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Research articles in the 
current issue of the JCI

Bone biology
NADPH oxidase 4 limits bone mass by promoting osteoclastogenesis
Claudia Goettsch, Andrea Babelova, Olivia Trummer, Reinhold G. Erben, Martina Rauner, Stefan Rammelt,  
Norbert Weissmann, Valeska Weinberger, Sebastian Benkhoff, Marian Kampschulte, Barbara Obermayer-Pietsch,  
Lorenz C. Hofbauer, Ralf P. Brandes, and Katrin Schröder    http://jci.me/67603

Clinical medicine
essential amino acid supplementation in patients following total knee arthroplasty
Hans C. Dreyer, Lisa A. Strycker, Hilary A. Senesac, Austin D. Hocker, Keith Smolkowski, Steven N. Shah, and Brian A. Jewett    http://jci.me/70160

Gastroenterology
Hirschsprung-like disease is exacerbated by reduced de novo GmP synthesis
Jonathan I. Lake, Olga A. Tusheva, Brittany L. Graham, and Robert O. Heuckeroth     
http://jci.me/69781

Genetics
eating disorder predisposition is associated with ESRRA and HDAC4 mutations
Huxing Cui, Jarrette Moore, Sunbola S. Ashimi, Brittany L. Mason, Jordan N. Drawbridge, Shizhong Han, Benjamin Hing, Abigail Matthews,  
Carrie J. McAdams, Benjamin W. Darbro, Andrew A. Pieper, David A. Waller, Chao Xing, and Michael Lutter    http://jci.me/71400

     more, p. 12

A recurrent dominant negative e47 mutation causes agammaglobulinemia and bCr– b cells
Bertrand Boisson, Yong-Dong Wang, Amma Bosompem, Cindy S. Ma, Annick Lim, Tatiana Kochetkov, Stuart G. Tangye, Jean-Laurent Casanova,  
and Mary Ellen Conley    http://jci.me/71927

Lumbar disc degeneration is linked to a carbohydrate sulfotransferase 3 variant
You-Qiang Song, Tatsuki Karasugi, Kenneth M.C. Cheung, Kazuhiro Chiba, Daniel W.H. Ho, Atsushi Miyake, Patrick Y.P. Kao, Kit Ling Sze, Anita Yee, Atsushi Takahashi, 
Yoshiharu Kawaguchi, Yasuo Mikami, Morio Matsumoto, Daisuke Togawa, Masahiro Kanayama, Dongquan Shi, Jin Dai, Qing Jiang, Chengai Wu, Wei Tian, Na Wang, 
John C.Y. Leong, Keith K.D. Luk, Shea-ping Yip, Stacey S. Cherny, Junwen Wang, Stefan Mundlos, Anthi Kelempisioti, Pasi J. Eskola, Minna Männikkö, Pirkka Mäkelä, 
Jaro Karppinen, Marjo-Riitta Järvelin, Paul F. O’Reilly, Michiaki Kubo, Tomoatsu Kimura, Toshikazu Kubo, Yoshiaki Toyama, Hiroshi Mizuta, Kathryn S.E. Cheah, 
Tatsuhiko Tsunoda, Pak-Chung Sham, Shiro Ikegawa, and Danny Chan    http://jci.me/69277

     more, p. 12

Hematology
extracellular hemin crisis triggers acute chest syndrome in sickle mice
Samit Ghosh, Olufolake Adetoro Adisa, Prasanthi Chappa, Fang Tan, Kesmic Ann Jackson, David Robert Archer, and Solomon Fiifi Ofori-Acquah     
http://jci.me/64578

NOX4 in bone loss
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Research articles in the current issue of the JCI

Induction of myelodysplasia by myeloid-derived suppressor cells
Xianghong Chen, Erika A. Eksioglu, Junmin Zhou, Ling Zhang, Julie Djeu, Nicole Fortenbery, Pearlie Epling-Burnette, 
Sandra Van Bijnen, Harry Dolstra, John Cannon, Je-in Youn, Sarah S. Donatelli, Dahui Qin, Theo De Witte,  
Jianguo Tao, Huaquan Wang, Pingyan Cheng, Dmitry I. Gabrilovich, Alan List, and Sheng Wei     
http://jci.me/67580

     more, p. 8

myelodysplastic syndromes are induced by histone methylation–altering ASXL1 mutations
Daichi Inoue, Jiro Kitaura, Katsuhiro Togami, Koutarou Nishimura, Yutaka Enomoto, Tomoyuki Uchida, Yuki Kagiyama, Kimihito Cojin Kawabata, Fumio Nakahara, 
Kumi Izawa, Toshihiko Oki, Akie Maehara, Masamichi Isobe, Akiho Tsuchiya, Yuka Harada, Hironori Harada, Takahiro Ochiya, Hiroyuki Aburatani, Hiroshi Kimura, 
Felicitas Thol, Michael Heuser, Ross L. Levine, Omar Abdel-Wahab, and Toshio Kitamura    http://jci.me/70739

Immunology
Interferon-dependent IL-10 production by Tregs limits tumor Th17 inflammation
C. Andrew Stewart, Hannah Metheny, Noriho Iida, Loretta Smith, Miranda Hanson, Folkert Steinhagen, Robert M. Leighty, Axel Roers,  
Christopher L. Karp, Werner Müller, and Giorgio Trinchieri    http://jci.me/65180

     more, p. 11

Peptidases released by necrotic cells control CD8+ T cell cross-priming
Jaba Gamrekelashvili, Tamar Kapanadze, Miaojun Han, Josef Wissing, Chi Ma, Lothar Jaensch, Michael P. Manns, Todd Armstrong,  
Elizabeth Jaffee, Ayla O. White, Deborah E. Citrin, Firouzeh Korangy, and Tim F. Greten    http://jci.me/65698

Itch expression by Treg cells controls Th2 inflammatory responses
Hyung-seung Jin, Yoon Park, Chris Elly, and Yun-Cai Liu    http://jci.me/69355

With related Commentary by WanJun Chen

     more, p. 10

Th9 cell development requires a bATF-regulated transcriptional network
Rukhsana Jabeen, Ritobrata Goswami, Olufolakemi Awe, Aishwarya Kulkarni, Evelyn T. Nguyen, Andrea Attenasio,  
Daniel Walsh, Matthew R. Olson, Myung H. Kim, Robert S. Tepper, Jie Sun, Chang H. Kim, Elizabeth J. Taparowsky,  
Baohua Zhou, and Mark H. Kaplan    http://jci.me/69489

     more, p. 10

Allogeneic T cell responses are regulated by a specific mirNA-mrNA network
Yaping Sun, Isao Tawara, Meng Zhao, Zhaohui S. Qin, Tomomi Toubai, Nathan Mathewson, Hiroya Tamaki, Evelyn Nieves, Arul M. Chinnaiyan, and Pavan Reddy    
http://jci.me/70013

Divergence of IL-1, IL-18, and cell death in NLrP3 inflammasomopathies
Susannah D. Brydges, Lori Broderick, Matthew D. McGeough, Carla A. Pena, James L. Mueller, and Hal M. Hoffman    http://jci.me/71543

     more, p. 10

Metabolism
Combined modulation of polycomb and trithorax genes rejuvenates  
β cell replication
Josie X. Zhou, Sangeeta Dhawan, Hualin Fu, Emily Snyder, Rita Bottino, Sharmistha Kundu, Seung K. Kim,  
and Anil Bhushan    http://jci.me/69468

Myeloid-derived suppressor cells

Th9 cells in allergic inflammation

β Cell regeneration
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Metabolism
Leptin regulation of Hsp60 impacts hypothalamic insulin signaling
André Kleinridders, Hans P.M.M. Lauritzen, Siegfried Ussar, Jane H. Christensen, Marcelo A. Mori, Peter Bross, and C. Ronald Kahn    http://jci.me/67615

FGF19 action in the brain induces insulin-independent glucose lowering
Gregory J. Morton, Miles E. Matsen, Deanna P. Bracy, Thomas H. Meek, Hong T. Nguyen, Darko Stefanovski,  
Richard N. Bergman, David H. Wasserman, and Michael W. Schwartz    http://jci.me/70710

     more, p. 7

AmPK dysregulation promotes diabetes-related reduction of superoxide  
and mitochondrial function

Laura L Dugan, Young-Hyun You, Sameh S. Ali, Maggie Diamond-Stanic, Satoshi Miyamoto, Anne-Emilie DeCleves, Aleksander Andreyev, Tammy Quach, San Ly, 
Grigory Shekhtman, William Nguyen, Andre Chepetan, Thuy P. Le, Lin Wang, Ming Xu, Kacie P. Paik, Agnes Fogo, Benoit Viollet, Anne Murphy, Frank Brosius,  
Robert K. Naviaux, and Kumar Sharma    http://jci.me/66218

With related Commentary by Dwight A. Towler

     more, p. 7

Nephrology
A nonclassical vitamin D receptor pathway suppresses renal fibrosis
Ichiaki Ito, Tsuyoshi Waku, Masato Aoki, Rumi Abe, Yu Nagai, Tatsuya Watanabe, Yuka Nakajima, Ichiro Ohkido, Keitaro Yokoyama, Hiroyuki Miyachi,  
Toshiyuki Shimizu, Akiko Murayama, Hiroyuki Kishimoto, Kazuo Nagasawa, and Junn Yanagisawa    http://jci.me/67804

With related Commentary by Joseph v. bonventre

     more, p. 7

Neurobiology
Chronic itch development in sensory neurons requires brAF  
signaling pathways
Zhong-Qiu Zhao, Fu-Quan Huo, Joseph Jeffry, Lori Hampton, Shadmehr Demehri, Seungil Kim, Xian-Yu Liu,  
Devin M. Barry, Li Wan, Zhong-Chun Liu, Hui Li, Ahu Turkoz, Kaijie Ma, Lynn A. Cornelius, Raphael Kopan,  
James F. Battey Jr., Jian Zhong, and Zhou-Feng Chen    http://jci.me/70528

     more, p. 11

Oncology
Developmental and tumoral vascularization is regulated by G protein–coupled receptor kinase 2
Verónica Rivas, Rita Carmona, Ramón Muñoz-Chápuli, Marta Mendiola, Laura Nogués, Clara Reglero, María Miguel-Martín, Ramón García-Escudero,  
Gerald W. Dorn II, David Hardisson, Federico Mayor Jr., and Petronila Penela    http://jci.me/67333

     more, p. 8

NF-κb–mediated Pax7 dysregulation in the muscle microenvironment 
promotes cancer cachexia
Wei A. He, Emanuele Berardi, Veronica M. Cardillo, Swarnali Acharyya, Paola Aulino, Jennifer Thomas-Ahner,  
Jingxin Wang, Mark Bloomston, Peter Muscarella, Peter Nau, Nilay Shah, Matthew E.R. Butchbach,  
Katherine Ladner, Sergio Adamo, Michael A. Rudnicki, Charles Keller, Dario Coletti, Federica Montanaro,  
and Denis C. Guttridge    http://jci.me/68523

     more, p. 9

Research articles in the current issue of the JCI

FGF19 in glucose homeostasis

BRAF in chronic itch

Muscle wasting in cancer
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Research articles in the current issue of the JCI

Isoprenylcysteine carboxylmethyltransferase deficiency exacerbates  
KrAS-driven pancreatic neoplasia via Notch suppression
Helen Court, Marc Amoyel, Michael Hackman, Kyoung Eun Lee, Ruliang Xu, George Miller, Dafna Bar-Sagi,  
Erika A. Bach, Martin O. Bergö, and Mark R. Philips    http://jci.me/65764

A microenvironment-mediated c-myc/mir-548m/HDAC6 amplification  
loop in non-Hodgkin b cell lymphomas

Tint Lwin, Xiaohong Zhao, Fengdong Cheng, Xinwei Zhang, Andy Huang, Bijal Shah, Yizhuo Zhang, Lynn C. Moscinski, Yong Sung Choi, Alan P. Kozikowski,  
James E. Bradner, William S. Dalton, Eduardo Sotomayor, and Jianguo Tao    http://jci.me/64210

Type III TGF-β receptor promotes FGF2-mediated neuronal differentiation in neuroblastoma
Erik H. Knelson, Angela L. Gaviglio, Alok K. Tewari, Michael B. Armstrong, Karthikeyan Mythreye, and Gerard C. Blobe    http://jci.me/69657

Identification of kinase fusion oncogenes in post-Chernobyl radiation-induced thyroid cancers
Julio C. Ricarte-Filho, Sheng Li, Maria E.R. Garcia-Rendueles, Cristina Montero-Conde, Francesca Voza, Jeffrey A. Knauf, Adriana Heguy, Agnes Viale,  
Tetyana Bogdanova, Geraldine A. Thomas, Christopher E. Mason, and James A. Fagin    http://jci.me/69766

With related Commentary by massimo Santoro and Francesca Carlomagno

     more, p. 8

Tracking the clonal origin of lethal prostate cancer
Michael C. Haffner, Timothy Mosbruger, David M. Esopi, Helen Fedor, Christopher M. Heaphy, David A. Walker, Nkosi Adejola, Meltem Gürel, Jessica Hicks,  
Alan K. Meeker, Marc K. Halushka, Jonathan W. Simons, William B. Isaacs, Angelo M. De Marzo, William G. Nelson, and Srinivasan Yegnasubramanian     
http://jci.me/70354

With related Commentary by A. rose brannon and Charles L. Sawyers

     more, p. 9

Otology
Sound preconditioning therapy inhibits ototoxic hearing loss in mice
Soumen Roy, Matthew M. Ryals, Astrid Botty Van den Bruele, Tracy S. Fitzgerald, and Lisa L. Cunningham    http://jci.me/71353

Pulmonology
Human iPS cell–derived alveolar epithelium repopulates lung  
extracellular matrix
Mahboobe Ghaedi, Elizabeth A. Calle, Julio J. Mendez, Ashley L. Gard, Jenna Balestrini, Adam Booth,  
Peter F. Bove, Liqiong Gui, Eric S. White, and Laura E. Niklason    http://jci.me/68793

microrNA-223 controls susceptibility to tuberculosis by regulating lung neutrophil recruitment
Anca Dorhoi, Marco Iannaccone, Maura Farinacci, Kellen C. Faé, Jörg Schreiber, Pedro Moura-Alves, Geraldine Nouailles, Hans-Joachim Mollenkopf,  
Dagmar Oberbeck-Müller, Sabine Jörg, Ellen Heinemann, Karin Hahnke, Delia Löwe, Franca Del Nonno, Delia Goletti, Rosanna Capparelli,  
and Stefan H.E. Kaufmann    http://jci.me/67604

     more, p. 11

Vascular biology
ras pathway inhibition prevents neovascularization by repressing endothelial cell sprouting
Peter D. Westenskow, Toshihide Kurihara, Edith Aguilar, Elizabeth L. Scheppke, Stacey K. Moreno, Carli Wittgrove, Valentina Marchetti,  
Iacovos P. Michael, Sudarshan Anand, Andras Nagy, David Cheresh, and Martin Friedlander    http://jci.me/70230

     more, p. 6

Pancreatic intraepithelial neoplasias

Generating alveolar epithelial cells
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Ocular neovascular diseases, such as age-
related macular degeneration and diabetic 
retinopathy, are caused by an overproduction 
of new blood vessels in the eye that can lead to 
vision loss. While therapies targeting VEGF, a 
growth factor that promotes angiogenesis, are 
now used clinically to treat these diseases, many 
patients are unresponsive, and additional thera-
peutic strategies are needed. In this issue of the 
JCI, Martin Friedlander and colleagues describe 
how targeting the Ras pathway, which is down-
stream of VEGF signaling, may offer a promising 
approach to treat ocular neovascular diseases. 
They showed that Ras signaling is activated dur-
ing angiogenesis. Further, the researchers found 
that p120RasGAP, a regulatory protein that in-
hibits Ras, is expressed in endothelial cells that 
are not responsive to VEGF. The data suggest 
that p120RasGAP may become activated during 
angiogenesis in newly maturing endothelial cells 
to inhibit sprouting in cells that are not at the 
tip. They also demonstrated that microRNA-132 
(miR-132) inhibits p120RasGAP expression and 
that antagomirs that block miR-132 (a-miR-132) 
function can disrupt Ras signaling. Last, the 
Friedlander group compared the a-miR-132 
strategy to VEGF targeting in 2 different animal 
models of ocular neovascularization and found 
that a-miR-132 could effectively reduce angio-
genesis to an even greater extent than VEGF in-
hibition. Collectively, their results indicate that 
therapies that target miR-132 may provide an 
effective means of combating neovascular eye 
disease. In the accompanying image, blood ves-
sels in retina are labeled with GS lectin (red) and 
p120RasGAP (green).

ras pathway inhibition prevents neovascularization by repressing 
endothelial cell sprouting
Peter D. Westenskow, Toshihide Kurihara, Edith Aguilar, Elizabeth L. Scheppke,  
Stacey K. Moreno, Carli Wittgrove, Valentina Marchetti, Iacovos P. Michael, Sudarshan Anand, 
Andras Nagy, David Cheresh, and Martin Friedlander    http://jci.me/70230

A new strategy to block angiogenesis  
in vascular eye diseases
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Research | Editor’s Picks

metabolism

nephrology

Reduced mitochondrial superoxide  
production in diabetic kidneys

Vitamin D is required for many physiological functions, and deficiencies in this 
vitamin and its metabolites has been linked to a variety of pathophysiological 
conditions, including renal fibrosis and chronic kidney disease. In this issue, 
Ichiaki Ito and colleagues demonstrate that activation of the vitamin D receptor 
(VDR) suppresses fibrosis by inhibiting TGF-β–SMAD signaling. Moreover, Ito and 
colleagues generated two synthetic VDR ligands that specifically inhibited TGF-β 
signaling without activating VDR-mediated transcription. These ligands 
suppressed renal fibrosis in mice with obstructed kidneys without elevating 
serum calcium levels, a common side effect of vitamin D supplementation. In the 
accompanying Commentary, Joseph Bonventre discusses how these findings 
could affect the design of VDR-targeted therapeutics.

A nonclassical vitamin D receptor pathway suppresses  
renal fibrosis
Ichiaki Ito, Tsuyoshi Waku, Masato Aoki, Rumi Abe, Yu Nagai, Tatsuya Watanabe, 
Yuka Nakajima, Ichiro Ohkido, Keitaro Yokoyama, Hiroyuki Miyachi,  
Toshiyuki Shimizu, Akiko Murayama, Hiroyuki Kishimoto, Kazuo Nagasawa,  
and Junn Yanagisawa     
http://jci.me/67804

  related Commentary
Antifibrotic vitamin D analogs
Joseph V. Bonventre     
http://jci.me/72748

Vitamin D receptor inhibits TGF-β signaling to prevent renal fibrosis

Diabetic nephropathy is one of the most common causes 
of end-stage kidney disease and is a leading contributor to 
death among young diabetes patients. The prevailing 
hypothesis is that elevated glucose levels enhance 
mitochondrial production of superoxide anions, which 
initiate deleterious pathways in multiple organ systems. To 
test this theory in vivo, Laura Dugan, Young-Hyun You, and 
colleagues evaluated the production of superoxide anions 

in the kidneys of a mouse model of type I diabetes. Surprisingly, they found that diabetic mice 
had reduced renal superoxide production and decreased mitochondrial biogenesis and glucose 
oxidation. Further analyses demonstrated that AMPK activity, which is reduced in both mouse 
and human diabetic kidneys (as shown in the accompanying image), mediated the reduction in 
mitochondrial activity. Mitochondrial function and kidney pathogenesis could be rescued by 
administration of an AMPK-activating drug. In the accompanying Commentary, Dwight Towler 
discusses how these findings change our understanding of diabetic nephropathy.

AmPK dysregulation promotes diabetes-related reduction of superoxide 
and mitochondrial function
Laura L. Dugan, Young-Hyun You, Sameh S. Ali, Maggie Diamond-Stanic, Satoshi Miyamoto,  
Anne-Emilie DeCleves, Aleksander Andreyev, Tammy Quach, San Ly, Grigory Shekhtman,  
William Nguyen, Andre Chepetan, Thuy P. Le, Lin Wang, Ming Xu, Kacie P. Paik, Agnes Fogo,  
Benoit Viollet, Anne Murphy, Frank Brosius, Robert K. Naviaux, and Kumar Sharma     
http://jci.me/66218

  related Commentary
mitochondrial roS deficiency and diabetic complications:  
AmP[K]-lifying the adaptation to hyperglycemia
Dwight A. Towler    http://jci.me/72326

Central mechanism 
maintains glucose  
homeostasis via FGF19
Blood glucose levels are maintained by insulin; however, 
observations in a rat model of insulin-deficient diabetes 
indicate that the brain also has the capacity to increase 
glucose disposal in an insulin-independent manner (also 
known as glucose effectiveness [GE]). In glucose-intolerant, 
leptin-deficient mice, GE is reduced by up to 70%, leading 
Gregory Morton and colleagues to hypothesize that this defect 
could be reversed by interventions that normalize glucose 
tolerance. FGF19 is a gut-derived hormone that regulates bile 
acid synthesis and has effects on glucose and lipid 
metabolism. The authors found that intracerebrovascular 
administration of a single dose of FGF19 rapidly improved 
glucose tolerance without changing either insulin secretion or 
sensitivity. Modeling demonstrated that FGF19’s effects were 
due solely to improvements in GE. The underlying mechanism 
appears to involve increased metabolism of glucose to lactate. 
These results identify a central mechanism mediating 
insulin-independent glucose disposal.

FGF19 action in the brain induces insulin-
independent glucose lowering
Gregory J. Morton, Miles E. Matsen, Deanna P. Bracy,  
Thomas H. Meek, Hong T. Nguyen, Darko Stefanovski,  
Richard N. Bergman, David H. Wasserman,  
and Michael W. Schwartz    http://jci.me/70710
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GPCR kinase 2 modulates  
physiological and tumor- 
associated angiogenesis

GPCR kinase 2 (GRK2) is a ubiquitous 
protein kinase that is primarily known for 
mediating the regulation and internalization 
of GPCRs. Interestingly, GRK2 has been shown 
to modulate a variety of signaling pathways, 
including several key regulators of vascular 
homeostasis and remodeling. Angiogenesis 
and vascular alterations play a critical role in 
development and disease, and multiple 
therapeutics targeting these processes are 
currently in clinical use. In this issue, Verónica 
Rivas and colleagues describe the role of GRK2 
in angiogenesis during development and 
tumor formation. Using cellular and transgenic 
mouse models, Rivas and colleagues found 
that loss of GRK2 impaired angiogenesis by 

altering endothelial cell signaling and vessel maturation. Moreover, 
endothelial-specific loss of GRK2 caused vascular malformations in multiple 
embryonic tissues and promoted aberrant tumoral vascularization, fueling 
tumor growth (see accompanying image).

Developmental and tumoral vascularization is regulated  
by G protein–coupled receptor kinase 2
Verónica Rivas, Rita Carmona, Ramón Muñoz-Chápuli, Marta Mendiola,  
Laura Nogués, Clara Reglero, María Miguel-Martín, Ramón García-Escudero, 
Gerald W. Dorn II, David Hardisson, Federico Mayor Jr., and Petronila Penela    
http://jci.me/67333

Myelodysplastic syndrome (MDs) involves 
ineffective hematopoiesis and activation of the 
innate immune response. Xianghong Chen and 
colleagues report that myeloid-derived suppressor 
cells (MDSCs) are expanded in the bone marrow of 
MDS patients and that the MDSCs in these 
patients overproduce cytokines that suppress 
hematopoiesis and induce apoptosis of 
hematopoietic progenitors. Chen and colleagues 
show that CD33 and the proinflammatory 
molecule S100A9 drive expansion of MDSCs. 

Moreover, mice overexpressing S100A9 in bone 
marrow had increased numbers of immature 
myeloid cells and exhibited a marked decrease in a 
variety of blood cells accompanied by dysplasia. 
Treatment with agents that induce MDSC 
maturation prevented these abnormalities and 
restored hematopoiesis. These studies shed light 
on the role of MDSCs in the pathology of MDS and 
indicate that therapeutics that promote MDSC 
maturation may help prevent or reverse 
manifestations of the disease.

Induction of myelodysplasia by 
myeloid-derived suppressor cells
Xianghong Chen, Erika A. Eksioglu, Junmin Zhou, 
Ling Zhang, Julie Djeu, Nicole Fortenbery,  
Pearlie Epling-Burnette, Sandra Van Bijnen,  
Harry Dolstra, John Cannon, Je-in Youn,  
Sarah S. Donatelli, Dahui Qin, Theo De Witte, 
Jianguo Tao, Huaquan Wang, Pingyan Cheng, 
Dmitry I. Gabrilovich, Alan List, and Sheng Wei     
http://jci.me/67580

hematology

oncology

Fusion oncogenes drive  
Chernobyl-associated  
thyroid cancers
More than 6,000 cases of thyroid cancer have been reported among people 
who were exposed to radiation from the Chernobyl accident during childhood. 
Radiation exposure is known to contribute to the development of fusion 
oncogenes, leading Julio Ricarte-Filho and colleagues to screen the genomes 
of 26 post-Chernobyl thyroid cancer specimens to identify driver 
translocations. Using candidate gene assays and next-generation RNA 
sequencing, they identified nonoverlapping somatic driver mutations in all 26 
samples, including 2 new fusion oncogenes, ETV6-NTRK3 and AGK-BRAF. The 
majority of the drivers enhanced MAPK signaling, while 2 other fusions led to 
the overexpression of PPARγ. Importantly, radiation-induced thyroid cancers 
had a higher prevalence of fusion oncogenes than cases that were not 
associated with radiation exposure. In an accompanying Commentary, 
Massimo Santoro and Francesca Carlomagno discusses how these findings 
expand our understanding of radiation in the transformation of thyroid cells.

Identification of kinase fusion oncogenes in post-Chernobyl 
radiation-induced thyroid cancers
Julio C. Ricarte-Filho, Sheng Li, Maria E.R. Garcia-Rendueles,  
Cristina Montero-Conde, Francesca Voza, Jeffrey A. Knauf, Adriana Heguy,  
Agnes Viale, Tetyana Bogdanova, Geraldine A. Thomas, Christopher E. Mason, 
and James A. Fagin    http://jci.me/69766

  related Commentary
oncogenic rearrangements driving ionizing radiation–
associated human cancer
Massimo Santoro and Francesca Carlomagno    http://jci.me/72725

Myeloid-derived suppressor cells promote myelodysplastic syndrome
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Loss of muscle progenitor differentiation underlies cachexia
Patients with cancer cachexia, a 
muscle-wasting illness, are at 
increased risk of adverse outcomes 
after treatment. To understand some of 
the mechanisms underlying cachexia, 
Wei He and colleagues used murine 
cancer models and muscle biopsy 
specimens from cachetic patients to 
identify events in the muscle 
microenvironment that contribute to 
muscle wasting. They found that 

cachexia was associated with muscle damage–induced activation of satellite and nonsatellite muscle progenitor cells. The accompanying image 
shows electron micrographs of muscle from a patient without cancer (left) and a patient with pancreatic cancer (right). Cachexia was associated 
with overexpression of the self-renewing factor Pax7, which blocked muscle progenitor differentiation and induced atrophy of healthy muscle tissue. 
These effects could be reversed by reduction of Pax7 or the addition of its downstream target, the myogenic regulatory factor MyoD. He and 
colleagues demonstrated that serum factors from cachetic patients and mice induced overexpression of Pax7 in an NF-κB–dependent manner. 
These findings identify molecular mechanisms of cachexia and muscle environment factors that contribute to the disease.

NF-κb–mediated Pax7 dysregulation in the muscle microenvironment promotes cancer cachexia
Wei A. He, Emanuele Berardi, Veronica M. Cardillo, Swarnali Acharyya, Paola Aulino, Jennifer Thomas-Ahner, Jingxin Wang,  
Mark Bloomston, Peter Muscarella, Peter Nau, Nilay Shah, Matthew E.R. Butchbach, Katherine Ladner, Sergio Adamo,  
Michael A. Rudnicki, Charles Keller, Dario Coletti, Federica Montanaro, and Denis C. Guttridge     
http://jci.me/68523

Research | Editor’s Picks

The origin of metastatic prostate cancer

oncology

the clinical presentation of prostate cancer can 
range from indolent localized disease to aggressive 
cancers with lethal metastatic potential. This 
heterogeneity has made the selection of appropriate 
treatment regimens challenging. In this issue, 
Michael Haffner and colleagues used whole-genome 
sequence and molecular analyses to characterize 
longitudinal tumor samples spanning the entire 
disease course — from the initial primary tumor, to 
distant metastases sampled during disease 
progression and at the time of death — from a 
patient with lethal prostate cancer. They found that 
the cell clone that gave rise to the lethal tumor 
burden arose from a small, low-grade lesion (L1) in 
the primary tumor (P1) harboring mutations in PTEN, 
TP53, and SPOP (see accompanying image). 
Metastases acquired further alterations, including 
disruption of ATRX and amplification of AR. In the 
related Commentary, Rose Brannon and Charles 

Sawyers discuss how similar molecular analyses of 
prostate tumors could influence our understanding 
and treatment of prostate cancer.

Tracking the clonal origin of lethal 
prostate cancer
Michael C. Haffner, Timothy Mosbruger,  
David M. Esopi, Helen Fedor, Christopher M. Heaphy, 
David A. Walker, Nkosi Adejola, Meltem Gürel,  
Jessica Hicks, Alan K. Meeker, Marc K. Halushka, 
Jonathan W. Simons, William B. Isaacs,  
Angelo M. De Marzo, William G. Nelson,  
and Srinivasan Yegnasubramanian     
http://jci.me/70354

  related Commentary
“N of 1” case reports in the era of 
whole-genome sequencing
A. Rose Brannon and Charles L. Sawyers    
http://jci.me/70935
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IL-18 partially drives inflammation in 
cryopyrin-associated periodic syndrome
Cryopyrin-associated periodic syndromes (CAPs) are a group of systemic autoinflammatory 
diseases caused by missense mutations in NLRP3, which encodes cryopyrin. Cryopyrin is part of the 
inflammasome, a multiprotein complex that senses various endogenous, pathogenic, and 
environmental triggers and drives the production of the inflammatory cytokines IL-1β and IL-18. 
Patients tend to respond well to IL-1 inhibitors, but the role of IL-18 in CAPS pathology is unclear. 
Susannah Brydges and colleagues engineered disease-associated Nlrp3 mutations on an Il18r-
deficient background. Loss of Il18r significantly ameliorated the inflammatory skin and liver 
phenotypes in young mice, but inflammation reappeared in aged mice, suggesting that IL-18 is more 
important in the early phase of the disease. Surprisingly, mutant mice on a background deficient in 
both Il18 and Il1r still displayed a phenotype, suggesting other non-cytokine-mediated mechanisms 
are involved in this inflammasome-driven disease.

Divergence of IL-1, IL-18, and cell death in NLrP3 inflammasomopathies
Susannah D. Brydges, Lori Broderick, Matthew D. McGeough, Carla A. Pena, James L. Mueller,  
and Hal M. Hoffman    http://jci.me/71543

immunology

Th9 cells require BATF to promote  
allergic inflammation
t helper (th) cells are a component of the 
adaptive immune system that release cytokines 
in response to particular antigens to promote an 
immune response. Th9 cells promote allergic 
inflammation and antitumor immune responses 
and may be involved in autoimmune disease by 
virtue of several functions, including secretion of 
the cytokine IL-9. In this issue, Rukhsana Jabeen 
and colleagues defined a Th9-specific genetic 
signature that distinguishes these cells from 
other Th subsets. They report that the basic 
leucine transcription factor (BATF) is 
preferentially expressed in both mouse and 
human Th9 cells. Additionally, they found that 
BATF was required for Th9-mediated 
development of allergic inflammation in vivo and 
that BATF-induced inflammation was IL-9 
dependent. The accompanying image shows 
mucus production (red) in the airways of WT 
(top) and BATF-deficient mice (bottom). Further 
studies will be required to determine how other 
Th9-specific genes contribute to this process.

Th9 cell development requires a bATF-regulated transcriptional network
Rukhsana Jabeen, Ritobrata Goswami, Olufolakemi Awe, Aishwarya Kulkarni, Evelyn T. Nguyen,  
Andrea Attenasio, Daniel Walsh, Matthew R. Olson, Myung H. Kim, Robert S. Tepper, Jie Sun,  
Chang H. Kim, Elizabeth J. Taparowsky, Baohua Zhou, and Mark H. Kaplan    http://jci.me/69489

Itch ubiquitin  
ligase controls  
Treg responses  
to inflammation
Regulatory t cells (tregs) induce and 
maintain immune tolerance and 
homeostasis by specifically blunting 
different T cell–mediated immune responses. 
Itch is an E3 ubiquitin ligase that is required 
for immune regulation. Loss of Itch in mice 
results in the development of a skin-
scratching phenotype and multiple immune 
disorders. Using conditional knockout mice, 
Hyung-seung Jin and colleagues observed 
that Treg-specific loss of Itch resulted in 
chronic T cell activation, multiorgan 
lymphocyte infiltration, and skin and airway 
inflammation. Interestingly, lack of Itch did 
not alter Treg numbers or suppressive 
activity, but did increase Treg cytokine 
production and enhanced the inflammatory 
response in a murine asthma model. These 
findings identify Itch as a critical regulator of 
Treg function. In an accompanying 
Commentary, WanJun Chen discusses how 
these findings inform our understanding of 
Treg plasticity.

Itch expression by Treg cells 
controls Th2 inflammatory 
responses
Hyung-seung Jin, Yoon Park, Chris Elly,  
and Yun-Cai Liu     
http://jci.me/69355

  related Commentary
regulatory T cells use “Itch”  
to control asthma
WanJun Chen     
http://jci.me/72477
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A microRNA directs immune cell migration in tuberculosis

Research | Editor’s Picks

immunology

During active tuberculosis (tB), immune 
cells are recruited to the lung, where 
they generate an inflammatory response. 
To understand the signals that control 
immune cell behavior and inflammation 
in TB, Anca Dorhoi, Marco Iannaccone, and 
colleagues examined the function of 
miR-223, which is upregulated in blood 
leukocytes and lungs of patients with 
active TB and is primarily expressed in 
polymorphonuclear neutrophils (PMNs). 
PMNs have previously been shown to be 

both beneficial and detrimental in TB. Dorhoi, Iannaccone, and colleagues 
infected miR-223–deficient mice with Mycobacterium tuberculosis and found 
that these mice suffered from an increased susceptibility to TB that was 

accompanied by aberrant PMN migration and increased lung inflammation. 
The accompanying image shows bacillary accumulation (dark pink) in WT 
(top) and miR-223–deficient lungs (bottom). Further, the authors show that 
miR-223 negatively regulated the expression of the chemokines Cxcl2 and 
Ccl3 and the cytokine Il6, which accelerated the migration of PMNs into the 
lung and heightened TB lethality. These findings identify an essential role for 
a single microRNA in immune cell migration in the setting of TB.

microrNA-223 controls susceptibility to tuberculosis  
by regulating lung neutrophil recruitment
Anca Dorhoi, Marco Iannaccone, Maura Farinacci, Kellen C. Faé,  
Jörg Schreiber, Pedro Moura-Alves, Geraldine Nouailles,  
Hans-Joachim Mollenkopf, Dagmar Oberbeck-Müller, Sabine Jörg,  
Ellen Heinemann, Karin Hahnke, Delia Löwe, Franca Del Nonno,  
Delia Goletti, Rosanna Capparelli, and Stefan H.E. Kaufmann     
http://jci.me/67604

neurobiology

BRAF activation helps scratch an itch
Chronic itch is a symptom 
of a variety of 
dermatological conditions, 
but the molecular 
mechanisms mediating this 
sensation are unclear.  
Zhou-Feng Chen and 

colleagues found that mice expressing a constitutively active form of BRAF in somatic 
sensory neurons had enhanced expression of itch-sensing proteins, including gastrin-
releasing peptide (GRP), an itch-specific neurotransmitter that binds to a GPCR, GRPR, in 
the spinal cord. Moreover, transgenic animals had increased neuronal responsiveness to 
pruritogens and heightened scratching behavior. Chen and colleagues observed enhanced 
GRP expression and sustained ERK phosphorylation in the sensory neurons of mice with 
spontaneous scratching behavior induced by allergic contact dermatitis and dry skin. The 
accompanying image shows enhanced ERK phosphorylation in sensory neurons expressing 
constitutively active BRAF (right) compared with cells expressing WT BRAF (left). 
Inhibition of either BRAF or GRP attenuated itch behavior. These data demonstrate that 
sustained MAPK pathway activation and upregulation of GRP are critical mediators of itch.

Chronic itch development in sensory neurons requires brAF 
signaling pathways
Zhong-Qiu Zhao, Fu-Quan Huo, Joseph Jeffry, Lori Hampton, Shadmehr Demehri,  
Seungil Kim, Xian-Yu Liu, Devin M. Barry, Li Wan, Zhong-Chun Liu, Hui Li, Ahu Turkoz,  
Kaijie Ma, Lynn A. Cornelius, Raphael Kopan, James F. Battey Jr., Jian Zhong,  
and Zhou-Feng Chen    http://jci.me/70528

Interferon-stimulated IL-10 
puts the brakes on tumor-
associated inflammation
inflammatory tumor microenvironments (tMe) provide 
tumors with the factors required for growth and help to limit 
the body’s antitumor response. Many TME contain large 
numbers of IL-10–producing cells, which are thought to 
promote tumor growth and immunosuppression. Using a 
transplantable tumor model in mice, Andrew Stewart and 
colleagues investigated the function of IL-10–producing cells in 
the TME and found that the majority of IL-10 was produced by 
activated Tregs, which repressed tumor-promoting Th17-
mediated inflammation. Importantly, type I IFN signaling was 
required for the accumulation and activation of IL-10–producing 
Tregs in the TME. These findings identify an inflammation-
dependent anticancer role for IL-10 and indicate that IL-10 plays 
a complex role in the TME.

Interferon-dependent IL-10 production by Tregs 
limits tumor Th17 inflammation
C. Andrew Stewart, Hannah Metheny, Noriho Iida, Loretta Smith, 
Miranda Hanson, Folkert Steinhagen, Robert M. Leighty, Axel  
Roers, Christopher L. Karp, Werner Müller, and Giorgio Trinchieri     
http://jci.me/65180

pulmonology
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A genetic burden in lumbar disc 
degeneration
lumbar disc degeneration (lDD) is a cause of low back pain, characterized by a loss 
of water and proteoglycans from the jelly-like substance in the middle of the spinal 
disc. In addition to life-style factors, familial predisposition and twin studies suggest 
that genetics may contribute to disease etiology. Danny Chan, Shiro Ikegawa, and 
colleagues identified carbohydrate sulfotransferase 3 (CHST3) in genetic linkage and 
association studies performed on over 4,000 patients with LDD. CHST3 catalyzes the 
sulfation of chondroitin proteoglycans, which give cartilage its jelly-like consistency. A 
genome-wide significant association was observed at the SNP rs4148941, which is 
located in a potential microRNA binding site. CHST3 mRNA containing the susceptibility 
allele had a stronger interaction with miR-513a-5p, and CHST3 mRNA levels were 
significantly reduced in the intervertebral disc cells of subjects carrying this allele. These 
data link variations in CHST3 to LDD and demonstrate that microRNA-mediated gene 
regulation is involved in the molecular pathogenesis of LDD.

Lumbar disc degeneration is linked to a carbohydrate 
sulfotransferase 3 variant
You-Qiang Song, Tatsuki Karasugi, Kenneth M.C. Cheung, Kazuhiro Chiba,  
Daniel W.H. Ho, Atsushi Miyake, Patrick Y.P. Kao, Kit Ling Sze, Anita Yee, Atsushi Takahashi, 
Yoshiharu Kawaguchi, Yasuo Mikami, Morio Matsumoto, Daisuke Togawa,  
Masahiro Kanayama, Dongquan Shi, Jin Dai, Qing Jiang, Chengai Wu, Wei Tian, Na Wang, 
John C.Y. Leong, Keith K.D. Luk, Shea-ping Yip, Stacey S. Cherny, Junwen Wang,  
Stefan Mundlos, Anthi Kelempisioti, Pasi J. Eskola, Minna Männikkö, Pirkka Mäkelä,  
Jaro Karppinen, Marjo-Riitta Järvelin, Paul F. O’Reilly, Michiaki Kubo, Tomoatsu Kimura, 
Toshikazu Kubo, Yoshiaki Toyama, Hiroshi Mizuta, Kathryn S.E. Cheah, Tatsuhiko Tsunoda, 
Pak-Chung Sham, Shiro Ikegawa, and Danny Chan    http://jci.me/69277

genetics

Gene mutations tied to eating  
disorders
Anorexia nervosa and bulimia nervosa are severe eating disorders. Current 
treatments are focused on dietary interventions and therapy. Michael Lutter and 
colleagues identified genetic mutations in members of two large families affected by 
eating disorders. Using whole-genome sequencing followed by linkage mapping or 
whole-exome sequencing, the authors found missense mutations in estrogen-
related receptor a (ESRRA) and histone deacetylase 4 (HDAC4) that segregated with 
illness. ESRRA functions as a transcription factor that regulates mitochondrial 
biogenesis, while HDAC4 represses the activity of transcription factors. Biochemical 
analyses revealed that mutations in both genes led to decreased ESRRA activity 
overall. Future studies will need to address exactly how HDAC4 and ESRRA 
contribute to the pathophysiology of these disorders.

eating disorder predisposition is associated with ESRRA and 
HDAC4 mutations
Huxing Cui, Jarrette Moore, Sunbola S. Ashimi, Brittany L. Mason,  
Jordan N. Drawbridge, Shizhong Han, Benjamin Hing, Abigail Matthews,  
Carrie J. McAdams, Benjamin W. Darbro, Andrew A. Pieper, David A. Waller,  
Chao Xing, and Michael Lutter    http://jci.me/71400
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An important step in tracking transfused 
platelets
Platelets were recognized as a distinct component of the blood as early as the 1800s. Their ability to 
control bleeding made platelet transfusion an early therapeutic goal; however, the procedure had to overcome 
many technical hurdles to make it into the clinic. To confirm that transfused platelets were circulating and 
functional, it was important to be able to track them throughout the body, monitoring dispersal and turnover. 
In this issue, Richard Aster discusses his 1964 JCI paper describing a new method to label transfused platelets 
with Cr51 using an acid citrate and dextrose solution. This methodological advance allowed Aster and his 
colleague James Jandl to measure platelet survival and identify the liver as a likely site of destruction.

blood platelet kinetics and platelet transfusion
Richard H. Aster    http://jci.me/70335

In search of  
genetic causes  
of schizophrenia
schizophrenia is a debilitating psychiatric 
condition that affects approximately 0.5 percent of 
the population. Researchers have long known that 
the risk of schizophrenia is elevated for individuals 
who have an affected family member, but the 
underlying genetic basis for disease has remained 
unclear. In this issue, Paola Giusti-Rodríguez and 
Patrick Sullivan review the latest genomic studies of 
schizophrenia and explore how recent large-scale 
sequencing projects have informed our 
understanding of variants that contribute to 
schizophrenia. Such studies have revealed a range 
of susceptibility alleles — from genetic alterations 
that occur infrequently but confer a high disease 
risk, such as the 22q11.2 hemideletion, to more 
common alleles that are associated with only a 
slight increase in disease risk, such as variants in 
L-type calcium channel subunit genes. This Review 
also discusses long-standing challenges in genetic 
approaches to schizophrenia and confounding 
factors, such as the complex interplay between 
environmental and genetic factors.

The genomics of schizophrenia: 
update and implications
Paola Giusti-Rodríguez and Patrick F. Sullivan    
http://jci.me/66031

review

review

hindsight

conversations with giants in medicine

John T. Potts Jr.
Parathyroid hormone (Pth) is a key regulator of mineral 
metabolism and is required to maintain appropriate 
concentrations of serum calcium and phosphate. Much of our 
current understanding of these physiological mechanisms 
rests on the efforts of Dr. John T. Potts Jr. He synthesized 
bovine PTH in 1971, an important step in characterizing its 
biological activity and establishing its role in bone and 
mineral metabolism disorders. Potts recently sat down with 
JCI Editor at Large Ushma Neill to discuss his journey into 
research, including his decision to become a physician, his 
growing interest in basic research during medical school, and 
his time as Chairman of Medicine and Physician in Chief at 
Massachusetts General Hospital.     
http://jci.me/71303

Evolving applications for deep brain stimulation
Deep brain stimulation (DBs) involves the implantation of electrodes into the brain (see accompanying image), allowing for 
the modulation of neuronal circuits involved in disease. DBS has emerged as an interventional therapy for the treatment of 
several neurological conditions, including Parkinson disease, essential tremor, and dystonia, and is currently being evaluated 
for the treatment of multiple neuropsychiatric disorders, such as major depressive disorder, Tourette syndrome, and 
obsessive-compulsive disorder. In this issue, Nolan Williams and Michael Okun discuss how DBS is being optimized for these 
disorders, including the identification of neural targets and electrical stimulation programming. They also consider the positive 
and negative effects of this therapeutic modality.

Deep brain stimulation (DbS) at the interface of neurology and psychiatry
Nolan R. Williams and Michael S. Okun    http://jci.me/68341
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