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Research articles in the 
current issue of the JCI

Cardiology
Inhibition of coxsackievirus-associated dystrophin cleavage  
prevents cardiomyopathy
Byung-Kwan Lim, Angela K. Peter, Dingding Xiong, Anna Narezkina, Aaron Yung, Nancy D. Dalton, Kyung-Kuk Hwang, 
Toshitaka Yajima, Ju Chen, and Kirk U. Knowlton    http://jci.me/66271     
     more, p. 12

Insulin receptor substrate signaling suppresses neonatal autophagy in the heart
Christian Riehle, Adam R. Wende, Sandra Sena, Karla Maria Pires, Renata Oliveira Pereira, Yi Zhu, Heiko Bugger, Deborah Frank, Jack Bevins, Dong Chen,  
Cynthia N. Perry, Xiaocheng C. Dong, Steven Valdez, Monika Rech, Xiaoming Sheng, Bart C. Weimer, Roberta A. Gottlieb,  
Morris F. White, and E. Dale Abel    http://jci.me/71171
     more, p. 12

enhanced autophagy ameliorates cardiac proteinopathy
Md. Shenuarin Bhuiyan, J. Scott Pattison, Hanna Osinska, Jeanne James, James Gulick, Patrick M. McLendon,  
Joseph A. Hill, Junichi Sadoshima, and Jeffrey Robbins    http://jci.me/70877

Apelin is a positive regulator of Ace2 in failing hearts
Teruki Sato, Takashi Suzuki, Hiroyuki Watanabe, Ayumi Kadowaki, Akiyoshi Fukamizu, Peter P. Liu, Akinori Kimura, 
Hiroshi Ito, Josef M. Penninger, Yumiko Imai, and Keiji Kuba    http://jci.me/69608

Dermatology
Topical hypochlorite ameliorates NF-κb–mediated skin diseases in mice
Thomas H. Leung, Lillian F. Zhang, Jing Wang, Shoucheng Ning, Susan J. Knox, and Seung K. Kim   http://jci.me/70895

Gastroenterology
retinoblastoma protein prevents enteric nervous system defects and 
intestinal pseudo-obstruction
Ming Fu, Solange Landreville, Olga A. Agapova, Luke A. Wiley, Michael Shoykhet, J. William Harbour,  
and Robert O. Heuckeroth   http://jci.me/67653
     more, p. 6

Hematology
von Willebrand factor mutation promotes thrombocytopathy by inhibiting integrin αIIbβ3
Caterina Casari, Eliane Berrou, Marilyne Lebret, Frédéric Adam, Alexandre Kauskot, Régis Bobe, Céline Desconclois, Edith Fressinaud,  
Olivier D. Christophe, Peter J. Lenting, Jean-Philippe Rosa, Cécile V. Denis, and Marijke Bryckaert    http://jci.me/69458
With related commentary by Jerry Ware
     more, p. 10

Enteroviral cardiomyopathy

Autophagy in the heart

Retinoblastoma in enteric neurons
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Research articles in the current issue of the JCI

Immunology
TSc1 regulates the balance between effector and regulatory T cells
Yoon Park, Hyung-Seung Jin, Justine Lopez, Chris Elly, Gisen Kim, Masako Murai, Mitchell Kronenberg, and Yun-Cai Liu    http://jci.me/69751
With related commentary by Kai Yang and Hongbo chi
     more, p. 7

Human Treg responses allow sustained recombinant adeno-associated 
virus–mediated transgene expression
Christian Mueller, Jeffrey D. Chulay, Bruce C. Trapnell, Margaret Humphries, Brenna Carey, Robert A. Sandhaus,  
Noel G. McElvaney, Louis Messina, Qiushi Tang, Farshid N. Rouhani, Martha Campbell-Thompson,  
Ann Dongtao Fu, Anthony Yachnis, David R. Knop, Guo-jie Ye, Mark Brantly, Roberto Calcedo,  
Suryanarayan Somanathan, Lee P. Richman, Robert H. Vonderheide, Maigan A. Hulme,  
Todd M. Brusko, James M. Wilson, and Terence R. Flotte    http://jci.me/70314

Protein microarray analysis reveals bAFF-binding autoantibodies in systemic lupus erythematosus
Jordan V. Price, David J. Haddon, Dodge Kemmer, Guillaume Delepine, Gil Mandelbaum, Justin A. Jarrell, Rohit Gupta, Imelda Balboni,  
Eliza F. Chakravarty, Jeremy Sokolove, Anthony K. Shum, Mark S. Anderson, Mickie H. Cheng, William H. Robinson,  
Sarah K. Browne, Steven M. Holland, Emily C. Baechler, and Paul J. Utz    http://jci.me/70231
With related commentary by Stefanie Sarantopoulos and maureen A. Su
     more, p. 7

p53 isoforms regulate aging- and tumor-associated replicative senescence in T lymphocytes
Abdul M. Mondal, Izumi Horikawa, Sharon R. Pine, Kaori Fujita, Katherine M. Morgan, Elsa Vera, Sharlyn J. Mazur, Ettore Appella, Borivoj Vojtesek,  
Maria A. Blasco, David P. Lane, and Curtis C. Harris    http://jci.me/70355

The mechanism of anti-cD20–mediated b cell depletion revealed by intravital imaging
Fabricio Montalvao, Zacarias Garcia, Susanna Celli, Béatrice Breart, Jacques Deguine, Nico Van Rooijen, and Philippe Bousso    http://jci.me/70972
     more, p. 7

Inflammation
JUNb/AP-1 controls IFN-γ during inflammatory liver disease
Martin K. Thomsen, Latifa Bakiri, Sebastian C. Hasenfuss, Rainer Hamacher, Lola Martinez, and Erwin F. Wagner    
http://jci.me/70405

Metabolism
Serotonin 2c receptors in pro-opiomelanocortin neurons regulate energy and glucose homeostasis
Eric D. Berglund, Chen Liu, Jong-Woo Sohn, Tiemin Liu, Mi Hwa Kim, Charlotte E. Lee, Claudia R. Vianna, Kevin W. Williams,  
Yong Xu, and Joel K. Elmquist    http://jci.me/70338
     more, p. 11

Nephrology
Inhibition of the TrPc5 ion channel protects the kidney filter
Thomas Schaldecker, Sookyung Kim, Constantine Tarabanis, Dequan Tian, Samy Hakroush, Philip Castonguay,  
Wooin Ahn, Hanna Wallentin, Hans Heid, Corey R. Hopkins, Craig W. Lindsley, Antonio Riccio,  
Lisa Buvall, Astrid Weins, and Anna Greka    http://jci.me/71165Podocyte cytoskeleton

JUNB in liver disease

Adeno-associated viral transgene
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Nephrology
ADCK4 mutations promote steroid-resistant nephrotic syndrome through coQ10 biosynthesis disruption
Shazia Ashraf, Heon Yung Gee, Stephanie Woerner, Letian X. Xie, Virginia Vega-Warner, Svjetlana Lovric, Humphrey Fang, Xuewen Song, Daniel C. Cattran,  
Carmen Avila-Casado, Andrew D. Paterson, Patrick Nitschké, Christine Bole-Feysot, Pierre Cochat, Julian Esteve-Rudd, Birgit Haberberger, Susan J. Allen,  
Weibin Zhou, Rannar Airik, Edgar A. Otto, Moumita Barua, Mohamed H. Al-Hamed, Jameela A. Kari, Jonathan Evans, Agnieszka Bierzynska,  
Moin A. Saleem, Detlef Böckenhauer, Robert Kleta, Sherif El Desoky, Duygu O. Hacihamdioglu, Faysal Gok, Joseph Washburn,  
Roger C. Wiggins, Murim Choi, Richard P. Lifton, Shawn Levy, Zhe Han, Leonardo Salviati, Holger Prokisch, David S. Williams,  
Martin Pollak, Catherine F. Clarke, York Pei, Corinne Antignac, and Friedhelm Hildebrandt    http://jci.me/69000
With related commentary by Laura malaga-Dieguez and Katalin Susztak
     more, p. 11

cX3cr1-dependent renal macrophage survival promotes Candida control 
and host survival
Michail S. Lionakis, Muthulekha Swamydas, Brett G. Fischer, Theo S. Plantinga, Melissa D. Johnson, Martin Jaeger, 
Nathaniel M. Green, Andrius Masedunskas, Roberto Weigert, Constantinos Mikelis, Wuzhou Wan, Chyi-Chia Richard Lee, 
Jean K. Lim, Aymeric Rivollier, John C. Yang, Greg M. Laird, Robert T. Wheeler, Barbara D. Alexander, John R. Perfect,  
Ji-Liang Gao, Bart-Jan Kullberg, Mihai G. Neeta, and Philip M. Murphy    http://jci.me/71307
     more, p. 11

Neurobiology
Antibodies against low-density lipoprotein receptor–related protein 4 induce myasthenia gravis
Chenyong Shen, Yisheng Lu, Bin Zhang, Dwight Figueiredo, Jonathan Bean, Jiung Jung, Haitao Wu, Arnab Barik, Dong-Min Yin,  
Wen-Cheng Xiong, and Lin Mei    http://jci.me/66039

circadian clock proteins regulate neuronal redox homeostasis and neurodegeneration
Erik S. Musiek, Miranda M. Lim, Guangrui Yang, Adam Q. Bauer, Laura Qi, Yool Lee, Jee Hoon Roh, Xilma Ortiz-Gonzalez, Joshua T. Dearborn, Joseph P. Culver,  
Erik D. Herzog, John B. Hogenesch, David F. Wozniak, Krikor Dikranian, Benoit I. Giasson, David R. Weaver,  
David M. Holtzman, and Garret A. FitzGerald    http://jci.me/70317
With related commentary by colleen A. mcclung
     more, p. 9

Inhibition of mitochondrial fragmentation diminishes Huntington’s disease–associated 
neurodegeneration
Xing Guo, Marie-Helene Disatnik, Marie Monbureau, Mehrdad Shamloo, Daria Mochly-Rosen, and Xin Qi    http://jci.me/70911

Impaired periamygdaloid-cortex prodynorphin is characteristic of opiate addiction and depression
Sarah Ann R. Anderson, Michael Michaelides, Parisa Zarnegar, Yanhua Ren, Pernilla Fagergren, Panayotis K. Thanos, Gene-Jack Wang, Michael Bannon,  
John F. Neumaier, Eva Keller, Nora D. Volkow, and Yasmin L. Hurd    http://jci.me/70395
     more, p. 9

Whole-brain circuit dissection in free-moving animals reveals cell-specific 
mesocorticolimbic networks
Michael Michaelides, Sarah Ann R. Anderson, Mala Ananth, Denis Smirnov, Panayotis K. Thanos, John F. Neumaier,  
Gene-Jack Wang, Nora D. Volkow, and Yasmin L. Hurd    http://jci.me/72117
     more, p. 9

balancing GrK2 and ePAc1 levels prevents and relieves chronic pain
Huijing Wang, Cobi J. Heijnen, Cindy T.J. van Velthoven, Hanneke L.D.M. Willemen, Yoshihiro Ishikawa,  
Xinna Zhang, Anil K. Sood, Anne Vroon, Niels Eijkelkamp, and Annemieke Kavelaars    http://jci.me/66241

Research articles in the current issue of the JCI

Dorsal root ganglion EPAC1

Candida control in kidney
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Research articles in the current issue of the JCI

Oncology
KDm2A promotes lung tumorigenesis by epigenetically enhancing erK1/2 signaling
Klaus W. Wagner, Hunain Alam, Shilpa S. Dhar, Uma Giri, Na Li, Yongkun Wei, Dipak Giri, Tina Cascone, Jae-Hwan Kim, Yuanqing Ye, Asha S. Multani, Chia-Hsin Chan, 
Baruch Erez, Babita Saigal, Jimyung Chung, Hui-Kuan Lin, Xifeng Wu, Mien-Chie Hung, John V. Heymach, and Min Gyu Lee    http://jci.me/68642

Leukemia inhibitory factor promotes nasopharyngeal carcinoma  
progression and radioresistance
Shu-Chen Liu, Ngan-Ming Tsang, Wen-Che Chiang, Kai-Ping Chang, Chuen Hsueh, Ying Liang, Jyh-Lyh Juang,  
Kai-Ping N. Chow, and Yu-Sun Chang    http://jci.me/63428
With related commentary by micah Luftig
     more, p. 10

Differential AKT dependency displayed by mouse models of brAFV600e-initiated melanoma
Victoria Marsh Durban, Marian M. Deuker, Marcus W. Bosenber, Wayne Phillips, and Martin McMahon    http://jci.me/69619
     more, p. 10

Germinal center dysregulation by histone methyltransferase eZH2 promotes lymphomagenesis
Marieta Caganova, Chiara Carrisi, Gabriele Varano, Federica Mainoldi, Federica Zanardi, Pierre-Luc Germain, Laura George, Federica Alberghini, Luca Ferrarini, Asoke K. 
Talukder, Maurilio Ponzoni, Giuseppe Testa, Takuya Nojima, Claudio Doglioni, Daisuke Kitamura, Kai-M. Toellner, I-hsin Su, and Stefano Casola    http://jci.me/70626

Immune response to rb1-regulated senescence limits radiation-induced osteosarcoma formation
Maya Kansara, Huei San Leong, Dan Mei Lin, Sophie Popkiss, Puiyi Pang, Dale W. Garsed, Carl R. Walkley, Carleen Cullinane, Jason Ellul, Nicole M. Haynes, Rod Hicks, 
Marieke L. Kuijjer, Anne-Marie Cleton-Jansen, Philip W. Hinds, Mark J. Smyth, and David M. Thomas    http://jci.me/70559

Opthalmology
Systems pharmacology identifies drug targets for Stargardt disease–associated retinal degeneration
Yu Chen, Grazyna Palczewska, Debarshi Mustafi, Marcin Golczak, Zhiqian Dong, Osamu Sawada, Tadao Maeda, Akiko Maeda,  
and Krzysztof Palczewski     http://jci.me/69076

AKT activation promotes PTeN hamartoma tumor syndrome–associated cataract development
Caterina Sellitto, Leping Li, Junyuan Gao, Michael L. Robinson, Richard Z. Lin, Richard T. Mathias, and Thomas W. White    http://jci.me/70437
     more, p. 8

Pulmonology
Histone deacetylase 6–mediated selective autophagy regulates cOPD-associated cilia dysfunction
Hilaire C. Lam, Suzanne M. Cloonan, Abhiram R. Bhashyam, Jeffery A. Haspel, Anju Singh, J. Fah Sathirapongsasuti, Morgan Cervo, Hongwei Yao, Anna L. Chung, 
Kenji Mizumura, Chang Hyeok An, Bin Shan, Jonathan M. Franks, Kathleen J. Haley, Caroline A. Owen, Yohannes Tesfaigzi, George R. Washko, John Quackenbush, 
Edwin K. Silverman, Irfan Rahman, Hong Pyo Kim, Ashfaq Mahmood, Shyam S. Biswal, Stefan W. Ryter, and Augustine M.K. Choi    http://jci.me/69636
     more, p. 8

Vascular biology
Transmembrane protein eSDN promotes endothelial VeGF signaling and regulates angiogenesis
Lei Nie, Xiaojia Guo, Leila Esmailzadeh, Jiasheng Zhang, Abolfazl Asadi, Mark Collinge, Xuan Li, Jun-Dae Kim, Melissa Woolls, Suk-Won Jin,  
Alexandre Dubrac, Anne Eichmann, Michael Simons, Jeffrey R. Bender, and Mehran M. Sadeghi     http://jci.me/67752

mice generated by in vitro fertilization exhibit vascular dysfunction and shortened life span
Emrush Rexhaj, Ariane Paoloni-Giacobino, Stefano F. Rimoldi, Daniel G. Fuster, Manuel Anderegg, Emmanuel Somm, Elisa Bouillet,  
Yves Allemann, Claudio Sartori, and Urs Scherrer    http://jci.me/68943
     more, p. 8

Nasopharyngeal carcinoma
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The enteric nervous system controls 
critical aspects of intestinal motility, and 
disruption of this network may contrib-
ute to serious intestinal diseases, such as 
chronic intestinal pseudo-obstruction. In 
this month’s issue, Ming Fu and colleagues 
uncovered an unexpected function for the 
cell cycle regulator retinoblastoma protein 
(RB1) in enteric nervous system develop-
ment. Using knockout mice with targeted 
deletion of Rb1 in the neural crest lineage, 
the research team found that young mice 
succumbed to intestinal obstruction with 
profound defects in the enteric nervous 
system and abnormal small bowel contrac-
tility. Striking abnormalities were observed 
in neurons that produce nitric oxide (NO), 
a key neurotransmitter for inhibitory motor 
neurons that controls intestinal motility, but 
other myenteric neuron subtypes evaluated 
appeared unaffected. NO-producing enteric 
neurons had abnormally large nuclei due to 
multiple rounds of DNA replication without 
cell division, known as endoreplication. In 
vitro studies suggested that the phenotype 
of irregularly shaped nuclei found in NO-
producing neurons was similar to defects 
seen in progeria, an early-onset aging 
disorder linked to RB1 dysfunction. The 
accompanying image shows enteric neurons 
stained for HuC/D (red), including enlarged 
NO-producing neurons, as well as neurites 
stained for TuJ1 (green) and DNA (DRAQ5, 
blue) in the myenteric plexus from the distal 
small bowel of an Rb1-knockout mouse.

Retinoblastoma protein regulates enteric nervous  
system development and function

Editor’s picks
research

retinoblastoma protein prevents enteric nervous system defects and 
intestinal pseudo-obstruction
Ming Fu, Solange Landreville, Olga A. Agapova, Luke A. Wiley, Michael Shoykhet,  
J. William Harbour, and Robert O. Heuckeroth    http://jci.me/67653
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Research | Editor’s picks

mTOR regulators strike a balance in T cell immune responses

A high-throughput platform for  
identification of serum factor– 
reactive antibodies
serum factor–reactive antibodies, which target the circulating cytokines, chemokines, and 
other factors that regulate the immune system, are a characteristic of multiple immune 
disorders. Many of these antibodies exacerbate disease pathology, and identification and 
characterization of the targeted serum factors will help contribute to our understanding of these 
diseases. Jordan Price and colleagues constructed a multiplex protein microarray to detect serum 
factor antibodies in patient serum. Using this platform, Price and colleagues screened the serum 
of SLE patients for known and novel antibodies and identified IgG autoantibodies that recognize 
B cell–activating factor (BAFF) and additional soluble factors. These antibodies neutralized BAFF 
activity in vitro. Furthermore, elevated levels of BAFF antibodies were associated with more 
severe disease. In the accompanying Commentary, Stefanie Sarantopoulos and Maureen Su 
discuss how these findings alter our understanding of SLE pathogenesis.

Protein microarray analysis reveals bAFF-binding autoantibodies  
in systemic lupus erythematosus
Jordan V. Price, David J. Haddon, Dodge Kemmer, Guillaume Delepine, Gil Mandelbaum,  
Justin A. Jarrell, Rohit Gupta, Imelda Balboni, Eliza F. Chakravarty, Jeremy Sokolove,  
Anthony K. Shum, Mark S. Anderson, Mickie H. Cheng, William H. Robinson, Sarah K. Browne, 
Steven M. Holland, Emily C. Baechler, and Paul J. Utz    http://jci.me/70231

  related commentary
bAFF-ling autoantibodies
Stefanie Sarantopoulos and Maureen A. Su    http://jci.me/73166

the differentiation of naive t cells is critical to the development of 
appropriate immune responses. mTOR signaling is an important mediator of  
T cell differentiation, and fine-tuning of this pathway substantially impacts the 
balance between T cell–mediated immunity and tolerance. To determine how 
mTOR signaling impacts T cell differentiation under normal and inflammatory 
conditions, Yoon Park and colleagues used mice with conditional loss of 
tuberous sclerosis complex 1 (TSC1), an inhibitor of mTORC1. They report that 
loss of Tsc1 in T cells augmented the differentiation of Th1 and Th17 cells, which 

enhanced inflammation in a murine model of colitis. The accompanying image 
shows WT (left) and Tsc1-deficient (right) colon. Loss of Tsc1 in Tregs impaired 
the ability of these cells to suppress inflammation and was associated with 
the acquisition of effector T cell–like phenotypes, further exacerbating 
inflammatory immune responses. In an accompanying Commentary, Kai Yang 
and Hongbo Chi discuss how signals that sustain or block TSC1 must be tightly 
regulated to control T cell composition and strike the correct balance between 
immunity and tolerance.

Intravital tracking of  
anti-CD20 antibody  
therapy reveals B cell 
depletion mechanisms
therapy using anti-CD20 antibodies, such as rituximab, 
mediates B cell depletion and has been used to successfully 
treat autoimmune diseases and B cell malignancies. It is 
unclear, however, exactly how these antibodies behave in 
vivo. Fabricio Montalvao and colleagues used intravital 
2-photon imaging to track the effects of anti-CD20 
antibodies in mice. They found that the liver sinusoids 
represent a major site of B cell depletion, which was 
mediated by Kupffer cells (KCs). Moreover, KCs depleted  
B cells in a lymphoma model. These results identify a 
primary mechanism by which anti-CD20 antibodies deplete 
B cells and indicate that intravital imaging could be used to 
optimize anti–B cell therapies.

The mechanism of anti-cD20–mediated b cell 
depletion revealed by intravital imaging
Fabricio Montalvao, Zacarias Garcia, Susanna Celli,  
Béatrice Breart, Jacques Deguine, Nico Van Rooijen,  
and Philippe Bousso    http://jci.me/70972

immunology

TSc1 regulates the balance between effector 
and regulatory T cells
Yoon Park, Hyung-Seung Jin, Justine Lopez, Chris Elly,  
Gisen Kim, Masako Murai, Mitchell Kronenberg,  
and Yun-Cai Liu    http://jci.me/69751

  related commentary
Tuning mTOr activity for immune balance
Kai Yang and Hongbo Chi    http://jci.me/73202
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Loss of PTEN alters  
ion exchange activity  
in the lens
Pten hamartoma tumor syndrome (Phts) is a highly 
variable disorder caused by mutations in PTEN that is 
frequently accompanied by cataracts. Caterina Sellitto and 
colleagues used mice with lens-specific loss of Pten to 
determine whether PTEN contributes directly to this 
phenotype. They found that mice with Pten-deficient lenses 
developed cataracts (see accompanying image) and 
exhibited significantly reduced Na+/K+ exchanger activity, 
leading to increased intracellular sodium concentrations and 
hydrostatic pressure. Further investigation of the signaling 
pathway revealed that loss of Pten increased activation of 
AKT, which downregulated Na+/K+ exchanger activity. These 
data identify a previously unappreciated role for PTEN/AKT 
in ion transport regulation and shed light on the cellular 
alterations that underlie PHTS-associated cataracts.

AKT activation promotes PTeN hamartoma 
tumor syndrome–associated cataract 
development
Caterina Sellitto, Leping Li, Junyuan Gao, Michael L. Robinson, 
Richard Z. Lin, Richard T. Mathias, and Thomas W. White    
http://jci.me/70437

ophthalmology

vascular biology

Mice conceived by in vitro fertilization exhibit vascular dysfunction

COPD-associated ciliophagy blocked 
by histone deacetylase inhibition
Chronic obstructive pulmonary 
disease (CoPD) is characterized by 
epithelial cell dysfunction, shortening 
of motile cilia, disrupted mucus 
clearance, aberrant airway inflamma-
tion in response to irritants, and 
decreased lung function. The 
disruptions in mucus clearance have 
been attributed to the shortening of 
motile cilia after irritant exposure. The 
accompanying image shows 
decreased cilia in the airways of mice 
exposed to cigarette smoke (CS). 
Hilaire Lam, Suzanne Cloonan, and 
colleagues examined the contribution 
of autophagy to cilia shortening 
(ciliophagy) in COPD using transgenic 
mice with impaired autophagy (Becn1+/– or Map1lc3B–/–). Unlike WT mice, autophagy-
impaired mice did not exhibit cilia shortening in response to CS exposure. Similarly, mice 
lacking the X chromosome copy of Hdac6, a histone deacetlyase that contributes to 
autophagosome-lysosome fusion, exhibited reduced autophagy but did not display 
CS-induced cilia shortening or disrupted mucus clearance. These data suggest that disruption 
of ciliophagy could serve as a therapeutic strategy in the treatment of COPD.

Histone deacetylase 6–mediated selective autophagy regulates 
cOPD-associated cilia dysfunction
Hilaire C. Lam, Suzanne M. Cloonan, Abhiram R. Bhashyam, Jeffery A. Haspel, Anju Singh,  
J. Fah Sathirapongsasuti, Morgan Cervo, Hongwei Yao, Anna L. Chung, Kenji Mizumura, 
Chang Hyeok An, Bin Shan, Jonathan M. Franks, Kathleen J. Haley, Caroline A. Owen, 
Yohannes Tesfaigzi, George R. Washko, John Quackenbush, Edwin K. Silverman,  
Irfan Rahman, Hong Pyo Kim, Ashfaq Mahmood, Shyam S. Biswal, Stefan W. Ryter,  
and Augustine M.K. Choi    http://jci.me/69636

pulmonology

Recent epidemiological data suggest that the use of 
in vitro fertilization (IVF) is associated with vascular 
dysfunction in the resulting offspring. Emrush Rexhaj 
and colleagues developed a murine model of IVF to 
examine the long-term consequences and molecular 
mechanisms of IVF’s effects on the vasculature. They 
found that mice conceived by IVF displayed 
endothelial dysfunction and arterial hypertension 
and had shorter life spans when fed a high-fat diet. 

These physiological alterations were associated with 
changes in promoter methylation of eNOS, a known 
regulator of endothelial function. Further, IVF-
conceived male mice transmitted this dysfunction to 
their progeny through altered genetic imprinting in 
the aorta. Taken together, these data suggest that, in 
mice, IVF induces epigenetic changes that can lead to 
premature cardiovascular morbidity and mortality  
in the offspring.

mice generated by in vitro fertilization 
exhibit vascular dysfunction and 
shortened life span
Emrush Rexhaj, Ariane Paoloni-Giacobino,  
Stefano F. Rimoldi, Daniel G. Fuster, Manuel Anderegg, 
Emmanuel Somm, Elisa Bouillet, Yves Allemann, 
Claudio Sartori, and Urs Scherrer     
http://jci.me/68943
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Mapping the neural circuits mediating negative affect

Research | Editor’s picks

Finding a rhythm in neurodegeneration
Clock proteins control circadian rhythms at the 
molecular level. The circadian output from the 
suprachiasmatic nucleus (SCN) is responsible for 
synchronizing tissue-specific clocks throughout the 
body, which impact cellular redox and metabolic 
pathways. Clock gene dysfunction in peripheral tissues 
has previously been shown to result in increased 
oxidative stress and aging. In this issue, Erik Musiek 
and colleagues demonstrate that brain-specific loss of 
the clock gene Bmal1 caused degeneration of synaptic 
nerve terminals and age-dependent increases in 
astrocyte activation in the cortex and hippocampus of 
mice, a phenomenon commonly associated with 
neurodegenerative disease. The accompanying image 
shows expression of the astrocyte marker GFAP in the 
cortex of 6-month-old WT (top) and Bmal1-deficient 
mice (bottom). Moreover, loss of Bmal1 promoted 
neuronal cell death and increased oxidative stress in 

cultured neurons. Colleen McClung discusses how these 
findings connect impaired clock gene function with 
neurodegeneration in the accompanying Commentary.

circadian clock proteins regulate 
neuronal redox homeostasis and 
neurodegeneration
Erik S. Musiek, Miranda M. Lim, Guangrui Yang,  
Adam Q. Bauer, Laura Qi, Yool Lee, Jee Hoon Roh, 
Xilma Ortiz-Gonzalez, Joshua T. Dearborn,  
Joseph P. Culver, Erik D. Herzog, John B. Hogenesch, 
David F. Wozniak, Krikor Dikranian, Benoit I. Giasson, 
David R. Weaver, David M. Holtzman, and  
Garret A. FitzGerald   http://jci.me/70317

  related commentary
mind your rhythms: an important role 
for circadian genes in neuroprotection
Colleen A. McClung    http://jci.me/73059

neurobiology

Mapping the activity of functional circuits within the brain is a 
long-held goal of neuroscience. Yasmin Hurd and colleagues used 
specially engineered receptor constructs known as designer receptors 
exclusively activated by designer drugs (DREADDs), in conjunction with 
[18F]fluorodeoxyglucose μPET, to perform DREADD-assisted metabolic 
mapping (DREAMM) in the brain. DREAMM was then used to explore the 
functional circuits that mediate negative affect and opiate addiction in 
rats. Chronic negative emotional states are a characteristic of both major 
depressive disorder (MDD) and recurrent drug abuse. Abnormal 
prodynorphin (PDYN) signaling in the amygdala has previously been 

implicated in both conditions. Hurd and colleagues found that PDYN 
mRNA was decreased in the periamygdaloid cortex (PAC) of two 
postmortem heroin abuse cohorts as well as subjects with MDD. Similarly, 
Pdyn mRNA was reduced in rats with chronic heroin self-administration. 
Using DREAMM, the authors demonstrated that inhibition of PDYN-
expressing neurons in the PAC increased activity in the amygdala (see 
accompanying image), leading to neural stress and depression-related 
phenotypes in rats. These findings identify a neuronal circuit involved in 
negative affect and opiate addiction and serve as a proof of principle for 
a technique for mapping neuronal circuits in vivo.

  related research
Impaired periamygdaloid-cortex prodynorphin is 
characteristic of opiate addiction and depression
Sarah Ann R. Anderson, Michael Michaelides, Parisa Zarnegar,  
Yanhua Ren, Pernilla Fagergren, Panayotis K. Thanos, Gene-Jack Wang, 
Michael Bannon, John F. Neumaier, Eva Keller, Nora D. Volkow,  
and Yasmin L. Hurd    http://jci.me/70395

Whole-brain circuit dissection in free-moving animals 
reveals cell-specific mesocorticolimbic networks
Michael Michaelides, Sarah Ann R. Anderson, Mala Ananth,  
Denis Smirnov, Panayotis K. Thanos, John F. Neumaier, Gene-Jack Wang, 
Nora D. Volkow, and Yasmin L. Hurd    http://jci.me/72117
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Radioresistance in EBV-associated 
nasopharyngeal carcinoma is mediated by LIF
nasopharyngeal carcinoma (nPC) is an oncogenic lesion associated with Epstein-Barr virus (EBV) infection that 
is typically treated with radiation therapy. Radioresistance contributes to the poor prognosis of patients with 
EBV-associated NPC, but the molecular mechanisms underlying this resistance are unclear. Shu-Chen Liu and 
colleagues found that higher serum levels of leukemia inhibitory factor (LIF) were associated with lower chances 
of recurrence-free survival in human NPC patients. The accompanying histology images show LIF expression in 
normal tissue (top) and an NPC lesion (bottom). At the molecular level, Liu and colleagues found that LIF 
activates mTORC1/p706SK signaling to enhance tumor 
growth. Further, LIF inhibits DNA damage responses, 
thereby promoting resistance to radiation-induced cell 
death. Importantly, the effectiveness of radiotherapy 
could be increased by the administration of either LIF or 
mTOR inhibitors. In an accompanying Commentary, 
Micah Luftig discusses how these findings alter our 
understanding of EBV’s impact on NPC outcomes.

Leukemia inhibitory factor promotes 
nasopharyngeal carcinoma progression 
and radioresistance
Shu-Chen Liu, Ngan-Ming Tsang, Wen-Che Chiang,  
Kai-Ping Chang, Chuen Hsueh, Ying Liang,  
Jyh-Lyh Juang, Kai-Ping N. Chow,  
and Yu-Sun Chang    http://jci.me/63428

  related commentary
Heavy LIFting: tumor promotion  
and radioresistance in NPc
Micah Luftig    http://jci.me/73416

BRAF/PTEN-mutant melanoma  
is AKT independent

oncology

New insights into 
platelet function  
in type 2B von 
Willebrand disease
type 2B von Willebrand disease (VWD-type 
2B) is a hereditary coagulation disorder that 
arises from a gain-of-function mutation in von 
Willebrand factor (vWF) and is characterized by 
moderate to severe thrombocytopenia. It is not 
clear whether impaired platelet function 
contributes to the bleeding phenotype seen in 
these patients. Using transgenic mice that 
express VWD-type 2B–associated mutant vWF 
and platelets from a patient with the same 
VWD-type 2B mutation, Caterina Casari and 
colleagues demonstrated that this mutation 
leads to impaired aggregation, secretion, and 
spreading of platelets. These defects were 
attributable to inhibition of integrin αIIbβ3 
activation and subsequent thrombus growth, 
which was observed in both the mutant mice 
and the patient. These studies indicate that the 
VWD-type 2B mutation causes defective 
platelet function that likely contributes to 
bleeding defects. In the accompanying 
Commentary, Jerry Ware discusses how these 
findings explain the mechanism behind a 
gain-of-function mutation that was identified 
more than 30 years ago.

von Willebrand factor mutation 
promotes thrombocytopathy by 
inhibiting integrin αIIbβ3
Caterina Casari, Eliane Berrou, Marilyne Lebret, 
Frédéric Adam, Alexandre Kauskot, Régis Bobe, 
Céline Desconclois, Edith Fressinaud,  
Olivier D. Christophe, Peter J. Lenting,  
Jean-Philippe Rosa, Cécile V. Denis,  
and Marijke Bryckaert    
http://jci.me/69458

  related commentary
Thrombocytopathy and type 2b 
von Willebrand disease
Jerry Ware   http://jci.me/73169

hematology

BRAF-targeted agents have emerged as frontline 
treatments for advanced melanoma; however, the 
disease remains challenging to treat due to the 
prevalence of primary or acquired resistance. BRAF 
mutations are frequently accompanied by silencing 
of the tumor suppressor PTEN. Victoria Marsh Durban 
and colleagues investigated the contribution of 
pathways regulated by PTEN in melanomagenesis. 
Using genetically engineered mice, Marsh Durban 
and colleagues demonstrated that mutational 
activation of PI3K can substitute for PTEN silencing 
in BRAFV600E-induced melanoma. However, whereas 
BRAF/PI3K-mutated melanomas were sensitive to 
AKT inhibition, BRAFV600E/PTEN-null melanomas 
were insensitive. Importantly, inhibition of PI3K 

prevented the growth of BRAFV600E/PTEN-null 
melanomas, and combined inhibition of BRAF and 
PI3K more effectively induced melanoma regression 
than inhibition of either pathway alone. These 
findings establish PI3K signaling as a critical 
contributor to the genesis and maintenance of 
melanoma and suggest that combined inhibition of 
BRAF and PI3K may be an effective therapeutic 
approach against BRAFV600E/PTEN-null melanomas.

Differential AKT dependency  
displayed by mouse models  
of brAFV600e-initiated melanoma
Victoria Marsh Durban, Marian M. Deuker,  
Marcus W. Bosenberg, Wayne Phillips,  
and Martin McMahon    http://jci.me/69619
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Defects in CoQ10 biosynthesis contribute 
to steroid-resistant nephrotic syndrome
steroid-resistant nephrotic syndrome (sRns) is the second most common cause of end-stage 
kidney disease. Shazia Ashraf, Heon Yung Gee, and colleagues used homozygosity mapping and 
whole-exome resequencing to identify mutations that cause SRNS. These studies revealed biallelic 
mutations in ADCK4, which encodes an enzyme that participates in the biosynthesis of coenzyme Q10 
(CoQ10) and is expressed in glomerular podocytes. The mutation resulted in the expression of a 
truncated form of ADCK4. Knockdown of adck4 in zebrafish recapitulated the nephrotic syndrome 
(see accompanying image) and resulted in reduced CoQ10 levels and decreased mitochondrial 
respiratory activity. Knockdown in 
cultured human podocytes reduced 
cellular migration, which could be 
reversed by supplementation of CoQ10 
or addition of murine ADCK4. In the 
accompanying Commentary, Laura 
Malaga-Dieguez and Katalin Susztak 
discuss the potential of CoQ10 
supplementation in the treatment  
of SRNS.

ADCK4 mutations promote steroid-resistant nephrotic syndrome through 
coQ10 biosynthesis disruption
Shazia Ashraf, Heon Yung Gee, Stephanie Woerner, Letian X. Xie, Virginia Vega-Warner, Svjetlana Lovric, 
Humphrey Fang, Xuewen Song, Daniel C. Cattran, Carmen Avila-Casado, Andrew D. Paterson,  
Patrick Nitschké, Christine Bole-Feysot, Pierre Cochat, Julian Esteve-Rudd, Birgit Haberberger,  
Susan J. Allen, Weibin Zhou, Rannar Airik, Edgar A. Otto, Moumita Barua, Mohamed H. Al-Hamed, 
Jameela A. Kari, Jonathan Evans, Agnieszka Bierzynska, Moin A. Saleem, Detlef Böckenhauer,  
Robert Kleta, Sherif El Desoky, Duygu O. Hacihamdioglu, Faysal Gok, Joseph Washburn,  
Roger C. Wiggins, Murim Choi, Richard P. Lifton, Shawn Levy, Zhe Han, Leonardo Salviati,  
Holger Prokisch, David S. Williams, Martin Pollak, Catherine F. Clarke, York Pei,  
Corinne Antignac, and Friedhelm Hildebrandt    http://jci.me/69000

  related commentary
ADCK4 “reenergizes” nephrotic syndrome
Laura Malaga-Dieguez and Katalin Susztak    http://jci.me/73168

Chemokine receptor CX3CR1 controls Candida in the kidney

nephrology

Hitting the target 
with serotonergic 
metabolism 
modifiers
Drugs targeting serotonin 2C receptor 
signaling in the CNS can potently regulate 
energy and glucose homeostasis; however, it is 
not clear which serotonin 2C receptor–expressing 
neurons mediate these effects. In this issue,  
Eric Berglund and colleagues identified pro- 
opiomelanocortin (POMC) neurons as the media-
tors of serotonin 2C receptor metabolic 
alterations. Berglund and colleagues found that 
mice lacking serotonin 2C receptors in POMC 
neurons had normal body weight, but exhibited 
altered energy balance, including hyperglycemia, 
insulin resistance, hyperinsulinemia, and 
hyperglucagonemia. Moreover, these mice were 
susceptible to diet-induced obesity and did not 
respond to serotonin 2C receptor–targeted 
agents. These data demonstrate that serotonin 
requires serotonin 2C receptor expression in 
POMC neurons to regulate energy homeostasis.

Serotonin 2c receptors in pro-
opiomelanocortin neurons regulate 
energy and glucose homeostasis
Eric D. Berglund, Chen Liu, Jong-Woo Sohn,  
Tiemin Liu, Mi Hwa Kim, Charlotte E. Lee,  
Claudia R. Vianna, Kevin W. Williams, Yong Xu, 
and Joel K. Elmquist     http://jci.me/70338

metabolism

systemic candidiasis is a fungal infection that causes mortality in 
30%–40% of patients. Disease outcomes are highly variable and likely 
related to host-specific risk factors. Using a mouse model of systemic 
candidiasis, Michail Lionakis and colleagues investigated the role of 
chemokine receptors that mediate the response of macrophages, which 
accumulate in tissues infected with Candida. They found that macrophages 
expressing the chemokine receptor CX3CR1 play a critical role in the control 
of fungal proliferation in the kidney. Loss of Cx3cr1 resulted in increased 
Candida-induced renal failure and mortality and reduced macrophage 
accumulation in the kidney, which was attributed to decreased macrophage 
survival. Importantly, Lionakis and colleagues found that the dysfunctional 

M280 allele of human CX3CR1 was associated with increased risk of 
systemic candidiasis in patients.

cX3cr1-dependent renal macrophage survival promotes 
Candida control and host survival
Michail S. Lionakis, Muthulekha Swamydas, Brett G. Fischer, Theo S. Plantinga, 
Melissa D. Johnson, Martin Jaeger, Nathaniel M. Green, Andrius Masedunskas, 
Roberto Weigert, Constantinos Mikelis, Wuzhou Wan, Chyi-Chia Richard Lee,  
Jean K. Lim, Aymeric Rivollier, John C. Yang, Greg M. Laird, Robert T. Wheeler, 
Barbara D. Alexander, John R. Perfect, Ji-Liang Gao, Bart-Jan Kullberg,  
Mihai G. Netea, and Philip M. Murphy    http://jci.me/71307
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Insulin signaling regulates postnatal 
cardiomyocyte autophagy
Autophagy, a cell survival–promoting process, is induced by nutrient stress and occurs in the 
mammalian heart during the perinatal period to help newborns survive starvation until feeding 
is established. Christian Riehle and colleagues used transgenic mouse models to investigate the 
mechanisms that suppress autophagy after the establishment of feeding and the resolution of 
nutrient deficiency. They found that mice with cardiomyocyte-specific deletion of the insulin 
receptor substrates Irs1 and Irs2 exhibited unrestrained autophagy in the heart, leading to 
myocyte loss, mitochondrial dysfunction, heart failure, and premature death. The accompanying 
image shows H&E staining of WT and mutant mouse cardiac tissues 4 weeks after birth. These 
phenotypes could be attenuated by either genetic suppression of autophagy or activation of 
mTOR signaling. These findings establish insulin as a critical regulator of cardiomyocyte 
homeostasis and survival in the postnatal heart.

Insulin receptor substrate 
signaling suppresses neonatal 
autophagy in the heart
Christian Riehle, Adam R. Wende,  
Sandra Sena, Karla Maria Pires,  
Renata Oliveira Pereira, Yi Zhu,  
Heiko Bugger, Deborah Frank, Jack Bevins, 
Dong Chen, Cynthia N. Perry, Xiaocheng C. Dong, Steven Valdez, Monika Rech, Xiaoming Sheng, 
Bart C. Weimer, Roberta A. Gottlieb, Morris F. White, and E. Dale Abel    http://jci.me/71171

Enteroviral-mediated cleavage  
of dystrophin promotes  
viral cardiomyopathy
enteroviruses, such as Coxsackievirus (CV), are detected in up to 50% of patients with 
myocarditis and dilated cardiomyopathy. In this issue, Byung-Kwan Lim and colleagues 
demonstrate that a CV protease contributes to the development of myocarditis through the 
cleavage of dystrophin, a protein that connects the cytoskeleton of the muscle fiber to the 
surrounding ECM. Enteroviral protease 2A cleaves both viral and host cell proteins, including 
dystrophin, but the importance of dystrophin cleavage in viral heart disease and its relation to 
disruption of the sarcolemma were unknown. Lim and colleagues found that mice carrying a 
knockin mutation that rendered dystrophin resistant to protease 2A cleavage were resistant to 
CV-induced cardiomyopathy and exhibited decreased sarcolemmal disruption and viral titers 
compared with WT mice. Additionally, they showed that inhibition of dystrophin cleavage 
decreased the cardiomyopathy caused by protease 2A transgenic expression. These results 
demonstrate that protease 2A–mediated dystrophin cleavage contributes to the development 
of viral cardiomyopathy by increasing sarcolemmal disruption and viral propagation.

Inhibition of coxsackievirus-associated dystrophin cleavage 
prevents cardiomyopathy
Byung-Kwan Lim, Angela K. Peter, Dingding Xiong, Anna Narezkina, Aaron Yung,  
Nancy D. Dalton, Kyung-Kuk Hwang, Toshitaka Yajima, Ju Chen,  
and Kirk U. Knowlton    http://jci.me/66271

cardiology
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Adipose tissue, 
macrophages, and  
the metabolic  
syndrome connection
Adiposity is closely correlated with several different physiological 
parameters, including insulin sensitivity, blood pressure, and serum 
lipid concentrations as well as obesity-associated diseases, such as 
type 2 diabetes, stroke, and heart disease. In 2003, Anthony 
Ferrante and colleagues performed transcriptional profiling of 
mouse adipose tissue to identify genes associated with adiposity. 
They found that 30% of the 100 most significantly correlated genes 
encoded proteins associated with macrophages. Moreover, these 
cells contribute directly to the elevated levels of inflammatory 
molecules in adipose tissue. In this issue, Ferrante discusses how 
these findings have changed our understanding of metabolic 
syndrome and strengthened the connection between immunology 
and metabolism.

macrophages, fat, and the emergence  
of immunometabolism
Anthony W. Ferrante Jr.    http://jci.me/73658

hindsightconversations with giants in medicine

Thomas Südhof
in this issue, JCI editor at large ushma neill interviews thomas südhof, the 2013 
Nobel Prize Laureate in Physiology or Medicine. Along with James Rothman and 
Randy Schekman, Südhof elucidated the mechanisms by which cells regulate 
vesicular transport. Südhof’s research is focused on calcium-regulated neurotrans-
mitter release. Neurotransmit-
ter filled vesicles must dock at 
a precise location on that 
membrane and then fuse with 
the membrane to release the 
neurotransmitters in response 
to an action potential– 
triggered influx of calcium 
ions. Using biochemical and 
molecular biology techniques, 
Südhof identified the proteins 
that mediate these steps and 
helped to determine exactly 
how they are regulated so that 
neurotransmitters are released 
on command in a timely and 
specific manner.

http://jci.me/74014

review

Advances in selective targeting of serotonin receptors
serotonin (5-ht) mediates numerous physiological processes in both 
the brain and the periphery. Therapeutics targeting 5-HT receptors are 
used in many different diseases, including metabolic and psychiatric 
disorders. There are fourteen different serotonin receptors expressed 
throughout the body (see accompanying image). Both the therapeutic 
actions and side effects of drugs targeting these receptors can frequently 
be attributed to nonspecific actions on different receptor subtypes. In 
this issue, Herbert Meltzer and Bryan Roth review the development of 
drugs that target specific serotonin receptor isoforms and focus 
specifically on two new drugs, lorcaserin and pimavanserin, which target 
5-HT2C and 5-HT2A receptors and have recently been approved for the 
treatment of obesity and Parkinson’s disease psychosis, respectively.

Lorcaserin and pimavanserin: emerging selectivity  
of serotonin receptor subtype–targeted drugs
Herbert Y. Meltzer and Bryan L. Roth    http://jci.me/70678
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