
jci.org/impact
january 2014

Also in this issue:

Modulating microRNAs in 
leukemia-initiating cells    7

Mediators of mucormycosis 
invasion    8

Melanocytes tune  
angiogenesis    9

Review series:  
epigenetics in cancer  
edited by Peter A. Jones    10

A summary of 
this month’s 
Journal of Clinical 
investigation

hippo signaling  
in alveolar  
rhabdomyosarcoma    
p. 6

http://jci.org/impact?utm_source=impact&utm_medium=pdf&utm_campaign=impact_2014_january
http://jci.me/2014/1?utm_medium=pdf&click_type=qrcode


http://sanfordburnham.org/mod
http://sanfordburnham.org/mod


t h e  j o u r n a l  o f  c l i n i c a l  i n v e s t i g a t i o n       j c i . o r g / i m p a c t       j a n u a r y  2 0 1 4 1

The JCI’s Editorial Board is composed of peer scientists at Duke University Medical Center, the University of 
North Carolina, Duke-NUS, and the Sanford-Burnham Medical Research Institute. Editorial Board members 
review and oversee peer review of each manuscript that is submitted to the JCI, and the board meets weekly 
to discuss the manuscripts undergoing review. 

Featured Editor

editor
Howard A. Rockman

Deputy editors 
Garnett Kelsoe, Norman Sharpless 

Associate editors
Soman N. Abraham, Vann Bennett,
Gerard Blobe, Kathleen M. Caron,
Marc G. Caron, John P. Chute,
Thomas M. Coffman, Anna Mae Diehl,
Ronald J. Falk, Daniel P. Kelly,
Mary E. Klotman, Rodger A. Liddle,
Nigel Mackman, Douglas A. Marchuk,
Larry G. Moss, Christopher B. Newgard,
Paul W. Noble, Cam Patterson, 
Geoffrey S. Pitt, Jeffrey C. Rathmell, 
W. Kimryn Rathmell, Bryan Roth, 
Jonathan S. Serody, Yiping Yang

Clinical Medicine Associate editors
Bruce Burnett, Vance G. Fowler Jr.,
Michael A. Morse, Andrew J. Muir,
Scott M. Palmer, Mark A. Stacy

Asia editors
Scott A. Summers, David M. Virshup

Chair, executive Council
Robert J. Lefkowitz

Biostatisticians
Cynthia Coffman, Barry Moser,   
Maren Olsen

Bioethicist
Arthur L. Caplan

senior science editor
Sarah C. Jackson

Assistant science editors
Jillian Hurst, Corinne Williams

editor at large
Ushma S. Neill

issn 2324-7703 (print)
issn 2325-4556 (online)

The American Society for Clinical Investigation holds 
the rights to and publishes the Journal of Clinical 
Investigation. The opinions expressed herein are 
solely those of the authors and are not necessarily 
endorsed by the ASCI.

        Impact
january 2014

Contact the JCi
The Journal of Clinical Investigation
2015 Manchester Road
Ann Arbor, Michigan 48104, USA
Phone: 734.222.6050
E-mail: staff@the-jci.org

Full articles 
online,
jci.me/124/1

Soman N. Abraham, Ph.D.,  
Associate Editor, is a Professor 
in the Departments of Pathology, 
Molecular Genetics & Microbiology, 
and Immunology and is Director of 
Graduate Studies in the Department 
of Pathology at Duke University. He 
is also a Professor in the Program 
in Emerging Infectious Diseases 
at Duke-NUS Graduate Medical 
School, Singapore. He has published 
extensively in the field of microbial 
pathogenesis and has made pioneer-
ing contributions in elucidating the 
role of mast cells in regulating host 
immune responses to microbial  

infections. He has worked at several universities in Africa, Europe, Asia, and 
the United States. He has previously been on the editorial boards of Infection 
and Immunity and the Journal of Clinical Microbiology.

Publication highlights
St John AL, Abraham SN. Salmonella disrupts lymph node architecture by  
TLR4-mediated suppression of homeostatic chemokines. Nat Med.  
2009;15(11):1259–1265.

St John AL, Chan YC, Staats HF, Leong KW, Abraham SN. Synthetic mast-cell 
granules as adjuvants to promote and polarize immunity in lymph nodes.  
Nat Mater. 2012;11(3):250–257.

Chan CY, St John AL, Abraham SN. Mast cell interleukin-10 drives localized  
tolerance in chronic bladder infection. Immunity. 2013;38(2):349–359.

mailto:staff@the-jci.org
http://jci.me/124/1?utm_medium=pdf
http://jci.me/124/1?utm_medium=pdf&click_type=qrcode


t h e  j o u r n a l  o f  c l i n i c a l  i n v e s t i g a t i o n       j c i . o r g / i m p a c t       j a n u a r y  2 0 1 42

Research articles in the 
current issue of the JCI

Aging
p16INK4a reporter mice reveal age-promoting effects of environmental toxicants
Jessica A. Sorrentino, Janakiraman Krishnamurthy, Stephen Tilley, James G. Alb Jr., Christin E. Burd, and Norman E. Sharpless    http://jci.me/70960

Bone biology
Chloroquine reduces osteoclastogenesis in murine osteoporosis  
by preventing TraF3 degradation
Yan Xiu, Hao Xu, Chen Zhao, Jinbo Li, Yoshikazu Morita, Zhenqiang Yao, Lianping Xing, and Brendan F. Boyce 
http://jci.me/66947

Cardiology
Cardiac resynchronization sensitizes the sarcomere to calcium by reactivating GSK-3β
Jonathan A. Kirk, Ronald J. Holewinski, Viola Kooij, Giulio Agnetti, Richard S. Tunin, Namthip Witayavanitkul, Pieter P. de Tombe, Wei Dong Gao,  
Jennifer Van Eyk, and David A. Kass    http://jci.me/69253

Clinical medicine
Treatment of oxaliplatin-induced peripheral neuropathy by intravenous mangafodipir
Romain Coriat, Jérôme Alexandre, Carole Nicco, Laurent Quinquis, Evelyne Benoit, Christiane Chéreau, Hervé Lemaréchal, Olivier Mir, Didier Borderie,  
Jean-Marc Tréluyer, Bernard Weill, Joel Coste, François Goldwasser, and Frédéric Batteux    http://jci.me/68730

With related Commentary by Deirdre r. Pachman, Charles L. Loprinzi, axel Grothey, and Lauren E. Ta
     More, p. 8

Endocrinology
Embryonic exposure to excess thyroid hormone causes thyrotrope  
cell death
Ksenia N. Tonyushkina, Meng-Chieh Shen, Theresa Ortiz-Toro, and Rolf O. Karlstrom     
http://jci.me/70038

Gastroenterology
Carbon monoxide–based therapy ameliorates acute pancreatitis via TLr4 inhibition
Jing Xue and Aida Habtezion    http://jci.me/71362

TTC7A mutations disrupt intestinal epithelial apicobasal polarity
Amélie E. Bigorgne, Henner F. Farin, Roxane Lemoine, Nizar Mahlaoui, Nathalie Lambert, Marine Gil, Ansgar Schulz, Pierre Philippet, Patrick Schlesser,  
Tore G. Abrahamsen, Knut Oymar, E. Graham Davies, Christian Lycke Ellingsen, Emmanuelle Leteurtre, Brigitte Moreau-Massart, Dominique Berrebi,  
Christine Bole-Feysot, Patrick Nischke, Nicole Brousse, Alain Fischer, Hans Clevers, and Geneviève de Saint Basile    http://jci.me/71471

Chloroquine-treated bone marrow

Thyrotrope cell death
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Research articles in the current issue of the JCI

Hematology
Hematopoietic stem cells are acutely sensitive to Acd shelterin  
gene inactivation
Morgan Jones, Gail Osawa, Joshua A. Regal, Daniel N. Weinberg, James Taggart, Hande Kocak, Ann Friedman,  
David O. Ferguson, Catherine E. Keegan, and Ivan Maillard    http://jci.me/67871

Platelets mediate lymphovenous hemostasis to maintain blood-lymphatic separation throughout life
Paul R. Hess, David R. Rawnsley, Zoltán Jakus, Yiqing Yang, Daniel T. Sweet, Jianxin Fu, Brett Herzog, MinMin Lu, Bernhard Nieswandt, Guillermo Oliver,  
Taija Makinen, Lijun Xia, and Mark L. Kahn    http://jci.me/70422

Immunology
IL-2 therapy promotes suppressive ICOS+ Treg expansion in melanoma patients
Geok Choo Sim, Natalia Martin-Orozco, Lei Jin, Yan Yang, Sheng Wu, Edwina Washington, Deborah Sanders, Carol Lacey, Yijun Wang, Luis Vence,  
Patrick Hwu, and Laszlo Radvanyi    http://jci.me/46266

Diverting T helper cell trafficking through increased plasticity attenuates autoimmune 
encephalomyelitis
Danielle Califano, Keith J. Sweeney, Hung Le, Jeffrey VanValkenburgh, Eric Yager, William O’Connor Jr., Jeffrey S. Kennedy, David M. Jones, and Dorina Avram    
http://jci.me/70103

Complement factor H–related hybrid protein deregulates complement  
in dense deposit disease
Qian Chen, Michael Wiesener, Hannes U. Eberhardt, Andrea Hartmann, Barbara Uzonyi, Michael Kirschfink,  
Kerstin Amann, Maike Buettner, Tim Goodship, Christian Hugo, Christine Skerka, and Peter F. Zipfel     
http://jci.me/71866 

CotH3 mediates fungal invasion of host cells during mucormycosis
Teclegiorgis Gebremariam, Mingfu Liu, Guanpingsheng Luo, Vincent Bruno, Quynh T. Phan, Alan J. Waring, John E. Edwards Jr.,  
Scott G. Filler, Michael R. Yeaman, and Ashraf S. Ibrahim     
http://jci.me/71349

With related Commentary by j. andrew alspaugh
     More, p. 8

Inflammation
LrIG1 inhibits STaT3-dependent inflammation to maintain corneal homeostasis
Takahiro Nakamura, Junji Hamuro, Mikiro Takaishi, Szandor Simmons, Kazuichi Maruyama, Andrea Zaffalon, Adam J. Bentley, Satoshi Kawasaki,  
Maho Nagata-Takaoka, Nigel J. Fullwood, Satoshi Itami, Shigetoshi Sano, Masaru Ishii, Yann Barrandon, and Shigeru Kinoshita 
http://jci.me/71488

Lysosomal β-glucuronidase regulates Lyme and rheumatoid  
arthritis severity
Kenneth K.C. Bramwell, Ying Ma, John H. Weis, Xinjian Chen, James F. Zachary, Cory Teuscher, and Janis J. Weis     
http://jci.me/72339

     More, p. 7
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Research articles in the current issue of the JCI

Metabolism
nervous glucose sensing regulates postnatal β cell proliferation and glucose homeostasis
David Tarussio, Salima Metref, Pascal Seyer, Lourdes Mounien, David Vallois, Christophe Magnan, Marc Foretz, and Bernard Thorens    http://jci.me/69154

Neurobiology
Huntingtin-associated protein 1 regulates postnatal neurogenesis  
and neurotrophin receptor sorting
Jianxing Xiang, Hao Yang, Ting Zhao, Miao Sun, Xingshun Xu, Xin-Fu Zhou, Shi-Hua Li,  
and Xiao-Jiang Li    http://jci.me/69206

     More, p. 8

Oncology
Therapeutic antagonists of micrornas deplete leukemia-initiating cell activity
Chinavenmeni S. Velu, Aditya Chaubey, James D. Phelan, Shane R. Horman, Mark Wunderlich, Monica L. Guzman, Anil G. Jegga, Nancy J. Zeleznik-Le,  
Jianjun Chen, James C. Mulloy, Jose A. Cancelas, Craig T. Jordan, Bruce J. Aronow, Guido Marcucci, Balkrishen Bhat, Brian Gebelein, and H. Leighton Grimes     
http://jci.me/66005

     More, p. 7

Increased sugar uptake promotes oncogenesis via EPaC/raP1  
and O-Glcnac pathways
Yasuhito Onodera, Jin-Min Nam, and Mina J. Bissell    http://jci.me/63146

Targeting SOD1 reduces experimental non–small-cell lung cancer
Andrea Glasauer, Laura A. Sena, Lauren P. Diebold, Andrew P. Mazar, and Navdeep S. Chandel     
http://jci.me/71714

aptamer-targeted inhibition of mTOr in T cells enhances antitumor immunity
Alexey Berezhnoy, Iris Castro, Agata Levay, Thomas R. Malek, and Eli Gilboa    http://jci.me/69856

     More, p. 7

alveolar rhabdomyosarcoma–associated PAX3-FOXO1 promotes tumorigenesis  
via Hippo pathway suppression
Lisa E.S. Crose, Kathleen A. Galindo, Julie Grondin Kephart, Candy Chen, Julien Fitamant, Nabeel Bardeesy, Rex C. Bentley,  
Rene L. Galindo, Jen-Tsan Ashley Chi, and Corinne M. Linardic    http://jci.me/67087

     More, p. 6

Combined SFK/MEK inhibition prevents metastatic outgrowth of dormant tumor cells
Lara H. El Touny, Anthony Vieira, Arnulfo Mendoza, Chand Khanna, Mark J. Hoenerhoff, and Jeffrey E. Green    http://jci.me/70259

Pancreatic cancer–associated retinoblastoma 1 dysfunction  
enables TGF-β to promote proliferation
A. Jesse Gore, Samantha L. Deitz, Lakshmi Reddy Palam, Kelly E. Craven, and Murray Korc    http://jci.me/71526

MyC-driven accumulation of 2-hydroxyglutarate is associated with  
breast cancer prognosis
Atsushi Terunuma, Nagireddy Putluri, Prachi Mishra, Ewy A. Mathé, Tiffany H. Dorsey, Ming Yi, Tiffany A. Wallace,  

Haleem J. Issaq, Ming Zhou, J. Keith Killian, Holly S. Stevenson, Edward D. Karoly, King Chan, Susmita Samanta, DaRue Prieto, Tiffany Y.T. Hsu, Sarah J. Kurley, 
Vasanta Putluri, Rajni Sonavane, Daniel C. Edelman, Jacob Wulff, Adrienne M. Starks, Yinmeng Yang, Rick A. Kittles, Harry G. Yfantis, Dong H. Lee, Olga B. Ioffe, 
Rachel Schiff, Robert M. Stephens, Paul S. Meltzer, Timothy D. Veenstra, Thomas F. Westbrook, Arun Sreekumar, and Stefan Ambs    http://jci.me/71180

HAP1 in postnatal neurogenesis

Altered metabolism in oncogenesis

TGF-β1 in pancreatic cancer
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Research articles in the current issue of the JCI

Ophthalmology
Melanocyte-secreted fibromodulin promotes an angiogenic microenvironment
Irit Adini, Kaustabh Ghosh, Avner Adini, Zai-Long Chi, Takeru Yoshimura, Ofra Benny, Kip M. Connor, Michael S. Rogers, Lauren Bazinet,  
Amy E. Birsner, Diane R. Bielenberg, and Robert J. D’Amato    http://jci.me/69404

With related Commentary by Christopher D. Kontos
     More, p. 9

Postnatal manipulation of Pax6 dosage reverses congenital tissue 
malformation defects
Cheryl Y. Gregory-Evans, Xia Wang, Kishor M. Wasan, Jinying Zhao, Andrew L. Metcalfe, and Kevin Gregory-Evans    
http://jci.me/70462

With related Commentary by josé-alain Sahel and Katia Marazova
     More, p. 9

Therapeutics
Vaccine-induced monoclonal antibodies targeting circumsporozoite protein  
prevent Plasmodium falciparum infection
Lander Foquet, Cornelus C. Hermsen, Geert-Jan van Gemert, Eva Van Braeckel, Karin E. Weening, Robert Sauerwein, Philip Meuleman,  
and Geert Leroux-Roels    http://jci.me/70349

antisense oligonucleotide treatment ameliorates alpha-1 antitrypsin–related liver disease in mice
Shuling Guo, Sheri L. Booten, Mariam Aghajan, Gene Hung, Chenguang Zhao, Keith Blomenkamp, Danielle Gattis, Andrew Watt, Susan M. Freier,  
Jeffery H. Teckman, Michael L. McCaleb, and Brett P. Monia 
http://jci.me/67968

Vascular biology
Heparan sulfate deficiency disrupts developmental angiogenesis and causes congenital  
diaphragmatic hernia
Bing Zhang, Wenyuan Xiao, Hong Qiu, Fuming Zhang, Heather A. Moniz, Alexander Jaworski, Eduard Condac, Gerardo Gutierrez-Sanchez, Christian Heiss,  
Robin D. Clugston, Parastoo Azadi, John J. Greer, Carl Bergmann, Kelley W. Moremen, Dean Li, Robert J. Linhardt, Jeffrey D. Esko, and Lianchun Wang 
http://jci.me/71090

angiotensin II–dependent TGF-β signaling contributes to Loeys-Dietz 
syndrome vascular pathogenesis
Elena M. Gallo, David C. Loch, Jennifer P. Habashi, Juan F. Calderon, Yichun Chen, Djahida Bedja, Christel van Erp,  
Elizabeth E. Gerber, Sarah J. Parker, Kimberly Sauls, Daniel P. Judge, Sara K. Cooke, Mark E. Lindsay, Rosanne Rouf,  
Loretha Myers, Colette M. ap Rhys, Kathleen C. Kent, Russell A. Norris, David L. Huso, and Harry C. Dietz     
http://jci.me/69666

With related Commentary by Frank Davis, Debra L. rateri, and alan Daugherty
                                                                     More, p. 9

Virology
Sprouty-2 regulates HIV-specific T cell polyfunctionality
Yen-Ling Chiu, Liang Shan, Hailing Huang, Carl Haupt, Catherine Bessell, David H. Canaday, Hao Zhang, Ya-Chi Ho, Jonathan D. Powell,  
Mathias Oelke, Joseph B. Margolick, Joel N. Blankson, Diane E. Griffin, and Jonathan P. Schneck     
http://jci.me/70510

PAX6 in aniridia

Loeys-Dietz mutant vasculature
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alveolar rhabdomyosarcoma (arMS) is an aggressive 
cancer that primarily occurs in children and teenagers. 
A characteristic gene fusion, PAX3-FOXO1, frequently 
occurs in aRMS and appears to be important for tumor 
initiation; however, precisely how PAX3-FOXO1 pro-
motes oncogenesis has been unclear. In this month’s 
issue of the JCI, Lisa Crose and colleagues report 
that PAX3-FOXO1 upregulates the expression of 
Ras- association domain family member 4 (RASSF4), 
which in turn acts to suppress signaling through the 
Hippo pathway. Depletion of RASSF4 abrogated the 
ability of PAX3-FOXO1 to bypass cellular senescence 
in vitro and further inhibited tumor growth in xeno-
grafts with the PAX3-FOXO1 fusion gene. Based on the 
presence of a Ras-association domain and a carboxy-
terminal Salvador/RASSF/Hippo (SARAH) domain in 
RASSF4, the team examined the interaction between 
RASSF4 and the Hippo signaling pathway in aRMS. 
They found that RASSF4 binds the Hippo pathway  
kinase MST1, and this interaction blocked down-
stream signaling to MOB1. Cumulatively, their work 
uncovers a role for RASSF4 in promoting tumor for-
mation by disrupting Hippo signaling and indicates 
that targeting this axis may provide a therapeutic  
strategy for aRMS with the PAX3-FOXO1 fusion gene.  
The accompanying image shows a human aRMS tumor 
immunostained for the downstream Hippo signaling 
target Yes-associated protein 1 (YAP; shown in brown), 
while normal tissue lacks YAP staining.

alveolar rhabdomyosarcoma–associated  
PAX3-FOXO1 promotes tumorigenesis  
via Hippo pathway suppression
Lisa E.S. Crose, Kathleen A. Galindo, Julie Grondin Kephart, Candy Chen, 
Julien Fitamant, Nabeel Bardeesy, Rex C. Bentley, Rene L. Galindo,  
Jen-Tsan Ashley Chi, and Corinne M. Linardic    http://jci.me/67087

Understanding how a rhabdomyosarcoma-associated 
fusion gene promotes oncogenesis

Editor’s picks
research
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Research | Editor’s Picks

oncology

β-Glucuronidase hypomorphism exacerbates murine Lyme arthritis
inflammation

MicroRNA modulation impairs  
leukemia-initiating cells
Acute myelogenous leukemia (AMl) is characterized by cellular heterogeneity. 
Certain cells appear to serve as leukemia-initiating cells (LICs), which potentially 
play a role in disease recurrence. Instances of AML with elevated levels of the 
oncogene HOXA9 have a particularly high rate of recurrence and poor prognosis, 
which led Leighton Grimes and colleagues to identify microRNAs that are 
downstream of HOXA9 and its transcriptional antagonist, GFI1. While HOXA9 
activates microRNA expression and increases LIC activity, GFI1 represses these 
microRNAs, blocking LIC activity. Grimes and colleagues found that,  
as a surrogate for GFI1 activation, therapeutic inhibition of miR-21 and miR-196b 
impaired in vitro colony-forming activity and LIC activity in murine xenograft 
models. These data suggest that HOXA9-driven leukemias are susceptible to 
therapeutic manipulation of microRNAs.

Therapeutic antagonists of micrornas deplete  
leukemia-initiating cell activity
Chinavenmeni S. Velu, Aditya Chaubey, James D. Phelan, Shane R. Horman,  
Mark Wunderlich, Monica L. Guzman, Anil G. Jegga, Nancy J. Zeleznik-Le,  
Jianjun Chen, James C. Mulloy, Jose A. Cancelas, Craig T. Jordan, Bruce J. Aronow,  
Guido Marcucci, Balkrishen Bhat, Brian Gebelein, and H. Leighton Grimes 
http://jci.me/66005

T cell–targeted mTOR 
inhibition enhances  
antitumor immunity
Memory t cells play a critical role in protecting against 
pathogens and cancer. Inhibition of the mediators of T cell 
differentiation has previously been shown to increase the number 
of CD8+ memory T cells; however, pharmacological inhibitors can 
produce unwanted side effects such as immunosuppression. 
Alexey Berezhnoy and colleagues used oligonucleotide aptamer–
targeted siRNAs to specifically block the activity of mTORC1 in 
CD8+ T cells and were able to downregulate mTORC1 activity in 
over 60% of T cells in mice. This treatment enhanced memory  
T cell cytotoxic effector functions and potentiated vaccine-
induced antitumor responses. Importantly, systemic treatment 
with the mTORC1 inhibitor rapamycin did not reproduce these 
effects. These findings underscore the importance of cell-targeted 
drug delivery and demonstrate the effectiveness of aptamer-
targeted siRNA conjugates to stimulate therapeutically useful 
memory responses in vivo.

aptamer-targeted inhibition of mTOr  
in T cells enhances antitumor immunity
Alexey Berezhnoy, Iris Castro, Agata Levay, Thomas R. Malek, 
and Eli Gilboa    http://jci.me/69856

Approximately 300,000 people in the united states are diagnosed with 
Lyme disease each year. Even with appropriate antibiotic treatment, up to 
10% of patients develop chronic arthritis, suggesting that host attributes 
may contribute to differences in disease outcomes. Kenneth Bramwell and 
colleagues identified the gene encoding the lysosomal enzyme 
β-glucuronidase (GUSB) as a critical determinant of Lyme arthritis severity 
in mice. Mice congenic for a hypomorphic Gusb allele (Gusbh) developed 
more severe forms of Lyme arthritis compared with mice expressing the  
WT allele, an effect that was replicated in a murine model of rheumatoid 
arthritis. In both models, expression of Gusbh was associated with 
lysosomal accumulation of glycosaminoglycans (GAGs), which are usually 
broken down by β-glucuronidase. The accompanying image shows GAG 
accumulation (blue) in the rear ankle joint of a mouse with Lyme arthritis 
expressing Gusbh. These findings identify β-glucuronidase as a mediator  
of arthritis and suggest that GUSB polymorphisms could modulate  
human Lyme arthritis.

Lysosomal β-glucuronidase regulates Lyme  
and rheumatoid arthritis severity
Kenneth K.C. Bramwell, Ying Ma, John H. Weis, Xinjian Chen, James F. Zachary, 
Cory Teuscher, and Janis J. Weis    http://jci.me/72339
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Research | Editor’s Picks

immunology

A fungal invasin mediates mucormycosis
Mucormycosis is a rare, but deadly, fungal 
infection characterized by the growth of hyphae 
around and into the vasculature, leading to 
tissue necrosis. Patients with weakened immune 
systems, malnutrition, or acidosis (i.e., 
hyperglycemia or diabetic ketoacidosis) are at 
increased risk of infection. Teclegiorgis 
Gebremariam and colleagues report that fungal 
CotH proteins serve as the ligand for the 
endothelial cell receptor glucose-regulated 
protein 78 (GRP78), which mediates fungal 
invasion. The accompanying image shows GRP78 
(green) and CotH (red) expression in endothelial 
cells infected with the mucormycosis-causing 
fungus Rhizopus oryzae. Expression of these 
proteins rendered the nonpathogenic fungus 
Saccharomyces cerevisiae invasive, whereas 
reduced CotH expression decreased the ability of 
R. oryzae to invade and damage endothelial cells. 
Importantly, treatment with anti-CotH 

clinical medicine

Clinical trial tests  
effectiveness of 
mangafodipir for  
oxaliplatin neuropathy
oxaliplatin, a commonly used platinum-based 
anticancer agent, causes peripheral neuropathy 
in 85%–95% of all patients. In this issue, 
Romain Coriat and colleagues report on a 
clinical trial of the intravenous antioxidant 
mangafodipir in 22 patients undergoing 
oxaliplatin therapy and suffering from acute or 
chronic neuropathy. The authors found that 
mangafodipir prevented symptoms and 
demyelinating lesions in a murine model of 
oxaliplatin neuropathy. In the human studies, 
neuropathy symptoms improved or stabilized in 
17 of 22 patients despite the continuation of 
oxaliplatin. These results support the utility of 
further trials of this drug in the treatment of 
oxaliplatin neuropathy. In the accompanying 
Commentary, Deirdre Pachman and colleagues 
discuss these findings in the context of other 
pilot trials of chemotherapy-induced 
neuropathy treatments.

Treatment of oxaliplatin-induced 
peripheral neuropathy by  
intravenous mangafodipir
Romain Coriat, Jérôme Alexandre,  
Carole Nicco, Laurent Quinquis, Evelyne Benoit,  
Christiane Chéreau, Hervé Lemaréchal,  
Olivier Mir, Didier Borderie, Jean-Marc Tréluyer, 
Bernard Weill, Joel Coste, François Goldwasser,  
and Frédéric Batteux     
http://jci.me/68730

  related Commentary
The search for treatments  
to reduce chemotherapy-induced 
peripheral neuropathy
Deirdre R. Pachman, Charles L. Loprinzi,  
Axel Grothey, and Lauren E. Ta     
http://jci.me/73908

Huntingtin-associated protein 1  
regulates postnatal neurogenesis
Postnatal neurogenesis participates in the maturation of neuronal connections, and loss of this process 
is associated with neurological and psychiatric disorders. Jianxing Xiang, Hao Yang, and colleagues examined 
the role of huntingtin-associated protein 1 (HAP1) in postnatal neurogenesis by depleting HAP1 expression in 
mice at different time points before and after birth. Loss of HAP1 in early-postnatal-stage mice led to 
reduced neurogenesis, resulting in retarded growth and early death. Further, neurogenesis was decreased in 
the cortex, hypothalamus, and cerebellum of P1 and P7 mice lacking HAP1. In cultured hypothalamic neurons 
as well as in the mouse hypothalamus, loss of HAP1 decreased brain-derived neurotrophic factor (BDNF)/
tropomyosin-related kinase B (TRKB) signaling, which is required to maintain neurogenesis. Xiang and 
colleagues demonstrated that HAP1 stabilizes TRKB/sortilin interactions to maintain TRKB expression levels, 
suggesting that sorting of neurotrophin receptors is important in postnatal neurogenesis.

Huntingtin-associated protein 1 regulates postnatal neurogenesis  
and neurotrophin receptor sorting
Jianxing Xiang, Hao Yang, Ting Zhao, Miao Sun, Xingshun Xu, Xin-Fu Zhou, Shi-Hua Li,  
and Xiao-Jiang Li    http://jci.me/69206

neurobiology

antibodies or CotH-targeted RNAi blocked  
R. oryzae cell invasion and protected against 
mucormycosis in a mouse model of diabetic 
ketoacidosis. Andrew Alspaugh comments on 
how these findings could contribute to the 
development of mucormycosis therapies.

CotH3 mediates fungal invasion  
of host cells during mucormycosis
Teclegiorgis Gebremariam, Mingfu Liu, 
Guanpingsheng Luo, Vincent Bruno,  
Quynh T. Phan, Alan J. Waring,  
John E. Edwards Jr., Scott G. Filler,  
Michael R. Yeaman, and Ashraf S. Ibrahim     
http://jci.me/71349

  related Commentary
Hostile takeover: fungal protein 
promotes host cell invasion
J. Andrew Alspaugh     
http://jci.me/73585
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TGF-β signaling promotes aneurysm 
progression in Loeys-Dietz syndrome

vascular biology

loeys-Dietz syndrome (lDs) is caused by TGF-β signaling pathway mutations, 
resulting in a connective tissue disorder with increased risk of aortic aneurysm. 
Though these mutations would be expected to decrease TGF-β signaling, aorta 
samples from patients have increased TGF-β pathway activation. Harry Dietz and 
colleagues found that mice heterozygous for LDS-associated Tgfbr1 or Tgfbr2 
mutations, but not those that were haploinsufficient for either receptor subunit, 
showed an age-dependent progressive increase in TGF-β signaling in the aortic wall 
that paralleled worsening aneurysm pathology. Treatment with losartan, an 
angiotensin receptor inhibitor blocker that also inhibits TGF-β signaling, prevented 
deterioration of the aorta. In the accompanying Commentary, Alan Daugherty and 
colleagues discuss the potential use of losartan in patients with LDS.

angiotensin II–dependent TGF-β signaling contributes to 
Loeys-Dietz syndrome vascular pathogenesis
Elena M. Gallo, David C. Loch, Jennifer P. Habashi, Juan F. Calderon, Yichun Chen,  
Djahida Bedja, Christel van Erp, Elizabeth E. Gerber, Sarah J. Parker, Kimberly Sauls,  
Daniel P. Judge, Sara K. Cooke, Mark E. Lindsay, Rosanne Rouf, Loretha Myers,  
Colette M. ap Rhys, Kathleen C. Kent, Russel A. Norris, David L. Huso, and Harry C. Dietz     
http://jci.me/69666

  related Commentary
aortic aneurysms in Loeys-Dietz syndrome —  
a tale of two pathways?
Frank Davis, Debra L. Rateri, and Alan Daugherty    http://jci.me/73906

ophthalmology

Melanocyte-secreted  
fibromodulin regulates  
angiogenesis

Reading through the nonsense  
in murine aniridia
the transcription factor PAX6 mediates embryonic development, and nonsense 
mutations that lead to PAX6 haploinsufficiency cause congenital aniridia, a 
panocular condition that results in severe vision defects. Cheryl Gregory-Evans and 
colleagues hypothesized that suppression of nonsense mutations could increase 
PAX6 levels and prevent postnatal eye damage. They developed a topical 
formulation of ataluren that not only inhibited disease progression but also 
reversed ocular malformations and restored retinal responses in Pax6-deficient 
mice. The image shows the effect of ataluren treatment on eyes of WT mice (top) 
and Pax6-deficient mice (bottom). These findings suggest that aniridia could be 
treated through pharmacological nonsense suppression and indicate that 
PAX6-mediated tissue development is sensitive to postnatal remodeling. In the 
accompanying Commentary, José-Alain Sahel and Katia Marazova discuss how 
these findings affect our understanding of the results of clinical trials testing 
nonsense suppression agents.

Angiogenesis plays a key role in many ocular and epidermal 
disease states, including macular degeneration, uveal melanoma, 
cutaneous melanoma, and infantile hemangioma. Epidemiological 
studies indicate that occurrence of these diseases is inversely 
correlated with melanin levels; however, it is unclear how 
pigmentation affects pathogenesis. Irit Adini and colleagues found 
that melanocytes from light-skinned humans and albino mice 
secreted high levels of fibromodulin (FMOD). Using various models 
of pathogenic and developmental vascularization, they found that 
FMOD stimulated angiogenesis, while loss of Fmod in albino mice 
reduced neovascularization. These data indicate that factors 
secreted by melanocytes regulate angiogenesis. In the 
accompanying Commentary, Christopher Kontos discusses the 
connection between pigmentation and angiogenesis.

Melanocyte-secreted fibromodulin  
promotes an angiogenic microenvironment
Irit Adini, Kaustabh Ghosh, Avner Adini, Zai-Long Chi, Takeru Yoshimura, 
Ofra Benny, Kip M. Connor, Michael S. Rogers, Lauren Bazinet,  
Amy E. Birsner, Diane R. Bielenberg, and Robert J. D’Amato     
http://jci.me/69404

  related Commentary
More than skin deep: connecting melanocyte 
pigmentation and angiogenic diseases
Christopher D. Kontos    http://jci.me/73559

Postnatal manipulation of Pax6 dosage reverses 
congenital tissue malformation defects
Cheryl Y. Gregory-Evans, Xia Wang, Kishor M. Wasan, Jinying Zhao,  
Andrew L. Metcalfe, and Kevin Gregory-Evans    http://jci.me/70462

  related Commentary
Toward postnatal reversal of ocular congenital 
malformations
José-Alain Sahel and Katia Marazova    http://jci.me/73560
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Characterizing Dna  
methylation alterations from  
The Cancer Genome atlas
Daniel J. Weisenberger

aging and epigenetic drift:  
a vicious cycle
Jean-Pierre Issa

new and emerging HDaC inhibitors  
for cancer treatment
Alison C. West and Ricky W. Johnstone

Series Editor: Peter A. Jones

On the mark: translational 
potential of epigenetic  
research in cancer

review Series

a key characteristic of cancer cells is the presence of genome altera-
tions, including changes in epigenetic modifications that can pro-
foundly impact gene expression and cellular function. Regulators of 
DNA methylation and histone modification can thus be considered 
as potential therapeutic targets in oncology. In recent years, DNA 
methyltransferase inhibitors and histone deacetylase inhibitors have 
shown efficacy in treating some hematological malignancies. Intense 
efforts are underway to develop the next generation of inhibitors, in-
cluding efforts to target additional epigenetic regulators and, further, 
to test treatment of solid tumors. The Reviews in this series explore 
advances in cancer epigenetics driven by high-throughput sequenc-
ing studies, the clinical use of DNA methyltransferase inhibitors, the 
development of inhibitors targeting histone-modifying enzymes, bio-
markers of drug efficacy, and aging-related changes in the epigenome. 
In his overview, series editor Peter Jones highlights ongoing basic and 
clinical efforts as well as future challenges in translating epigenetic 
research to patient therapy.

at the tipping point for epigenetic therapies in cancer
Peter A. Jones    http://jci.me/74145

Clinical development  
of demethylating agents  
in hematology
Shyamala C. Navada, Juliane Steinmann,  
Michael Lübbert, and Lewis R. Silverman

Predicting response to epigenetic 
therapy
Marianne B. Treppendahl, Lasse Sommer Kristensen, 
and Kirsten Grønbæk

Epigenetics in cancer 

Harnessing the potential of epigenetic 
therapy to target solid tumors
Nita Ahuja, Hariharan Easwaran,  
and Stephen B. Baylin

Cancer epigenetics drug discovery  
and development: the challenge  
of hitting the mark
Robert M. Campbell and Peter J. Tummino
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Premises, prospects, and potential pitfalls 
in epigenetic drug discovery
As our understanding of epigenetic regulation and its relation to disease states increases, 
the drug discovery community has begun focusing on the development of agents that target 
an array of epigenetic regulators that go far beyond the DNA methylation and histone 
deacetylase inhibitors that are currently in use. In this Review, Robert Campbell and Peter 
Tummino analyze current prospects in the development of novel agents that target epigenetic 
regulators in cancer. They provide an overview of our current understanding of epigenetic 
dysregulation in cancer, identifying the regulators that are most likely to be druggable. 
Additionally, they detail the potential challenges in targeting these regulators and describe 
preclinical and early-phase clinical trials of EZH2, DOT1L, and BET inhibitors.

Cancer epigenetics drug discovery and development:  
the challenge of hitting the mark
Robert M. Campbell and Peter J. Tummino    http://jci.me/71605

Treating hematological malignancies  
with DNA-demethylating agents
DnA methylation, the predominant form of epigenetic modification, is mediated by DNA methyltransferases, 
which frequently become dysregulated in hematological malignancies, including acute myeloid leukemia (AML) 
and myelodysplastic syndromes (MDS). Alterations in gene methylation can result in reduced expression of 
tumor suppressor genes or enhanced expression of oncogenes, leading to cancer initiation and progression. In 
this issue, Lewis Silverman and colleagues review the clinical development of DNA methyltransferase inhibitors, 
including the azanucleosides azacitidine and decitabine, which are currently in clinical use. Additionally, 
Silverman and colleagues discuss the development of new agents, gene targets, and combination therapies in 
preclinical and early phase clinical trials for the treatment of hematological malignancies.

Clinical development of demethylating agents in hematology
Shyamala C. Navada, Juliane Steinmann, Michael Lübbert, and Lewis R. Silverman 
http://jci.me/69739

Age-driven alterations in the epigenome
epigenetic marks, including DnA methylation, help to determine when and where 
specific genes are expressed. These marks typically remain stable in order to maintain 
distinct tissue types. Recent research has revealed that epigenetic marks can become 
altered over time or with exposure to different environmental factors, a process 
referred to as epigenetic drift. DNA methylation in particular appears to be 
susceptible to drift and could potentially contribute to aging-associated disease 

states. In this issue, Jean-Pierre Issa reviews the evidence for age-related epigenetic 
drift, with a particular focus on stochastic effects on methylation drift. Moreover, he 
discusses how drift contributes to epigenetic mosaicism of aging stem cells, 
potentially limiting their plasticity and worsening defects that could lead to cancer. 
The accompanying image depicts a model of the effects of the aging epigenome on 
stem cell populations.

aging and epigenetic drift:  
a vicious cycle
Jean-Pierre Issa 
http://jci.me/69735

Genome-wide  
sequencing of  
DNA methylation 
alterations
the explosion in large-scale sequencing studies 
has fueled incredible advances in our 
understanding of epigenetic alterations in cancer. 
Daniel Weisenberger examines how The Cancer 
Genome Atlas (TCGA) has provided a wealth of 
information on DNA methylation changes in 
cancers. TCGA includes comprehensive profiling of 
thousands of primary tumors, revealing the 
frequent modification of DNA methylation 
patterns. Weisenberger focuses on CpG island 
methylator phenotypes (CIMPs), which are 
characterized by extensive DNA hypermethylation 
in a subset of CpG islands (regions of the genome 
with high CG content that are frequently associated 
with gene promoters). Patients in the CIMP subset 
appear to represent a unique population, which 
could have implications for cancer diagnostics and 
treatment. CIMPs have been identified in several 
cancers, including glioblastomas and breast cancer. 
Additionally, Weisenberger reviews evidence for 
methylation-associated gene silencing of tumor 
suppressor genes.

Characterizing Dna  
methylation alterations from  
The Cancer Genome atlas
Daniel J. Weisenberger     
http://jci.me/69740
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Designing epigenetic therapy for solid tumors
Drugs that target DnA methyltransferases and histone deacetylases 
(hDACs) are FDA approved for the treatment of selected hematological 
malignancies. In this issue, Nita Ahuja and colleagues review preclinical and 
emerging clinical evidence suggesting that epigenetic strategies might also be 
effective in treating solid tumors. They discuss efforts to discern epigenetic 

changes that drive oncogenesis versus passenger changes and further consider 
a rationale for why cellular reprogramming induced by epigenetic therapy 
could be more effective than targeting individual oncogenic mutations. Their 
Review highlights studies of epigenetic therapies in solid tumors to date as 
well as dosing regimens and drug combinations that might prove more 
effective in the future. The authors consider emerging drug targets and 
discuss how understanding the complex roles of epigenetic regulators can 
inform future epigenetic treatment approaches in solid tumors. The image 
shows a model for initiation of DNA methylation-mediated gene silencing.

Harnessing the potential of epigenetic therapy  
to target solid tumors
Nita Ahuja, Hariharan Easwaran, and Stephen B. Baylin 
http://jci.me/69736

Molecular markers  
of response
Confounding the use of DNA methyltransferase inhibitors 
(DNMTis) and histone deacetylase inhibitors (HDACis) is the 
limited ability to predict which patients are likely to respond to 
these therapies. Responses are typically not seen until several 
months after initiation of therapy, which makes the need to 
differentiate responders from nonresponders upfront 
particularly pressing. Kirsten Grønbæk and colleagues 
summarize the clinical factors and molecular targets that have 
been tested for their predictive value of epigenetic therapy 
response. The authors consider factors that may drive resistance 
to DNMTis and gene expression profiles that are associated with 
HDACi efficacy. They further discuss the challenges in the field 
and continued efforts to find improved biomarkers.

Predicting response to epigenetic therapy
Marianne B. Treppendahl, Lasse Sommer Kristensen,  
and Kirsten Grønbæk     
http://jci.me/69737

Targeting the cancer epigenome 
with histone deacetylase  
inhibitors
Posttranslational modification of histone proteins by acetylation provides a 
critical signal that regulates gene expression. Acetyl groups can be removed 
from histones through the catalytic activity of histone deacetylases (HDACs), 
a family of proteins that includes 11 different members. Aberrant expression 
of HDACs is noted in a broad range of cancers, including acute lymphoblastic 
leukemia, colorectal cancer, and breast cancer. Alison West and Ricky 
Johnstone provide an insightful review on the use of HDAC inhibitors in 
cancer. They discuss HDAC aberrations in cancer, including evidence for both 
oncogenic and tumor suppressor functions of HDAC proteins, and the use of 
currently approved HDAC inhibitors. West and Johnstone further delve into 
drugs under development and their specificity for individual HDAC family 
members. This next generation of more specific HDAC inhibitors may provide 
an important tool in treating cancer.

new and emerging HDaC inhibitors for cancer treatment
Alison C. West and Ricky W. Johnstone     
http://jci.me/69738
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Marc Feldmann
Structure and function 
in aging bone

Therapeutic targeting of the ubiquitin 
proteasome system
the ubiquitin proteasome system (uPs) tightly controls the cellular protein milieu to 
regulate protein concentrations and optimize cellular functions. The UPS consists of a series 
of enzymes that attach ubiquitin to specific protein substrates, which allows them to be 
recognized by the proteasome and subsequently degraded. Over the past two decades, UPS 
dysfunction has been linked to a variety of disease states, including cancer. In this issue, 
Nathaniel Weathington and Rama Mallampalli review current UPS-targeting therapeutics, 
including the proteasome inhibitors bortezomib and carfilzomib, as well as emerging and 
preclinical therapeutic modalities. New compounds targeting the proteasome, such as 
marizomib and the orally available drug MLN9708 are currently in clinical trials. Preclinical 
drugs are being developed to inhibit ubiquitin-conjugating enzymes as well as substrate-
targeting ubiquitin ligase complexes, which are likely to exhibit a high degree of specificity. 
The accompanying image shows the UPS and the portions of the system that are currently 
being investigated as potential therapeutic targets.

Emerging therapies targeting the ubiquitin  
proteasome system in cancer
Nathaniel M. Weathington and Rama K. Mallampalli     
http://jci.me/71602

Antibodies that block tnF-α, such as 
Remicade, Humira, and Enbrel, are the 
first-line treatment for rheumatoid 
arthritis (RA) and other chronic 
autoimmune/inflammatory diseases. 
In the 1980s, targeting TNF-α to 
reduce inflammation was considered 
heretical, as cytokines were not then 
recognized as rate-limiting drivers of 
inflammation. Marc Feldmann and 
Ravinder Maini first recognized the 
importance of these molecules when 
they observed that cytokine expression 
is elevated in RA-affected tissues.  

In an interview with JCI Editor at Large Ushma Neill, Feldmann discusses the 
identification of TNF-α as a critical regulator of autoimmunity, preclinical work with 
cultured synovium, and the early clinical trials that led to the development of the 
TNF-α–targeting therapeutics we rely on today.    http://jci.me/71860

in this issue, Michael Parfitt reflects on a 1983 article in 
which he and his colleagues described a new method to 
examine the age-related structural changes that occur in 
trabecular bone. At the time, measurements of iliac bone 
biopsies were largely focused on total trabecular bone loss 
rather than the spatial distribution or structure of the loss. 
Using a method that takes structural aspects into account, 
Parfitt and colleagues examined bone samples from 
normal patients and patients who had experienced bone 
fractures and found that structural changes were more 
characteristic than overall decreases in trabecular bone 
volume in patients with osteoporosis. These findings 
provided new insight into the biomechanical relationship 
between bone strength and bone structure.

a new approach to iliac bone 
histomorphometry: implications for 
biomechanics and cell biology
A. Michael Parfitt    http://jci.me/73843
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