shindoh, Tokyo
Ryo Sudo, Yokohama
Atsushi Suetsugu, Gifu
Haruhiko Sugimura, Hamamatsu
Reiji Sugita, Sendai
Koichi Takaguchi, Takamatsu
Shinji Takai, Takatsuki
Akinobu Takaki, Okayama
Yasuhito Tanaka, Nagoya
Takuji Tanaka, Gifu City
Atsunori Tsuchiya, Niigata
Koichi Watashi, Tokyo
Hiroshi Yagi, Tokyo
Taro Yamashita, Kanazawa
Shuhei Yoshida, Chiba
Hitoshi Yoshiji, Kashihara

Philippines
Janus P Ong, Pasig
JD Decena Sollano, Manila

Poland
Jacek Zielinski, Gdansk

Portugal
Rui T Marinho, Lisboa
Joao B Soares, Braga

Qatar
Reem Al Olaby, Doha

Romania
Bogdan Dorobantu, Bucharest
Liana Gheorghe, Bucharest
George S Gherlan, Bucharest
Romeo G Mihaila, Sibiu
Bogdan Procopet, Cluj-Napoca
Streba T Streba, Craiova

Jordan
Kamal E Bani-Hani, Zarqa

Russia
Anisa Gumerova, Kazan
Pavel G Tarazov, St.Petersburg

Malaysia
Peng Soon Koh, Kuala Lumpur
Yeong Yeh Lee, Kota Bahru

Mexico
Francisco J Bosques-Padilla, Monterrey
María de F Higuera-de la Tijera, Mexico City
José A Morales-Gonzalez, México City

Saudi Arabia
Abdulrahman A Aljumah, Riyadh
Ihab MH Mahmoud, Riyadh
Ibrahim Masoodi, Riyadh
Mhoammad K Parvez, Riyadh

Singapore
Ser Yee Lee, Singapore

Moldova
Angela Peltec, Chishinev

Netherlands
Wybrich R Cnossen, Nijmegen
Frank G Schaap, Maastricht
Fareeba Sheedfar, Groningen

Nigeria
CA Asabamaka Onyekwere, Lagos

Pakistan
Bikha Ram Devrajani, Jamshoro

III

South Korea
Young-Hwa Chung, Seoul
Jeong Heo, Busan
Dae-Won Jun, Seoul
Bum-Joon Kim, Seoul
Do Young Kim, Seoul
Ji Won Kim, Seoul
Moon Young Kim, Wonu
Mi-Kyung Lee, Suncheon
Kwan-Kyu Park, Daegu
Young Nyun Park, Seoul
Jae-Hong Ryoo, Seoul
Jong Won Yun, Kyungsan

Spain
Ivan G Marina, Madrid

March 30, 2016

Juan G Acevedo, Barcelona
Javier Ampuero, Sevilla
Jaime Arias, Madrid
Andres Cardenas, Barcelona
Agustin Castiella, Mendaro
Israel Fernandez-Pineda, Sevilla
Rocio Gallego-Duran, Sevilla
Rita Garcia-Martinez, Barcelona
José M González-Navajas, Alicante
Juan C Laguna, Barcelona
Elba Llop, Madrid
Laura Ochoa-Callejero, La Rioja
Albert Pares, Barcelona
Sonia Ramos, Madrid
Francisco Rodriguez-Frias, Córdoba
Manuel L Rodriguez-Peralvarez, Córdoba
Marta R Romero, Salamanca
Carlos J Romero, Madrid
Maria Trapero-Marugan, Madrid

Sri Lanka
Niranga M Devanarayana, Ragama

Hakan Alagozlu, Sivas
Yasemin H Balaban, Istanbul
Bulent Baran, Van
Mehmet Celikbilek, Yozgat
Levent Doganay, Istanbul
Fatih Eren, Istanbul
Abdurrahman Kadayifci, Gaziantep
Ahmet Karaman, Kayseri
Muhsin Kaya, Diyarbakir
Ozgur Kemik, Van
Serdar Moralioglu, Uskudar
A Melih Ozel, Gebze - Kocaeli
Seren Ozenirler, Ankara
Ali Sazci, Kocaeli
Goktug Sirin, Kocaeli
Mustafa Sunbul, Samsun
Nazan Tuna, Sakarya
Ozlem Yonem, Sivas

Ukraine
Rostyslav V Bubnov, Kyiv
Nazarii K Kobyliak, Kyiv
Igor N Skrypnyk, Poltava

Sudan
Hatim MY Mudawi, Khartoum

Sweden
Evangelos Kalaitzakis, Lund

Switzerland
Christoph A Maurer, Liestal

Thailand
Taned Chitapanarux, Chiang mai
Temduang Limpaiboon, Khon Kaen
Sith Phongkitkarun, Bangkok
Yong Poovorawan, Bangkok

United Kingdom
Safa Al-Shamma, Bournemouth
Jayantha Arnold, Southall
Marco Carbone, Cambridge
Rajeev Desai, Birmingham
Ashwin Dhanda, Bristol
Matthew Hoare, Cambridge
Stefan G Hubscher, Birmingham
Nikolaos Karidis, London
Lemonica J Koumbi, London
Patricia Lalor, Birmingham
Ji-Liang Li, Oxford
Evaggelia Liaskou, Birmingham
Rodrigo Liberal, London
Wei-Yu Lu, Edinburgh
Richie G Madden, Truro
Christian P Selinger, Leeds
Esther Una Cidon, Bournemouth
Feng Wu, Oxford

Turkey
Osman Abbasoglu, Ankara
Mesut Akarsu, Izmir
Umit Akyuz, Istanbul

WJH|www.wjgnet.com

United States
Naim Alkhouri, Cleveland

IV

Robert A Anders, Baltimore
Mohammed Sawkat Anwer, North Grafton
Kalyan Ram Bhamidimarri, Miami
Brian B Borg, Jackson
Ronald W Busuttil, Los Angeles
Andres F Carrion, Miami
Saurabh Chatterjee, Columbia
Disaya Chavalitdhamrong, Gainesville
Mark J Czaja, Bronx
Jonathan M Fenkel, Philadelphia
Catherine Frenette, La Jolla
Lorenzo Gallon, Chicago
Kalpana Ghoshal, Columbus
Hie-Won L Hann, Philadelphia
Shuang-Teng He, Kansas City
Wendong Huang, Duarte
Rachel Hudacko, Suffern
Lu-Yu Hwang, Houston
Ijaz S Jamall, Sacramento
Neil L Julie, Bethesda
Hetal Karsan, Atlanta
Ahmed O Kaseb, Houston
Zeid Kayali, Pasadena
Timothy R Koch, Washington
Gursimran S Kochhar, Cleveland
Steven J Kovacs, East Hanover
Mary C Kuhns, Abbott Park
Jiang Liu, Silver Spring
Li Ma, Stanford
Francisco Igor Macedo, Southfield
Sandeep Mukherjee, Omaha
Natalia A Osna, Omaha
Jen-Jung Pan, Houston
Christine Pocha, Minneapolis
Yury Popov, Boston
Davide Povero, La Jolla
Phillip Ruiz, Miami
Takao Sakai, Cleveland
Nicola Santoro, New Haven
Eva Schmelzer, Pittsburgh
Zhongjie Shi, Philadelphia
Nathan J Shores, New Orleans
Siddharth Singh, Rochester
Shailendra Singh, Pittsburgh
Veysel Tahan, Iowa City
Mehlika Toy, Boston
Hani M Wadei, Jacksonville
Gulam Waris, North Chicago
Ruliang Xu, New York
Jun Xu, Los Angeles
Matthew M Yeh, Seattle
Xuchen Zhang, West Haven
Lixin Zhu, Buffalo
Sasa Zivkovic, Pittsburgh

March 30, 2016

Contents

Three issues per month Volume 8 Number 23 August 18, 2016

EDITORIAL
957

Adjuvant sorafenib in hepatocellular carcinoma: A cautionary comment of STORM trial
Zhong JH, Du XK, Xiang BD, Li LQ

REVIEW
961

Dynamics of hepatic and intestinal cholesterol and bile acid pathways: The impact of the animal model of
estrogen deficiency and exercise training
Lavoie JM

ORIGINAL ARTICLE
Basic Study
976

Interplay between microRNA-17-5p, insulin-like growth factor-Ⅱ through binding protein-3 in
hepatocellular carcinoma
Habashy DA, El Tayebi HM, Fawzy IO, Hosny KA, Esmat G, Abdelaziz AI

985

Reversal of multidrug resistance of hepatocellular carcinoma cells by metformin through inhibiting NF-κB
gene transcription
Wu W, Yang JL, Wang YL, Wang H, Yao M, Wang L, Gu JJ, Cai Y, Shi Y, Yao DF

CASE REPORT
994

Metastatic recurrence to a solitary lymph node four years after hepatic lobectomy for primary
hepatocellular carcinoma
Caparelli ML, Roberts NJ, Braverman TS, Stevens RM, Broun ER, Allamaneni S

WJH|www.wjgnet.com

I

August 18, 2016|Volume 8|Issue 23|

World Journal of Hepatology

Contents

Volume 8 Number 23 August 18, 2016

ABOUT COVER

Editorial Board Member of World Journal of Hepatology , Oliver Ebert, MD,
Attending Doctor, Ⅱ. Medizinische Klinik und Poliklinik, Klinikum rechts der Isar,
Technical University of Munich, D-81675 Muenchen, Germany

AIM AND SCOPE

World Journal of Hepatology (World J Hepatol, WJH, online ISSN 1948-5182, DOI:
10.4254), is a peer-reviewed open access academic journal that aims to guide clinical
practice and improve diagnostic and therapeutic skills of clinicians.
WJH covers topics concerning liver biology/pathology, cirrhosis and its complications,
liver fibrosis, liver failure, portal hypertension, hepatitis B and C and inflammatory
disorders, steatohepatitis and metabolic liver disease, hepatocellular carcinoma, biliary
tract disease, autoimmune disease, cholestatic and biliary disease, transplantation, genetics,
epidemiology, microbiology, molecular and cell biology, nutrition, geriatric and pediatric
hepatology, diagnosis and screening, endoscopy, imaging, and advanced technology.
Priority publication will be given to articles concerning diagnosis and treatment of
hepatology diseases. The following aspects are covered: Clinical diagnosis, laboratory
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular biological
diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJH. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great basic and clinical significance.

INDEXING/
ABSTRACTING

World Journal of Hepatology is now indexed in PubMed, PubMed Central, and Scopus.

FLYLEAF

I-IV

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dan Li
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Hepatology
ISSN
ISSN 1948-5182 (online)
LAUNCH DATE
October 31, 2009
FREQUENCY
36 Issues/Year (8th, 18th, and 28th of each month)

Editorial Board

Responsible Science Editor: Fang-Fang Ji
Proofing Editorial Office Director: Xiu-Xia Song

Xiu-Xia Song, Vice Director
World Journal of Hepatology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Wan-Long Chuang, MD, PhD, Doctor, Professor,
Hepatobiliary Division, Department of Internal
Medicine, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung 807, Taiwan

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
August 18, 2016

EDITORS-IN-CHIEF
Clara Balsano, PhD, Professor, Departement of
Biomedicine, Institute of Molecular Biology and
Pathology, Rome 00161, Italy

WJH|www.wjgnet.com

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles published by this Open Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the
Baishideng Publishing Group (BPG) represent the
views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where otherwise explicitly indicated.
INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

II

August 18, 2016|Volume 8|Issue 23|

World J Hepatol 2016 August 18; 8(23): 957-960
ISSN 1948-5182 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v8.i23.957

EDITORIAL

Adjuvant sorafenib in hepatocellular carcinoma: a
cautionary comment of STORM trial
Jian-Hong Zhong, Xue-Ke Du, Bang-De Xiang, Le-Qun Li
Jian-Hong Zhong, Bang-De Xiang, Le-Qun Li, Department
of Hepatobiliary Surgery, Affiliated Tumor Hospital of Guangxi
Medical University, Nanning 530021, Guangxi Zhuang Auto
nomous Region, China

Peer-review started: May 4, 2016
First decision: July 4, 2016
Revised: July 6, 2016
Accepted: July 29, 2016
Article in press: August 1, 2016
Published online: August 18, 2016

Xue-Ke Du, Department of Anesthesia, Affiliated Tumor Hospital
of Guangxi Medical University, Nanning 530021, Guangxi Zhuang
Autonomous Region, China
Author contributions: Zhong JH, Du XK and Xiang BD con
tributed equally to this work; Zhong JH and Du XK designed the
study and wrote the manuscript; Zhong JH, Xiang BD and Li LQ
analyzed the data from the included studies; all authors reviewed
the manuscript and approved publication.

Abstract
Recurrence rate of hepatocellular carcinoma (HCC) is very
high even after curative surgery, and no postoperative
therapies have been definitively shown to prevent
HCC recurrence. Sorafenib is proved to be effective
for advanced HCC by two large randomized controlled
trials in 2008 and 2009. Therefore it stands to reason to
expect that adjuvant sorafenib may improve post-surgery
outcomes of patients with HCC. However, many questions
still exist about the value of sorafenib for patients with
HCC after surgery or transarterial chemoembolization.
In this editorial, we complehensively reviewed the safety
and efficacy of adjuvant sorafenib for patients with
hepatocellar carcinoma after surgery or transarterial
chemoembolization. We emphasized the positive and
negative role of sorafenib.
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Core tip: Sorafenib is effective for advanced hepato
cellular carcinoma (HCC). However, its positive role as
adjuvant therapy for HCC after surgery or transarterial
chemoembolization is controversy.
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adjuvant use of sorafenib. Why the results would be
negative when our therapeutic aim shifts from control
of established tumor cells to the eradication of occult
micrometastases? One reason for caution lies in the
mechanism of sorafenib, which inhibits tumor angiogenesis.
Preclinical studies suggest that anti-angiogenic therapy
can, in principle, increase the likelihood of tumor invasion
[11]
and spread , and that tumor angiogenesis can rapidly
[12]
recover when anti-angiogenic therapy is halted . Another
reason for caution is that sorafenib may not be effective
against recurrent or metastatic tumors, even if it is
effective against primary tumors. The two types of tumors
behave differently, and it is possible that recurrent or
metastatic tumors are more malignant because they
were not eliminated by initial therapy (TACE, resection,
ablation). In fact, studies suggest that sorafenib has poor
efficacy against intrahepatic metastases (derived from
the primary tumor) as well as multicentric tumors arising
[7]
spontaneously in the residual liver .
While previous works strengthens the arguments
for re-assessing adjuvant use of sorafenib, some of
their results should be interpreted with caution. For
[6]
example, the findings of Li et al were based on a very
[8]
small retrospective study; Lencioni et al reported that
the combination of TACE and sorafenib showed greater
benefit in Asian patients than in non-Asian ones, yet
median TTP was nearly the same (24 mo) in Asian
and non-Asian subgroups as well as the total study
[8]
population . This TTP is substantially longer than the
5.4 mo reported in another phase Ⅲ trial involving only
[9]
Asian patients .
Lack of efficacy with sorafenib has been attributed
[8]
to insufficient duration of therapy , such as because
of delays in starting sorafenib after TACE, as well as to
[9]
insufficient daily sorafenib doses . These explanations
seem less likely given that all published phase Ⅱ or Ⅲ
multicenter randomized controlled trials concur that
adjuvant anti-angiogenic agents, including sorafenib,
are associated with negative TTP, overall survival, or
[7-9,13]
. In fact,
recurrence-free survival for solid cancers
a large dosing study involving 1943 patients with nonmetastatic renal-cell carcinoma supports the notion that
disease-free survival does not depend on treatment
[13]
duration .

URL: http://www.wjgnet.com/1948-5182/full/v8/i23/957.htm
DOI: http://dx.doi.org/10.4254/wjh.v8.i23.957

INTRODUCTION
Large randomized controlled trials have shown tran
[1,2]
[3,4]
sarterial chemoembolization (TACE)
and sorafenib
monotherapy to extend median overall survival by
approximately 3 mo over best supportive care in patients
with hepatocellular carcinoma (HCC) in Barcelona Clinic
Liver Cancer (BCLC) stage B or C. Though hepatic
resection is the mainstay treatment for HCC, tumor recur
[5]
rence is very high after surgery . Therefore it stands
to reason to expect that sorafenib may improve postresection outcomes of patients with multinodular HCC or
patients at high risk of HCC recurrence.

STUDY ANALYSIS
In the recent issue of the World J Gastroenterol, Li et
[6]
al reported a small retrospective study which enrolled
36 male patients with BCLC stage C HCC after hepatic
resection. Twelve patients received resection plus
sorafenib while other 24 patients received resection
alone. The authors found patients in the resection plus
sorafenib group had a significantly longer time-to-tumor
progression (TTP) and median overall survival compared
to patients in the resection alone group.
However, the phase Ⅲ placebo-controlled study
[7]
STORM trial , which included 1602 patients from 28
countries with early-stage HCC following surgical resec
tion or local ablation, found that adjuvant sorafenib did
not significantly affect recurrence-free survival, time to
recurrence or overall survival. The authors concluded
that no evidence of clinical benefit exists for adjuvant
sorafenib therapy in such patients.
Also, the phase Ⅱ SPACE trial comparing the efficacy
and safety of TACE with or without sorafenib failed
[8]
to meet its endpoint of prolonging TTP . This raises
important questions about the use of adjuvant sorafenib
in the clinic.
[8]
The SPACE trial , which involved 307 Asian and nonAsian patients with multinodular HCC in BCLC stage B,
showed that the combination of TACE and sorafenib
did not significantly increase TTP or overall survival
over TACE alone. This negative result adds to another
previous study calling into question the clinical benefits of
adjuvant sorafenib. A phase Ⅲ trial involving 458 Asian
patients with HCC in stage B or C found that sorafenib
did not significantly prolong TTP or overall survival in
[9]
patients who responded to TACE . In addition to nonefficacy, sorafenib add the incidence of adverse events or
[3,7,10]
may worsen outcomes in certain patients
.

PERSPECTIVE
The growing evidence for lack of adjuvant sorafenib
[7-9]
efficacy against HCC , and substantial evidence against
adjuvant anti-angiogenic therapy against solid cancers
[13-16]
in general
, should lead clinicians to re-assess their
treatment approaches. In this sense, some ongoing trials
of adjuvant anti-angiogenic agents for solid cancers (e.g.,
NCT00908752, NCT01009801) are already terminated.
Nowadays, more and more trials revealed the definite
efficacy of postoperative antiviral treatment with nuc
[17-19]
.
leot(s)ide analogs for hepatitis B virus-related HCC
Adjuvant adoptive immunotherapy may also improve
[20]
recurrence-free and overall survival . But more rando

REASONS OF NEGATIVE RESULTS
These negative results (Table 1) call for caution in the
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Table 1 Adjuvant sorafenib for hepatocellular carcinoma
Ref.

HCC characteristics

First therapy

Adjuvant therapy

Outcomes

Li et al[6], 2016

Recruited period Sample size (T/C)
2009-2013

12/24

With portal vein thrombus

Hepatic resection

Bruix et al[7], 2015

2008-2010

556/558

Early stage HCC

-

154/153

Intermediate stage
multinodular HCC

TTP, P = 0.041
OS, P = 0.01
RFS, P = 0.26
OS, P = 0.48
TTP, P = 0.07
OS, P = 0.29

2006-2009

229/227

Unresectable HCC who
responded to TACE

Hepatic resection or
ablation
TACE with
doxorubicin-eluting
beads
Conventional TACE

Sorafenib (200-800
mg/d)
Sorafenib (400 mg)
twice a day
Sorafenib (400 mg)
twice a day
Sorafenib (400 mg)
twice a day

TTP, P = 0.25
OS, P = 0.79

Lencioni et al[8], 2016

Kudo et al[9], 2011

C: Control group; HCC: Hepatocellular carcinoma; OS: Overall survival; RFS: Recurrence-free survival; T: Adjuvant treated group; TACE: Transarterial
chemoembolization; TTP: Time-to-tumor progression.

mized trials are warranted because of inconsistent findings
[21,22]
from new randomized trials
. For HCC patients with
high risk of recurrence, adjuvant TACE has positive effect
[23]
in terms of improving overall survival . However, each
postoperative or adjuvant therapy has its own indication,
revealing that not all patients with HCC after surgery
should receive specific postoperative or adjuvant therapy.
New drugs may help further define therapeutic directions
for the future.
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REVIEW

Dynamics of hepatic and intestinal cholesterol and bile
acid pathways: The impact of the animal model of estrogen
deficiency and exercise training
Jean-Marc Lavoie
dynamics that involves transport lipoproteins which
levels are tightly dependent on how the liver and
the intestine regulate cholesterol and biliary acid
metabolism. Regulation of cholesterol and biliary acids
by the liver and the intestine is in turn coupled to a
large array of enzymes and transporters that largely
influence the inflow and the outflow of cholesterol
and biliary acids through these organs. The activity
of the key regulators of cholesterol and biliary acids
may be influenced by several external factors such as
pharmacological drugs and the nutritional status. In
recent years, more information has been gathered about
the impact of estrogens on regulation of cholesterol in
the body. Exposure to high levels of estrogens has been
reported to promote cholesterol gallstone formation and
women are twice as likely as men to develop cholesterol
gallstones. The impact of estrogen withdrawal, such
as experienced by menopausal women, is therefore of
importance and more information on how the absence
of estrogens influence cholesterol regulation is started to
come out, especially through the use of animal models.
An interesting alternative to metabolic deterioration
due to estrogen deficiency is exercise training. The
present review is intended to summarize the present
information that links key regulators of cholesterol
and biliary acid pathways in liver and intestine to the
absence of estrogens in an animal model and to discuss
the potential role of exercise training as an alternative.
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Abstract

Core tip: The liver is considered the master piece in
regulation of plasma cholesterol levels. Together with

Plasma cholesterol level is determined by a complex
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[7,8]

by the absence of estrogens . The information on
the impact of the absence of estrogens on cholesterol
metabolism, however, is scarce. An increase in plasma
cholesterol levels in Ovx rats has been reported 30
[9,10]
years ago
. This has been confirmed in more recent
[6,11]
studies in Ovx animals
as well as in post-menopausal
[12]
women . The situation of liver cholesterol levels in Ovx
animals is more controversial. Liver total cholesterol
level was reported not to be affected by estrogen with
[11,13]
drawal in some studies
while it has been found to
[14,15]
be increased in rats ovariectomized for 5-8 wk
.
Large cholesterol accumulation has also been found in
liver of Ovx rats fed with a high-fat diet, that was not
observed in liver of Ovx rats fed a standard diet and in
[6]
Sham rats fed a high-fat diet . The authors suggested
a vulnerability to cholesterol accumulation in liver of Ovx
animals fed a high fat diet. These findings have, at least,
the merit of raising questions on the impact of the lack
of estrogens on regulatory pathways involved in liver
cholesterol metabolism. Cholesterol homeostasis in liver
depends on cholesterol synthesis, uptake, and clearance.
One of the aims of the present review is to summarize
our present knowledge of the extent to which the lack of
estrogens in an ovariectomized animal model affects the
regulation of molecular pathways of cholesterol and bile
acids in liver and intestine.
One of the best non-pharmacological strategies
for the treatment of metabolic disturbances leading to
[16,17]
coronary artery disease is exercise training
. In recent
years, there has been a fair amount of studies indicating
that exercise training is also beneficial in circumventing
the detrimental effects of estrogen removal on metabolic
[18]
pathways involved in liver fat accumulation . Treadmill
exercise for 12 wk has also been reported to reduce
plasma low density lipoprotein (LDL)-cholesterol (-C) and
[19]
total cholesterol in Ovx rats
while plasma LDL-C was
decreased in 6-wk trained Ovx rats fed a high fat diet for
[20]
10 mo . Although limited, there is recent information on
the impact of exercise training on regulation of cholesterol
pathways in liver and intestine in response to metabolic
disturbances. For instance there are reports indicating
an increased fecal cholesterol excretion in exercising
[21]
animals . There is also a recent report of changes with
exercise training in gene expression of intestinal nuclear
receptors involved in the defense system against endo
biotic and xenobiotic insults suggesting that regular
exercise contributes to the intestinal maintenance of
[22]
cholesterol and bile acid homeostasis . In the present
review, a consideration will be given to the effects of
exercise training on cholesterol and bile acids pathways,

the intestine they control the influx and the efflux of
cholesterol and biliary acids in the body. Cholesterol
and its conversion into biliary acids are regulated by
an extended network of enzymes and transporters
that largely influence plasma cholesterol levels. The
key regulators of cholesterol and biliary acids in liver
and intestine are in turn affected by several factors
including estrogens levels and more recently exercise
training. Low estrogenic levels, such as seen in postmenopausal women, are associated with higher plasma
cholesterol levels. In recent years more information has
been accumulated on the extent to which low estrogenic
levels, such as seen in an ovariectomized animal model,
influence cholesterol and biliary metabolism at the
molecular level. As an alternative to a deficiency in estro
gens, exercise training has been reported to exert a
beneficial effect on these key regulators of cholesterol
and biliary acids.
Lavoie JM. Dynamics of hepatic and intestinal cholesterol
and bile acid pathways: The impact of the animal model of
estrogen deficiency and exercise training. World J Hepatol
2016; 8(23): 961-975 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v8/i23/961.htm DOI: http://dx.doi.
org/10.4254/wjh.v8.i23.961

INTRODUCTION
The importance of estrogens in regulating cholesterol and
biliary acid metabolism in liver is enlightened by clinical
studies confirming that women are twice as likely as
[1,2]
men to develop cholesterol gallstones . Oversaturation
of biliary cholesterol is the requisite defect for the
[1]
formation of gallstones . This pathophysiological state
is induced by either hypersecretion of biliary cholesterol
or decreased secretion of bile acids. Therefore, both the
cholesterol secreted into bile and the bile acids synthetized
[3]
from cholesterol in liver are involved in the disease .
Exposure to high levels of estrogens has been reported
[4]
to promote cholesterol gallstone formation . Similarly,
the estrogen receptor α-selective agonist propylpyra
zole and tamoxifen treatment, that have estrogenlike activity, augment biliary cholesterol secretion in
[4]
[5]
mice and increase gallstone prevalence in women .
On the whole, these findings indicate that there is a
close relationship between estrogens, cholesterol and
biliary acid metabolism in liver. This in turn raises the
question of the extent to which a deficiency in estrogens,
as happens with menopause, affects cholesterol and
biliary acid regulation in liver. The first element to take
into consideration is the fact that estrogen withdrawal in
animals decreases gene expression of HMGCoA-reductase
(-r), the rate-limiting enzyme in hepatic cholesterol
[6]
biosynthesis .
Estrogen-deficient state in Ovx animals has been
repeatedly reported to result in substantial liver fat
accumulation indicating that fat metabolism is perturbed
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especially in the context of estrogens deficiency.
The present review is divided in two large sections
related respectively to the pathways involved into
hepatic cholesterol influx and efflux and how estrogen
deficiency affects key regulators of these pathways. This
will be followed by a discussion of the known effects of
exercise training on these pathways.
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Long-term regulation of HMGCoA-r relies on syn
thesis and degradation rate of the enzyme. The chole
sterol system is unique in that the regulated endproduct, cholesterol, is sequestered entirely within cell
membranes. Sterol regulatory elements (SREs) are
nucleotidic sequences in the gene promoters, encoding
proteins involved in cholesterol homeostasis such as
HMGCoA-r and LDL receptor (LDL-R). These sequences
are recognized by a family of transcription factors called
[37]
SREBP . The SREBP family members, SREBP-1 (a
and c) and SREBP‑2, are synthetized as membrane pro
tein in the endoplasmic reticulum.
SREBP-2 is considered to be largely involved in the
regulation of cholesterol metabolism. In ER, SREBP
interacts with a cargo protein called SREBP cleavageactivated protein (SCAP), which acts as a transporter
[37,38]
and cholesterol sensor
. The complex formation
is essential for the exit of SREBPs from the ER and
[39]
subsequent proteolytic activation . The SREBP/SCAP
containing vesicles from the ER also contain a membrane
anchored serine protease of the subtilisin family called
Site-1 protease (SIP-1). Sip becomes activated only
[40]
during its transport to the Golgi . SCAP escorts SREBP
from the ER to the Golgi apparatus where the SREBPs
are proteolytically processed by SIP-1 to yield active
fragments that migrate to the nucleus encoding its target
[33]
genes . To release active SREBP, another enzyme is
required, Site-2 protease. Interestingly, the nuclear
action of SREBP induces new SREBP mRNA through SREs
[41]
located in the promoter regions of their own genes .
When cholesterol builds up in the ER membrane, a
conformational change in SCAP occurs through the direct
cholesterol binding to the sterol domain and triggers
[42]
SCAP to bind to Insig, another ER membrane protein .
This association hampers the transport of the SREBP/
SCAP complex to the Golgi apparatus, resulting in a
reduced proteolytic activation of precursor SREBP. For
instance, high dietary cholesterol prevents maturation
of SREBPs and cuts off cholesterol and LDL receptor
synthesis.

HEPATIC CHOLESTEROL INFLUX
Western-type diets provide approximately 400 mg of
cholesterol per day while our body synthesizes appro
[23,24]
ximately 1 g de novo
. Hence, blood cholesterol
levels reflect both dietary and endogenously synthesized
cholesterol. The liver is a central component in regulation
of cholesterol metabolism. This organ is able to acquire
cholesterol through de novo synthesis and from all
[25]
classes of circulating lipoproteins .

Cholesterol biosynthesis

The total body content of cholesterol is approximately
100 g, of which approximately 90% are found at the
[26]
cellular levels and 10% in circulation . Cholesterol is
[27]
synthesised virtually in all nucleated cells . For instance,
the central nervous system contains approximately
25% of the unesterified cholesterol present in the body
[28]
and it comes almost entirely for in situ synthesis .
It is assumed that approximately 24% of cholesterol
synthesis occurs in small intestine of rats and a significant
fraction of it is transported to liver where nearly 50%
[29]
of total cholesterol synthesis occurs . Cholesterol
synthesis starts, similarly to de novo lipogenesis, by the
transfer of acetyl CoA from mitochondria to cytosol. The
further condensation of three units of acetyl CoA forms
an HMG-CoA that is transported to the endoplasmic
reticulum (ER) where it is reduced to melanovate by
the enzyme HMGCoA-r follows by several steps leading
to the formation of isoprene, squalene, lanosterol, and
finally cholesterol. The action of the enzyme HMGCoA-r is
the rate-limited step in endogenous cholesterol synthesis.
Regulation of cholesterol biosynthesis: The view
that cholesterol is randomly distributed within cell
membrane no longer holds. For instance the distribution
of lipids and cholesterol in the outer leaflet is organized
into domains so-called rafts and caveolae playing intri
[30,31]
cate roles to maintain cellular homeostasis
. On the
other hand, membranes of the endoplasmic reticulum
and the Golgi apparatus contain comparatively little
cholesterol, an important factor in cholesterol homeo
[32]
stasis . Maintenance of cholesterol homeostasis is
orchestrated mainly by a feedback regulatory system
that senses the level of cholesterol in cell membranes
and modulates cholesterol biosynthesis and uptake
[33]
from plasma lipoproteins . The molecular mechanism
of how hepatocytes maintain cholesterol homeostasis
has become more precise with the discovery of the
transcription factors sterol regulatory element binding
[32]
proteins (SREBPs) .
Short-term regulation of the enzyme HMGCoA-r is
operated by mechanisms such as phosphorylation/de
phosphorylation of the catalytic domain (serine 871)
by specific kinases (AMPK) and phosphatases (protein
[34,35]
phosphatase 2A)
. HMGCoA-r is physiologically
present in the cell in unphosphorylated active form (30%)
[36]
and phosphorylated inactive form (70%) .
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Estrogen deficiency and HMGCoA-r regulation: Since
[6,11]
plasma cholesterol level is increased in Ovx animals
one might expect an increase in cholesterol synthesis.
However, HMGCoA-r mRNA secondary to Ovx was found
[6,11,43,44]
to be decreased in several studies in rats
and
[13]
in mice fed a high-fat high-cholesterol diet . Along with
HMGCoA-r, gene expression of SREBP-2, the trans
cription factor involved in the regulation of HMGCoA-r,
[14,43]
was also decreased in Ovx animals
. On the oppo
site, an increase in HMGCoA-r protein content has
been reported in frog and rat after 5 d of estrogen ad
[45,46]
ministration
. On the whole these results strongly
suggest that an increased cholesterol biosynthesis
is not responsible for the increased higher plasma
cholesterol found with estrogen deficiency in animals
and in post-menopausal women. They also suggest an
accumulation of cholesterol in the ER membrane.
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Receptors involved in hepatic uptake of cholesterol
from lipoproteins

[54]

LDL-R found in the body , hepatic LDL-R activity is an
important contributor to regulation of plasma cholesterol
LDL levels. The LDL-R activity is downregulated posttranscriptionnally by a protease, proprotein convertase
[55]
subtilisin kexin type 9 (PCSK9) . PCSK9 is highly ex
[56]
pressed in liver and intestine . However, circulating
[57]
PCSK9 originates exclusively from hepatocytes . The gene
expressions of LDL-R and PCSK9 as well as HMGCoA-r
[58]
are regulated by a transcription factor, SREBP-2 .
Within the endoplasmic reticulum, PCSK9 undergoes
[56]
an auto catalytic cleavage
that results in a tightly
[59]
bound secretable heterodimeric complex . PCSK9 is,
therefore, readily measured in plasma. PCSK9 binds to
the LDL-R at the surface of the hepatocytes and/or within
[60]
the cell . LDL-R is then directed from the cell surface
recycling toward degradation in the endosome/lysosome
[61]
pathway . Mutations leading to a loss of function or
genetic invalidation of PCSK9 largely reduce circulating
LDL-C levels and reduce cardiovascular events (88%) in
[60]
humans (for a review see ).
The co-regulation of PCSK9 and HMGCoA-r by the
same transcription factor has consequences. As discussed
[60]
by Poirier et al , statins that lower LDL-C by inhibiting
[62]
HMGCoA-r also increase the expression of PCSK9
which decreases their capacity at increasing LDL-R. This
may explain why LDL-C levels do not reach therapeutic
goals in many patients with statins therapy. Hepatocyte
nuclear factor 1 alpha, a key mediator of the effects of
[63]
bile acids on gene expression, also regulates PCSK9 .

Lipoprotein remnant receptors: Upon completion
of hydrolysis (approximately 50% of TG removal) chy
lomicrons and VLDL lose affinity for lipoprotein lipase
[47]
(LPL) and dissociate . The apoproteins A1 and C are
then transferred to high-density lipoprotein (HDL) in
exchange for apo E upon what they are then called
[48,49]
chylomicrons and VLDL remnants
. The acquisition
of apo E is crucial since it will serve eventually as ligands
for receptor mediated clearance. Intermediate density
lipoproteins (IDL) which are VLDLs that interact for
prolonged period with LPL are also remnants particles.
The remnant lipoproteins are then small enough to enter
the space of Disse. Once into the space of Disse, remnant
lipoproteins small enough to fit between the endothelial
cells are sequestrated by high-molecular-weight heparin
proteoglycan (HSPG) molecules. Within the space of Disse
the particles are remodeled by hepatic lipase. Final uptake
by the hepatocytes is receptor mediated that include
LDL-R, LDL related protein (LRP), a complex LRP-HSPG or
[25,50]
HSPG alone
. These mechanisms are efficient so that
half-life of remnants in plasma is 30 min. The apoB-48
containing chylomicron remnants are completely cleared
from the plasma. However the presence of apoB-100 in
VLDL alters their metabolism so that only 50% of VLDL
remnants are cleared by lipoproteins remnant receptors.
Receptors involved in hepatic uptake of LDLcholesterol: VLDL remnants that are not taken up by
the remnant receptors are metabolized to a greater
extent by LPL, become increasing smaller, relatively
deficient in TG and enriched in cholesterol esters. These
particles are called IDL. Because IDL contains apoE
a fraction of these particles may be taken up by the
[51]
liver through the remnant receptors . However, the
remainder will be changed to LDL following further
hydrolysis of the TG by the hepatic lipase. The apoE
and apoC-Ⅱ molecules will then transfer to HDL and
[52]
leave apoB as their only apolipoprotein . The LDL-R
is the only receptor able to clear up LDL from the cir
culation. Because of the lack of apoE, the LDL particle
[53]
is a relatively weak ligand for the LDL receptor . As a
result, the half-life of the LDL particle is relatively long
(two to four days) thus accounting for 65%-75% of total
plasma cholesterol. Interaction of apoB with the LDL-R
facilitates the internalisation and the further degradation
[53]
of LDL . Inside the cell, the LDL particle is hydrolysed to
release unesterified cholesterol. The LDL-R is expressed
on the cell surface of several tissues including liver,
macrophages, lymphocytes, adrenal cortex, gonads, and
[25]
smooth muscle .

Estrogen deficiency and LDL-R: In line with the
reduction in HMGCoA-r, gene expression of hepatic LDL-R
has been repeatedly reported to be reduced in Ovx
[11,13,14,43,64]
animals
. Along with LDL-R, PCSK9 transcripts
in liver and PCSK9 plasma levels have also been shown
[14]
to be reduced in Ovx rats . These results concord with
the reports that estrogens administration upregulates
[46,65]
LDL-R gene expression in rat liver
. In a recent
[66]
study, Roubtsova et al showed, using PCSK9 KO mice,
that the interaction between PCSK9 and LDL-R was
sex-specific, thus depending on estrogens. The similar
decrease in PCSK9 and LDL-R in Ovx animals is, however,
puzzling considering that a decrease in PCSK9 should
lead to an increase in LDL-R. It has been proposed that
the rate of cycling of hepatic LDL-R on cell surface might
be an explanation. When hepatic cholesterol increases,
[11,14]
as it is observed in Ovx animals
, the transcriptional
regulation of PCSK9 and LDL-R both mediated by
SREBP-2 would be inhibited, and the rate of cycling
of the hepatic LDL-R slowed down leading to higher
levels in circulating LDL-cholesterol. The transcriptional
regulation of the LDL-R is, however, paradoxical since
SREBP-2 also regulates the transcription of PCSK9, thus
leading to two opposing effects initiated by the same
[67]
signal. In a recent publication, Starr et al
proposed
a more dynamic role for PCSK9, suggesting that pho
sphorylated PCSK9 promotes degradation of LDL-R,
whereas nonphosphorylated PCSK9 is in an LDL-Rprotective state. Taken together, these results emphasize

Metabolism of the LDL-R: The LDL-R is a cell surface
receptor that mediates specific uptake and catabolism
[53]
of plasma lipoproteins containing apoB or apoE .
The primary function of this receptor is the removal
[53]
of highly atherogenic LDL particles from circulation .
Since the liver contains approximately 70% of total
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the need to a better understanding of the sex specific
interaction between LDL-R and PCSK9, especially in view
of a new class of cholesterol lowering drugs, the PCSK9
[68]
inhibitors .

diates the degradation of the LDL-R was found not to be
[66]
affected by an ovariectomy .

VLDLR

In addition to LRP, the LDL-R gene family includes a
[83]
further member that functions as receptor for VLDL .
The VLDLR is expressed in several tissues including
heart, muscle, adipose tissue, and macrophages but
[83,84]
barely detectable in liver under normal conditions
.
This receptor has been suggested to be important for
the metabolism of apoE-containing triacylglycerol-rich
lipoproteins, such as VLDL and IDL.
Interestingly, circulating PCSK9 originating from liver
can regulate VLDLR in adipose tissue, which tissue does
[57]
not express PCSK9 . In that manner, the absence
of circulating PCSK9 resulted in an increase in the
[57]
level of surface of VLDLR in the perigonadal tissue .
Interestingly, the increase was 10 times higher in female
[57]
than in male mice . This response was in line with the
typical female pattern in mice that implies a high surface
VLDLR levels in perigonadal fat and low surface LDLR
[66]
levels in hepatocytes .

Metabolism of the LRP1 receptor: LRP1 is a member
of the LDL-R gene family which also includes receptors
such as LRP2 (megalin), LRP8 (apoE receptor 2), and
[69]
the VLDL receptor (VLDLR) . LRP1 is expressed in
several types of cells including hepatocytes, fibroblasts,
[70]
smooth muscle cells, and neurons . This transmem
brane protein displays both scavenging and signaling
functions. LRP1 mediates removal of at least 30 dif
ferent ligands, including VLDL remnants or IDL and
[71]
chylomicron remnants from the circulation , but also
several molecules unrelated to lipid homeostasis including
proteases, protease inhibitor complexes, extracellular
matrix proteins, growth factors, toxins, and viral pro
[72]
teins . LRP1 also acts as an endocytic receptor for
several intracellular proteins released by necrotic cells,
which failure to be efficiency cleared may be associated
[73,74]
with the onset of autoimmune disease
. Interestingly,
LRP1, by regulating cell signaling through several mech
anisms, may change the activity of other receptors
by controlling the abundance of these receptors in the
[75]
plasma membrane . For instance, disruption of the LRP
gene in adult normal mice resulted in a compensatory
[76]
upregulation of the LDL-R in the liver .
The gene expression of LRP1 is complex and appears
[77]
to be regulated by hormones and growth factors .
LRP1, as well as other members of the LDL-R family,
are bound by a molecule called receptor-associated
protein (RAP) that blocks the bindings of ligands to these
[78]
receptors . RAP functions as a molecular chaperone
that assists in the trafficking of the LRP1 to the cell
[79]
surface . In different tissues, LRP1 gene expres
sion has been reported to be affected by factors such
as hypercholesterolemia, lipopolysaccharides, growth
[80]
factors, and hypoxia (for a review see ). Hepatic LRP1
expression has been reported to be negatively associated
with intracellular cholesterol level and positively asso
[81]
ciated with expression of SREBP-2 . On the whole,
LRP1 may be seen as a complex biosensor allowing the
[80]
cells to answer to micro-environmental variations .

Hepatic cholesterol uptake from HDL

HDL is a class of lipoproteins that is able to remove
excess cholesterol from cells and transport it through
plasma to the liver. The apoA1 is the major structural
determinant of HDL. It is involved in the formation as well
as in the interaction with its receptor, scavenger receptor
[85]
class B, type 1 (SR-B1) . HDL formation occurs mainly
[85]
in the liver and to a lesser extent in the intestine . The
events start when lipid-poor apoA1 is secreted by the
[86]
liver or the intestine
or dissociates from lipoprotein
[87]
particles in the plasma . ApoA1 interacts with the
membrane-embedded ATP binding cassette A1 (ABCA1)
and incorporates small amount of phospholipids and
[88]
unesterified cholesterol into the apoA1 molecule .
Maturation of these preβHDL in the plasma occurs due
two enzymes, lecithin: Cholesterol acyl transferase (LCAT)
that esterifies cholesterol and phospholipid transfer
protein (PLTP) that transfers phospholipids from remnant
particles to HDL.
HDLs have the ability of removing excess choleste
rol from cells. The first mechanism involved the action
of preβHDL interacting with ABCA1 that in addition of
forming a new HDL by the liver is used to remove excess
[89]
cholesterol from macrophages . Spherical mature HDL
may remove cholesterol from cells using several mec
hanisms. The particle may interact with SR-B1 on the
plasma membrane. Macrophages also express ABCG1
transporters that mediate transfer of excess cholesterol to
HDL. Finally excess cholesterol from cells may also efflux
in absence of binding to transport protein, travels short
[25]
distance through plasma and be taken up by HDL . The
activity of LCAT and PLTP prevents the HDL from being
saturated with cholesterol. The enzyme cholesterol ester
transfer protein (CETP) that transfer cholesteryl ester
molecules from HDL to remnant particles in exchange
for TG also increases the capacity of HDL to accept

Estrogen deficiency and LRP1receptor: A reduction
in gene expression of LRP1 in Ovx rats was first reported
[14]
by Ngo Sock et al
and confirmed in recent studies
[15]
at the protein levels . This decrease in LRP1 in Ovx
animals may be associated with the decrease in the
[81]
SREBP-2 transcription factor . Interestingly, it has
been recently reported that LRP1 is also a target for
[82]
PCSK9 in HepG2 cells . These authors postulated that
LDL-R can effectively compete with LRP1 for PCSK9
activity. A reduction in LRP1 gene expression could
contribute to the increase in plasma cholesterol in Ovx
rats by reducing the uptake of circulating lipoprotein
remnants. Finally, inducible degrader of the low-density
lipoprotein receptor an ubiquitin ligase that also me
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unesterified cholesterol from cells.
HDLs circulating to the liver interact with SR-B1 the
[90]
main HDL receptor . SR-B1 in the liver facilitates the
uptake of cholesterol and cholesterol esters from the
[86]
HDL particle without the apoA1 . ApoA1 may then be
recycled to form a new preβHDL. The action of SR-B1 is
facilitated by the hydrolysis of TG by the hepatic lipase.
The adrenal gland and gonads also highly express SR-B1
[86]
most likely due to their requirement in cholesterol .
HDLs are considered limiting for the reverse cho
lesterol transport because it is assumed that they deliver
peripheral cholesterol to the liver for biliary secretion
[91,92]
and eventually fecal excretion
. As discussed by Temel
[93]
and Brown , however, there is evidence that HDL-driven
cholesterol efflux does not correlate with how much is lost
in bile or in the feces. Mice genetically lacking ApoA1 or
ABCA1 and, therefore having very low circulating levels of
HDL, or showing different steady-state concentrations of
[94,95]
HDL-C have normal biliary and fecal cholesterol loss
.
Some authors argue that apoB-containing lipoproteins
and particularly the activity of CETP play a substantial
[96]
role in reverse cholesterol transport .

efflux from liver. Opposite to LXR, FXR suppresses bile
acids synthesis by inhibiting Cyp7A1. At the canalicular
membrane of the hepatocytes, bile salts are pump into
bile by a membrane transporter, ABCB11, also referred
to as bile salt export pump (BSEP) and to a lesser extent
by the multidrug resistance-associated protein 2 (MDR2;
[101]
ABCC2
), which activates two other transporters,
ABCB4 involved in the transport of phospholipids and
ABCG5/G8 a heterodimer involved in the secretion of
[102-104]
cholesterol
. Alternative mechanisms to ABCG5/G8
[105]
cholesterol secretion involve ATP8B1 and diffusion .
Altogether bile salts and phospholipids form micelles
which are stored in the gall bladder during fasting. In
addition, bile salts may be exported to the blood at the
sinusoidal membrane mediated by MRP3 (ABCC3) and
MRP4 (ABCC4), as well as the organic solute transporter
[106]
OST α/β
. Conversion of cholesterol to bile salts
[107]
accounts for about 50% of daily cholesterol excretion .
Estrogen deficiency and hepatic cholesterol-bile
acid metabolism: Cyp7A1and Cyp8b1 transcripts
have been reported to be decreased in Ovx rats and
[6,11,13,43]
mice
suggesting a reduction in cholesterol elimi
nation via bile acid formation. This decrease has been
found in Ovx rats fed a standard diet and even more
[6]
so when Ovx rats were fed a high-fat (42%) diet . On
the opposite, estrogen treatment has been reported to
result in an increase in biliary cholesterol hypersecretion
[4]
in mice .
Estrogen deficiency was associated with lower
transcript levels of BSEP and MDR2 suggesting that,
in addition to synthesis, excretion of bile acids from
[15,43]
hepatocytes to caniculi was decreased in Ovx rats
.
Furthermore, the gene expression of nuclear receptors
FXR and LXR was found to be lower in Ovx compared
[43]
to Sham animals . The decrease in gene expression
of FXR suggests that bile acids did not accumulate in
liver of Ovx rats. FXR mRNA levels are controlled by bile
[108]
acids . The specific role of hepatic FXR is to prevent
bile acid hepato-toxicity by initiating the expression of
a gene network involved in the synthesis and excretion
of bile acids. Accordingly, FXR-null mice show massive
[109]
accumulation of cholesterol in hepatocytes . The in
dication that bile acid metabolism is disrupted in Ovx
rats may in turn favours cholesterol accumulation in liver
since bile acid secretion exerts a driven force for biliary
[110]
cholesterol excretion
. Supporting the hypothesis
that biliary metabolic pathways are indeed disrupted
in Ovx animals is the finding of a decrease in total bile
[111]
production in Ovx rats .
Gene expression of ABCG5/G8 transporters involved
in exportation of cholesterol from the liver to the bile
[6,15,43]
ducts was unchanged in Ovx compared to Sham rats
[112]
and in aromatase knockout mice
suggesting that
these transporters are not regulated by estrogens.

Estrogen deficiency and hepatic HDL receptor:
SR-B1 mRNA in liver that allows the return of choles
terol to liver via HDL was reported to be higher in Ovx
[14]
compared to Sham rats . Interestingly, ABCA1 gene
expression, involved in biosynthesis of nascent HDL was
[14]
also found to be increased in Ovx rats . An increase in
gene expression of ABCA1 was also found in jejunum of
[14]
Ovx rats . Although limited, these findings point to the
direction as if the hepatic contribution to HDL metabolism
was increased with estrogen withdrawal.

HEPATIC CHOLESTEROL EFFLUX
There are essentially two ways by which liver can excrete
cholesterol: (1) secretion of unmodified cholesterol or
after its transformation in bile salts into bile caniculi; and
(2) through VLDL secretion.

Hepatic cholesterol-bile acid metabolism

The liver is the only organ that has ability to eliminate
cholesterol through its secretion into bile or its trans
formation into bile salts. Bile acids synthesis from
cholesterol is stimulated by the nuclear factor liver X
receptor (LXR) through its target gene cytochrome
P450, family 7, subfamily a, polypeptide 1 (CYP7A1),
the main enzyme in the conversion of cholesterol into
[97]
bile acids . The synthesis of a full complement of
[98]
bile acids requires 17 enzymes . The bile acid pool
[99]
size is reduced by 75% in mice deficient in CYP7A1 .
An alternative biosynthetic pathway is initiated by the
[99]
enzyme cholesterol 27α-hydroxylase (Cyp27α1 ). Bile
salts are highly soluble in water. They form aggregate
with phospholipids derived from hepatocyte membranes
and solubilize cholesterol in bile for transport from liver
[100]
to intestine . Nuclear factor farnesoid X receptor (FXR)
activated by bile acids, stimulates bile and cholesterol
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Hepatic excretion of cholesterol through VLDL

VLDL assembly in liver is initiated by the entry of
[113]
apoB100 in the lumen of the endoplasmic reticulum .
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[124]

The apoB protein is lipidated by the action of micro
somal transfer protein (MTP) accumulating TG as well
as cholesterol esters molecules. Besides MTP and
apoB100, other molecular markers of VLDL assembly
include diacylglycerol acyltransferase 2 (DGAT2),
[114]
involved in the reesterification of TG , and acyl-CoA:
Cholesterol acyltransferase 2 (ACAT2) that converts
[115]
free cholesterol into cholesterol esters
. Further
lipidation of the VLDL particles after they exit the
endoplasmic reticulum compartment is carried on by a
lipid droplet-associated protein, cell death-inducing DNA
[116]
fragmentation factor alpha-like-effector B (Cideb)
.
The importance of Cideb has been enlightened by the
finding of a reduction in plasma LDL levels in Cideb[117]
null mice . However, hepatic cholesterol storage was
increased in liver of these animals due to its increased
LDL-R and ACAT expression. Finally, small GTP binding
protein (Sar1a), an intracellular vesicular trafficking
protein, facilitates the movements of VLDL particles
between the endoplasmic reticulum and the Golgi
apparatus where they are secreted in the plasma.

of ERα and β located at the plasma membrane . It is
thus possible that estrogens affect expression of target
genes involved in different metabolic pathways through
interaction in the nucleus and/or activation of signal
transduction pathways at the plasma membrane.

Intestinal excretion of biliary cholesterol

As mentioned above, hepatic cholesterol is secreted into
bile unmodified or after its conversion into bile salts.
These bile salts participate in cholesterol transport and
eventually in fat digestion in the intestine. However,
rather than being lost in the feces, most of the bile
salts are recycled when they are taken up by transport
proteins in the distal ileum. FXR controls the absorption
of bile acids in the intestine through the regulation of
bile acid transporters from the intestine to the portal
[125]
system
. These include apical sodium-dependent
bile acid transporter, the ileal bile acid binding protein,
and at the basolateral membrane of enterocytes the
heterodimeric organite solute transporters α and β (OSTα,
[126,127]
OSTβ)
. Bile salts picked up by these transporters
enter the portal circulation and are transported back to
the liver where they are eventually re-secreted into bile.
This process of recycling back the bile salts between the
intestine and the liver is called the enterohepatic circula
[128]
+
tion
. The Na -taurocholate cotransporting polype
ptide (NTCP) is the major uptake system to transport
[129]
bile salts from the blood into parenchymal cells
.
Together with several organic anions transporting poly
peptide, it controls bile salt uptake at the sinusoidal
[130]
membrane
. Bile salt accumulation down-regulates
NTCP at the transcriptional level mediated by FXR and
[131]
the short heterodimer partner 1 .
Less than 10% of transported bile salts are lost in the
[132]
feces (0.4 g/d) . Therefore, dietary cholesterol (0.4 g/d)
constitutes only 25% compared to endogenous cho
lesterol (1.2 g/d) that passes through intestine in one
[133]
day . Coordination between intestinal bile acids levels
and hepatic bile acids biosynthesis is assured through
the intestinal secretion of fibroblast growth factor 15/19
[134]
that inhibits Cyp7α1 in liver under FXR activation .

Estrogen deficiency and hepatic VLDL metabolism:
The observation that plasma cholesterol level is in
[6,11]
creased in Ovx animals
might suggest an increased
cholesterol excretion through VLDL. On the opposite,
a decrease in VLDL-TG production has been reported
[118,119]
in estrogen-deficient animals
. Supporting such a
decrease in VLDL production at the molecular level is
the repeatedly reported decrease in gene expression of
MTP, the rate-limiting molecule for VLDL assembly and
[15,43,118]
secretion, in Ovx animals
. Transcripts of other
genes involved in VLDL synthesis, including apoB, DGAT2,
ACAT2, Cideb, and Sar1a have also been reported to be
[15,43]
decreased in Ovx rats fed a standard diet
and even
more so for some genes (MTP and apoB100) in Ovx rats
[15]
fed an enriched-cholesterol diet . The additive effect
of estrogen withdrawal and high-cholesterol diet on
reducing markers of VLDL production was corroborated
by an accumulation of total cholesterol and TG in liver
[15]
and lower levels of these two forms of lipids in plasma .
In search of an explanation for the postulated reduced
VLDL production in Ovx rats fed the cholesterol diet,
it has been suggested that cholesterol may induce ER
[120]
stress through cholesterol accumulation
and that ER
stress limits VLDL assembly and secretion through apoB
[121]
degradation . Collectively, these results points toward
the interpretation that VLDL assembly is disrupted upon
ovariectomy leading to reduced excretion of TG and
cholesterol from the liver, thus contributing to exacerbate
[14,15]
liver fat and cholesterol accumulation
.
Molecular mechanisms by which estrogens regulate
transcription of target genes involved in VLDL pathway
are not well known. The classical genomic mechanism
of estrogen action involves activation of its nuclear
receptor (ERα and β) and subsequent binding to estrogen
response elements located in the promoters of target
[122,123]
genes
. Estrogens have also been shown to have
non-genomic actions mediated through a subpopulation
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Excretion of intestinal absorbed cholesterol: The
cellular mechanisms by which chylomicrons in the in
testine and VLDL in the liver are assembly are very
similar. Their assembly depends of the availability of
apoB, triglycerides, and the TG transfer protein MTP.
However, opposite to liver, enterocytes express a protein
[135]
called apoB editing complex-1
. As a result of the
action of this enzyme, translation of apoB comes to
a premature stop making intestinal apoB in the intes
tine 48% as long as the protein expressed in the liver
(apoB100). Cholesteryl esters added to the core molecule
of chylomicrons come from biliary acids (75%) and from
dietary sources. During digestion, cholesteryl esters in
[136]
food are hydrolyzed to form unesterified cholesterol .
Dietary and biliary cholesterol from micelles enter
the enterocytes mainly (80%) via a protein channel,
[137]
Neimann-Pick C-1 like 1 protein (NPC1L1) . Some of
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[147]

this cholesterol is immediately pumped back into the
[138]
lumen by the heterodimer transporter ABCG5/G8 . A
portion of cholesterol is also transferred to apoA1 by the
ABCA1 transporter to form a nascent HDL. The fraction
of cholesterol remaining is esterified to a long-chain fatty
[139]
acid by ACAT2 .
Estrogen deficiency and intestinal bile acidcholesterol metabolism: The information is rather
limited in regard to biliary cholesterol metabolism in the
intestine. A greater faecal excretion of bile acids has been
[11]
reported in Ovx rats . The authors explain this response
by suggesting a decreased reabsorption of bile acids from
the ileum through a decrease in bile acid transporters.
Gene expression of NTCP, the major uptake system to
transport bile salts from the blood into parenchymal cells,
was found to be unchanged in Ovx compared to Sham
[15]
rats . On the other hand, gene expression of ABCA1
was reported to be increased in jejunum of Ovx rats,
suggesting an increased efflux of intestinal cholesterol
[14]
through HDL synthesis in Ovx animals .

EFFECTS OF EXERCISE TRAINING ON
LIVER AND INTESTINAL CHOLESTEROL
METABOLISM
The main finding supporting the contention that exercise
training improves lipid and cholesterol metabolism is
the reported increase in plasma HDL levels and the
concomitant decrease in LDL-cholesterol and triglycerides
[148,149]
in human studies
. In animals, positive effects of
exercise training on the outcome of disturbances in lipid
and cholesterol metabolism has been demonstrated
[150]
by Ramachandran et al
who reported a 50%
reduction in pre-existing atherosclerotic lesions in LDL-R
[151]
KO mice. Similarly, Matsumoto et al
reported that
exercise training in LDL-R KO mice prevented aortic
valve sclerosis. These authors specified that exercise
exerted several numerous favourable effects that include
preservation of valvular endothelial integrity, reduced
recruitment of inflammatory cells, and oxidative stress.
A decrease in aortic lesion size was also reported by
[21]
Meissner et al after 12 wk of voluntary running wheel
in LDL-R deficient mice.
[152]
However, as mentioned by Meissner et al
, the
molecular pathways behind such exercise-induced im
provements in plasma lipids are not well defined. In
addition, the analysis of the effects of exercise training on
the molecular components of cholesterol metabolism in
liver is complicated by the variety of animal models used.

Transintestinal cholesterol excretion

The hepatobiliary pathway also referred to as the
reverse cholesterol transport pathway is considered the
major elimination cholesterol route. Nevertheless, fecal
cholesterol excretion was observed in several states of
disturbances in cholesterol biliary excretion supporting the
[140-142]
existence of a new route for cholesterol excretion
.
In other words, a large part of the cholesterol found in
the feces originates from a source other than bile and
diet. The non-biliary alternative called the transintestinal
cholesterol excretion pathway implies the direct secretion
of plasma lipoprotein-derived cholesterol by the small
[94,143,144]
intestine
. Among the numerous studies on trans
intestinal cholesterol excretion (TICE), there is some
agreement that under normal conditions TICE contributes
to less than 30% of cholesterol found in the feces (for
[93]
a review see ). However, the TICE pathway may be
stimulated under pathophysiological or pharmacological
conditions. For instance, intestinal cholesterol excretion
[145]
is inducible by a high-fat diet
or pharmacologically by
[146]
ligands of LXR . The importance of the role of TICE has
been recently highlighted by the demonstration that TICE
is essential to macrophage reverse cholesterol transport
[142]
in mice .
It seems that the liver initiates the activation of the
[93]
TICE . Findings in mice with impaired hepatobiliary
cholesterol excretion indicate that cholesterol is first
transported to the liver before being delivered to the
[93]
[93]
intestine . Temel and Brown
summarized evidence
that indicate that it is the subsequent steps within the
liver that determine the amount of cholesterol eliminated
through the biliary and non-biliary excretory mechanism.
The excess cholesterol is most likely repacked into
apoB rich lipoproteins secreted by the liver. These liverderived apoB-containing lipoproteins are recognized by
the proximal small intestine through LDL-R and probably
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[147]

other mechanisms
. Le May et al
provided data
suggesting that PCSK9 is a repressor of TICE dependent
on the LDL-R. They also demonstrated that both LDL
and HDL (possibly through SR-B1 transporter) provided
cholesterol to TICE. Once the free cholesterol is liberated
from the TICE lipoproteins, it may efflux from the apical
side of the enterocyte through the ABCG5/G8 trans
[93]
porters or the multidrug transporter ABCG1a/b .

HMGCoA-r and exercise training

There is a paucity of information on the effects of exercise
[14]
training on cholesterol biosynthesis. Ngo Sock et al
reported that training (8 wk) did not appear to have any
effect on HMGCoA-r as well as on SREBP-2 transcripts
whether in Sham or in Ovx rats. Previously, Meissner
[152]
et al
reported an increase in lanosterol/cholesterol
ratio in mice submitted to two weeks of voluntary exercise
suggesting an increase in cholesterol biosynthesis. How
ever, the same group of authors reported a decrease
in HMGCoA-r after 12 wk of voluntary wheel running in
[21]
LDL-R deficient mice . On the whole, there is no clear
indication that hepatic cholesterol biosynthesis is changed
with exercise training.

LDL-R and exercise training

Using CETP transgenic mice, an animal model that simu
lates reverse cholesterol transport (RCT) in human,
[153]
Rocco et al
found an increase in hepatic LDL-R protein
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levels following 6 wk of treadmill exercise. Using this
animal model they also found that exercise training
improved macrophage RCT. An increase in LDL-R gene
expression in liver of normal mice exercised for two
[154]
weeks had been previously found . At the same time,
[155]
Wilund et al
reported an increase in LDL-R gene ex
pression and a reduction in gallstone development in
gallstone-sensitive mice fed a lithogenic diet after 12 wk
of exercise training.
[156]
In a recent study, Wen et al
found that treadmill
exercise for 8 wk resulted in an increase in PCSK9,
LDL-R, and SREBP-2 mRNA in high-fat fed mice. On the
other hand, they found a reduction in plasma PCSK9
levels and no difference in LDL-R protein abundance.
They attributed these latter responses to the lower
levels of circulating LDL-C in trained animals.
In other respects, exercise training (8 wk) did not
alter LDL-R, PCSK9, and LRP1 gene expression in Sham
rats as well as being ineffective in correcting reductions
[14]
in these molecular markers in Ovx rats . On the oppo
[157]
site, Pinto et al
recently reported an increase in LDL-R
protein levels in male mice trained for 6 wk. Taken
together, there is indication that exercise training may
favour liver cholesterol uptake from circulation through
LDL-R thus, supporting the general finding of a reduction
[149]
in circulating LDL-C in human .

a posttranscriptional regulation of these genes. The
authors hypothesized that physical activity might increase
bile acid synthesis to increase the capacity for micelle
[21]
formation, thus increasing fatty acid absorption . More
[157]
recently, Pinto et al
reported an increase in CYP7A1
gene expression in male mice trained for 6 wk. On the
whole the existing molecular data would tend to support
the physiological finding of an increase in fecal bile acid
and cholesterol excretion in exercise trained animals.

VLDL and exercise training

There is a report that VLDL-TG secretion rate is reduced
[159]
in human following exercise training . A decrease in
VLDL-TG accumulation and apoB mRNA after exercise
[160]
training has also been reported in male Wistar rats .
Accordingly, liver MTP protein content has been found
[21]
to be decreased with exercise training in mice
and
in standard and high-fat fed female Sprague-Dawley
[161]
strain rats . Since liver fat accumulation is reduced
[162]
with exercise training , the latter authors argue that
the reduced liver VLDL production induced by regular
exercise is a consequence of an increased lipid disposal
[163]
through oxidation . It is also possible that an increased
hepatic insulin sensitivity following exercise training may
have resulted in a decrease in VLDL-TG synthesis and
secretion. It is well documented that insulin suppresses
[164]
the secretion of VLDL particles by the liver
and MTP
gene expression has been reported to be reduced by
[165]
insulin in culture liver cells .
Plasma VLDL-TG levels have also been reported to
be reduced following exercise training in Ovx rats for
[118]
which VLDL-TG levels were already reduced . This sug
gests that the effects of exercise training and estrogen
withdrawal on VLDL-TG synthesis and/or secretion are
additive and most likely take place through different
pathways. On the other hand, the reduction in VLDL-TG
production with exercise training in Ovx rats did not result
[118]
in an accumulation of liver TG . This was explained by
the fact that exercise training increases the use of lipids,
therefore, reducing fat delivery to the liver.

HDL metabolism and exercise training

Exercise training (8 wk) did not influence SR-B1 and
[14]
ABCA1 responses in Sham as well as in Ovx rats . On
the other hand, an increase in ABCA1 mRNA had pre
viously been reported following 6 wk of treadmill exercise
in rats accompanied by an increase in plasma HDL-C
[158]
concentration .
Two weeks of exercise training resulted in an increase
[154]
[155]
in SR-B1 in livers of exercised mice . Wilund et al
also reported an increase in SR-B1 gene expression
and a reduction in gallstone development in gallstonesensitive mice fed a lithogenic diet after 12 wk of exercise
training. An increase in SR-B1 protein level in liver has
also been reported in male mice trained for 6 wk along
with the demonstration of an increased macrophage
[157]
cholesterol flux to the liver .
[153]
In CETP transgenic mice, Rocco et al
found an
increase in hepatic ABCA1 protein levels following 6 wk of
treadmill exercise but no effects on SR-B1. On the whole,
it appears that exercise training stimulates positive
adaptations of molecular markers of HDL metabolism
that would tend to support the finding of an increase
[149]
circulating HDL levels with exercise training in human .

Intestinal markers and exercise training

Gene expression of ABCA1 was reported to be increased
in jejunum of Ovx rats but unchanged by exercise train
[14]
ing (8 wk) . On the other hand, the same group of
authors found an increase in ABCA1 in ileum of 8-wk
[22]
trained rats . An increase in ABCA1 mRNA in the upper
part of the small intestine in Wistar rats trained for 6
[166]
wk had been previously reported . Although limited,
these findings concord with what has been found in liver
and suggest that HDL synthesis from the intestine is
increased following exercise training.
[155]
Wilund et al
found a decrease in NPC1L1 and
ABCG5/G8 gene expression in duodenum of mice after
12 wk of exercise training. The authors explain that
the reduction in ABCG5/G8 might have been the conse
quence of the reduction in NPC1L1 and less cholesterol
transported into the enterocytes. A decrease in NPC1L1
and ABCG5/G8 was also recently reported in the ileum of

Bile acids and exercise training
[155]

Wilund et al
reported an increase in gene expression
of Cyp27A1 in mice fed a lithogenic diet after 12 wk of
[21,152]
exercise training. On the opposite, Meissner et al
did not observe any effects of exercise on key genes
expression involved in bile acid synthesis (CYP7A1, CYP8B1,
and CYP27A1) in mice despite an increased fecal bile acid
and cholesterol excretion, leading the authors to assume
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[22]

8-wk trained rats .
[152]
On the other hand, Meissner et al
reported an
increase in fecal bile and cholesterol loss and a decrease
in jejunal NPC1L1, suggesting a decrease intestinal
cholesterol absorption, in male mice submitted to
voluntary exercise for two weeks. Running mice also
displayed lower ileal OSTα, OSTβ, and NTCP transpor
ters, all involved in the enterohepatic circulation of bile
acids. However, running did not affect mRNA levels
of cholesterol efflux ABCG5/G8 in jejunum. On the
[152]
whole these authors
reached the conclusion of an
increase cholesterol turnover with regular exercise. In a
[21]
subsequent study, Meissner et al found a massive fecal
bile acid loss in hypercholesterolemic LDL-R deficient
mice trained for 12 wk. Decreases in ileal OSTα and
OSTβ mRNA have also been reported in 8-wk trained
rats along with a decrease in FXR transcription factor
indicating that the need to protect the intestine against
[22]
bile acid overload is reduced in trained animals .
[22]
Finally, Ngo Sock et al found a decrease in pregnane X
receptor (PXR) mRNA in ileum of trained rats. Since PXR
receptors protect organisms from exogenous chemical
insults, and several endobiotics such as lipids, steroids,
[167]
and bile acids
, the authors advocate that exercise
training contributes to the maintenance of cholesterol
[22]
and bile acid homeostasis .
On the whole it appears that, at the molecular level,
exercise training would contribute to the maintenance of
normal circulating cholesterol levels by increasing hepatic
LDL-R and HDL metabolism and by favouring adaptations
to bile acid metabolism that stimulate fecal bile and
cholesterol excretion. When discussing the effects of
exercise training on cholesterol metabolism one has to
consider that on contrary of fatty acids and glucose or
glycogen, cholesterol is not metabolized during exercise.
Therefore, it might be an interesting avenue to look at
the impact of exercise training on cholesterol metabolism
through its link with lipid and glucose metabolism such as
intestinal lipid absorption or hepatic de novo lipogenesis.

difficult at the present time to reconcile clearly the impact
of the absence of estrogens on the dynamics of hepatic
PCSK9 and LDL-R and its consequence on plasma LDLcholesterol, it is evident that estrogen levels play a critical
role. The sex specific interaction between LDL-R and
PCSK9 would be particularly relevant to post-menopausal
women, especially in view of a new class of cholesterol
[68]
lowering drugs, the PCSK9 inhibitors .
There are also data supporting the finding that VLDL
and HDL metabolism are changed with the absence of
estrogens. VLDL production and its main regulatory factor
(MTP) have been repeatedly reported to be decreased
in Ovx animals. On the other hand, increases in SR-B1
and ABCA1 mRNA in liver of Ovx animals support the
contention that HDL metabolism is increased in these
animals. An increase in ABCA1 in intestine suggesting an
[14]
increase in HDL biosynthesis has also been reported .
Although it is obvious that more work has to be done
to clearly understand the changes in cholesterol and bile
acid metabolism in liver and intestine with the absence
of estrogens, the data actually available in Ovx models
tend to indicate an increase in cholesterol influx into the
liver and a decrease in cholesterol efflux.

REFERENCES
1
2

3

4

5

IN SUMMARY (ESTROGEN DEFICIENCY
EFFECTS)

6

HMGCoA-r gene expression in liver along with its
transcription factor SREBP-2 is decreased in Ovx animals
suggesting a decrease in cholesterol synthesis. There
are also indications that bile acid synthesis (i.e., CYP7A1)
and transporters of bile acid excretion into caniculi (i.e.,
BSEP) are also decreased with estrogen deficiency. The
reduction in hepatic bile acid metabolism would support
the finding that total bile production is reduced in Ovx
[111]
rats .
Although it has been shown that hepatic PCSK9 as
well as SREBP-2 and LDL-R mRNA levels are reduced in
estrogen deficient animals, there is on the whole data
supporting the contention that LDL-R protein levels are
increased in Ovx animals most likely associated with
a reduction in PCSK9 gene expression. Although it is

WJH|www.wjgnet.com

7

8

9
10
11

970

Wang DQ, Afdhal NH. Genetic analysis of cholesterol gallstone
formation: searching for Lith (gallstone) genes. Curr Gastroenterol
Rep 2004; 6: 140-150 [PMID: 15191694]
Wang HH, Afdhal NH, Wang DQ. Overexpression of estrogen
receptor alpha increases hepatic cholesterogenesis, leading to biliary
hypersecretion in mice. J Lipid Res 2006; 47: 778-786 [PMID:
16380638 DOI: 10.1194/jlr.M500454-JLR200]
Cai Q, Wang ZQ, Cai Q, Li C, Chen EZ, Jiang ZY. Relationship
between CYP7A1 -204A& gt; C polymorphism with gallbladder stone
disease and serum lipid levels: a meta-analysis. Lipids Health Dis 2014;
13: 126 [PMID: 25103562 DOI: 10.1186/1476-511X-13-126]
Wang HH, Afdhal NH, Wang DQ. Estrogen receptor alpha, but
not beta, plays a major role in 17beta-estradiol-induced murine
cholesterol gallstones. Gastroenterology 2004; 127: 239-249 [PMID:
15236189 DOI: 10.1053/j.gastro.2004.03.059]
Akin ML, Uluutku H, Erenoglu C, Karadag A, Gulluoglu BM, Sakar
B, Celenk T. Tamoxifen and gallstone formation in postmenopausal
breast cancer patients: retrospective cohort study. World J Surg
2003; 27: 395-399 [PMID: 12658480]
Ngo Sock ET, Côté I, Mentor JS, Prud’homme D, Bergeron R,
Lavoie JM. Ovariectomy stimulates hepatic fat and cholesterol
accumulation in high-fat diet-fed rats. Horm Metab Res 2013; 45:
283-290 [PMID: 23225241 DOI: 10.1055/s-0032-1329964]
Paquette A, Shinoda M, Rabasa Lhoret R, Prud’homme D, Lavoie
JM. Time course of liver lipid infiltration in ovariectomized rats:
impact of a high-fat diet. Maturitas 2007; 58: 182-190 [PMID:
17889461 DOI: 10.1016/j.maturitas.2007.08.002]
Picard F, Deshaies Y, Lalonde J, Samson P, Labrie C, Bélanger A,
Labrie F, Richard D. Effects of the estrogen antagonist EM-652.
HCl on energy balance and lipid metabolism in ovariectomized
rats. Int J Obes Relat Metab Disord 2000; 24: 830-840 [PMID:
10918529]
van Lenten BJ, Melchior GW, Roheim PS. Lipoprotein meta
bolism in the ovariectomized rat. J Lipid Res 1983; 24: 1475-1484
[PMID: 6655365]
Van Lenten BJ, Roheim PS. The apolipoprotein profile of the
ovariectomized rat. Implications of estrogen in receptor-mediated
uptake of lipoproteins. Life Sci 1981; 28: 273-278 [PMID: 7219047]
Kato M, Ogawa H, Kishida T, Ebihara K. The mechanism of
the cholesterol-lowering effect of water-insoluble fish protein in

August 18, 2016|Volume 8|Issue 23|

Lavoie JM. Cholesterol pathways, estrogen deficiency and exercise training

12

13

14

15

16
17

18
19

20

21

22

23

24

25
26
27

28
29

ovariectomised rats. Br J Nutr 2009; 102: 816-824 [PMID: 19335928
DOI: 10.1017/S0007114509316153]
Kimura T, Matsumoto T, Akiyoshi M, Owa Y, Miyasaka N, Aso
T, Moritani T. Body fat and blood lipids in postmenopausal women
are related to resting autonomic nervous system activity. Eur J
Appl Physiol 2006; 97: 542-547 [PMID: 16779552]
Kamada Y, Kiso S, Yoshida Y, Chatani N, Kizu T, Hamano
M, Tsubakio M, Takemura T, Ezaki H, Hayashi N, Takehara T.
Estrogen deficiency worsens steatohepatitis in mice fed high-fat and
high-cholesterol diet. Am J Physiol Gastrointest Liver Physiol 2011;
301: G1031-G1043 [PMID: 21885686]
Ngo Sock ET, Chapados NA, Lavoie JM. LDL receptor and Pcsk9
transcripts are decreased in liver of ovariectomized rats: effects
of exercise training. Horm Metab Res 2014; 46: 550-555 [PMID:
24619822]
Farahnak Z, Côté I, Ngo Sock ET, Lavoie JM. High dietary cho
lesterol and ovariectomy in rats repress gene expression of key
markers of VLDL and bile acid metabolism in liver. Lipids Health Dis
2015; 14: 125 [PMID: 26453540 DOI: 10.1186/s12944-015-0128-9]
Berlin JA, Colditz GA. A meta-analysis of physical activity in the
prevention of coronary heart disease. Am J Epidemiol 1990; 132:
612-628 [PMID: 2144946]
Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical
activity and the incidence of coronary heart disease. Annu Rev
Public Health 1987; 8: 253-287 [PMID: 3555525 DOI: 10.1146/
annurev.pu.08.050187.001345]
Lavoie JM, Pighon A. NAFLD, Estrogens, and Physical Exercise:
The Animal Model. J Nutr Metab 2012; 2012: 914938 [PMID:
21845221 DOI: 10.1155/2012/014938]
Oh HY, Lim S, Lee JM, Kim DY, Ann ES, Yoon S. A combination
of soy isoflavone supplementation and exercise improves lipid
profiles and protects antioxidant defense-systems against exerciseinduced oxidative stress in ovariectomized rats. Biofactors 2007;
29: 175-185 [PMID: 18057549 DOI: 10.1002/biof.5520290402]
Zoth N, Weigt C, Zengin S, Selder O, Selke N, Kalicinski M,
Piechotta M, Diel P. Metabolic effects of estrogen substitution in
combination with targeted exercise training on the therapy of obesity
in ovariectomized Wistar rats. J Steroid Biochem Mol Biol 2012;
130: 64-72 [PMID: 22330197 DOI: 10.1016/j.jsbmb.2012.01.004]
Meissner M, Lombardo E, Havinga R, Tietge UJ, Kuipers F,
Groen AK. Voluntary wheel running increases bile acid as well
as cholesterol excretion and decreases atherosclerosis in hyper
cholesterolemic mice. Atherosclerosis 2011; 218: 323-329 [PMID:
21802084 DOI: 10.1016/j.atherosclerosis.2011.06.040]
Ngo Sock ET, Farahnak Z, Lavoie JM. Exercise training decreases
gene expression of endo- and xeno-sensors in rat small intestine.
Appl Physiol Nutr Metab 2014; 39: 1098-1103 [PMID: 24933213
DOI: 10.1139/apnm-2013-0573]
Jones PJ, Lichtenstein AH, Schaefer EJ. Interaction of dietary fat
saturation and cholesterol level on cholesterol synthesis measured
using deuterium incorporation. J Lipid Res 1994; 35: 1093-1101
[PMID: 8077848]
Haggarty P, Shetty P, Thangam S, Kumar S, Kurpad A, Ashton
J, Milne E, Earl C. Free and esterified fatty acid and cholesterol
synthesis in adult males and its effect on the doubly-labelled water
method. Br J Nutr 2000; 83: 227-234 [PMID: 10884710 DOI:
10.1017/S0007114500000295]
Cohen DE. Lipoprotein metabolism and cholesterol balance. In: IM
Arias, DA Cohen, N Fausto, DA Shafritz, and AW Wolkoff (Eds),
The liver: Biology and Pathology 5th ed. Oxford, 2009: 271-285
Iglesias P, Díez JJ. New drugs for the treatment of hypercho
lesterolaemia. Expert Opin Investig Drugs 2003; 12: 1777-1789
[PMID: 14585054 DOI: 10.1517/13543784.12.11.1777]
Dietschy JM, Turley SD, Spady DK. Role of liver in the main
tenance of cholesterol and low density lipoprotein homeostasis in
different animal species, including humans. J Lipid Res 1993; 34:
1637-1659 [PMID: 8245716]
Dietschy JM, Turley SD. Cholesterol metabolism in the brain.
Curr Opin Lipidol 2001; 12: 105-112 [PMID: 11264981]
Turley SD, Andersen JM, Dietschy JM. Rates of sterol synthesis

WJH|www.wjgnet.com

30
31
32

33

34

35

36

37
38

39
40

41

42

43

44
45

46

971

and uptake in the major organs of the rat in vivo. J Lipid Res 1981;
22: 551-569 [PMID: 7276735]
Simons K, Ikonen E. Functional rafts in cell membranes. Nature
1997; 387: 569-572 [PMID: 9177342 DOI: 10.1038/42408]
Anderson RG. The caveolae membrane system. Annu Rev Biochem
1998; 67: 199-225 [PMID: 9759488 DOI: 10.1146/annurev.
biochem.67.1.199]
Weber LW, Boll M, Stampfl A. Maintaining cholesterol homeostasis:
sterol regulatory element-binding proteins. World J Gastroenterol
2004; 10: 3081-3087 [PMID: 15457548 DOI: 10.3748/wjg.v10.
i21.3081]
Brown MS, Goldstein JL. A proteolytic pathway that controls the
cholesterol content of membranes, cells, and blood. Proc Natl Acad
Sci USA 1999; 96: 11041-11048 [PMID: 10500120 DOI: 10.1073/
pnas.96.20.11041]
Ching YP, Davies SP, Hardie DG. Analysis of the specificity of
the AMP-activated protein kinase by site-directed mutagenesis of
bacterially expressed 3-hydroxy 3-methylglutaryl-CoA reductase,
using a single primer variant of the unique-site-elimination
method. Eur J Biochem 1996; 237: 800-808 [PMID: 8647128 DOI:
10.1111/j.1432-1033.1996.0800p.x]
Gaussin V, Skarlas P, Ching YP, Hardie DG, Hue L. Distinct type2A protein phosphatases activate HMGCoA reductase and acetylCoA carboxylase in liver. FEBS Lett 1997; 413: 115-118 [PMID:
9287127 DOI: 10.1016/S0014-5793(97)00890-9]
Pallottini V, Montanari L, Cavallini G, Bergamini E, Gori Z,
Trentalance A. Mechanisms underlying the impaired regulation
of 3-hydroxy-3-methylglutaryl coenzyme A reductase in aged rat
liver. Mech Ageing Dev 2004; 125: 633-639 [PMID: 15491682
DOI: 10.1016/j.mad.2004.08.001]
Goldstein JL, DeBose-Boyd RA, Brown MS. Protein sensors for
membrane sterols. Cell 2006; 124: 35-46 [PMID: 16413480 DOI:
10.1016/j.cell.2005.12.022]
Edwards PA, Tabor D, Kast HR, Venkateswaran A. Regulation
of gene expression by SREBP and SCAP. Biochim Biophys Acta
2000; 1529: 103-113 [PMID: 11111080 DOI: 10.1016/S13881981(00)00140-2]
Sato R. Sterol metabolism and SREBP activation. Arch Biochem
Biophys 2010; 501: 177-181 [PMID: 20541520 DOI: 10.1016/
j.abb.2010.06.004]
Espenshade PJ, Cheng D, Goldstein JL, Brown MS. Autocatalytic
processing of site-1 protease removes propeptide and permits
cleavage of sterol regulatory element-binding proteins. J Biol
Chem 1999; 274: 22795-22804 [PMID: 10428864 DOI: 10.1074/
jbc.274.32.22795]
Sato R, Inoue J, Kawabe Y, Kodama T, Takano T, Maeda M.
Sterol-dependent transcriptional regulation of sterol regulatory
element-binding protein-2. J Biol Chem 1996; 271: 26461-26464
[PMID: 8900111]
Yang T, Espenshade PJ, Wright ME, Yabe D, Gong Y, Aebersold R,
Goldstein JL, Brown MS. Crucial step in cholesterol homeostasis:
sterols promote binding of SCAP to INSIG-1, a membrane protein
that facilitates retention of SREBPs in ER. Cell 2002; 110: 489-500
[PMID: 12202038 DOI: 10.1016/S0092-8674(02)00872-3]
Côté I, Chapados NA, Lavoie JM. Impaired VLDL assembly:
a novel mechanism contributing to hepatic lipid accumulation
following ovariectomy and high-fat/high-cholesterol diets? Br
J Nutr 2014; 112: 1592-1600 [PMID: 25263431 DOI: 10.1017/
S0007114514002517]
De Marinis E, Martini C, Trentalance A, Pallottini V. Sex differences
in hepatic regulation of cholesterol homeostasis. J Endocrinol 2008;
198: 635-643 [PMID: 18603607 DOI: 10.1677/JOE-08-0242]
Di Croce L, Bruscalupi G, Trentalance A. Independent behavior
of rat liver LDL receptor and HMGCoA reductase under estrogen
treatment. Biochem Biophys Res Commun 1996; 224: 345-350
[PMID: 8702393 DOI: 10.1006/bbrc.1996.1031]
Di Croce L, Bruscalupi G, Trentalance A. Independent respon
siveness of frog liver low-density lipoprotein receptor and HMGCoA
reductase to estrogen treatment. Pflugers Arch 1997; 435: 107-111
[PMID: 9359909]

August 18, 2016|Volume 8|Issue 23|

Lavoie JM. Cholesterol pathways, estrogen deficiency and exercise training
47

48
49
50

51
52

53
54
55

56

57

58

59

60

61

62

Fielding PE, Fielding CJ. Dynamics of lipoprotein transport in
the human circulatory system. In: DE Vance and JR Vance (Eds),
Biochemistry of Lipids, Lipoproteins and Membranes. Amsterdam:
Elsevier, 2002: 527-552
Cooper AD. Hepatic uptake of chylomicron remnants. J Lipid Res
1997; 38: 2173-2192 [PMID: 9392416]
Mahley RW, Ji ZS. Remnant lipoprotein metabolism: key
pathways involving cell-surface heparan sulfate proteoglycans and
apolipoprotein E. J Lipid Res 1999; 40: 1-16 [PMID: 9869645]
Scappa MC, Kanno K, Cohen DE. Lipoprotein metabolism. In:
J Rodes, JP Benhamou, MA Rizzetto, J Reichen, and A Blei. The
Textbook of Hepatology From Basic Science to Clinical Practice,
3rd Edition. Blackwell, Oxford, 2007
Packard CJ, Shepherd J. Lipoprotein heterogeneity and apoli
poprotein B metabolism. Arterioscler Thromb Vasc Biol 1997; 17:
3542-3556 [PMID: 9437204 DOI: 10.1161/01.ATV.17.12.3542]
Cohen DE, Armstrong EJ. Pharmacology of Cholesterol and
Lipoprotein Metabolism, In: Golan DE, Tashjian AH, Armstrong EJ,
Galanter JM, Armstrong AW, Arnaout RA and Rose HS (eds), 2nd
ed. Principles of Pharmacology: The Pathophysiologic Basis of Drug
Therapy. Philadelphia: Lippincott Williams and Wilkins, 2007
Brown MS, Goldstein JL. A receptor-mediated pathway for cho
lesterol homeostasis. Science 1986; 232: 34-47 [PMID: 3513311
DOI: 10.1126/science.3513311]
Niesen M, Bedi M, Lopez D. Diabetes alters LDL receptor and
PCSK9 expression in rat liver. Arch Biochem Biophys 2008; 470:
111-115 [PMID: 18054320 DOI: 10.1016/j.abb.2007.11.009]
Abifadel M, Varret M, Rabès JP, Allard D, Ouguerram K,
Devillers M, Cruaud C, Benjannet S, Wickham L, Erlich D, Derré
A, Villéger L, Farnier M, Beucler I, Bruckert E, Chambaz J, Chanu
B, Lecerf JM, Luc G, Moulin P, Weissenbach J, Prat A, Krempf
M, Junien C, Seidah NG, Boileau C. Mutations in PCSK9 cause
autosomal dominant hypercholesterolemia. Nat Genet 2003; 34:
154-156 [PMID: 12730697 DOI: 10.1038/ng1161]
Seidah NG, Benjannet S, Wickham L, Marcinkiewicz J, Jasmin SB,
Stifani S, Basak A, Prat A, Chretien M. The secretory proprotein
convertase neural apoptosis-regulated convertase 1 (NARC-1):
liver regeneration and neuronal differentiation. Proc Natl Acad
Sci USA 2003; 100: 928-933 [PMID: 12552133 DOI: 10.1073/
pnas.0335507100]
Roubtsova A, Munkonda MN, Awan Z, Marcinkiewicz J,
Chamberland A, Lazure C, Cianflone K, Seidah NG, Prat A.
Circulating proprotein convertase subtilisin/kexin 9 (PCSK9)
regulates VLDLR protein and triglyceride accumulation in visceral
adipose tissue. Arterioscler Thromb Vasc Biol 2011; 31: 785-791
[PMID: 21273557 DOI: 10.1161/ATVBAHA.110.220988]
Smith JR, Osborne TF, Goldstein JL, Brown MS. Identification of
nucleotides responsible for enhancer activity of sterol regulatory
element in low density lipoprotein receptor gene. J Biol Chem
1990; 265: 2306-2310 [PMID: 2298751]
Cunningham D, Danley DE, Geoghegan KF, Griffor MC,
Hawkins JL, Subashi TA, Varghese AH, Ammirati MJ, Culp JS,
Hoth LR, Mansour MN, McGrath KM, Seddon AP, Shenolikar S,
Stutzman-Engwall KJ, Warren LC, Xia D, Qiu X. Structural and
biophysical studies of PCSK9 and its mutants linked to familial
hypercholesterolemia. Nat Struct Mol Biol 2007; 14: 413-419
[PMID: 17435765 DOI: 10.1038/nsmb1235]
Poirier S, Mamarbachi M, Chen WT, Lee AS, Mayer G. GRP94
Regulates Circulating Cholesterol Levels through Blockade
of PCSK9-Induced LDLR Degradation. Cell Rep 2015; 13:
2064-2071 [PMID: 26628375 DOI: 10.1016/j.celrep.2015.11.006]
Poirier S, Mayer G. The biology of PCSK9 from the endoplasmic
reticulum to lysosomes: new and emerging therapeutics to control
low-density lipoprotein cholesterol. Drug Des Devel Ther 2013; 7:
1135-1148 [PMID: 24115837 DOI: 10.2147/DDDT.S36984]
Dubuc G, Chamberland A, Wassef H, Davignon J, Seidah NG,
Bernier L, Prat A. Statins upregulate PCSK9, the gene encoding
the proprotein convertase neural apoptosis-regulated convertase-1
implicated in familial hypercholesterolemia. Arterioscler Thromb
Vasc Biol 2004; 24: 1454-1459 [PMID: 15178557 DOI: 10.1161/01.

WJH|www.wjgnet.com

63

64

65

66

67

68

69

70

71

72
73

74
75

76

77
78

972

ATV.0000134621.14315.43]
Jung D, Kullak-Ublick GA. Hepatocyte nuclear factor 1 alpha:
a key mediator of the effect of bile acids on gene expression.
Hepatology 2003; 37: 622-631 [PMID: 12601360 DOI: 10.1053/
jhep.2003.50100]
Ge XZ, Tian PF, Lin Q, Huo Q. [The influence of soybean
isoflavone on expression of low density lipoprotein receptor (LDLR)
mRNA in ovariectomied rats]. Zhong Yao Cai 2006; 29: 349-351
[PMID: 16913490]
Parini P, Angelin B, Stavréus-Evers A, Freyschuss B, Eriksson
H, Rudling M. Biphasic effects of the natural estrogen 17betaestradiol on hepatic cholesterol metabolism in intact female rats.
Arterioscler Thromb Vasc Biol 2000; 20: 1817-1823 [PMID:
10894823 DOI: 10.1161/01.ATV.20.7.1817]
Roubtsova A, Chamberland A, Marcinkiewicz J, Essalmani R,
Fazel A, Bergeron JJ, Seidah NG, Prat A. PCSK9 deficiency
unmasks a sex- and tissue-specific subcellular distribution of the
LDL and VLDL receptors in mice. J Lipid Res 2015; 56: 2133-2142
[PMID: 26323289 DOI: 10.1194/jlr.M061952]
Starr AE, Lemieux V, Noad J, Moore JI, Dewpura T, Raymond A,
Chrétien M, Figeys D, Mayne J. β-Estradiol results in a proprotein
convertase subtilisin/kexin type 9-dependent increase in lowdensity lipoprotein receptor levels in human hepatic HuH7 cells.
FEBS J 2015; 282: 2682-2696 [PMID: 25913303 DOI: 10.1111/
febs.13309]
Raal FJ, Stein EA, Dufour R, Turner T, Civeira F, Burgess L,
Langslet G, Scott R, Olsson AG, Sullivan D, Hovingh GK, Cariou
B, Gouni-Berthold I, Somaratne R, Bridges I, Scott R, Wasserman
SM, Gaudet D. PCSK9 inhibition with evolocumab (AMG 145) in
heterozygous familial hypercholesterolaemia (RUTHERFORD-2):
a randomised, double-blind, placebo-controlled trial. Lancet 2015;
385: 331-340 [PMID: 25282519 DOI: 10.1016/S0140-6736(14)
61399-4]
Gonias SL, Campana WM. LDL receptor-related protein-1: a
regulator of inflammation in atherosclerosis, cancer, and injury
to the nervous system. Am J Pathol 2014; 184: 18-27 [PMID:
24128688 DOI: 10.1016/j.ajpath.2013.08.029]
Moestrup SK, Gliemann J, Pallesen G. Distribution of the alpha
2-macroglobulin receptor/low density lipoprotein receptor-related
protein in human tissues. Cell Tissue Res 1992; 269: 375-382
[PMID: 1423505]
Kim C, Vaziri ND. Down-regulation of hepatic LDL receptorrelated protein (LRP) in chronic renal failure. Kidney Int 2005; 67:
1028-1032 [PMID: 15698441 DOI: 10.1111/j.1523-1755.2005.
00166.x]
Strickland DK, Gonias SL, Argraves WS. Diverse roles for the
LDL receptor family. Trends Endocrinol Metab 2002; 13: 66-74
[PMID: 11854021 DOI: 10.1016/S1043-2760(01)00526-4]
Fernandez-Castaneda A, Arandjelovic S, Stiles TL, Schlobach
RK, Mowen KA, Gonias SL, Gaultier A. Identification of the low
density lipoprotein (LDL) receptor-related protein-1 interactome
in central nervous system myelin suggests a role in the clearance
of necrotic cell debris. J Biol Chem 2013; 288: 4538-4548 [PMID:
23264627 DOI: 10.1074/jbc.M112.384693]
Lauber K, Blumenthal SG, Waibel M, Wesselborg S. Clearance
of apoptotic cells: getting rid of the corpses. Mol Cell 2004; 14:
277-287 [PMID: 15125832 DOI: 10.1016/S1097-2765(04)00237-0]
Gonias SL, Wu L, Salicioni AM. Low density lipoprotein receptorrelated protein: regulation of the plasma membrane proteome.
Thromb Haemost 2004; 91: 1056-1064 [PMID: 15175790 DOI:
10.1160/TH04-01-0023]
Rohlmann A, Gotthardt M, Hammer RE, Herz J. Inducible
inactivation of hepatic LRP gene by cre-mediated recombination
confirms role of LRP in clearance of chylomicron remnants. J Clin
Invest 1998; 101: 689-695 [PMID: 9449704]
Kütt H, Herz J, Stanley KK. Structure of the low-density lipo
protein receptor-related protein (LRP) promoter. Biochim Biophys
Acta 1989; 1009: 229-236 [PMID: 2597675]
Williams SE, Ashcom JD, Argraves WS, Strickland DK. A novel
mechanism for controlling the activity of alpha 2-macroglobulin

August 18, 2016|Volume 8|Issue 23|

Lavoie JM. Cholesterol pathways, estrogen deficiency and exercise training

79

80
81

82

83

84

85

86

87

88
89

90

91

92

93

receptor/low density lipoprotein receptor-related protein. Multiple
regulatory sites for 39-kDa receptor-associated protein. J Biol
Chem 1992; 267: 9035-9040 [PMID: 1374383]
Willnow TE, Armstrong SA, Hammer RE, Herz J. Functional
expression of low density lipoprotein receptor-related protein is
controlled by receptor-associated protein in vivo. Proc Natl Acad
Sci USA 1995; 92: 4537-4541 [PMID: 7538675]
Emonard H, Théret L, Bennasroune AH, Dedieu S. Regulation of
LRP-1 expression: make the point. Pathol Biol (Paris) 2014; 62:
84-90 [PMID: 24661974 DOI: 10.1016/j.patbio.2014.02.002]
Moon JH, Kang SB, Park JS, Lee BW, Kang ES, Ahn CW, Lee HC,
Cha BS. Up-regulation of hepatic low-density lipoprotein receptorrelated protein 1: a possible novel mechanism of antiatherogenic
activity of hydroxymethylglutaryl-coenzyme A reductase inhibitor
Atorvastatin and hepatic LRP1 expression. Metabolism 2011; 60:
930-940 [PMID: 20951395 DOI: 10.1016/j.metabol.2010.08.013]
Canuel M, Sun X, Asselin MC, Paramithiotis E, Prat A, Seidah
NG. Proprotein convertase subtilisin/kexin type 9 (PCSK9) can
mediate degradation of the low density lipoprotein receptor-related
protein 1 (LRP-1). PLoS One 2013; 8: e64145 [PMID: 23675525
DOI: 10.1371/journal.pone.0064145]
Webb JC, Patel DD, Jones MD, Knight BL, Soutar AK. Chara
cterization and tissue-specific expression of the human ‘very low
density lipoprotein (VLDL) receptor’ mRNA. Hum Mol Genet
1994; 3: 531-537 [PMID: 8069294 DOI: 10.1093/hmg/3.4.531]
Oka K, Ishimura-Oka K, Chu MJ, Sullivan M, Krushkal J, Li WH,
Chan L. Mouse very-low-density-lipoprotein receptor (VLDLR)
cDNA cloning, tissue-specific expression and evolutionary relation
ship with the low-density-lipoprotein receptor. Eur J Biochem
1994; 224: 975-982 [PMID: 7925422 DOI: 10.1111/j.1432-1033.
1994.00975.x]
Silver DL, Jiang XC, Arai T, Bruce C, Tall AR. Receptors and lipid
transfer proteins in HDL metabolism. Ann N Y Acad Sci 2000; 902:
103-111; discussion 111-112 [PMID: 10865830 DOI: 10.1111/
j.1749-6632.2000.tb06305.x]
Timmins JM, Lee JY, Boudyguina E, Kluckman KD, Brunham
LR, Mulya A, Gebre AK, Coutinho JM, Colvin PL, Smith TL,
Hayden MR, Maeda N, Parks JS. Targeted inactivation of hepatic
Abca1 causes profound hypoalphalipoproteinemia and kidney
hypercatabolism of apoA-I. J Clin Invest 2005; 115: 1333-1342
[PMID: 15841208 DOI: 10.1172/JCI23915]
Kiss RS, McManus DC, Franklin V, Tan WL, McKenzie A, Chimini
G, Marcel YL. The lipidation by hepatocytes of human apolipo
protein A-I occurs by both ABCA1-dependent and -independent
pathways. J Biol Chem 2003; 278: 10119-10127 [PMID: 12547832
DOI: 10.1074/jbc.M300137200]
Zannis VI, Chroni A, Krieger M. Role of apoA-I, ABCA1, LCAT,
and SR-BI in the biogenesis of HDL. J Mol Med (Berl) 2006; 84:
276-294 [PMID: 16501936]
Rothblat GH, de la Llera-Moya M, Atger V, Kellner-Weibel G,
Williams DL, Phillips MC. Cell cholesterol efflux: integration of
old and new observations provides new insights. J Lipid Res 1999;
40: 781-796 [PMID: 10224147]
Acton S, Rigotti A, Landschulz KT, Xu S, Hobbs HH, Krieger
M. Identification of scavenger receptor SR-BI as a high density
lipoprotein receptor. Science 1996; 271: 518-520 [PMID: 8560269
DOI: 10.1126/science.271.5248.518]
Rader DJ, Alexander ET, Weibel GL, Billheimer J, Rothblat GH.
The role of reverse cholesterol transport in animals and humans
and relationship to atherosclerosis. J Lipid Res 2009; 50 Suppl:
S189-S194 [PMID: 19064999 DOI: 10.1194/jlr.R800088-JLR200]
Rosenson RS, Brewer HB, Davidson WS, Fayad ZA, Fuster V,
Goldstein J, Hellerstein M, Jiang XC, Phillips MC, Rader DJ,
Remaley AT, Rothblat GH, Tall AR, Yvan-Charvet L. Cholesterol
efflux and atheroprotection: advancing the concept of reverse
cholesterol transport. Circulation 2012; 125: 1905-1919 [PMID:
22508840 DOI: 10.1161/CIRCULATIONAHA.111.066589]
Temel RE, Brown JM. A new model of reverse cholesterol
transport: enTICEing strategies to stimulate intestinal cholesterol
excretion. Trends Pharmacol Sci 2015; 36: 440-451 [PMID:

WJH|www.wjgnet.com

94

95

96
97

98
99

100
101

102
103

104
105

106

107

108

109

110

111

973

25930707 DOI: 10.1016/j.tips.2015.04.002]
Osono Y, Woollett LA, Marotti KR, Melchior GW, Dietschy JM.
Centripetal cholesterol flux from extrahepatic organs to the liver
is independent of the concentration of high density lipoproteincholesterol in plasma. Proc Natl Acad Sci USA 1996; 93: 4114-4119
[PMID: 8633025]
Groen AK, Bloks VW, Bandsma RH, Ottenhoff R, Chimini G,
Kuipers F. Hepatobiliary cholesterol transport is not impaired in
Abca1-null mice lacking HDL. J Clin Invest 2001; 108: 843-850
[PMID: 11560953 DOI: 10.1172/JCI12473]
Hellerstein M, Turner S. Reverse cholesterol transport fluxes.
Curr Opin Lipidol 2014; 25: 40-47 [PMID: 24362356 DOI:
10.1097/MOL.0000000000000050]
Redinger RN. Nuclear receptors in cholesterol catabolism:
molecular biology of the enterohepatic circulation of bile salts and
its role in cholesterol homeostasis. J Lab Clin Med 2003; 142: 7-20
[PMID: 12878981 DOI: 10.1016/S0022-2143(03)00088-X]
Russell DW. The enzymes, regulation, and genetics of bile acid
synthesis. Annu Rev Biochem 2003; 72: 137-174 [PMID: 12543708
DOI: 10.1146/annurev.biochem.72.121801.161712]
Schwarz M, Russell DW, Dietschy JM, Turley SD. Marked
reduction in bile acid synthesis in cholesterol 7alpha-hydroxylasedeficient mice does not lead to diminished tissue cholesterol turnover
or to hypercholesterolemia. J Lipid Res 1998; 39: 1833-1843 [PMID:
9741696]
Wang DQ, Cohen DE, Carey MC. Biliary lipids and cholesterol
gallstone disease. J Lipid Res 2009; 50 Suppl: S406-S411 [PMID:
19017613 DOI: 10.1194/jlr.R800075-JLR200]
Akita H, Suzuki H, Ito K, Kinoshita S, Sato N, Takikawa H,
Sugiyama Y. Characterization of bile acid transport mediated by
multidrug resistance associated protein 2 and bile salt export pump.
Biochim Biophys Acta 2001; 1511: 7-16 [PMID: 11248200 DOI:
10.1016/S0005-2736(00)00355-2]
Stieger B, Meier Y, Meier PJ. The bile salt export pump. Pflugers
Arch 2007; 453: 611-620 [PMID: 17051391 DOI: 10.1007/s00424006-0152-8]
Oude Elferink RP, Paulusma CC. Function and pathophy
siological importance of ABCB4 (MDR3 P-glycoprotein). Pflugers
Arch 2007; 453: 601-610 [PMID: 16622704 DOI: 10.1007/s00424006-0062-9]
Hazard SE, Patel SB. Sterolins ABCG5 and ABCG8: regulators
of whole body dietary sterols. Pflugers Arch 2007; 453: 745-752
[PMID: 16440216 DOI: 10.1007/s00424-005-0040-7]
Naik J, de Waart DR, Utsunomiya K, Duijst S, Mok KH, Oude
Elferink RP, Bosma PJ, Paulusma CC. ATP8B1 and ATP11C: Two
Lipid Flippases Important for Hepatocyte Function. Dig Dis 2015;
33: 314-318 [PMID: 26045263 DOI: 10.1159/000371665]
Mühlfeld S, Domanova O, Berlage T, Stross C, Helmer A, Keitel
V, Häussinger D, Kubitz R. Short-term feedback regulation of
bile salt uptake by bile salts in rodent liver. Hepatology 2012; 56:
2387-2397 [PMID: 22806967 DOI: 10.1002/hep.25955]
Kuwabara T, Han KH, Hashimoto N, Yamauchi H, Shimada K,
Sekikawa M, Fukushima M. Tartary buckwheat sprout powder
lowers plasma cholesterol level in rats. J Nutr Sci Vitaminol (Tokyo)
2007; 53: 501-507 [PMID: 18202538 DOI: 10.3177/jnsv.53.501]
Xu G, Pan LX, Li H, Forman BM, Erickson SK, Shefer S,
Bollineni J, Batta AK, Christie J, Wang TH, Michel J, Yang S,
Tsai R, Lai L, Shimada K, Tint GS, Salen G. Regulation of the
farnesoid X receptor (FXR) by bile acid flux in rabbits. J Biol
Chem 2002; 277: 50491-50496 [PMID: 12401785 DOI: 10.1074/
jbc.M209176200]
Sinal CJ, Tohkin M, Miyata M, Ward JM, Lambert G, Gonzalez
FJ. Targeted disruption of the nuclear receptor FXR/BAR impairs
bile acid and lipid homeostasis. Cell 2000; 102: 731-744 [PMID:
11030617 DOI: 10.1016/S0092-8674(00)00062-3]
Oude Elferink RP, Paulusma CC, Groen AK. Hepatocanalicular
transport defects: pathophysiologic mechanisms of rare diseases.
Gastroenterology 2006; 130: 908-925 [PMID: 16530529 DOI:
10.1053/j.gastro.2005.08.052]
Czerny B, Teister M, Juzyszyn Z, Teister Ł, Pawlik A, Gazda P,

August 18, 2016|Volume 8|Issue 23|

Lavoie JM. Cholesterol pathways, estrogen deficiency and exercise training

112

113
114

115

116

117

118

119

120

121

122

123

124
125
126
127

Kaminski A, Chałas A. The effect of retinoic acid receptor agonist
acitretin on the production of bile and concentrations of some
serum components in ovariectomized rats. Menopause 2011; 18:
213-218 [PMID: 20861754 DOI: 10.1097/gme.0b013e3181ef22b8]
Hewitt KN, Boon WC, Murata Y, Jones ME, Simpson ER. The
aromatase knockout mouse presents with a sexually dimorphic
disruption to cholesterol homeostasis. Endocrinology 2003; 144:
3895-3903 [PMID: 12933663 DOI: 10.1210/en.2003-0244#sthash.
QVBR65mz.dpuf]
Hussain MM, Shi J, Dreizen P. Microsomal triglyceride transfer
protein and its role in apoB-lipoprotein assembly. J Lipid Res 2003;
44: 22-32 [PMID: 12518019 DOI: 10.1194/jlr.R200014-JLR200]
Gibbons GF, Wiggins D, Brown AM, Hebbachi AM. Synthesis
and function of hepatic very-low-density lipoprotein. Biochem
Soc Trans 2004; 32: 59-64 [PMID: 14748713 DOI: 10.1042/
bst0320059]
Cianflone KM, Yasruel Z, Rodriguez MA, Vas D, Sniderman AD.
Regulation of apoB secretion from HepG2 cells: evidence for a
critical role for cholesteryl ester synthesis in the response to a fatty
acid challenge. J Lipid Res 1990; 31: 2045-2055 [PMID: 1964953]
Ye J, Li JZ, Liu Y, Li X, Yang T, Ma X, Li Q, Yao Z, Li P. Cideb,
an ER- and lipid droplet-associated protein, mediates VLDL
lipidation and maturation by interacting with apolipoprotein B.
Cell Metab 2009; 9: 177-190 [PMID: 19187774 DOI: 10.1016/
j.cmet.2008.12.013]
Li JZ, Lei Y, Wang Y, Zhang Y, Ye J, Xia X, Pan X, Li P. Control
of cholesterol biosynthesis, uptake and storage in hepatocytes
by Cideb. Biochim Biophys Acta 2010; 1801: 577-586 [PMID:
20123130 DOI: 10.1016/j.bbalip.2010.01.012]
Barsalani R, Chapados NA, Lavoie JM. Hepatic VLDL-TG
production and MTP gene expression are decreased in ovariec
tomized rats: effects of exercise training. Horm Metab Res 2010;
42: 860-867 [PMID: 20938890 DOI: 10.1055/s-0030-1267173]
Lemieux C, Gélinas Y, Lalonde J, Labrie F, Cianflone K, Deshaies
Y. Hypolipidemic action of the SERM acolbifene is associated
with decreased liver MTP and increased SR-BI and LDL receptors.
J Lipid Res 2005; 46: 1285-1294 [PMID: 15741653 DOI: 10.1194/
jlr.M400448-JLR200]
Hager L, Li L, Pun H, Liu L, Hossain MA, Maguire GF, Naples M,
Baker C, Magomedova L, Tam J, Adeli K, Cummins CL, Connelly
PW, Ng DS. Lecithin: cholesterol acyltransferase deficiency protects
against cholesterol-induced hepatic endoplasmic reticulum stress
in mice. J Biol Chem 2012; 287: 20755-20768 [PMID: 22500017
DOI: 10.1074/jbc.M112.340919]
Ota T, Gayet C, Ginsberg HN. Inhibition of apolipoprotein B100
secretion by lipid-induced hepatic endoplasmic reticulum stress in
rodents. J Clin Invest 2008; 118: 316-332 [PMID: 18060040 DOI:
10.1172/JCI32752]
D’Eon TM, Souza SC, Aronovitz M, Obin MS, Fried SK, Green
berg AS. Estrogen regulation of adiposity and fuel partitioning.
Evidence of genomic and non-genomic regulation of lipogenic and
oxidative pathways. J Biol Chem 2005; 280: 35983-35991 [PMID:
16109719 DOI: 10.1074/jbc.M507339200]
Nilsson S, Mäkelä S, Treuter E, Tujague M, Thomsen J,
Andersson G, Enmark E, Pettersson K, Warner M, Gustafsson JA.
Mechanisms of estrogen action. Physiol Rev 2001; 81: 1535-1565
[PMID: 11581496]
Pappas TC, Gametchu B, Watson CS. Membrane estrogen
receptors identified by multiple antibody labeling and impededligand binding. FASEB J 1995; 9: 404-410 [PMID: 7896011]
Matsubara T, Li F, Gonzalez FJ. FXR signaling in the entero
hepatic system. Mol Cell Endocrinol 2013; 368: 17-29 [PMID:
22609541 DOI: 10.1016/j.mce.2012.05.004]
Shneider BL. Intestinal bile acid transport: biology, physiology,
and pathophysiology. J Pediatr Gastroenterol Nutr 2001; 32:
407-417 [PMID: 11396803]
Dawson PA, Hubbert M, Haywood J, Craddock AL, Zerangue
N, Christian WV, Ballatori N. The heteromeric organic solute
transporter alpha-beta, Ostalpha-Ostbeta, is an ileal basolateral
bile acid transporter. J Biol Chem 2005; 280: 6960-6968 [PMID:

WJH|www.wjgnet.com

15563450 DOI: 10.1074/jbc.M412752200]
128 Carey MC, Duane WC. Enterohepatic circulation. In: Arias IM,
Boyer JL, Fausto N, Jakoby WB, Schachter DA, and Shafritz DA
(eds), Raven Press New York, 1994: 719-767
129 Stieger B, Hagenbuch B, Landmann L, Höchli M, Schroeder A,
Meier PJ. In situ localization of the hepatocytic Na+/Taurocholate
cotransporting polypeptide in rat liver. Gastroenterology 1994;
107: 1781-1787 [PMID: 7958692]
130 Hagenbuch B, Meier PJ. The superfamily of organic anion
transporting polypeptides. Biochim Biophys Acta 2003; 1609: 1-18
[PMID: 12507753 DOI: 10.1016/S0005-2736(02)00633-8]
131 Denson LA, Sturm E, Echevarria W, Zimmerman TL, Makishima
M, Mangelsdorf DJ, Karpen SJ. The orphan nuclear receptor,
shp, mediates bile acid-induced inhibition of the rat bile acid
transporter, ntcp. Gastroenterology 2001; 121: 140-147 [PMID:
11438503 DOI: 10.1053/gast.2001.25503]
132 Dawson PA, Lan T, Rao A. Bile acid transporters. J Lipid Res
2009; 50: 2340-2357 [PMID: 19498215 DOI: 10.1194/jlr.R900012JLR200]
133 Cohen DE. Balancing cholesterol synthesis and absorption in
the gastrointestinal tract. J Clin Lipidol 2008; 2: S1-S3 [PMID:
19343078 DOI: 10.1016/j.jacl.2008.01.004]
134 Jones S. Mini-review: endocrine actions of fibroblast growth factor
19. Mol Pharm 2008; 5: 42-48 [PMID: 18179175 DOI: 10.1021/
mp700105z]
135 Anant S, Davidson NO. Molecular mechanisms of apolipoprotein
B mRNA editing. Curr Opin Lipidol 2001; 12: 159-165 [PMID:
11264987]
136 Wang DQ. Regulation of intestinal cholesterol absorption. Annu
Rev Physiol 2007; 69: 221-248 [PMID: 17002594 DOI: 10.1146/
annurev.physiol.69.031905.160725]
137 Altmann SW, Davis HR, Zhu LJ, Yao X, Hoos LM, Tetzloff
G, Iyer SP, Maguire M, Golovko A, Zeng M, Wang L, Murgolo
N, Graziano MP. Niemann-Pick C1 Like 1 protein is critical for
intestinal cholesterol absorption. Science 2004; 303: 1201-1204
[PMID: 14976318 DOI: 10.1126/science.1093131]
138 Yu L, Li-Hawkins J, Hammer RE, Berge KE, Horton JD, Cohen
JC, Hobbs HH. Overexpression of ABCG5 and ABCG8 promotes
biliary cholesterol secretion and reduces fractional absorption
of dietary cholesterol. J Clin Invest 2002; 110: 671-680 [PMID:
12208868 DOI: 10.1172/JCI16001]
139 Joyce C, Skinner K, Anderson RA, Rudel LL. Acyl-coenzyme A:
cholesteryl acyltransferase 2. Curr Opin Lipidol 1999; 10: 89-95
[PMID: 10327276]
140 Brown JM, Bell TA, Alger HM, Sawyer JK, Smith TL, Kelley
K, Shah R, Wilson MD, Davis MA, Lee RG, Graham MJ, Crooke
RM, Rudel LL. Targeted depletion of hepatic ACAT2-driven
cholesterol esterification reveals a non-biliary route for fecal
neutral sterol loss. J Biol Chem 2008; 283: 10522-10534 [PMID:
18281279 DOI: 10.1074/jbc.M707659200]
141 Kruit JK, Plösch T, Havinga R, Boverhof R, Groot PH, Groen
AK, Kuipers F. Increased fecal neutral sterol loss upon liver X
receptor activation is independent of biliary sterol secretion in mice.
Gastroenterology 2005; 128: 147-156 [PMID: 15633131 DOI:
10.1053/j.gastro.2004.10.006]
142 Temel RE, Sawyer JK, Yu L, Lord C, Degirolamo C, McDaniel
A, Marshall S, Wang N, Shah R, Rudel LL, Brown JM. Biliary
sterol secretion is not required for macrophage reverse cholesterol
transport. Cell Metab 2010; 12: 96-102 [PMID: 20620999 DOI:
10.1016/j.cmet.2010.05.011]
143 Temel RE, Brown JM. Biliary and nonbiliary contributions to
reverse cholesterol transport. Curr Opin Lipidol 2012; 23: 85-90
[PMID: 22262055 DOI: 10.1097/MOL.0b013e3283508c21]
144 van der Velde AE, Vrins CL, van den Oever K, Kunne C, Oude
Elferink RP, Kuipers F, Groen AK. Direct intestinal cholesterol
secretion contributes significantly to total fecal neutral sterol
excretion in mice. Gastroenterology 2007; 133: 967-975 [PMID:
17854600 DOI: 10.1053/j.gastro.2007.06.019]
145 van der Velde AE, Vrins CL, van den Oever K, Seemann I, Oude
Elferink RP, van Eck M, Kuipers F, Groen AK. Regulation of

974

August 18, 2016|Volume 8|Issue 23|

Lavoie JM. Cholesterol pathways, estrogen deficiency and exercise training

146

147

148
149

150

151

152

153

154

155

156

direct transintestinal cholesterol excretion in mice. Am J Physiol
Gastrointest Liver Physiol 2008; 295: G203-G208 [PMID:
18511744 DOI: 10.1152/ajpgi.90231.2008]
van der Veen JN, van Dijk TH, Vrins CL, van Meer H, Havinga
R, Bijsterveld K, Tietge UJ, Groen AK, Kuipers F. Activation
of the liver X receptor stimulates trans-intestinal excretion of
plasma cholesterol. J Biol Chem 2009; 284: 19211-19219 [PMID:
19416968 DOI: 10.1074/jbc.M109.014860]
Le May C, Berger JM, Lespine A, Pillot B, Prieur X, Letessier
E, Hussain MM, Collet X, Cariou B, Costet P. Transintestinal
cholesterol excretion is an active metabolic process modulated
by PCSK9 and statin involving ABCB1. Arterioscler Thromb
Vasc Biol 2013; 33: 1484-1493 [PMID: 23559630 DOI: 10.1161/
ATVBAHA.112.300263]
Durstine JL, Grandjean PW, Cox CA, Thompson PD. Lipids, lipo
proteins, and exercise. J Cardiopulm Rehabil 2002; 22: 385-398
[PMID: 12464825]
Halverstadt A, Phares DA, Wilund KR, Goldberg AP, Hagberg
JM. Endurance exercise training raises high-density lipoprotein
cholesterol and lowers small low-density lipoprotein and very
low-density lipoprotein independent of body fat phenotypes in
older men and women. Metabolism 2007; 56: 444-450 [PMID:
17378998 DOI: 10.1016/j.metabol.2006.10.019]
Ramachandran S, Penumetcha M, Merchant NK, Santanam
N, Rong R, Parthasarathy S. Exercise reduces preexisting athero
sclerotic lesions in LDL receptor knock out mice. Atherosclerosis
2005; 178: 33-38 [PMID: 15585198 DOI: 10.1016/j.atherosclerosis.
2004.08.010]
Matsumoto Y, Adams V, Jacob S, Mangner N, Schuler G, Linke
A. Regular exercise training prevents aortic valve disease in lowdensity lipoprotein-receptor-deficient mice. Circulation 2010;
121: 759-767 [PMID: 20124122 DOI: 10.1161/CIRCULATIO
NAHA.109.892224]
Meissner M, Havinga R, Boverhof R, Kema I, Groen AK, Kuipers
F. Exercise enhances whole-body cholesterol turnover in mice.
Med Sci Sports Exerc 2010; 42: 1460-1468 [PMID: 20139791
DOI: 10.1249/MSS.0b013e3181cfcb02]
Rocco DD, Okuda LS, Pinto RS, Ferreira FD, Kubo SK, Nakan
dakare ER, Quintão EC, Catanozi S, Passarelli M. Aerobic
exercise improves reverse cholesterol transport in cholesteryl ester
transfer protein transgenic mice. Lipids 2011; 46: 617-625 [PMID:
21479674 DOI: 10.1007/s11745-011-3555-z]
Wei C, Penumetcha M, Santanam N, Liu YG, Garelnabi M,
Parthasarathy S. Exercise might favor reverse cholesterol transport
and lipoprotein clearance: potential mechanism for its antiatherosclerotic effects. Biochim Biophys Acta 2005; 1723: 124-127
[PMID: 15820521 DOI: 10.1016/j.bbagen.2005.03.005]
Wilund KR, Feeney LA, Tomayko EJ, Chung HR, Kim K.
Endurance exercise training reduces gallstone development in
mice. J Appl Physiol (1985) 2008; 104: 761-765 [PMID: 18187606
DOI: 10.1152/japplphysiol.01292.2007]
Wen S, Jadhav KS, Williamson DL, Rideout TC. Treadmill
Exercise Training Modulates Hepatic Cholesterol Metabolism and

157

158

159

160

161

162

163

164
165

166

167

Circulating PCSK9 Concentration in High-Fat-Fed Mice. J Lipids
2013; 2013: 908048 [PMID: 23862065 DOI: 10.1155/2013/908048]
Pinto PR, Rocco DD, Okuda LS, Machado-Lima A, Castilho G,
da Silva KS, Gomes DJ, Pinto Rde S, Iborra RT, Ferreira Gda S,
Nakandakare ER, Machado UF, Correa-Giannella ML, Catanozi
S, Passarelli M. Aerobic exercise training enhances the in vivo
cholesterol trafficking from macrophages to the liver independently
of changes in the expression of genes involved in lipid flux in
macrophages and aorta. Lipids Health Dis 2015; 14: 109 [PMID:
26377330 DOI: 10.1186/s12944-015-0093-3]
Ghanbari-Niaki A, Khabazian BM, Hossaini-Kakhak SA,
Rahbarizadeh F, Hedayati M. Treadmill exercise enhances ABCA1
expression in rat liver. Biochem Biophys Res Commun 2007; 361:
841-846 [PMID: 17689492 DOI: 10.1016/j.bbrc.2007.07.100]
Tsekouras YE, Magkos F, Kellas Y, Basioukas KN, Kavouras
SA, Sidossis LS. High-intensity interval aerobic training reduces
hepatic very low-density lipoprotein-triglyceride secretion rate
in men. Am J Physiol Endocrinol Metab 2008; 295: E851-E858
[PMID: 18664593 DOI: 10.1152/ajpendo.90545.2008]
Lira FS, Tavares FL, Yamashita AS, Koyama CH, Alves MJ,
Caperuto EC, Batista ML, Seelaender M. Effect of endurance
training upon lipid metabolism in the liver of cachectic tumourbearing rats. Cell Biochem Funct 2008; 26: 701-708 [PMID:
18636434 DOI: 10.1002/cbf.1495]
Chapados NA, Seelaender M, Levy E, Lavoie JM. Effects of
exercise training on hepatic microsomal triglyceride transfer
protein content in rats. Horm Metab Res 2009; 41: 287-293 [PMID:
19023847 DOI: 10.1055/s-0028-1102937]
Gauthier MS, Couturier K, Latour JG, Lavoie JM. Concurrent
exercise prevents high-fat-diet-induced macrovesicular hepatic
steatosis. J Appl Physiol (1985) 2003; 94: 2127-2134 [PMID:
12547845 DOI: 10.1152/japplphysiol.01164.2002]
Rector RS, Thyfault JP, Morris RT, Laye MJ, Borengasser SJ,
Booth FW, Ibdah JA. Daily exercise increases hepatic fatty acid
oxidation and prevents steatosis in Otsuka Long-Evans Tokushima
Fatty rats. Am J Physiol Gastrointest Liver Physiol 2008; 294:
G619-G626 [PMID: 18174272 DOI: 10.1152/ajpgi.00428.2007]
Sparks JD, Sparks CE. Insulin modulation of hepatic synthesis
and secretion of apolipoprotein B by rat hepatocytes. J Biol Chem
1990; 265: 8854-8862 [PMID: 2187873]
Lin MC, Gordon D, Wetterau JR. Microsomal triglyceride transfer
protein (MTP) regulation in HepG2 cells: insulin negatively
regulates MTP gene expression. J Lipid Res 1995; 36: 1073-1081
[PMID: 7658155]
Khabazian BM, Ghanbari-Niaki A, Safarzadeh-Golpordesari Ar,
Ebrahimi M, Rahbarizadeh F, Abednazari H. Endurance training
enhances ABCA1 expression in rat small intestine. Eur J Appl
Physiol 2009; 107: 351-358 [PMID: 19629515 DOI: 10.1007/
s00421-009-1133-3]
Ihunnah CA, Jiang M, Xie W. Nuclear receptor PXR, transcri
ptional circuits and metabolic relevance. Biochim Biophys Acta
2011; 1812: 956-963 [PMID: 21295138 DOI: 10.1016/j.bbadis.
2011.01.014]
P- Reviewer: Chiang TA, Morales-Gonzalez J, Skrypnyk IN
S- Editor: Qiu S L- Editor: A E- Editor: Li D

WJH|www.wjgnet.com

975

August 18, 2016|Volume 8|Issue 23|

World J Hepatol 2016 August 18; 8(23): 976-984
ISSN 1948-5182 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v8.i23.976

ORIGINAL ARTICLE
Basic Study

Interplay between microRNA-17-5p, insulin-like growth
factor-Ⅱ through binding protein-3 in hepatocellular
carcinoma
Danira Ashraf Habashy, Hend Mohamed El Tayebi, Injie Omar Fawzy, Karim Adel Hosny, Gamal Esmat,
Ahmed Ihab Abdelaziz
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Danira Ashraf Habashy, Hend Mohamed El Tayebi, Injie
Omar Fawzy, Department of Pharmacology and Toxicology,
German University in Cairo, Main Entrance Al Tagamoa Al
Khames, Cairo 11835, Egypt
Karim Adel Hosny, Department of General Surgery, Faculty of
Medicine, Cairo University, Cairo 11562, Egypt
Gamal Esmat, Department of Endemic Medicine and Hepatology,
Cairo University, Cairo 11562, Egypt

Manuscript source: Invited manuscript

Ahmed Ihab Abdelaziz, Department of Biology, American
University in Cairo, New Cairo City, Cairo 11835, Egypt

Correspondence to: Ahmed Ihab Abdelaziz, MD, PhD,
Associate Professor of Molecular Medicine, Department of Bio
logy, American University in Cairo, New Cairo City, AUC Avenue,
Cairo 11835, Egypt. ahmed.ihab.abdelaziz@gmail.com
Telephone: +20-2-26151000
Fax: +20-2-27957565

Author contributions: Habashy DA planned and executed
all the experiments, acquired the data, performed the statistical
analysis, interpretation of data, and wrote the manuscript;
Habashy DA, El Tayebi HM and Abdelaziz AI contributed in
study concept and design; El Tayebi HM contributed in study cosupervision and revision of the manuscript; Fawzy IO assisted
in the binding confirmation experiment and revision of the
manuscript; Hosny KA and Esmat G provided tissue samples
and clinical data; Abdelaziz AI contributed in study supervision,
and critical revision of the manuscript for important intellectual
content; all authors approved the final version of the article to be
published.

Received: March 6, 2016
Peer-review started: March 7, 2016
First decision: May 17, 2016
Revised: June 1, 2016
Accepted: July 11, 2016
Article in press: July 13, 2016
Published online: August 18, 2016

Institutional review board statement: The study was approved
by the ethical review committees of the German University in
Cairo and Cairo University.

Abstract
AIM: To investigate the effect of microRNA on insulinlike growth factor binding protein-3 (IGFBP-3) and
hence on insulin-like growth factor-Ⅱ (IGF-Ⅱ) bioavaila
bility in hepatocellular carcinoma (HCC).

Informed consent statement: All liver biopsy specimens from
patients and healthy donors were taken after informed consent
and ethical permission was obtained for participation in the study.
Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS: Bioinformatic analysis was performed
using microrna.org, DIANA lab and Segal lab softwares.
Total RNA was extracted from 23 HCC and 10 healthy
liver tissues using mirVana miRNA Isolation Kit.
microRNA-17-5p (miR-17-5p) expression was mimicked
and antagonized in HuH-7 cell lines using HiPerFect

Data sharing statement: All liver biopsy specimens from
patients and healthy donors were taken after informed consent
was obtained for participation in the study. Any clinical data
stated in the manuscript is anonymous.
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is composed of IGF ligands, IGF receptors and insulinlike growth factor binding proteins (IGFBPs) which
work in unison to regulate cell growth, differentiation,
proliferation, and apoptosis. This axis is activated when
the IGFs, IGF-Ⅰand IGF-Ⅱ, bind to the insulin-like
growth factor-1 receptor (IGF-1R) and activate a series
of downstream signaling pathways controlling the cell
[1,2]
cycle . IGFBPs are transport proteins which bind to IGFⅡ with high affinity thereby prolonging their half-life and
circulation turnover, and negatively regulate the activity
[3]
of IGFs by controlling their binding to IGF receptors .
The levels of IGFBPs are modulated by various IGFBP
proteases, such as matrix metalloproteinases (MMPs),
which regulate the bioavailability and activity of IGFBPs,
[4]
by mediating their proteolytic cleavage .
Multiple IGF axis members were found to play an
important role in hepatocellular carcinoma (HCC) patho
genesis. IGF-Ⅱ was found to be overexpressed in HCC
and to promote tumor cell migration, proliferation and
[5-8]
extra-hepatic metastasis . Moreover, our research
group has shown IGF-Ⅱ to be overexpressed in peripheral
blood monocytes of HCC patients, and this aberrant
expression was directly correlated with elevated serum
[9]
levels of alfa-fetoprotein and poor prognosis . IGF-1R
was reported to be upregulated in 59% of HCC tissues in
which it was associated with poor prognosis and tumors
[10]
exceeding the Milan criteria . The tumorigenic effect of
IGF-1R was reversed through its efficient blockage by
combination of two IGF-1R antibodies which dramatically
[11]
reduced liver tumor growth . On the other hand, IGFBP-3
expression was found to be inversely correlated to HCC
[12,13]
metastasis and proliferation
.
The potential regulation of IGF axis members by
microRNAs is an appealing subject of investigation. We
have previously shown that miR-615-5p downregulates
IGF-Ⅱ expression and forcing its expression reduces
[14]
tumorigenesis in HCC . miR-122 was found to suppress
[15,16]
IGF-1R expression thus inhibiting HCC progression
.
Conversely, we have demonstrated that forcing the
expression of the oncomiR miR-96 leads to the up
regulation of IGF-1R and IGFBP-3 expression, while
forcing the expression of the oncomiR-182 leads to
the downregulation of IGF-1R and the upregulation of
[17]
IGFBP-3 expression . On the other hand, our research
group reported that miR-155 induces the expression
of IGF-Ⅱ and IGF-1R and downregulates IGFBP-3
[18]
expression . Nevertheless, the regulation of IGF-axis
members by microRNAs still needs further investigation,
particularly for the IGFBP-3. In silico analysis revealed
IGFBP-3 as a potential downstream target for several
microRNAs, one of which is microRNA-17-5p (miR-17-5p).
This microRNA is an oncomiR that belongs to miR-17-92
[19]
cluster . We have previously shown miR-17-5p to be
significantly downregulated in non-metastatic HCC tissues
compared to healthy tissues, where forcing its expression
in HuH-7 cells resulted in enhancement of tumor cell
[20]
growth, proliferation, migration, and colony-formation .
Therefore, this study aimed at identifying the impact of
this important microRNA on IGFBP-3 expression, and

Transfection Reagent, then total RNA was extracted
using Biozol reagent then reverse transcribed into cDNA
followed by quantification of miR-17-5p and IGFBP-3
expression using TaqMan real-time quantitative PCR.
Luciferase reporter assay was performed to validate
the binding of miR-17-5p to the 3’UTR of IGFBP-3. Free
IGF-Ⅱ protein was measured in transfected HuH-7
cells using IGF-Ⅱ ELISA kit.
RESULTS: Bioinformatic analysis revealed IGFBP-3 as a
potential target for miR-17-5p. Screening of miR-17-5p
and IGFBP-3 revealed a moderate negative correlation
in HCC patients, where miR-17-5p was extensively
underexpressed in HCC tissues (p = 0.0012), while
IGFBP-3 showed significant upregulation in the same set
of patients (p = 0.0041) compared to healthy donors.
Forcing miR-17-5p expression in HuH-7 cell lines
showed a significant downregulation of IGFBP-3 mRNA
expression (p = 0.0267) and a significant increase in
free IGF-Ⅱ protein (p = 0.0339) compared to mock
untransfected cells using unpaired t -test. Luciferase
assay validated IGFBP-3 as a direct target of miR-175p; luciferase activity was inhibited by 27.5% in cells
co-transfected with miR-17-5p mimics and the construct
harboring the wild-type binding region 2 of IGFBP-3
compared to cells transfected with this construct alone (p
= 0.0474).
CONCLUSION: These data suggest that regulating
IGF-Ⅱ bioavailability and hence HCC progression can
be achieved through targeting IGFBP-3 via manipulating
the expression of miRNAs.
Key words: Insulin-like growth factor binding protein-3;
Insulin-like growth factor signaling pathway; microRNA;
Insulin-like growth factor-Ⅱ; Hepatocellular carcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: microRNA-17-5p (miR-17-5p) was extensively
underexpressed in hepatocellular carcinoma tissues, while
insulin-like growth factor binding protein-3 (IGFBP-3)
mRNA showed significant upregulation in the same set
of patients. In HuH-7 cell line, miR-17-5p directly targets
and downregulates IGFBP-3, consequently elevating the
level of free insulin-like growth factor-Ⅱ (IGF-Ⅱ). Thus,
manipulation of microRNAs can potentially control the
activation of the oncogenic IGF axis.
Habashy DA, El Tayebi HM, Fawzy IO, Hosny KA, Esmat G,
Abdelaziz AI. Interplay between microRNA-17-5p, insulin-like
growth factor-Ⅱ through binding protein-3 in hepatocellular
carcinoma. World J Hepatol 2016; 8(23): 976-984 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v8/i23/976.
htm DOI: http://dx.doi.org/10.4254/wjh.v8.i23.976

INTRODUCTION
The insulin-like growth factor (IGF) signaling pathway
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Table 1 Characteristic features of non-metastatic hepato
cellular carcinoma patients and healthy controls

Table 2 Number/sizes of focal lesions according to Milan
criteria

Average ± SD
HCC and cirrhotic patient parameters
Mean age
Sex: Male/female
Ethanol abuse
AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)
Serum albumin (g/dL)
Serum AFP (ng/mL)
HCV Ab
HBV Ab
Healthy control (liver donor) parameters
Mean age
Sex: Male/female
Ethanol abuse
HCV Ab
HBV Ab

Patients
Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10
Patient 11
Patient 12
Patient 13
Patient 14
Patient 15
Patient 16
Patient 17
Patient 18
Patient 19
Patient 20
Patient 21
Patient 22
Patient 23

49 ± 13.5
22/1
None
100.5 ± 65.8
85.6 ± 95.6
110.2 ± 60.7
4.6 ± 1.5
155.7 ± 22.3
100% (23/23 HCC patients)
17.3% (4/23 HCC patients)
31 ± 10.5
7/3
None
None
None

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; AFP: Alpha fetal
protein; HBV: Hepatitis B virus; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; SD: Standard deviation.

consequently on the IGF-Ⅱ bioavailability, and hence on
HCC tumorigenesis.

Size of focal lesions (cm)

3 focal lesions
Unifocal
3 focal lesions
3 focal lesions
Unifocal
3 focal lesions
Unifocal
3 focal lesions
3 focal lesions
Unifocal
2 focal lesions
3 focal lesions
Unifocal
3 focal lesions
3 focal lesions
2 focal lesions
2 focal lesions
3 focal lesions
3 focal lesions
Unifocal
Unifocal
3 focal lesion
Unifocal

1.5, 1 and 1
2.5
2, 2.5 and 3
2, 2 and 3.5
1.5-2
3-4, 1 and 1
4
4, 1 and 1
1, 1 and 1.5
2.5
1 and 1.7
1, 1 and 1
3
3, 1.5 and 2
1, 1 and 4
3 and 1.5
1.5 and 3
2.5, 2.5 and 1.5
1.5, 1 and 1
2
1.5
3, 2.5 and 1
3

many) (Qiagen ID: MSY0000070 and MIN0000070,
respectively). All transfection experiments were carried
out in triplicates using HiPerFect Transfection Reagent
(Qiagen, Germany), according to the manufacturer’s
protocol; the experiments were repeated three times.
Cells that were only exposed to transfection reagent
are designated as mock. Cells transfected with miR-175p mimics are designated as miR-17-5p, whereas cells
transfected with miR-17-5p inhibitor are designated as
anti-miR-17-5p.

MATERIALS AND METHODS
Bioinformatics

Bioinformatics algorithms microrna.org, DIANA Lab,
and Segal lab were used to predict microRNAs that may
target IGFBP-3.

Study subjects

This study included 23 HCC patients who underwent liver
transplantation surgery in the Kasr Al Aini Hospital, Cairo
University, Egypt. Ten healthy liver tissues were obtained
from the healthy liver donors. Healthy donors were nondiabetic, non-hypertensive and negative for hepatitis
B and C viruses (Table 1). The study was approved by
the ethical review committees of the German Univer
sity in Cairo and Cairo University, and is in accordance
with the standards set by the Declaration of Helsinki.
All participants gave their written informed consent.
All patients were non-metastatic with no extrahepatic
manifestations and no vascular invasion. Most of the
patients (65.5%) had more than one focal lesion as
indicated in the pathology report and were subjected to
clinical assessment as shown in (Table 2).

mRNA and microRNA isolation from liver tissues and
HCC cell lines

mRNAs and microRNAs were extracted from liver tissues
and HCC cell lines. Fresh liver samples (HCC and healthy
tissues) were collected during surgery and were imme
diately snapfrozen in liquid nitrogen. The specimens were
manually pulverized in liquid nitrogen, and about 100 mg
of tissues powder were used for large and small RNA
extraction using mirVana miRNA Isolation Kit (Ambion,
United States), according to the manufacturer’s protocol.
HCC cell lines were harvested 48 h after transfection
according to HiPerFect Transfection Reagent protocol
and total RNA was extracted using Biozol Reagent (Bioer
Technology, China).

Cell cultures and transfection of microRNA
oligonucleotides

miRNA and mRNA quantification

HuH-7 cells were maintained in Dulbecco’s modified
Eagle’s medium (Lonza, Switzerland) supplemented with
4.5 g/L glucose, 4 mmol/L L-glutamine, 10% fetal bovine
serum and Mycozap (1:500, Lonza, Switzerland) at 37 ℃
in 5% CO2 atmosphere. HuH-7 cells were transfected
with mimics and inhibitors of miR-17-5p (Qiagen, Ger

WJH|www.wjgnet.com

No. of focal lesions

The extracted microRNAs were reverse transcribed into
single stranded complementary DNA (cDNA) using TaqMan
MicroRNA Reverse Transcription Kit (ABI, United States)
and specific primers for has-miR-17-5p and RNU6B. mRNA
was reverse transcribed into cDNA using the high-capacity
cDNA reverse transcription kit (ABI, United States)
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Table 3 The forward and reverse primer sequences used in the wild type 1 and 2, and
the mutant type 1 and 2 insulin-like growth factor binding protein-3 3’UTR constructs
Primer name
WT1 forward
WT1 reverse
WT2 forward
WT2 reverse
MUT1 forward
MUT1 reverse
MUT2 forward
MUT2 reverse

Primer sequence
5’-CAATGGTAAACTTGAGCATCTTTTCACTTTCCAGTAGT-3’
5’-CTAGACTACTGGAAAGTGAAAAGATGCTCAAGTTTACCATTGAGCT-3’
5’-CGTCGAAGCGGCCGACCACTGACTTTGTGACTTT-3’
5’-CTAGAAAGTCACAAAGTCAGTGGTCGGCCGCTTCGACGAGCT-3’
5’-CAATGGTAAACTTGAGCATCTTTTCATCCAGTAGT3’
5’-CTAGACTACTGGATGAAAAGATGCTCAAGTTTACCATTGAGCT-3’
5’-CGTCGAAGCGGCCGACCACTGACGTGACTTT-3’
5’-CTAGAAAGTCACGTCAGTGGTCGGCCGCTTCGACGAGCT-3’

WT: Wild type; MUT: Mutant type.
-ΔΔCT

according to the manufacturer’s instructions. Relative
expression of miR-17-5p and RNU6B (for normalization)
as well as IGFBP-3 and beta-2 microglobulin (B2M; as
housekeeping gene for normalization) was quantified
using TaqMan Real-Time quantitative PCR (ABI Assay IDs:
002308, 001093, Hs00365742_g1 and Hs00984230_m1,
respectively) using StepOne™ Systems (ABI, United
States). Relative expression was calculated using the
–ΔΔCT
2
method. All PCR reactions including controls were
run in duplicate reactions.

according to the 2
method. An assessment of the
normality of data was done as a prerequisite for all
the statistical tests to identify the correct statistical me
thods to analyze our data with. We used Shapiro Wilks
test since the size of the sample is less than 50. The
normality test for miR-17-5p and IGFBP-3 screening
experiments of “Healthy controls” and “HCC patients”
showed that the dependent variable, “RQ”, isn’t normally
distributed since the significant value of the Shapiro Wilks
test is less than 0.05, so the data significantly deviate
from a normal distribution, with an exception in the data
obtained from IGFBP-3 expression in the healthy controls
were found to be normally distributed. In view of this
fact the statistical significance of the data was analyzed
by performing the non-parametric Mann-Whitney test.
The degree of the relationship between linear related
variables was measured by the Pearson r correlation
test. The normality test for the transfection and binding
confirmation experiments showed that the data are
normally distributed; therefore the parametric unpaired
t-test was used. The specific types of tests, when
applicable, are indicated in the figure legends. All data
are presented as mean ± standard error of the mean
(SEM). All tests were 2-tailed and a two-tailed P value
< 0.05 was required for statistical significance. All the
data were statistically analyzed using GraphPad Prism 5
software.
The statistical methods of this study were reviewed
by Dr. Nihal Aly Etman, Department of Statistics, Mathe
matics and Insurance, Faculty of Commerce, Ain Shams
University.

IGFBP-3 3’UTR construct and luciferase assay

The two predicted target sites for miR-17-5p on IGFBP-3
3’UTR were each designed as sticky ended oligonucleo
tides flanked by SacⅠand XbaⅠrestriction sites, and
ligated into the pmirGLO Dual-Luciferase miRNA Target
Expression Vector (Promega, Germany) to form the two
wild-type (WT) constructs. Also, two mutant constructs
(MUT) were designed where 3 nucleotides from the
binding region had been deleted from each site. The first
target site is denoted as WT1 and its mutant form as
MUT1; the second target site is WT2 and its mutant form
is MUT2. The forward and reverse primer sequences for
each construct are as shown in (Table 3). HuH-7 cells
were seeded in 24-well plates and either WT or MUT
constructs were transfected by lipofection technique using
SuperFect Transfection Reagent (Qiagen, Germany). The
following day, the cells were co-transfected with miR17-5p mimics using HiPerFect according to the protocol
(Qiagen). After 48 h, luciferase assay was performed
using Steady-GLO Luciferase Reporter System (Promega,
Germany) according to the manufacturer’s protocol. After
5 min, luminescence was measured at 545 nm. Luci
ferase experiments were done in triplicates.

RESULTS
Bioinformatics

Quantitative detection of free IGF‑II protein

miR-17-5p accession number and mature sequence
were retrieved using miRBase database (http://www.
mirbase.org/). In silico predictions were carried out
using three different softwares, and results showed
IGFBP-3 to be a potential downstream target to miR17-5p, where the microRNA was predicted to bind to
the 3’UTR of IGFBP-3 at two different regions. The
interactions between miR-17-5p seed sequence and its
target sequence on the 3’UTR of IGFBP-3 are as shown
in (Table 4). Where, the seed sequence of miR-17-5p

Free IGF‑Ⅱ protein was measured in the cell culture
supernatant from miR-17-5p mimicked, miR-17-5p anta
gonized, and mock untransfected HuH-7 cells, using the
human IGF‑Ⅱ ELISA kit (CUSABIO, China), according
to the manufacturer’s instructions. Absorbance was
measured at 450 nm in a microplate reader.

Statistical analysis

miRNA and gene expression data analysis was performed
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Table 4 Predicted target region-seed sequence binding for miR-17-5p on the 3’UTR of insulin-like growth
factor binding protein-3
Target region
Region 1

Region 2

hsa-miR-17-5p (seed sequence) binding to IGFBP-3
(target sequence)

Target sequence position on
3’UTR of IGFBP-3

6mer/7mer/8mer

miR-17-5p 3'gaUGGACGUG-ACAUUCGUGAAAc 5'
||:|| : | | |
| | || | |
IGFBP-3
5'aaACUUGAGCAUCUUUUCACUUUc 3'
miR-17-5p 3’GAUGGAC- GUGACAUUCGUGAAAC 5’
|
||__ | | || |___
| | | | ||
IGFBP-3
5’ CGGCCGACCACUG-----------ACUUUG 3’

196-204

6mer

335-343

6mer

IGFBP-3: Insulin-like growth factor binding protein-3; miR-17-5p: MicroRNA-17-5p.

A
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25
-ΔΔCT
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Figure 1 Expression profile of microRNA-17-5p and insulin-like growth factor binding protein-3 and their correlation in liver tissues. The expression of miR17-5p and IGFBP-3 were investigated in 10 healthy and 23 HCC liver tissues using TaqMan qRT-PCR and normalized in each sample to RNU6B endogenous control
for miR-17-5p and B2M for IGFBP-3. A: miR-17-5p expression was down-regulated in non-metastatic HCC patients compared to healthy liver tissues (P = 0.0012); B:
Regarding IGFBP-3, its mRNA expression showed a significant higher expression in HCC tissues compared to healthy tissues (P = 0.0041). Statistical analysis was
performed using the Mann-Whitney test; C: Relative quantitation (RQ) values of miR-17-5p and IGFBP-3 mRNA in HCC tissues were analyzed using Pearson’s method of
correlation. A non-significant inverse correlation was found with Pearson’s r = -0.3244 (P = 0.1310). bP < 0.01. HCC: Hepatocellular carcinoma; IGFBP-3: Insulin-like
growth factor binding protein-3; miR-17-5p: MicroRNA-17-5p; qRT-PCR: Real-time quantitative PCR.

is shown in bold and italic, while the target sequence of
the 3’UTR of IGFBP-3 is underlined. The lines indicate
complementarity between the binding region of the
mRNA and the seed sequence of the microRNA, while
the dots indicate mismatches or GU wobbles.

= 0.1310; Figure 1c).

Impact of miR-17-5p on IGFBP-3 mRNA in HuH-7 cells

HuH-7 cells were transfected with miR-17-5p mimics
and transfection efficiency was achieved with an ob
served 250 fold increase (p = 0.0470) in miR-17-5p
levels in transfected cells (266.6 ± 113.2) compared
to their respective untransfected mock cells (1.069 ±
0.1927) (Figure 2a). Mimicking of miR-17-5p in HuH-7
resulted in a significant downregulation of IGFBP-3
mRNA levels (0.6527 ± 0.1021) compared to mock
untransfected cells (1.069 ± 0.1502, p = 0.0267). Con
versely, inhibitors of miR-17-5p in HuH-7 cells showed a
tendency of increase compared to mock untransfected
HuH-7 cell lines (Figure 2b).

Expression profile of miR-17-5p and IGFBP-3 in nonmetastatic HCC liver tissues

Expression of miR-17-5p in non-metastatic HCC tissues
(n = 23) (0.318 ± 0.109) was significantly lower com
pared to healthy tissues (n = 10) (3.488 ± 1.267, p =
0.0012; Figure 1a). On the other hand, the expression
of IGFBP-3 in the same non-metastatic HCC tissues
(5.913 ± 1.294) was significantly higher compared to
healthy tissues (1.352 ± 0.272, p = 0.0041; Figure 1b).

Correlation analysis between miR-17-5p and IGFBP-3
mRNA expression in HCC tissues

Impact of miR-17-5p on free IGF-II protein in HuH-7 cells

In miR-17-5p mimicked HuH-7 cells, there was a signi
ficant upregulation in the amount of the free IGF-Ⅱ
protein (1.045 ± 0.05255) compared to mock untran
sfected HuH-7 cells (0.8344 ± 0.06783, p = 0.0339).
Antagonizing the expression of miR-17-5p had no effect
on the amount of the free IGF-Ⅱ protein compared to
the mock HuH-7 cells (Figure 3).

IGFBP-3 mRNA was quantified in all HCC tissues and
correlated to miR-17-5p expression in the same patients.
Using Pearson’s statistical method of correlation, miR17-5p expression was found to be moderately inversely
correlated but not statistically significant with IGFBP-3
transcript levels in all HCC tissues studied (r = -0.3244, p
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Figure 2 Impact of microRNA-17-5p on insulin-like growth factor binding protein-3 mRNA expression in HuH-7 cell line. A: The expression of miR-17-5p
was determined by TaqMan qRT-PCR in HuH-7 cells transfected with oligonucleotide mimics of miR-17-5p, 48 h post-transfection, relative to their expression in
mock untransfected HuH-7 cells. The expression of miR-17-5p was normalized to RNU6B endogenous control. A: Transfection of miR-17-5p mimics increased miR17-5p levels in HuH-7 by 250 fold compared to mock cells (P = 0.0470). Unpaired t-test was performed; B: HuH-7 cells were transfected with miR-17-5p mimics or
inhibitors, and the relative expression of IGFBP-3 was determined using TaqMan qRT-PCR, relative to mock untransfected cells, and gene expression was normalized
to endogenous control B2M. IGFBP-3 mRNA expression was dramatically suppressed upon mimicking of miR-17-5p compared to mock cells (P = 0.0267), while
inhibitors of miR-17-5p showed a tendency of increase compared to mock cells. Unpaired t-test was performed. aP < 0.05. IGFBP-3: Insulin-like growth factor binding
protein-3; miR-17-5p: MicroRNA-17-5p; qRT-PCR: Real-time quantitative PCR.
a

on the vector itself. For each binding region, experiments
were performed by transfecting HuH-7 cells with either
the construct containing the WT 3’UTR binding region
of IGFBP-3, or the construct containing the MUT 3’UTR
binding region. Then miR-17-5p mimics were co-transfect
ed with the vectors or constructs and luciferase reporter
activity was assessed. In cells transfected with WT1
construct, luciferase activity was not affected upon cotransfection with miR-17-5p mimics (Figure 4a). On the
other hand, luciferase activity was inhibited by 27.5%
in cells co-transfected with miR-17-5p mimics and WT2
construct (72.48 ± 2.383) compared to cells transfected
with the WT2 construct alone (100.0 ± 9.432, p =
0.0474) (Figure 4b). In contrast, in cells transfected with
either MUT1 or MUT2, no change in luciferase activity
was observed upon mimicking with miR-17-5p (Figure 4).
The inhibition in the luciferase activity observed only in
the WT2 construct indicates direct targeting and trans
criptional inhibition of IGFBP-3 by miR-17-5p mimics
through only one of the two predicted target regions.

Absorbance at λmax = 450 nm

1.5

1.0

0.5

0.0

Mock

miR-17-5P

Anti miR-17-5p

Figure 3 Impact of microRNA-17-5p on free insulin-like growth factor-Ⅱ
protein in HuH-7 cells. HuH-7 cells were transfected with miR-17-5p mimics
or inhibitors. The free IGF-Ⅱ protein was measured in media of mimicked
and antagonized HuH-7 cells using an IGF-Ⅱ ELISA Kit. Free IGF-Ⅱ protein,
measured at λmax = 450, was found to be significantly increased upon
mimicking of miR-17-5p expression compared to mock untransfected cells (P
= 0.0339), while inhibitors of miR-17-5p showed no effect on the levels of free
IGF-Ⅱ protein levels compared to mock cells. Unpaired t-test was performed.
a
P < 0.05. IGF-Ⅱ: Insulin-like growth factor-Ⅱ; miR-17-5p: MicroRNA-17-5p.

DISCUSSION
The regulation of IGFBP-3 by microRNAs has not been
extensively studied but recently our research group
showed that the oncomiR miR-155 represses IGFBP-3
[18]
expression in HCC cell lines . In addition, we showed
an increased expression of IGFBP-3 upon forcing the
[17]
expression of miR-96 and miR-182 . To the best of
our knowledge the IGF-Ⅱ bioavailability has never been
investigated after targeting IGFBPs with microRNAs,
therefore in this study, we aimed at identifying a new
microRNA which could regulate the IGFBP-3 and con
sequently the IGF-Ⅱ bioavailability, and hence influence
HCC tumorigenesis. In silico analysis revealed IGFBP-3
as a potential downstream target for miR-17-5p (Table 4),
a microRNA which we have previously shown to have

Confirming IGFBP-3 as a direct target of miR-17-5p

To confirm that miR-17-5p directly targets the 3’UTR
of IGFBP-3, wild-type constructs (WT1 and WT2) were
designed where each of the two predicted 3’UTR target
regions were inserted downstream to a luciferase reporter
gene in pmiRGLO vector. To assess that the effects
were due to specific binding to these binding regions, a
mutant construct for each binding site was also prepared
in which 3 base pairs were deleted from the predicted
binding sequence in the 3’UTR of IGFBP-3, to form mu
tant constructs MUT1 and MUT2, respectively. Also, in a
set of cells, empty pmiRGLO vector was transfected as a
control to ensure that miR-17-5p mimics have no effect
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Figure 4 Insulin-like growth factor binding protein-3 is a direct target of miR-17-5p. For each target sequence, experiments were performed by transfecting
HuH-7 cells with either empty pmiRGLO vector, or the construct with the wild-type (WT) miR-17-5p target region insert, or the construct with the mutant (MUT) miR-175p target region insert. Then miR-17-5p mimics were co-transfected with the vectors or constructs. A: Luciferase activity was not affected in cells co-transfected with
miR-17-5p mimics and WT1 construct compared to cells transfected with the WT1 construct alone; B: On the other hand, luciferase activity was inhibited by 27.5%,
in cells co-transfected with miR-17-5p mimics and WT2 construct compared to cells transfected with the WT2 construct alone (P = 0.0474). The cells transfected with
either of the mutant constructs (MUT1 or MUT2) show no change in the luciferase activity upon mimicking with miR-17-5p. Unpaired t-test was performed. aP < 0.05.
NS: Not significant; IGFBP-3: Insulin-like growth factor binding protein-3; miR 17-5p: MicroRNA-17-5p.
[20]

oncogenic properties in HCC .
No correlation analysis was previously done bet
ween miR-17-5p and IGFBP-3 expression in HCC
patients, therefore non-metastatic liver tissues of HCC
patients were screened for that purpose. miR-17-5p was
markedly downregulated (Figure 1a) while IGFBP-3
was significantly upregulated (Figure 1b) in the nonmetastatic liver tissues of HCC patients compared to
healthy controls. This goes in line with previous studies
showing IGFBP-3 to be highly expressed in breast
[21,22]
and esophageal cancer
. But on the other hand, it
contradicts other studies that reported reduced IGFBP-3
mRNA expression and protein levels in metastatic HCC
[12,13]
patients
. Moreover, the repression of miR-17-5p
in HCC tissues (Figure 1a) corroborates our previous
results that showed a significant downregulation of miR[20]
17-5p expression in non-metasatic HCC patients , but
nonetheless it contradicts other studies in metastatic HCC
[23]
tissues . These disparities can, however, be attributed
to differences in the cohorts of patients included in the
various studies, with regards to stage and etiology of the
disease as well as other factors such as ethnicity, gender
and age. Of note, the results of the correlation analysis
revealed a moderate negative correlation between miR17-5p and IGFBP-3 expression in HCC patients (Figure
1c), suggesting that IGFBP-3, as predicted by in silico
analysis, may in fact be under the posttranscriptional
regulation of miR-17-5p.
In order to investigate the effect of miR-17-5p on
IGFBP-3, transfection experiments were performed by
forcing miR-17-5p expression in HuH-7 cell lines and
the expression of IGFBP-3 mRNA was assessed, where
it was found that upon forcing miR-17-5p expression
in HuH-7 cells, there was a significant downregulation
in IGFBP-3 expression (Figure 2b). This finding further
implies that miR-17-5p may target and regulate IGFBP-3
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expression. As revealed by in silico analysis, the 3’UTR
of the IGFBP-3 transcript contains two exclusive putative
binding sites for miR-17-5p. In order to validate IGFBP-3
as a direct downstream target of miR-17-5p, a WT and
a MUT luciferase reporter gene construct was prepared
for each binding region on the 3’UTR of IGFBP-3. Using
these microRNA-target expression constructs, it was
demonstrated that forcing the expression of miR-175p significantly decreased luciferase activity only in the
construct harboring the WT2 binding region of the 3’
UTR of IGFBP-3 target gene (Figure 4). This interesting
finding indicates that only one of the two putative
binding sites is in fact functionally active and that miR17-5p effectively targets and inhibits the transcription of
IGFBP-3 by directly associating with this specific target
region. This unusual observation has also been found
in colon cancer where bioinformatic tools predicted
two target sites on the oncogene Friend leukemia virus
integration 1 (Fli-1) for the tumor suppressor miR-145;
however, upon measuring the luciferase activity only the
construct harboring one of these two predicted target
sites of Fli-1 showed a decrease in luciferase activity
by more than 50% upon miR-145 mimicking, while the
other construct harboring the second target site did not
[24]
respond to miR-145 .
Since IGFBP-3 is a crucial negative regulator of the
bioavailability of IGF-Ⅱ, therefore the levels of free IGFⅡ protein were quantified in the media of miR-17-5p
mimicked and mock untransfected HuH-7 cells. The
results showed a significant increase in unbound IGFⅡ in miR-17-5p mimicked HuH-7 cells compared to
mock untransfected cells (Figure 3). This in turn confirms
that miR-17-5p regulates IGF-Ⅱ bioavailability through
direct targeting of IGFBP-3. In this regard, the biological
function of miR-17-5p appears to simulate the effect of
another regulator of the IGF pathway, the MMPs, whose
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overexpression leads to the decrease in IGFBP-3 and
[25]
subsequent increase in IGF-Ⅱ bioavailability .
In conclusion, the findings of this study shed light on
the important role of the oncogenic miR-17-5p in hepa
tocarcinogenesis, where this microRNA was found to
increase IGF-Ⅱ bioavailability by directly targeting and
repressing IGFBP-3 expression. Hence, manipulating
microRNA expression might be a compelling potential
therapeutic approach in preventing HCC progression.
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AIM: To interfere with the activation of nuclear factorκB (NF-κB) with metformin and explore its effect in
reversing multidrug resistance (MDR) of hepatocellular
carcinoma (HCC) cells.
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METHODS: Expression of P-glycoprotein (P-gp) and NFκB in human HepG2 or HepG2/adriamycin (ADM) cells
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[1-3]

worldwide . Due to the lack of specific symptoms,
the vast majority of HCCs are diagnosed at late and/
[4,5]
or advanced stages . Although recent advances in
surgical techniques and interventional therapy have
improved survival, the emergence of multidrug resis
tance (MDR) to a series of clinical chemotherapeu
tics with different structures or different target sites
[6,7]
severely blocks the successful management of HCC .
The well recognized mechanism of classical MDR is
the significant overexpression of human MDR1 gene
encoding MDR1/P-glycoprotein (P-gp) that acts as an
[8,9]
efflux pump on cell surface . Intracellular anti-cancer
drugs increasingly flow from cells through the efflux pump,
thus drug concentrations become lower and cancer cells
become resistant to chemotherapeutic drugs such as
[10,11]
doxorubicin
.
Recently, some studies have found diverse anticancer
effects of metformin in the cells of lung, gastric, endo
[12,13]
metrial, breast, and other types of cancer
. Metformin
exhibits anti-proliferative effects in tumor cells in vitro
[14,15]
and in vivo
. Metformin might target the AMP-activated
protein kinase (AMPK)/mammalian target of rapamycin
[16,17]
(mTOR) pathway
, suppress the hypoxia-inducible
[18,19]
factor-1α (HIF-1α)
and transcriptionally down-regulate
P-gp and MDR-associated protein 1 (MRP1), suggest
ing that metformin may reverse MDR by targeting the
[20,21]
AMPK/mTOR/HIF-1α/P-gp and MRP1 pathways
.
In addition, the activation of nuclear factor-kappa B
(NF-κB) pathway plays an important role in the develop
[22-24]
ment of HCC
, but whether it is related to MDR and
the underlying molecular mechanisms remain to be
[25,26]
explored
. In this study, we silenced NF-κB gene
transcription with specific small interference RNA (siRNA)
in human resistant HepG2/adriamycin (HepG2/ADM)
cells, and explored the impact of metformin and NF-κB
silencing, alone or in combination, on MDR1 regulation
and MDR in HCC cells.

treated with pCMV-NF-κB-small interference RNA (siRNA)
with or without metformin, was analyzed by Western blot
or fluorescence quantitative PCR. Cell viability was tested
by CCK-8 assay. Cell cycle and apoptosis were measured
by flow cytometry and Annexin-V-PE/7-AnnexinV apop
tosis detection double staining assay, respectively.
RESULTS: P-gp overexpression in HepG2 and HepG2/
ADM cells was closely related to mdr1 mRNA (3.310 ±
0.154) and NF-κB mRNA (2.580 ± 0.040) expression. NFκB gene transcription was inhibited by specific siRNA with
significant down-regulation of P-gp and enhanced HCC
cell chemosensitivity to doxorubicin. After pretreatment
with metformin, HepG2/ADM cells were sensitized to
doxorubicin and P-gp was decreased through the NF-κB
signaling pathway. The synergistic effect of metformin
and NF-κB siRNA were found in HepG2/ADM cells with
regard to proliferation inhibition, cell cycle arrest and
inducing cell apoptosis.
CONCLUSION: Metformin via silencing NF-κB signaling
could effectively reverse MDR of HCC cells by downregulating MDR1/P-gp expression.
Key words: Metformin; Reversal; Multidrug resistance;
Hepatocellular carcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Metformin might target AMP-activated protein
kinase mammalian target of rapamycin pathway,
suppress hypoxia‑inducible factor-1α and transcriptionally
down-regulate P-glycoprotein (P-gp) and multidrug
resistance (MDR)-associated protein 1, suggesting that
metformin may reverse MDR by targeting the AMPactivated protein kinase/mammalian target of rapamycin/
hypoxia-inducible factor-1α/P-gp and MDR-associated
protein 1 pathways. In the present study, HepG2/ADM
cells pretreated with metformin were sensitized to
doxorubicin and P-gp was decreased through the nuclear
factor-κB (NF-κB) signaling pathway. The synergistic
effects were found in the cells with regard to proliferation
inhibition, cell cycle arrest and inducing apoptosis,
and inhibiting P-gp expression via the NF-κB signaling
pathway effectively reversed MDR by down-regulating
MDR1/P-gp expression.

MATERIALS AND METHODS
Cell culture

Human hepatoma cell line HepG2, HepG2/ADM cell line
and hepatocyte cell line LO2 were purchased from Aibio
Biotech Company (Shanghai, China). LO2 cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
KeyGen Biotech Co., Ltd, Nanjing, China) containing
10% fetal bovine serum (FBS, Invitrogen, United States),
penicillin (100 U/mL)/streptomycin (100 U/mL), at 37 ℃
with 5% CO2. HepG2 and HepG2/ADM cells were cul
tured in RPMI 1640 (KeyGen Biotech Co., Ltd, Nanjing,
China) complete medium supplemented with 10% FBS,
penicillin (100 U/mL)/streptomycin (100 U/mL) at 37 ℃
in a humidified incubator containing 5% CO2.
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Western blot

The cultured cells were washed with phosphate buffered
saline (PBS) twice and lysed in phenylmethane sulfonyl
fluoride (PMSF, Beyotime, Nantong, China) cell lysis
buffer (1:1000), and the protein concentrations were
determined with the bicinchoninic acid (BCA, Beyotime,
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Nantong, China) protein assay kit. The protein samples
were separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis and transferred onto
polyvinylidene fluoride (PVDF, Millipore, United States)
membranes. After blocking with 5% skim milk in Trisbuffered saline with tween (TBST) at room temperature
for 3 h, the membranes were incubated with the primary
antibody overnight at 4 ℃. The primary antibodies were
diluted as follows: p65 and P-p65 (rabbit anti-human,
1:1000, Cell Signaling, United States), MDR1 (rabbit antihuman, 1:500, Abcam, United States) and β-actin (mouse
anti-human, 1:2000, internal reference, Proteintech,
United States). Then the membranes were washed
three times with TBST and incubated with a horseradish
peroxidase-conjugated secondary antibody (mouse or
rabbit anti-human, 1:1000, Univ-bio, Nanjing, China)
for 2.5 h at room temperature. Finally, the samples
were detected with Quantity One software using the
electrochemiluminescence kit (Millipore, United States).
All Western blot experiments were repeated three times.

at 37 ℃ in a humidified incubator containing 5% CO2,
and liquid was changed at a fixed time interval. Then
10 μL/well CCK-8 solution was added and incubated
at 37 ℃ for 4 h. The absorbance (A) was measured
with a microplate reader at a wavelength of 450 nm.
Cell survival rate was calculated as Aexp/Acon × 100%.
Values of IC50 were evaluated with the Graphpad Prism5
software. Each individual experiment was performed at
least three times.

Metformin treatment

HepG2/ADM cells were divided into three groups:
Blank, control and experiment. The experimental group
was treated with 1 μmol/L metformin for 24 h, and
then continued to be cultured for 48 h with 1.5 μmol/L
doxorubicin. The control group was only treated with
doxorubicin, and the blank group did not undergo any
treatment.

Analysis of cell apoptosis

HepG2/ADM cells were treated with drugs for 48 h, and
then continued to be cultured for 24 h with another cul
ture solution. Cells were harvested using trypsin without
EDTA and washed with cold PBS twice. Cell cycle and
apoptosis (n = 3) were measured by flow cytometry and
Annexin-V-PE/7-AnnexinV apoptosis detection double
staining assay (BD, United States), respectively.

Real-time quantitative PCR

The cultured cells were digested with trypsin. Total RNA
was extracted with TRIzol (Invitrogen, United States)
reagent according to the protocol of the manufacturer.
The quantity of total RNA was determined based on
absorbance at 260 nm, and the purity of total RNA
was analyzed based on the absorbance ratio at 260
and 280 nm (A260/280). Reverse transcription of total
RNA to complementary DNA (cDNA) was performed
with RevertAidTM First Strand cDNA Synthesis Kit (MBI
Fermentas, CA, United States). PCR was carried with an
SYBR Premix Ex TaqTMⅡ kit (TaKaRa, Dalian, China),
and GAPDH was used as an internal reference. The
[27]
sequences of the primers used
were: NF-κB/p65
(forward: 5’-CTATCAGTCAGCGCATCCAG-3 and reverse:
5’-GCCAGAGTTTCGGTTCACTC-3’); mdr1 (forward:
5’-CCGGTT TGGAGCCTACTTG-3’ and reverse: 5’-TCCAA
TGTGTTCGGCATTAG-3’); and GAPDH (forward:
5’-CAAGGTCATCCATGACAAC TTTG-3’ and reverse:
5’-GTCCACCACCCTGTTGCTGTAG-3’). Real-time PCR
cycling parameters consisted of initial denaturation at
94 ℃ for 2 min and 40 cycles of 95 ℃ for 10 s, 55 ℃
for 30 s, and 70 ℃ for 45 s. The amplification specificity
was confirmed by the melting curves. Ct values were
calculated based on duplicates and normalized to
GAPDH. The relative expression was calculated using
−ΔΔCt
the 2
method. All PCR experiments were repeated
three times.

Plasmid construction and cell transfection

NF-κB-siRNAs were designed according to the previously
[28]
reported sequences
and synthesized by the Biomics
Company (Nantong, China) according to Rel A sequence
obtained from Gene ID 5970. The sequences of siRNAs
were: NF-κB/p65 siRNA (forward, 5′-TGCTGTTCATCTCCTG
AAAGGAGGCCGTTTTGGCCACTGACTGACGGCCTCCT
CAGGAGATGAA-3′ and reverse, 5′-CCTGTTCATCTCCT
GAGGAGGCCGTCAGTCAGTGGCCAAAACGGCCTCC
TTTCAGGAGATGAAC-3′; and negative-siRNA (forward,
5′-TGCTGAAATGTACTGCGCGTGGAGACGTTTTGGCCA
CTGACTGACGTCTCCACGCAGTACATTT-3′ and reverse,
5′-CCTGAAATGTACTGCGTGGAGACGTCAGTCAGTGGCC
AAAACGTCTCCACGCGCAGTACATTTC-3′. Each siRNA
was inserted to a pcDNA™ 6.2-GW/EmGFPmiR vector
(Invitrogen, United States). HepG2/ADM cells were divided
into blank control, negative siRNA control and NF-κB/p65
siRNA transfection groups. After cells were planted into
microwell plates at a density of 70%, the plasmids were
transfected into cells for incubation for 24 h according to
the manufacturer’s instructions. The medium was removed
on another day and replaced with the fresh one, and the
transfection efficiency was observed with a fluorescence
microscope. These experiments were performed in
triplicate.

Cell viability assay

Cell viability was evaluated with CCK-8 kit (Dojindo,
Japan). Cells were divided into blank, negative control
and experimental groups. Briefly, cells in logarithmic
growth phase were digested with trypsin, and the
cell suspension liquid (100 μL) was seeded in 96-well
plates. Toxicity tests were performed with different
concentrations of ADM added to 96-well plates in the
experimental group. The micro-plates were pre-cultured
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Statistical analysis

Data are expressed as the mean ± SD. Statistical
analyses were done using the SPSS21.0 software pack
age. Differences between groups were assessed using
analysis of variance or t-test. P ≤ 0.05 was regarded as
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Table 1 Absorbance values (n = 3, mean ± SD) of HepG2/adriamycin cells treated with
different concentrations of metformin
Time (h)
24
48
72

0 (blank)

0.1 mmol/L

0.3 mmol/L

1 mmol/L

3 mmol/L

10 mmol/L

1.242 ± 0.03
1.744 ± 0.01
1.692 ± 0.04

1.233 ± 0.04
1.734 ± 0.02
1.677 ± 0.01

1.221 ± 0.02
1.718 ± 0.04
1.650 ± 0.06

1.195 ± 0.00
1.703 ± 0.03
1.583 ± 0.06

1.189 ± 0.02
1.583 ± 0.03a
1.420 ± 0.06a

1.101 ± 0.02a
1.483 ± 0.01a
1.300 ± 0.04a

a

P < 0.05 vs the blank group.

Table 2 Effect of adriamycin combined with metformin on the proliferation of HepG2/adriamycin cells (n
= 3, mean ± SD)
Adriamycin (μmol/L)
0
0.01
0.1
1
5
10
20

24 h

48 h

72 h

Control

Metformin

Control

Metformin

Control

Metformin

1.434 ± 0.03
1.280 ± 0.06
1.194 ± 0.10
0.847 ± 0.02
0.628 ± 0.08
0.531 ± 0.00
0.284 ± 0.01

1.327 ± 0.04a
1.160 ± 0.01a
1.111 ± 0.09
0.662 ± 0.02a
0.458 ± 0.02a
0.399 ± 0.01a
0.162 ± 0.01a

1.477 ± 0.08
1.489 ± 0.03
1.418 ± 0.01
0.661 ± 0.01
0.358 ± 0.02
0.162 ± 0.01
0.143 ± 0.01

1.357 ± 0.01
1.314 ± 0.03a
1.213 ± 0.02a
0.661 ± 0.06
0.208 ± 0.03a
0.062 ± 0.01a
0.051 ± 0.00a

1.695 ± 0.08
1.505 ± 0.01
1.453 ± 0.02
0.753 ± 0.04
0.347 ± 0.03
0.122 ± 0.01
0.084 ± 0.01

1.507 ± 0.05a
1.378 ± 0.07a
1.249 ± 0.04a
0.508 ± 0.04a
0.194 ± 0.03a
0.049 ± 0.01a
0.027 ± 0.00a

a

P < 0.05 vs the control group. The proliferation of HepG2/adriamycin cells calculated with SPSS21.0 is presented as mean ±
SD from CCK-8 assay in triplicate.

statistically significant.

cells was concentration- and time-dependent (Table 1).
Metformin showed no significant effect on HepG2/ADM
cells when its concentration was less than 3 mmol/L,
but had different degrees of inhibition on the prolifera
tion of HepG2/ADM cells when its concentration was
between 3-10 mmol/L (P < 0.05). The HepG2/ADM
cells were divided into experimental and control groups.
After pretreatment with metformin, the experimental
group cells were treated with different concentrations
of doxorubicin. The effect of adriamycin combined with
metformin on the proliferation of HepG2/ADM cells is
shown in Table 2. After treatment with metformin, HepG2/
ADM cells were more sensitive to adriamycin.

RESULTS
Expression of P-gp, mdr1, and NF-kB in different liver
cell lines

The levels of P-gp, mdr1, and NF-kB expression in diffe
rent liver cell lines are shown in Figure 1. The proliferation
of HepG2 and HepG2/ADM cells was decreased along
with the increase of the concentration of doxorubicin, and
the ability of proliferation was higher in HepG2/ADM cells
than in HepG2 cells. At 24, 48 and 72 h, the IC50 values
of doxorubicin against HepG2 cells were 0.489, 0.221
and 0.224 μmol/L, respectively, and the IC50 values of
doxorubicin against HepG2/ADM cells were 4.166, 1.522
and 1.380 μmol/L, respectively. The resistance index (RI,
μmol/L) of HepG2/ADM cells was 8.519 at 24 h, 6.874
at 48 h and 6.166 at 72 h. There was almost no P-gp
expression in LO2 cells. Different degrees of expression of
P-gp protein were observed in HepG2 and HepG2/ADM
cells, but the P-gp expression in HepG2/ADM cells was
significantly higher than that in HepG2 cells (Figure 1A
and B). The p-p65 expression was significantly increased,
while the expression of p65 was significantly decreased in
HepG2/ADM cells (Figure 1C and D). The levels of mdr1
mRNA and NF-κB mRNA were 3.310 ± 0.154 and 2.580
± 0.040, respectively, in HepG2/ADM cells, and 0.084 ±
0.038 and 0.607 ± 0.032, respectively, in HepG2 cells;
the former was significantly higher than the latter (P <
-∆∆ct
0.01). Relative transcript levels (2 ) of mdr1 mRNA
and NF-κB mRNA were 9.381 ± 0.750 and 3.927 ± 0.069,
respectively (Figure 1E).

Metformin promotes HepG2/ADM cell apoptosis

The levels of HepG2/ADM cell apoptosis in the ex
perimental (treated with metformin plus adriamycin),
control (only treated with adriamycin) and blank (without
adriamycin or metformin) groups are shown in Figure 2.
After the cells were pretreated with 1 mmol/L metformin
for 24 h, adriamycin was added. MDR1 in HepG2/ADM
cells was down-regulated, the cell cycle was blocked at
G0/G1 phase, and apoptosis was enhanced. Significant
differences in the apoptosis rates were found among
different groups (F = 3726.97, P < 0.001), and the
apoptosis rate was significantly higher in the experimental
group (22.17% ± 0.37%) than in the control group
(14.86% ± 0.21%) or the blank group (4.17% ± 0.13%).

Metformin reverses MDR via the NF-κB signaling
pathway

Metformin reversed the MDR of HCC cells via the NFκB signaling pathway (Figure 3). The levels of P-gp
expression in the HepG2/ADM cells were decreased with

Effect of metformin on HepG2/ADM cells

The effect of metformin on the proliferation of HepG2/ADM
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Figure 1 The levels of P-glycoprotein, mdr1 and nuclear factor-κB expression in different cell lines. A and C: The levels of P-gp and NF-kB expression in
HepG2 or HepG2/ADM cells were determined by Western blot. The number indicates the ratio of HepG2/ADM cells to HepG2 cells (n = 3, mean ± SD); B and D: The
gray intensity images of Figure 1A and Figure 1C, respectively; E: The levels of mdr1 and NF-κB mRNA expression were determined by qRT-PCR. bP < 0.01 (n = 3,
mean ± SD), compared with hepG2 or LO2 cell line. P-gp: P-glycoprotein; NF-kB: Nuclear factor-κB; ADM: Adriamycin.

the increasing dose of metformin, and the phosphory
lated p65 expression in the nucleus was also decreased.
Metformin could down-regulate P-gp expression by
inhibiting NF-kB activation in a dose- and time-depen
dent manner.

reduced in cells treated with metformin plus NF-κB-siRNA
compared with that in cells only treated with metformin (t
= 5.39, P = 0.006).

Synergistic effect of metformin plus NF-κB-siRNA

Recent advances in surgical techniques and interventional
[6,7,29]
therapy have improved survival of HCC patients
.
However, the emergence of MDR to a series of clinical
chemotherapeutics with different structures or target
sites severely blocks the successful management of
HCC and still is a difficult problem to be solved in clinical
[30,31]
practice
. MDR in HCC could result from several
biochemical mechanisms including decreased drug influx,
increased drug efflux, altered cell cycle checkpoints,
altered drug targets, increased drug metabolism and/or
resistance to drug-induced apoptosis. Therefore, it is
very important to find safe and effective MDR reversal
[32]
agents for HCC . In the present study, metformin with

DISCUSSION

The synergistic effects of metformin combined with
NF-κB siRNA in reversing MDR are shown in Figure 4.
HepG2/ADM cells were divided into three groups: Untreat
ed cells, cells treated with metformin alone and those
treated with metformin combined with NF-κB-siRNA. In
the NF-κB-siRNA group, NF-κB-siRNA was transfected
into HepG2/ADM cells for 24 h, and then cells were
treated with 1 mmol/L metformin for 48 h. The levels of
P-gp expression were 0.91 ± 0.24, 0.63 ± 0.13 and 0.22
± 0.02 (F = 14.47, P = 0.005) in untreated, metformin
and the metformin combined with NF-κB-siRNA groups,
respectively. The expression of P-gp was significantly
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Figure 2 Metformin enhances adriamycin-induced apoptosis of HepG2/adriamycin cells. Cell early apoptosis was measured by Annexin-V-PE/7-AAD double
staining assay in triplicate. A: The blank group (untreated); B: The control group (only treated with adriamycin); C: The experiment group (treated with metformin plus
adriamycin). AAD: AnnexinV apoptosis detection.
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Figure 3 Metformin down-regulates P-glycoprotein expression via the nuclear factor-κB signaling pathway. A: After HepG2/ADM cells were treated with
different doses of metformin for 24 h, the levels of P-gp and p-p65 expression analyzed by Western blot were decreased in a dose-dependent manner, and the
cytoplasma p65 increased in a dose-dependent manner; B: The gray intensity images of Figure 3A. aP < 0.05, bP < 0.01 vs the blank group (n = 3, mean ± SD); C:
After HepG2/ADM cells were treated with 1 mmol/L metformin for different time periods, the levels of P-gp and p-p65 expression analyzed by Western blot were
decreased in a time-dependent manner, and the cytoplasma p65 increased in a time-dependent manner; D: The gray intensity images of Figure 3C. aP < 0.05, bP < 0.01
vs the blank group (n = 3, mean ± SD). P-gp: P-glycoprotein; NF-kB: Nuclear factor-κB; ADM: Adriamycin.

silencing NF-κB gene transcription was used to reverse
MDR of HepG2/ADM cells with high NF-κB expression.
Anti-cancer drug efflux is one of the most common
mechanisms of MDR of HCC cells, and it is mediated
[33,34]
by ATP-binding cassette transporters
, such as P-gp
encoded by MDR1 gene, which is located downstream
of the NF-κB signaling pathway. P-gp expression re
gulated by MDR1 is the most important and common
cause of MDR, and weakened the apoptosis of cancer
cells induced by chemotherapeutic drugs. Both P-gp
expression and NF-κB activation are linked closely with
[35]
HCC progression . Usually NF-κB takes part in gene
transcription by means of homodimers or heterodimers,
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such as p50/p65, p65/p65, and p65/Rel. In quiescent
cells, they are predominantly cytoplasmic, associating
with members of inhibitory IκB family and forming NFκB/IκB complexes without activity. Both P-gp and NF-kB
at the protein or transcriptional level were significantly
higher (Figure 1), with p65 expression decreasing in
HepG2/ADM cells, indicating that abnormal P-gp and NFkB expression could associate with the MDR formation of
[20]
HCC cells .
Metformin is a safe, low-cost drug, and therefore
remains one of the most commonly prescribed drugs world
[16,36]
wide
. The anticancer effects of metformin indicate
the possibility that certain diabetes-associated types of
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Figure 4 Alteration of P-glycoprotein expression in cells treated with metformin plus nuclear factor-κB-small interference RNA. A: Alteration of P-gp
expression in different groups of cells. A significant decrease of P-gp expression analyzed by Western blot was found in HepG2/ADM cells treated with the metformin
plus NF-κB-siRNA; B: The gray intensity images of Figure 4A. bP < 0.01 vs the blank group (n = 3, mean ± SD). P-gp: P-glycoprotein; NF-kB: Nuclear factor-κB; ADM:
Adriamycin; siRNA: Small interference RNA.
[37,38]

cancer
may be circumvented, and metformin has
anti-proliferative potential against cancer cells or revers
[39,40]
ing MDR in vitro and in vivo
. However, the precise
molecular mechanisms whereby metformin works in
cancer prevention remain multi-factorial and ill-defined.
Metformin affected HepG2/ADM cell proliferation in a
dose- and time-dependent manner (Table 1). Metformin
at < 3 mmol/L had no significant impact on HepG2/ADM
cells, but the cells treated with metformin between 3-10
mmol/L were more sensitive to adriamycin with regard
to promoting cell apoptosis (Figure 2) and inhibiting cell
proliferation (Table 2), suggesting that metformin could
increase the sensitivity of HepG2/ADM cells to anticancer drugs.
There are few studies on the effect of metformin
on MDR of HCC cells. siRNA strategy is a powerful
technique to inhibit specific gene expression, which
has highlighted the potential use of siRNA molecules to
study gene function or explore new HCC therapeutic
[41,42]
agents
. The expression of NF-κ B gene transcription
was inhibited by specific siRNA, which significantly downregulated P-gp and enhanced the chemosensitivity of
HCC cells to doxorubicin, confirming the mechanism of
decreasing P-gp via the NF-κB signaling pathway. The
synergistic effects of metformin and NF-κB siRNA were
found in HepG2/ADM cells with regard to cell proliferation
inhibition, cell cycle arrest, and inducing cell apoptosis.
These data confirm that the metformin could enhance
the HepG2/ADM cells sensitivity to adriamycin and
reverse MDR via the NF-κB signaling pathway (Figure 4).
In conclusion, the development of MDR still is one of
[43,44]
major causes of HCC chemotherapy failure
. Although
specific NF-κB siRNA is a powerful small molecule reagent
designed to silence expression of NF-κB and MDR1/P-gp
related to MDR to increase tumor cell sensitivity to anticancer drugs, how to apply metformin plus interfering
NF-κB activation for effective reversal of MDR of HCC
cells still needs to be further explored.

earlier drafts of the manuscript.
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Hepatocellular carcinoma (HCC) multidrug resistance (MDR) to a series of clinical
chemotherapeutics with different structures or different target sites severely
blocks the successful management of HCC. The mechanism of classical MDR
is the significant overexpression of MDR1/P-glycoprotein (P-gp) that acts as an
efflux pump on cell surface. Intracellular anti-cancer drugs increasingly flow from
cells through the efflux pump, thus drug concentrations become lower and cancer
cells become resistant to chemotherapeutic drugs such as doxorubicin.

Research frontiers

Metformin could target AMP-activated protein kinase mammalian target of
rapamycin pathway, suppress hypoxia-inducible factor-1α (HIF-1α) and trans
criptionally down-regulate P-gp and MDR-associated protein 1, suggesting that
metformin may reverse MDR by targeting the AMP-activated protein kinase/
mammalian target of rapamycin/HIF-1α/P-gp and MDR-associated protein 1
pathways. However, whether metformin plus nuclear factor-κB (NF-κB) inhibition
might effectively reverse MDR of HCC cells remains to be explored.

Innovations and breakthroughs

Recently, there are few studies on the effects of metformin on MDR of HCC cells.
In this study, the data suggested that the abnormal expression of MDR1/P-gp and
NF-κB activation during HCC development were related to MDR formation, which
might be down-regulated through inhibiting activation of the NF-κB signaling
pathway with specific small interference RNA (siRNA). The combination of
metformin with interfering NF-κ B gene transcription could effectively reverse the
MDR of HCC cells.

Applications

The abnormal expression of MDR1/P-gp in HCC was related to MDR formation,
which could be down-regulated through inhibiting activation of the NF-κB
signaling pathway with specific siRNA and increasing sensitivity of HCC cells to
chemotherapy drugs. Interfering NF-κB activation with metformin is effective to
reverse MDR of HCC cells. However, how to apply metformin plus interfering NFκB activation for effective reversal of MDR of HCC cells still needs to be explored.

Terminology

Metformin is a safe, low-cost drug. The anticancer effects of metformin
indicate the possibility that certain diabetes-associated types of cancer may
be circumvented. Indeed, many retrospective meta-analyses have shown that
metformin possesses anti-cancer activities and decreases the incidence of
primary cancer development in those taking metformin routinely, and a multitude
of clinical cancer trials are actively assessing its benefits in non-diabetic
population who have already developed cancer. However, the precise molecular

ACKNOWLEDGMENTS
The authors thank Dr. FitzGibbon T for comments on

WJH|www.wjgnet.com

991

August 18, 2016|Volume 8|Issue 23|

Wu W et al . MDR in HCC
mechanisms whereby metformin works in cancer prevention remain multi-factorial
and ill-defined.
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Authors have done excellent work in this present study. They have explored
the effect of metformin and interfering NF-κ B gene transcription with specific
siRNA, alone or in combination, on MDR1 gene regulation. The application of
interfering NF-κB activation with metformin was more effective to reverse MDR
of HCC cells.

17

REFERENCES
1

2

3

4

5

6
7
8

9

10

11

12
13

14

15

18

Singal AG, El-Serag HB. Hepatocellular Carcinoma From Epide
miology to Prevention: Translating Knowledge into Practice. Clin
Gastroenterol Hepatol 2015; 13: 2140-2151 [PMID: 26284591
DOI: 10.1016/j.cgh.2015.08.014]
de Martel C, Maucort-Boulch D, Plummer M, Franceschi S.
World-wide relative contribution of hepatitis B and C viruses in
hepatocellular carcinoma. Hepatology 2015; 62: 1190-1200 [PMID:
26146815 DOI: 10.1002/hep.27969]
Ashtari S, Pourhoseingholi MA, Sharifian A, Zali MR. Hepato
cellular carcinoma in Asia: Prevention strategy and planning. World
J Hepatol 2015; 7: 1708-1717 [PMID: 26140091 DOI: 10.4254/
wjh.v7.i12.1708]
Yao M, Wang L, Yao Y, Gu HB, Yao DF. Biomarker-based Micro
RNA Therapeutic Strategies for Hepatocellular Carcinoma. J Clin
Transl Hepatol 2014; 2: 253-258 [PMID: 26355266 DOI: 10.14
218/JCTH.2014.00020 26355266]
Zhang H, Yao M, Wu W, Qiu L, Sai W, Yang J, Zheng W, Huang J,
Yao D. Up-regulation of annexin A2 expression predicates advanced
clinicopathological features and poor prognosis in hepatocellular
carcinoma. Tumour Biol 2015; 36: 9373-9383 [PMID: 26109000
DOI: 10.1007/s13277-015-3678-6]
Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma: cli
nical frontiers and perspectives. Gut 2014; 63: 844-855 [PMID:
24531850]
Llovet JM, Bruix J. Molecular targeted therapies in hepatocellular
carcinoma. Hepatology 2008; 48: 1312-1327 [PMID: 18821591]
Fang P, Zhang X, Gao Y, Ding CR, Cui F, Jiao SC. Reversal effect
of melanoma differentiation associated gene-7/interleukin-24 on
multidrug resistance in human hepatocellular carcinoma cells. Anat
Rec (Hoboken) 2012; 295: 1639-1646 [PMID: 22899557 DOI:
10.1002/ar.22551]
Liu Y, Lou G, Wu W, Zheng M, Shi Y, Zhao D, Chen Z. Involve
ment of the NF-κB pathway in multidrug resistance induced by
HBx in a hepatoma cell line. J Viral Hepat 2011; 18: e439-e446
[PMID: 21914061 DOI: 10.1111/j.1365-2893.2011.01463.x]
Zheng W, Sai W, Yao M, Gu H, Yao Y, Qian Q, Yao D. Silencing
clusterin gene transcription on effects of multidrug resistance
reversing of human hepatoma HepG2/ADM cells. Tumour Biol
2015; 36: 3995-4003 [PMID: 25600802 DOI: 10.1007/s13277-015]
Zhao X, Chen Q, Li Y, Tang H, Liu W, Yang X. Doxorubicin and
curcumin co-delivery by lipid nanoparticles for enhanced treatment
of diethylnitrosamine-induced hepatocellular carcinoma in mice.
Eur J Pharm Biopharm 2015; 93: 27-36 [PMID: 25770771 DOI:
10.1016/j.ejpb.2015.03.003]
CImai A, Ichigo S, Matsunami K, Takagi H, Yasuda K. linical
benefits of metformin in gynecologic oncology. Oncol Lett 2015;
10: 577-582 [PMID: 26622536]
Cazzaniga M, Bonanni B. Breast Cancer Metabolism and Mito
chondrial Activity: The Possibility of Chemoprevention with
Metformin. Biomed Res Int 2015; 2015: 972193 [PMID: 26605341
DOI: 10.1155/2015/972193]
Hall C, Stone RL, Gehlot A, Zorn KK, Burnett AF. Use of Met
formin in Obese Women With Type I Endometrial Cancer Is
Associated With a Reduced Incidence of Cancer Recurrence. Int J
Gynecol Cancer 2016; 26: 313-317 [PMID: 26588235]
Cazzaniga M, Bonanni B. Relationship Between Metabolic Repro
gramming and Mitochondrial Activity in Cancer Cells. Understanding

WJH|www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

992

The Anticancer Effect of Metformin and Its Clinical Implications.
Anticancer Res 2015; 35: 5789-5796 [PMID: 26503999]
Kim HG, Hien TT, Han EH, Hwang YP, Choi JH, Kang KW, Kwon
KI, Kim BH, Kim SK, Song GY, Jeong TC, Jeong HG. Metformin
inhibits P-glycoprotein expression via the NF-κB pathway and CRE
transcriptional activity through AMPK activation. Br J Pharmacol
2011; 162: 1096-1108 [PMID: 21054339 DOI: 10.1111/j.14765381.2010.01101.x]
Chen S, Wang Y, Ruan W, Wang X, Pan C. Reversing multidrug
resistance in hepatocellular carcinoma cells by inhibiting extra
cellular signal-regulated kinase/mitogen-activated protein kinase
signaling pathway activity. Oncol Lett 2014; 8: 2333-2339 [PMID:
25295120]
Li S, Yao D, Wang L, Wu W, Qiu L, Yao M, Yao N, Zhang H, Yu
D, Ni Q. Expression characteristics of hypoxia-inducible factor-1α
and its clinical values in diagnosis and prognosis of hepatocellular
carcinoma. Hepat Mon 2011; 11: 821-828 [PMID: 22224081 DOI:
10.5812/kowsar.1735143X.771]
Dong ZZ, Yao DF, Li SS, Yao M, Yu DD, Yao NH, Qian YJ, Qiu
LW. Inhibitory effect of miRNA silencing hypoxia-inducible factor
alpha subunit gene on the proliferation of HepG2 cells. Zhonghua
Gan Zang Bing Za Zhi 2011; 19: 281-285 [PMID: 21586227 DOI:
10.3760/cma.j.issn.1007-3418.2011.04.012]
Xiang QF, Zhang DM, Wang JN, Zhang HW, Zheng ZY, Yu DC,
Li YJ, Xu J, Chen YJ, Shang CZ. Cabozantinib reverses multidrug
resistance of human hepatoma HepG2/adr cells by modulating the
function of P-glycoprotein. Liver Int 2015; 35: 1010-1023 [PMID:
24621440 DOI: 10.1111/liv.12524]
Fantappiè O, Sassoli C, Tani A, Nosi D, Marchetti S, Formigli
L, Mazzanti R. Mitochondria of a human multidrug-resistant hepa
tocellular carcinoma cell line constitutively express inducible nitric
oxide synthase in the inner membrane. J Cell Mol Med 2015; 19:
1410-1417 [PMID: 25691007 DOI: 10.1111/jcmm.12528]
Wu W, Yao DF, Dong ZZ, Bian YZ, Yao NH, Qiu LW, Yang JL,
Sai WL. [Abnormality of NF- kappa B expression and the clinical
implications in patients with HBV-related hepatocellular carci
noma]. Zhonghua Gan Zang Bing Za Zhi 2011; 19: 466-468 [PMID:
22053381]
Dong ZZ, Yao DF, Wu W, Yao M, Yu HB, Shen JJ, Qiu LW, Yao
NH, Sai WL, Yang JL. Delayed hepatocarcinogenesis through anti
angiogenic intervention in the nuclear factor-kappa B activation
pathway in rats. Hepatobiliary Pancreat Dis Int 2010; 9: 169-174
[PMID: 20382589]
Yao DF, Yu HB, Shen JJ, Wang YL, Wu XH, Qiu LW, Wu W. [The
effect of thalidomine-induced NF-kappa B activation on malignant
transformation of hepatocytes]. Zhonghua Gan Zang Bing Za Zhi
2009; 17: 312-314 [PMID: 19403036]
Shi Y, Wang SY, Yao M, Sai WL, Wu W, Yang JL, Cai Y, Zheng
WJ, Yao DF. Chemosensitization of HepG2 cells by suppression
of NF-κB/p65 gene transcription with specific-siRNA. World J
Gastroenterol 2015; 21: 12814-12821 [PMID: 26668505 DOI:
10.3748/wjg.v21.i45.12814 26668505]
Liu Y, Lou G, Wu W, Shi Y, Zheng M, Chen Z. Interferon-α sen
sitizes HBx-expressing hepatocarcinoma cells to chemotherapeutic
drugs through inhibition of HBx-mediated NF-κB activation. Virol
J 2013; 10: 168 [PMID: 23718853 DOI: 10.1186/1743]
Wu W, Yao D, Wang Y, Qiu L, Sai W, Yang J, Yao N, Li S, Bian
Y, Wang Z, Yao D. Suppression of human hepatoma (HepG2) cell
growth by nuclear factor-kappaB/p65 specific siRNA. Tumour Biol
2010; 31: 605-611 [PMID: 20628843 DOI: 10.1007/s13277]
Wang YL, Yao DF, Wu W, Sai WL, Qiu LW, Yang JL, Zhu JW.
[Effect of siRNA-mediated inhibition of nuclear transcription
factor-kappa B on apoptosis of hepatocarcinoma cells]. Zhonghua
Gan Zang Bing Za Zhi 2010; 18: 609-613 [PMID: 20825717 DOI:
10.3760/cma.j.issn.1007-3418.2010.08.014 20825717]
Gillet JP, Andersen JB, Madigan JP, Varma S, Bagni RK, Powell
K, Burgan WE, Wu CP, Calcagno AM, Ambudkar SV, Thorgeirsson
SS, Gottesman MM. A Gene Expression Signature Associated
with Overall Survival in Patients with Hepatocellular Carcinoma
Suggests a New Treatment Strategy. Mol Pharmacol 2016; 89:
263-272 [PMID: 26668215 DOI: 10.1124/mol.115.101360]

August 18, 2016|Volume 8|Issue 23|

Wu W et al . MDR in HCC
30

31

32

33

34

35

36
37

Ho CT, Shang HS, Chang JB, Liu JJ, Liu TZ. Folate deficiencytriggered redox pathways confer drug resistance in hepatocellular
carcinoma. Oncotarget 2015; 6: 26104-26118 [PMID: 26327128
DOI: 10.18632/oncotarget.4422]
Xiang Y, Liu Y, Yang Y, Hu H, Hu P, Ren H, Zhang D. A secretomic
study on human hepatocellular carcinoma multiple drug-resistant
cell lines. Oncol Rep 2015; 34: 1249-1260 [PMID: 26151126 DOI:
10.3892/or.2015.4106]
Yan J, Zhou Y, Chen D, Li L, Yang X, You Y, Ling X. Effects of
mitochondrial translocation of telomerase on drug resistance in
hepatocellular carcinoma cells. J Cancer 2015; 6: 151-159 [PMID:
25561980 DOI: 10.7150/jca.10419]
Colombo F, Trombetta E, Cetrangolo P, Maggioni M, Razini P,
De Santis F, Torrente Y, Prati D, Torresani E, Porretti L. Giant
Lysosomes as a Chemotherapy Resistance Mechanism in Hepato
cellular Carcinoma Cells. PLoS One 2014; 9: e114787 [PMID:
25493932 DOI: 10.1371/journal.pone.0114787]
Shibasaki Y, Sakaguchi T, Hiraide T, Morita Y, Suzuki A, Baba S,
Setou M, Konno H. Expression of indocyanine green-related trans
porters in hepatocellular carcinoma. J Surg Res 2015; 193: 567-576
[PMID: 25173835 DOI: 10.1016/j.jss.2014.07.055]
Wu W, Yao DF, Qiu LW, Sai WL, Shen JJ, Yu HB, Wu XH, Li
YM, Wang YL, Gu WJ. Characteristics of hepatic nuclear-trans
cription factor-kappa B expression and quantitative analysis in rat
hepatocarcinogenesis. Hepatobiliary Pancreat Dis Int 2009; 8:
504-509 [PMID: 19822494]
Pryor R, Cabreiro F. Repurposing metformin: an old drug with
new tricks in its binding pockets. Biochem J 2015; 471: 307-322
[PMID: 26475449 DOI: 10.1042/BJ20150497]
Bhat A, Sebastiani G, Bhat M. Systematic review: Preventive and
therapeutic applications of metformin in liver disease. World J

38

39

40

41

42
43

44

Hepatol 2015; 7: 1652-1659 [PMID: 26140084 DOI: 10.4254/wjh.
v7.i12.1652]
Ling S, Tian Y, Zhang H, Jia K, Feng T, Sun D, Gao Z, Xu F, Hou Z,
Li Y, Wang L. Metformin reverses multidrug resistance in human
hepatocellular carcinoma Bel‑7402/5‑fluorouracil cells. Mol
Med Rep 2014; 10: 2891-2897 [PMID: 25310259 DOI: 10.3892/
mmr.2014.2614]
Yan F, Bai LP, Gao H, Zhu CM, Lin L, Kang XP. EGF reverses
multi-drug resistance via the p-ERK pathway in HepG2/ADM and
SMMC7721/ADM hepatocellular carcinoma models. Asian Pac J
Cancer Prev 2014; 15: 2619-2623 [PMID: 24761873]
Qin Y, Bao H, Pan Y, Yin M, Liu Y, Wu S, Li H. SUMOylation
alterations are associated with multidrug resistance in hepatocel
lular carcinoma. Mol Med Rep 2014; 9: 877-881 [PMID: 24399357
DOI: 10.3892/mmr.2014.1882]
Shen J, Sun H, Meng Q, Yin Q, Zhang Z, Yu H, Li Y. Simul
taneous inhibition of tumor growth and angiogenesis for resistant
hepatocellular carcinoma by co-delivery of sorafenib and survivin
small hairpin RNA. Mol Pharm 2014; 11: 3342-3351 [PMID:
24495194 DOI: 10.1021/mp4006408 24495194]
Yao M, Wang L, Qiu L, Qian Q, Yao D. Encouraging microRNAbased Therapeutic Strategies for Hepatocellular Carcinoma. Anti
cancer Agents Med Chem 2015; 15: 453-460 [PMID: 25511513]
Cheng L, Luo S, Jin C, Ma H, Zhou H, Jia L. FUT family mediates
the multidrug resistance of human hepatocellular carcinoma via the
PI3K/Akt signaling pathway. Cell Death Dis 2013; 4: e923 [PMID:
24232099 DOI: 10.1038/cddis.2013.450]
Gu W, Liu L, Fang FF, Huang F, Cheng BB, Li B. Reversal
effect of bufalin on multidrug resistance in human hepatocellular
carcinoma BEL-7402/5-FU cells. Oncol Rep 2014; 31: 216-222
[PMID: 24173654 DOI: 10.3892/or.2013.2817]
P- Reviewer: Chiang TA, Jamall IS S- Editor: Qi Y
L- Editor: Wang TQ E- Editor: Li D

WJH|www.wjgnet.com

993

August 18, 2016|Volume 8|Issue 23|

World J Hepatol 2016 August 18; 8(23): 994-998
ISSN 1948-5182 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v8.i23.994

CASE REPORT

Metastatic recurrence to a solitary lymph node four
years after hepatic lobectomy for primary hepatocellular
carcinoma
Michael L Caparelli, Nathan J Roberts, Timothy S Braverman, Robert M Stevens, Edward R Broun,
Shyam Allamaneni
Manuscript source: Unsolicited manuscript

Michael L Caparelli, Nathan J Roberts, Shyam Allamaneni,
Department of Surgery, the Jewish Hospital, Cincinnati, OH
45236, United States

Correspondence to: Shyam Allamaneni, MD, Surgical
Oncologist, Department of Surgery, the Jewish Hospital, 4777 E
Galbraith Road, Cincinnati, OH 45236,
United States. drallamaneni@gmail.com
Telephone: +1-513-6865392
Fax: +1-513-6865394

Timothy S Braverman, Department of Pathology, the Jewish
Hospital, Cincinnati, OH 45236, United States
Robert M Stevens, Department of Radiology, the Jewish
Hospital, Cincinnati, OH 45236, United States

Received: March 14, 2016
Peer-review started: March 14, 2016
First decision: April 20, 2016
Revised: May 9, 2016
Accepted: July 14, 2016
Article in press: July 18, 2016
Published online: August 18, 2016

Edward R Broun, Department of Oncology, Hematology Care,
Inc., Cincinnati, OH 45236, United States
Author contributions: Caparelli ML wrote the paper; Caparelli
ML, Roberts NJ and Allamaneni S designed the report and edited
the content; Roberts NJ and Allamaneni S performed the operation;
Braverman TS provided pathology report and micrographs;
Stevens RM provided critical findings for imaging studies; Broun
ER contributed intellectual discussion of the patient case; all
members edited the report.

Abstract
This report describes a patient that developed recurrent
metastatic hepatocellular carcinoma (HCC) to a supra
pancreatic lymph node four years after being treated for
primary HCC via complete left hepatectomy. Metastatic
HCC was proven by pathologic confirmation. The report
addresses the role of surgical resection as a treatment
modality for recurrent HCC to solitary lymph nodes. The
role of biological chemotherapy as adjuvant treatment is
also addressed.
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Core tip: Recurrence of primary hepatocellular carci
noma to a solitary extracellular site is a rare occurrence,
especially after complete hepatic lobectomy for the
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primary tumor. In this report we describe a case of
recurrence to a solitary suprapancreatic lymph node
four years after initial resection. This is the only report
to describe such a recurrence this long after the primary
resection.

CASE REPORT
The patient is a 67-year-old woman who presented with
a suprapancreatic mass on magnetic resonance imaging
(MRI). She initially presented 4 years prior with HCC of
the left lobe of the liver measuring 10.8 cm × 7.4 cm × 9.5
cm. She was asymptomatic at the time of the discovery
and the tumor was found due to imaging studies prior
to a recent thoracic aortic aneurysm repair. Interestingly
she did not have known risk factors for developing HCC
such as cirrhosis, chronic hepatitis, tobacco use, diabetes,
nonalcoholic fatty liver disease, hemochromatosis, or
alpha-1 antitrypsin deficiency. Laboratory findings at
that time showed a alpha fetoprotein (AFP) level of
119000 ng/mL. She subsequently underwent complete
left hepatic lobectomy and had no complications post
procedure. The patient was in remission for almost 4
years, but had a steady increase in AFP, 177-883 ng/mL,
from year 3 to 4. Serial computed tomography (CT)
imaging showed no evidence of recurrence over that
time period. Subsequent MRI showed a soft tissue
mass medial to the right hepatic lobe/porta hepatis
measuring 4.6 cm × 5.6 cm (Figure 1). CT guided biopsy
of the mass revealed a poorly differentiated malignant
neoplasm, favoring HCC. The patient had no history of
viral hepatitis, alcoholic liver disease, jaundice, abdominal
pain, weight loss, chronic cough, bloody stools, bone
pain, or any other signs to suggest metastatic disease.
She was subsequently taken to the operating room for en
bloc resection of a large suprapancreatic retroperitoneal
mass, celiac and portal lymphadenectomy. Pathology
showed the suprapancreatic mass to be consistent
with HCC, high grade within a lymph node structure.
Portal and celiac axis lymph nodes were negative for
metastasis. Interestingly, immunohistochemical stains for
the recurrent carcinoma showed not only tumor markers
that confirm hepatocellular origin, but might suggest a
more aggressive tumor - staining positive for cytokeratin
19 (CK19), glypican 3 (G3) and hepatocyte paraffin
1 (HP1). Microscopic pathologic figures are shown in
Figures 2 and 3. The patient’s post-operative course has
been uncomplicated and at eight months post op she is
disease free. Current AFP level is 2.2 ng/mL.

Caparelli ML, Roberts NJ, Braverman TS, Stevens RM, Broun
ER, Allamaneni S. Metastatic recurrence to a solitary lymph node
four years after hepatic lobectomy for primary hepatocellular
carcinoma. World J Hepatol 2016; 8(23): 994-998 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v8/i23/994.
htm DOI: http://dx.doi.org/10.4254/wjh.v8.i23.994

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com
mon cancer in the world, with the highest prevalence
rates occurring in the eastern hemisphere. However,
there has been a rise in prevalence in the Western hemi
sphere. It has been postulated that this pattern is due to
higher incidence of hepatitis B and C virus seen outside
[1]
of the United States . Tumor staging and strategies
for treatment of HCC have been well described with
current guidelines following the recommendations of
the 2010 AHPBA/SSO/SSAT consensus conference on
[2]
HCC . Current guidelines are primarily geared toward
patients with primary resectable and non-resectable HCC.
However, data is lacking with regard to the treatment
of recurrent extrahepatic HCC. Systemic chemotherapy
has proven to be of minimal benefit for patients with
advanced, and recurrent extrahepatic HCC. There are
current studies being conducted that support the use of
multikinase inhibitors, including Sorafenib, as a viable
option for patients with advanced and extrahepatic
[3]
HCC .
It is well known that the most common type of re
currence of HCC is intrahepatic. The most common sites
for hematogenous spread are the lung, followed by the
[4]
adrenal gland, and bone . Metastases of HCC to lymph
nodes (LN) are quite rare. In one report that included
a subset of Japanese patients who underwent hepatic
resection, the prevalence of lymphatic involvement was
[5]
as low as 2.2% . Another study showed that the 5-year
survival rate for patients with lymph node metastasis
[6]
is approximately 20% . There have been few reports
describing metastasis to LN that have been treated with
[7-11]
surgical resection, and their results have been varied
.
With this in mind, the importance of surgical resection of
extrahepatic HCC recurrent to lymph nodes cannot be
understated as a viable treatment modality. Interestingly,
this is the first reported case where isolated lymph node
metastasis has occurred greater than 3 years after initial
hepatic resection. We describe a case of HCC recurrent
to a solitary suprapancreatic lymph node treated by
complete surgical resection.

WJH|www.wjgnet.com

DISCUSSION
The recurrence of HCC can be classified as early or late
[12]
phase . Early phase recurrence typically occurs within
the first two years post-resection, and is related to
aggressive features of the primary tumor such as high
tumor grade, local invasion, and multifocal tumors. Late
recurrence occurs more than two years after resection
and is related to de novo tumor formation, typically
in patients with cirrhotic liver disease. The fact that
our patient recurred to an extrahepatic LN nearly four
years post-surgery is remarkable, and of the first to be
reported this late, post-resection. The initial tumor was
without aggressive characteristics, as it was moderately
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A
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T

Figure 1 Suprapancreatic mass. The left panel (A) shows an axial post contrast T1 fat suppressed sequence that demonstrates an arterial phase enhancing mass
medial to the liver; the right panel (B) shows an axial T2 HASTE sequence demonstrating a mass with increased T2 signal medial to the liver. T: Tumor.
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Figure 2 Initial hepatic lobectomy. On the left-hand set of H and E-stained quarter panel images, the upper left two-image combination quarter panel (A) shows
the trabecular architecture, the trabeculae as “T”; the upper right H and E quarter panel (B) shows L-V; the lower H and E quarter panels show high power views of
solid pattern tumor with focal geographic necrosis [lower left (F) as “N”] and numerous mitoses [lower right (G) with “M” times 4]; on the right-hand set of IHC-stained
split full-height images, the mass, along the bottom (H-J) show negative G3 (H), CK19 (I), HP1 (J); the L-V, along the top (C-E) with a similar pattern, but with weak
but convincing HP1 positivity. Both HP1 stains are inset with 100 × high power images (100 ×). Arrows on the L-V IHC (C and D) stains indicate the tumor (opposite
vessel wall). L-V: Lymph-vascular tumor; Mass: Main mass; LN: Lymph node; G3: Glypican 3; CK19: Cytokeratin 19; HP1: Hepatocyte paraffin 1; T: Tumor.
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Figure 3 Resected recurrence. A: The H and E-stained shows a tiny area of likely LN at one end; B: Shows obvious tumor cells nests; On the right-hand set of IHC
stained split full-height images, both the main mass (F-H); and obvious nodal tumor (LN2) (C-E), are strongly positive on G3 (C), CK19 (D), and HP1 (E) stains. Mass:
Main mass; LN: Lymph node; G3: Glypican 3; CK19: Cytokeratin 19; HP1: Hepatocyte paraffin 1.

WJH|www.wjgnet.com

996

August 18, 2016|Volume 8|Issue 23|

Caparelli ML et al . Recurrent hepatocellular carcinoma to a solitary lymph node
differentiated and without local invasion. Additionally,
the initial tumor stained negative for CK19, G3 and was
only weakly positive for HP1 in the lympho-vascular
invasive sample as seen in Figure 1. Interestingly, the
recurrent tumor was positive for these three biomarkers,
suggesting hepatocellular origin and a more aggres
[13]
sive tumor . Clonal selection, therapeutic selection, or
possibly both may explain this finding.
LN status is essential to the staging of cancers,
including HCC. The presence of LN metastasis is asso
ciated with poorer survival and higher risk of tumor
[4]
recurrence . Although the most common intra- and
extra-hepatic recurrence is to liver and lung respectively,
metastases to LNs are not that uncommon. There have
been two reports that showed LN metastases in 28%
[14,15]
and 25% of autopsied cases of HCC, respectively
.
However, a more recent study of surgical patients in
Japan showed only 2.2% LN involvement in patients
[5]
that underwent hepatic resection . This discrepancy
may be due to the fact that more advanced HCC cases
that are more likely to have extrahepatic metastases are
less likely to undergo resection. This finding illuminates
the importance LN dissection in hepatic surgery. LN
dissection is not the current standard when performing
[16]
hepatic resection for HCC. In a study by Ercolani et al
the role of lymphadenectomy was addressed. In 40
patients with HCC the incidence of LN metastases was
7.5%. It was also found that the most common site of
LN metastases from HCC is the hepatic pedicle node,
followed by the retropancreatic space, and common
hepatic artery station. The authors concluded that
regional lymphadenectomy is a safe procedure after
liver resection; however, this is yet to become common
practice.
Several case reports have been published on the
[7-11]
findings of metastatic HCC to LNs
. Patients in these
reports often had cirrhosis, and all but one of these
patients underwent resection with varied short-term
survival results. One report described a patient with a
solitary suprapancreatic LN mestastasis that underwent
pancreaticoduodenectomy and had reported disease free
survival for 27 mo. Another patient with LN metastases
to two paraaortic mediastinal LNs underwent complete
[10]
resection, but had recurrence and died 13 mo later .
It is reasonable to argue liver disease, and multiple LN
involvement may be factors for worse prognosis post LN
resection.
Our patient appears to be an excellent candidate
for resection, as she had a solitary LN, and is without
cirrhotic, viral or alcoholic liver disease. In addition, ad
juvant treatment with sorafenib - an oral multikinase
inhibitor that has been shown to suppress tumor growth
and angiogenesis by inhibiting the Raf/MEK/ERK signal
ing pathway and receptor kinases, such as VEGFR-1,
[3]
VEGFR-2, VEGFR-3, and PDGFβ - should be considered .
Sorafenib was shown to increase survival in patients with
advanced HCC in the SHARP (Sorafenib HCC Assessment
Randomized Protocol) trial. However, data is lacking
on whether this multikinase inhibitor is useful in the

WJH|www.wjgnet.com

treatment of recurrent extrahepatic HCC. One recent
study showed that the therapeutic effect of sorafenib
was comparable in advanced HCC with or without extra
[3]
hepatic metastasis . It may be beneficial to initiate
adjuvant treatment in patients with recurrent LN involve
ment, but further studies need to be performed prior to
this becoming standard.

COMMENTS
COMMENTS
Case characteristic

A 67-year-old woman who presented with a suprapancreatic mass on magnetic
resonance imaging (MRI). The patient was asymptomatic at the time of
presentation. Imaging studies were performed because of increased serum alpha
fetoprotein levels led to increase suspicion for recurrence of primary hepato
cellular carcinoma (HCC) resected four years prior.

Clinical diagnosis

The patient was asymptomatic at the time of presentation.

Differential diagnosis

Recurrent primary HCC, metastatic cancer, reactive lymphadenopathy, primary
tumor of unknown origin, lymphoma.

Laboratory diagnosis

Elevated alpha fetoprotein level of 883 ng/mL.

Imaging diagnosis

MRI showed a soft tissue mass medial to the right hepatic lobe/porta hepatis
measuring 4.6 cm × 5.6 cm.

Pathological diagnosis

HCC, high grade within a lymph node structure.

Treatment

Surgical resection of lesion.

Related reports

HCC is a primary liver cancer. HCC typically does not recur to an extrahepatic
solitary lymph node after primary resection.

Term explanation

HCC is a primary liver cancer. It is the fifth most common human cancer worldwide.

Experiences and lessons

Surgical resection of HCC recurrence to a solitary lymph node is a viable option
and may also be curative. Long term follow-up of this patient will further illuminate
the possibility of cure.

Peer-review

An interesting case presentation with a long period disease-free up to 4 years.
It should be benefit to the knowledge of the hepatologists and keep in mind for
the importance of clinical follow-up after extensive hepatectomy.
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