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Make your  
discovery a reality

Among the nation’s leading academic medical centers, University Hospitals Case  
Medical Center is the primary affiliate of Case Western Reserve University School  
of Medicine, a nationally recognized leader in medical research and education.

UH Case Medical Center is the 2012 recipient of the American Hospital  
Association-McKesson Quest for Quality Prize.

The Harrington Discovery Institute at University Hospitals  

Case Medical Center is ready to bring your drug discoveries to life.

We are pleased to announce the annual 2013 Harrington Scholar-Innovator  

Grant program, which provides applicants with the opportunity to receive:

-- Grant funding up to $200,000 over two years

-- Mentorship and guidance through our Innovation  

 Support Center

-- Commercialization assistance to accelerate bringing your  

 breakthrough to market

Letters of Intent are being accepted through May 15, 2013.   

Learn more at HarringtonDiscovery.org/JCI.

http://www.uhhospitals.org/services/harrington-discovery-institute?utm_source=JornalClinicalInvestigation&utm_medium=print&utm_campaign=HDIprint
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Gerard Blobe, M.D., Ph.D., Associate Editor,   
 is a Professor of Medicine and of Pharmacology   
and Cancer Biology at Duke University and a member 
of the American Society for Clinical Investigation.   
His basic and translational laboratory investigates the 
role of TGF-β superfamily signaling in cancer biology, 
focusing on mechanisms for their dichotomous 
tumor-promoting and -suppressing function, as well as 
investigating strategies for targeting these pathways. 

His laboratory also seeks to establish novel paradigms for signaling co-receptor 
function in physiology and human disease. His laboratory investigates as a model 
system two related TGF-β superfamily co-receptors, the type III TGF-β receptor 
(TβRIII) and endoglin. They have demonstrated that these co-receptors are 
critical mediators of TGF-β signaling physiologically and in the context of 
human cancers. Clinically, Dr. Blobe specializes in treatment of patients with 
colorectal and pancreatic cancer and in phase I therapeutics.
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Research articles in the 
current issue of the JCI

Aging
Atrx deficiency induces telomere dysfunction, endocrine defects, and reduced life span
L. Ashley Watson, Lauren A. Solomon, Jennifer Ruizhe Li, Yan Jiang, Matthew Edwards, Kazuo Shin-ya, Frank Beier, and Nathalie G. Bérubé    http://jci.me/65634

     More, p. 9

Cardiology
GM-CSF contributes to aortic aneurysms resulting from SMAD3 deficiency
Ping Ye, Wenhao Chen, Jie Wu, Xiaofan Huang, Jun Li, Sihua Wang, Zheng Liu, Guohua Wang, Xiao Yang, Peng Zhang,  
Qiulun Lv, and Jiahong Xia    http://jci.me/67356

MicroRNA-26 governs profibrillatory inward-rectifier potassium current 
changes in atrial fibrillation
Xiaobin Luo, Zhenwei Pan, Hongli Shan, Jiening Xiao, Xuelin Sun, Ning Wang, Huixian Lin, Ling Xiao, Ange Maguy, Xiao-Yan Qi, Yue Li, Xu Gao, Deli Dong,  Yong Zhang, 
Yunlong Bai, Jing Ai, Lihua Sun, Hang Lu, Xiao-Yan Luo, Zhiguo Wang, Yanjie Lu, Baofeng Yang, and Stanley Nattel    http://jci.me/62185

MicroRNA-146a is a therapeutic target and biomarker for peripartum cardiomyopathy
Julie Halkein, Sebastien P. Tabruyn, Melanie Ricke-Hoch, Arash Haghikia, Ngoc-Quynh-Nhu Nguyen, Michaela Scherr, Karolien Castermans, Ludovic Malvaux, Vincent 
Lambert, Marc Thiry, Karen Sliwa, Agnes Noel, Joseph. A. Martial, Denise Hilfiker-Kleiner, and Ingrid Struman    http://jci.me/64365

With related Commentary by Ying Yang, Jessica E. Rodriguez, and Richard N. Kitsis
     More, p. 8

Gastroenterology
Loss of acinar cell IKKα triggers spontaneous pancreatitis in mice
Ning Li, Xuefeng Wu, Ryan G. Holzer, Jun-Hee Lee, Jelena Todoric, Eek-Joong Park, Hisanobu Ogata, Anna S. Gukovskaya, Ilya 
Gukovsky, Donald P. Pizzo, Scott VandenBerg, David Tarin, Çigdem Atay, Melek C. Arkan, Thomas J. Deerinck, Jorge Moscat, 
Maria Diaz-Meco, David Dawson, Mert Erkan, Jörg Kleeff, and Michael Karin    http://jci.me/64498

No evidence for β cell neogenesis in murine adult pancreas
Xiangwei Xiao, Zean Chen, Chiyo Shiota, Krishna Prasadan, Ping Guo, Yousef El-Gohary, Jose Paredes, Carey Welsh, John Wiersch, and George K. Gittes     
http://jci.me/66323

With related Commentary by Michael S. German
     More, p. 9

Inflammatory cell inflammation 
in aorta

Reduced IKKα expression in 
chronic pancreatitis
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Research articles in the current issue of the JCI

Hematology
Defective telomere elongation and hematopoiesis from telomerase-mutant 
aplastic anemia iPSCs
Thomas Winkler, So Gun Hong, Jake E. Decker, Mary J. Morgan, Chuanfeng Wu, William M. Hughes V, Yanqin Yang, Danny Wangsa, 
Hesed M. Padilla-Nash, Thomas Ried, Neal S. Young, Cynthia E. Dunbar, and Rodrigo T. Calado   http://jci.me/67146

Immunology
Discovering naturally processed antigenic determinants that confer protective T cell immunity
Pavlo Gilchuk, Charles T. Spencer, Stephanie B. Conant, Timothy Hill, Jennifer J. Gray, Xinnan Niu, Mu Zheng, John J. Erickson, 
Kelli L. Boyd, K. Jill McAfee, Carla Oseroff, Sine R. Hadrup, Jack R. Bennink, William Hildebrand, Kathryn M. Edwards, James 
E. Crowe Jr., John V. Williams, Søren Buus, Alessandro Sette, Ton N.M. Schumacher, Andrew J. Link, and Sebastian Joyce    
http://jci.me/67388

Natural variation in Fc glycosylation of HIV-specific antibodies impacts antiviral activity
Margaret E. Ackerman, Max Crispin, Xiaojie Yu, Kavitha Baruah, Austin W. Boesch, David J. Harvey, Anne-Sophie Dugast, Erin L. Heizen, Altan Ercan, Ickwon Choi,  
Hendrik Streeck, Peter A. Nigrovic, Chris Bailey-Kellogg, Chris Scanlan, and Galit Alter    http://jci.me/65708

A disease-associated PTPN22 variant promotes systemic autoimmunity in murine models
Xuezhi Dai, Richard G. James, Tania Habib, Swati Singh, Shaun Jackson, Socheath Khim, Randall T. Moon, Denny Liggitt, Alejandro Wolf-Yadlin, Jane H. Buckner,   
and David J. Rawlings    http://jci.me/66963

With related Commentary by John C. Cambier
     More, p. 8

Opposing chemokine gradients control human thymocyte migration in situ
Joanna Halkias, Heather J. Melichar, Kayleigh T. Taylor, Jenny O. Ross, Bonnie Yen, Samantha B. Cooper, Astar Winoto, and 
Ellen A. Robey    http://jci.me/67175

Detection of complement activation using monoclonal antibodies to C3d
Joshua M. Thurman, Liudmila Kulik, Heather Orth, Maria Wong, Brandon Renner, Siranush A. Sargsyan, Lynne M. Mitchell, 
Dennis E. Hourcade, Jonathan P. Hannan, James M. Kovacs, Beth Coughlin, Alex S. Woodell, Matthew C. Pickering, Bärbel 
Rohrer, and V. Michael Holers    http://jci.me/65861

Muscle biology
Improved regenerative myogenesis and muscular dystrophy in mice lacking Mkp5
Hao Shi, Mayank Verma, Lei Zhang, Chen Dong, Richard A. Flavell, and Anton M. Bennett    http://jci.me/64375

Assessment of disease activity in muscular dystrophies by non-invasive imaging
Katie K. Maguire, Leland Lim, Sedona Speedy, and Thomas A. Rando    http://jci.me/68458

With related Commentary by Jennifer R. Levy and Kevin P. Campbell
     More, p. 9

T cell movement in the thymus

Diaphragm muscle in a mouse 
with muscular dystrophy

Tissue damage in virus-infected 
lungs

iPSC-derived embryoid bodies
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Research articles in the current issue of the JCI

Nephrology
The absence of intrarenal ACE protects against hypertension
Romer A. Gonzalez-Villalobos, Tea Janjoulia, Nicholas K. Fletcher, Jorge F. Giani, Mien T.X. Nguyen, Anne D. Riquier-Brison, Dale M. Seth, Sebastien Fuchs, Dominique Eladari, 
Nicolas Picard, Sebastian Bachmann, Eric Delpire, Janos Peti-Peterdi, L. Gabriel Navar, Kenneth E. Bernstein, and Alicia A. McDonough    http://jci.me/65460

With related Commentary by Timothy L. Reudelhuber
     More, p. 7

Neurobiology
WNT signaling underlies the pathogenesis of neuropathic pain in rats
Yan-Kai Zhang, Zhi-Jiang Huang, Su Liu, Yue-Peng Liu, Angela A. Song, and Xue-Jun Song    http://jci.me/65364

Lactate preserves neuronal metabolism and function following antecedent   
recurrent hypoglycemia

Raimund I. Herzog, Lihong Jiang, Peter Herman, Chen Zhao, Basavaraju G. Sanganahalli, Graeme F. Mason, Fahmeed Hyder, Douglas L. Rothman, Robert S. Sherwin, and 
Kevin L. Behar    http://jci.me/65105

With related Commentary by Marina Litvin, Amy L. Clark, and Simon J. Fisher
     More, p. 7
Giant axonal neuropathy–assoicated gigaxonin mutations impair intermediate filament protein degradation
Saleemulla Mahammad, S.N. Prasanna Murthy, Alessandro Didonna, Boris Grin, Eitan Israeli, Rodolphe Perrot, Pascale Bomont, Jean-Pierre Julien, Edward Kuczmarski, 
Puneet Opal, and Robert D. Goldman    http://jci.me/66387

     More, p. 6

Oncology
ATP11B mediates platinum resistance in ovarian cancer
Myrthala Moreno-Smith, J.B. Halder, Paul S. Meltzer, Tamas A. Gonda, Lingegowda S. Mangala, Rajesha Rupaimoole,  
Chunhua Lu, Archana S. Nagaraja, Kshipra M. Gharpure, Yu Kang, Cristian Rodriguez-Aguayo, Pablo E. Vivas-Mejia,  
Behrouz Zand, Rosemarie Schmandt, Hua Wang, Robert R. Langley, Nicholas B. Jennings, Cristina Ivan, Jeremy E. Coffin,  
Guillermo N. Armaiz, Justin Bottsford-Miller, Sang Bae Kim, Margaret S. Halleck, Mary J.C. Hendrix, William Bornman,  

Menashe Bar-Eli, Ju-Seog Lee, Zahid H. Siddik, Gabriel Lopez-Berestein, and Anil K. Sood    http://jci.me/65425

RNA-binding protein PCBP2 modulates glioma growth by regulating FHL3
Wei Han, Zhongshuai Xin, Zhiqiang Zhao, Wen Bao, Xihua Lin, Bin Yin, Jizong Zhao, Jiangang Yuan, Boqin Qiang, and Xiaozhong Peng    http://jci.me/61820

     More, p. 8
Melanoma adapts to RAF/MEK inhibitors through FOXD3-mediated upregulation of ERBB3
Ethan V. Abel, Kevin J. Basile, Curtis H. Kugel III, Agnieszka K. Witkiewicz, Kaitlyn Le, Ravi K. Amaravadi, Giorgos C. Karakousis, 
Xiaowei Xu, Wei Xu, Lynn M. Schuchter, Jason B. Lee, Adam Ertel, Paolo Fortina, and Andrew E. Aplin      
http://jci.me/65780

Cisplatin-resistant ovarian 
cancer cells

WNT signaling in dorsal horn

Harvested xenograft tumor
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Research articles in the current issue of the JCI

Cooperativity of imprinted genes inactivated by acquired chromosome 20q deletions
Athar Aziz, E. Joanna Baxter, Carol Edwards, Clara Yujing Cheong, Mitsuteru Ito, Anthony Bench, Rebecca Kelley, Yvonne Silber, Philip A. Beer, Keefe Chng, Marilyn B. 
Renfree, Kirsten McEwen, Dionne Gray, Jyoti Nangalia, Ghulam J. Mufti, Eva Hellstrom-Lindberg, Jean-Jacques Kiladjian, Mary Frances McMullin, Peter J. Campbell, Anne C. 
Ferguson-Smith, and Anthony R. Green    http://jci.me/66113

HIF1α and HIF2α independently activate SRC to promote melanoma metastases
Sara C. Hanna, Bhavani Krishnan, Sean T. Bailey, Stergios J. Moschos, Pei-Fen Kuan, Takeshi Shimamura, Lukas D. Osborne, 
Marni B. Siegel, Lyn M. Duncan, E. Tim O’Brien III, Richard Superfine, C. Ryan Miller, M. Celeste Simon, Kwok K. Wong, and 
William Y. Kim    http://jci.me/66715

CCDC22 deficiency in humans blunts activation of proinflammatory NF-κB signaling
Petro Starokadomskyy, Nathan Gluck, Haiying Li, Baozhi Chen, Mathew Wallis, Gabriel N. Maine, Xicheng Mao, Iram W. Zaidi, 

Marco Y. Hein, Fiona J. McDonald, Steffen Lenzner, Agnes Zecha, Hans-Hilger Ropers, Andreas W. Kuss, Julie McGaughran, Jozef Gecz, and Ezra Burstein     
http://jci.me/66466

MERTK receptor tyrosine kinase is a therapeutic target in melanoma
Jennifer Schlegel, Maria J. Sambade, Susan Sather, Stergios J. Moschos, Aik-Choon Tan, Amanda Winges, Deborah DeRyckere, Craig C. Carson, Dimitri G. Trembath, John J. 
Tentler, S. Gail Eckhardt, Pei-Fen Kuan, Ronald L. Hamilton, Lyn M. Duncan, C. Ryan Miller, Nana Nikolaishvili-Feinberg, Bentley R. Midkiff, Jing Liu, Weihe Zhang, Chao 
Yang, Xiaodong Wang, Stephen V. Frye, H. Shelton Earp, Janiel M. Shields, and Douglas K. Graham    http://jci.me/67816

CD40 ligation reverses T cell tolerance in acute myeloid leukemia
Long Zhang, Xiufen Chen, Xiao Liu, Douglas E. Kline, Ryan M. Teague, Thomas F. Gajewski, and Justin Kline    http://jci.me/63980

Ophthalmology
Endothelial SRF/MRTF ablation causes vascular disease phenotypes in murine retinae
Christine Weinl, Heidemarie Riehle, Dongjeong Park, Christine Stritt, Susanne Beck, Gesine Huber, Hartwig Wolburg, Eric N. 
Olson, Mathias W. Seeliger, Ralf H. Adams, and Alfred Nordheim    http://jci.me/64201

SLITRK6 mutations cause myopia and deafness in humans and mice
Mustafa Tekin, Barry A. Chioza, Yoshifumi Matsumoto, Oscar Diaz-Horta, Harold E. Cross, Duygu Duman, Haris Kokotas, Heather L. Moore-Barton, Kazuto Sakoori, Maya 
Ota, Yuri S. Odaka, Joseph Foster II, F. Basak Cengiz, Suna Tokgoz-Yilmaz, Oya Tekeli, Maria Grigoriadou, Michael B. Petersen, Ajith Sreekantan-Nair, Kay Gurtz, Xia-Juan 
Xia, Arti Pandya, Michael A. Patton, Juan I. Young, Jun Aruga, and Andrew H. Crosby    http://jci.me/65853

     More, p. 7
Eosinophil pathogenicity mechanisms and therapeutics in neuromyelitis optica
Hua Zhang and Alan S. Verkman    http://jci.me/67554

Pulmonology
The phosphatase CD148 promotes airway hyperresponsiveness through SRC family kinases
Tamiko R. Katsumoto, Makoto Kudo, Chun Chen, Aparna Sundaram, Elliott C. Callahan, Jing W. Zhu, Joseph Lin, Connor E. 
Rosen, Boryana N. Manz, Jae W. Lee, Michael A. Matthay, Xiaozhu Huang, Dean Sheppard, and Arthur Weiss     
http://jci.me/66397

IL-33–dependent induction of allergic lung inflammation by FcγRIII signaling
Melissa Y. Tjota, Jesse W. Williams, Tiffany Lu, Bryan S. Clay, Tiara Byrd, Cara L. Hrusch, Donna C. Decker, Claudia Alves de Araujo, Paul J. Bryce, and Anne I. Sperling    
http://jci.me/63802

Invadopodia formation 
by melanoma cells

Mouse retinal section

Tracheal smooth muscle cells
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Giant axonal neuropathy (GAN) is a rare genetic disorder that 
causes central and peripheral nervous system neuropathy 
at a young age. This neuropathy is caused by mutations 
in the gene encoding gigaxonin and is associated with 
aggregates of intermediate filaments in neurons and other 
cell types, such as fibroblasts. These abnormal aggregates 
have long been known to involve numerous classes of 
cytoskeletal intermediate filaments, but the mechanisms 
underlying aggregate formation have been unclear. In 
this issue, Robert Goldman and colleagues uncover how 
mutations in gigaxonin contribute to aggregate formation. 
Based on the presence of a BTB-KELCH domain, gigaxonin 
is predicted to serve as a substrate-targeting adaptor for 
a Cullin 3–based ubiquitin ligase complex. In light of this 
prediction, the authors demonstrate that gigaxonin regulates 
the degradation of peripherin, neurofilament light chain, 
and vimentin intermediate filaments in a proteasome-
dependent manner. In addition to the aggregates seen in 
GAN patient fibroblasts, the Goldman team shows that 
similar aggregates are found in neurons and fibroblasts 
derived from mice lacking gigaxonin. Furthermore, they 
report that expression of wild-type gigaxonin causes the 
degradation of intermediate filament proteins in normal 
cells and clears aggregates in GAN patients’ cells. They also 
determine that gigaxonin interacts with vimentin through 
its central rod domain, which is highly conserved among 
all types of cytoskeletal intermediate filaments, suggesting 
a common mechanism for regulating the degradation 
of vimentin, peripherin, and neurofilament light chain 
proteins. Their findings reveal the importance of gigaxonin 
in regulating cytoskeletal intermediate filaments and explain 
how mutations in gigaxonin cause aggregate formation in 
GAN. The image shows an epidermal fibroblast from a GAN 
patient exhibiting large aggregates of vimentin intermediate 
filaments (green); DAPI staining (blue) indicates the nucleus.

Intermediate filament aggregation in giant axonal 
neuropathy

Editor’s picks
Research

6

Giant axonal neuropathy–associated gigaxonin mutations 
impair intermediate filament protein degradation
Saleemulla Mahammad, S.N. Prasanna Murthy, Alessandro Didonna, Boris Grin, Eitan 
Israeli, Rodolphe Perrot, Pascale Bomont, Jean-Pierre Julien, Edward Kuczmarski, 
Puneet Opal, and Robert D. Goldman    http://jci.me/66387
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Role of lactate 
in hypoglycemia 
unawareness
in some diabetic patients, hyperglycemia 
is medically managed by insulin injection. 
Paradoxically, this therapy can lead to 
episodes of acute hypoglycemia, which,  
if prolonged, can result in seizures, organ 
damage, and even death. Recurrent 
episodes of hypoglycemia can also lead to 
a reduced perception of dangerously low 
blood sugar levels, a phenomenon called 
hypoglycemia unawareness. In this 
month’s issue of the JCI, Raimund Herzog 
and colleagues investigate the neuronal 
changes that result in hypoglycemia 
unawareness in a rat model. They found 
that recurrent episodes of hypoglycemia 
increase the ability of neurons to uptake 
lactate, which, in turn, helped preserve 
cellular energy levels by promoting glucose 
uptake into neurons. As Marina Litvin, Amy 
Clark, and Simon Fisher explain in the 
accompanying Commentary, understanding 
this adaptive response that maintains 
neuronal metabolism may help researchers 
design therapeutics to achieve better 
glycemic control in diabetes. 

Lactate preserves neuronal 
metabolism and function  
following antecedent recurrent 
hypoglycemia
Raimund I. Herzog, Lihong Jiang, Peter 
Herman, Chen Zhao, Basavaraju G. 
Sanganahalli, Graeme F. Mason, Fahmeed 
Hyder, Douglas L. Rothman, Robert S. 
Sherwin, and Kevin L. Behar      
http://jci.me/65105

  Related Commentary
Recurrent hypoglycemia: 
boosting the brain’s metabolic 
flexibility
Marina Litvin, Amy L. Clark, and Simon J. 
Fisher    http://jci.me/69796

  neurobiology

Research | Editor’s Picks

Myopia, the most common cause of visual impairment, is estimated to affect nearly a billion people worldwide. 
Several studies have suggested a strong genetic component to myopia. Mustafa Tekin and colleagues identified 
three homozygous nonsense mutations in SLITRK6 that cause an autosomal-recessive syndrome characterized  
by congenital sensorineural deafness and high myopia. SLITRK6 encodes an integral membrane protein, and the 
mutant form of SLITRK6 displayed defective cell surface localization. Slitrk6-deficient mice presented with 
deafness and myopia. Histological analysis of postnatal retinas indicated that loss of SLITRK6 delays 
synaptogenesis. These findings suggest that SLITRK6 is involved in innervation of the developing eye.

SLITRK6 mutations cause myopia  and deafness in humans and mice
Mustafa Tekin, Barry A. Chioza, Yoshifumi Matsumoto, Oscar Diaz-Horta, Harold E. Cross, Duygu Duman, Haris 
Kokotas, Heather L. Moore-Barton, Kazuto Sakoori, Maya Ota, Yuri S. Odaka, Joseph Foster II, F. Basak Cengiz, Suna 
Tokgoz-Yilmaz, Oya Tekeli, Maria Grigoriadou, Michael B. Petersen, Ajith Sreekantan-Nair, Kay Gurtz, Xia-Juan Xia, 
Arti Pandya, Michael A. Patton, Juan I. Young, Jun Aruga, and Andrew H. Crosby    http://jci.me/65853

Blood pressure is controlled in part by the 
renin-angiotensin system (RAs): liver-produced 
angiotensinogen is cleaved by kidney-produced 
renin and then by angiotensin-converting enzyme 
(ACE) to form the active hormone Ang II, which, in 
turn, increases salt retention and induces 
vasoconstriction. ACE inhibitors are prescribed 
commonly to reduce blood pressure and are 
effective even if plasma levels of RAS components 
are not elevated, suggesting a role for tissue-specif-
ic ACE production of Ang II. In this month’s issue of 
the JCI, Romer Gonzalez-Villalobos and colleagues 
investigate this phenomenon by generating mice in 
which ACE was expressed only in hepatocytes or 
macrophages. Importantly, these mice maintain 
normal levels of circulating ACE but express little or 
no renal ACE. In both of these models, the induction 
of hypertension by Ang II infusion was blunted, 
suggesting a critical role for ACE expression in the 
kidney. The authors hypothesize that circulating Ang 
II induces the intrarenal expression or accumulation 
of angiotensinogen, which is cleaved by kidney-
produced renin and ACE, thus generating intrarenal 
Ang II that stimulates salt retention and raises 
blood pressure. This new paradigm suggests that 
targeting the intrarenal production of Ang II may be 
an effective approach to treat hypertension.

ACE’ing the blood pressure test

In the accompanying Commentary, Timothy 
Reudelhuber explains that this local RAS is an 
important determinant of blood pressure and that 
other organ systems may also play a role.

The image shows increased expression of ion 
transporters in kidneys following Ang II infusion.

The absence of intrarenal ACE  
protects against hypertension
Romer A. Gonzalez-Villalobos, Tea Janjoulia, 
Nicholas K. Fletcher, Jorge F. Giani, Mien T.X. 
Nguyen, Anne D. Riquier-Brison, Dale M. Seth, 
Sebastien Fuchs, Dominique Eladari, Nicolas Picard, 
Sebastian Bachmann, Eric Delpire, Janos Peti-Peterdi, 
L. Gabriel Navar, Kenneth E. Bernstein, and Alicia A. 
McDonough    http://jci.me/65460

  Related Commentary
Where hypertension happens
Timothy L. Reudelhuber      
http://jci.me/69296

  nephrology

  ophthalmology

SLITRK6 mutations linked to myopia 
and deafness
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  immunology   cardiology

Understanding the role of an 
autoimmunity risk variant  

the ability of the 
immune system to 
silence t and B cells 
that recognize self 
antigens is required 

to prevent the development of autoimmunity. 
Genome-wide association studies have identified 
many genes in which variants are associated with 
increased disease risk, and recently an allele of 
phosphotyrosine phosphatase PTPN22 has been 
linked to systemic lupus erythematosis, type 1 
diabetes, and other autoimmune conditions. Here, 
Xuezhi Dai and colleagues investigate the role of 
PTPN22 in autoimmunity by generating a mouse 
model harboring the disease-associated variant. 
They found that the mice developed symptoms of 
autoimmunity with age and were more suscep-
tible to the induction of diabetes and that PTPN22 
was critical in modulating B and T cell receptor 
signaling. Furthermore, expression of this variant 
exclusively in B cells was sufficient to induce 
autoimmunity in a mixed genetic background. 

In the accompanying Commentary, John Cambier 
points out that many autoimmune disorders are 
linked to genes involved in regulating B cell signal-
ing, highlighting the critical nature of the silencing 
process anergy in preventing autoimmunity.

In the picture, silver staining of kidney sections 
shows glomerular lesions in mutant mice.

A disease-associated PTPN22 variant 
promotes systemic autoimmunity in 
murine models
Xuezhi Dai, Richard G. James, Tania Habib, Swati 
Singh, Shaun Jackson, Socheath Khim, Randall T. 
Moon, Denny Liggitt, Alejandro Wolf-Yadlin, Jane 
H. Buckner, and David J. Rawlings      
http://jci.me/66963

  Related Commentary
Autoimmunity risk alleles: 
hotspots in B cell regulatory 
signaling pathways
John C. Cambier    http://jci.me/69289

Biomarker for   
peripartum   
cardiomyopathy  
identified

Peripartum cardiomyopathy 
(PPCM) is a condition of 
declining heart function that 
occurs in women during 
the last month of or in the 

months following pregnancy. This sometimes-fatal 
disorder occurs in women with no prior history 
of heart disease, and the molecular cause is not 
completely understood. However, recent research 
has suggested that the generation of a proapoptotic 
and antiangiogenic fragment of the nursing hormone 
prolactin (16K PRL) may be an important factor. In 
this article, Julie Halkein, Sebastien Tabruyn, Melanie 
Ricke-Hoch, and colleagues find that 16K PRL induces 
the expression of microRNA-146a (miR-146a), which 
in turn promotes endothelial injury. In a mouse 
model of PPCM, blocking miR-146a with antisense 
oligonucleotides prevented the development of 
symptoms. Furthermore, the authors found that miR-
146a was elevated in the serum of pregnant women 
who developed PPCM, which suggests that it may be 
a useful biomarker for the identification of patients 
at risk of disease. In the accompanying Commentary, 
Ying Yang, Jessica Rodriguez and Richard Kitsis 
emphasize that this also is one of the first identified 
therapeutic targets for this life-threatening 
complication. The image shows exosomes produced 
by endothelial cells in a mouse heart.

MicroRNA-146a is a therapeutic  
target and biomarker for   
peripartum cardiomyopathy
Julie Halkein, Sebastien P. Tabruyn, Melanie Ricke-Hoch, 
Arash Haghikia, Ngoc-Quynh-Nhu Nguyen, Michaela 
Scherr, Karolien Castermans, Ludovic Malvaux, Vincent 
Lambert, Marc Thiry, Karen Sliwa, Agnes Noel, Joseph A. 
Martial, Denise Hilfiker-Kleiner, and Ingrid Struman     
http://jci.me/64365

  Related Commentary
A microRNA links prolactin to  
peripartum cardiomyopathy
Ying Yang, Jessica E. Rodriguez, and Richard N. 
Kitsis    http://jci.me/69286

PCBP2 inhibits FHL3 expression    
to promote glioma progression
Poly(C)-binding proteins (PCBPs) regulate transcription, RNA processing, mRNA stabilization, 
and translation. Wei Han and colleagues demonstrated that PCBP2 is upregulated in human glio-
mas and glioma cell lines. Loss of PCBP2 inhibited cell-cycle progression and induced caspase-3–
mediated apoptosis, resulting in decreased glioma growth in vitro and in vivo. Han and colleagues 
identified FHL3 mRNA as a PCBP2 target in a RIP-ChIP protein-RNA interaction array. FHL3 mRNA 
was downregulated in gliomas, but knockdown of PCBP2 enhanced FHL3 expression. Furthermore, 
overexpression of FHL3 attenuated cell growth and enhanced apoptosis. These studies identify 
PCBP2 as a regulator of glioma progression and suggest that it could be a potential molecular 
target in glioma therapy.

RNA-binding protein PCBP2 modulates glioma growth by regulating FHL3
Wei Han, Zhongshuai Xin, Zhiqiang Zhao, Wen Bao, Xihua Lin, Bin Yin, Jizong Zhao, Jiangang Yuan, 
Boqin Qiang, and Xiaozhong Peng    http://jci.me/61820

  oncology
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muscle biology

Imaging muscular 
dystrophy progression
the development of novel therapeutic approaches 
to muscular dystrophy has been slowed in part by the 
difficulty of accurately assessing disease progression 
in animal models. In this article, Katie Maguire and 
colleagues tackled this problem head-on by generat-
ing mice in which expression of the bioluminescent 
protein luciferase could be induced in muscle stem 
cells. This allowed them to use noninvasive imaging 
techniques to track the proliferation and differentia-
tion of these cells. In a mouse model of limb girdle 
muscular dystrophy, the researchers were able to 
detect muscle stem cell abnormalities prior to the 
development of symptoms. The authors hope that 
this model may be useful in the evaluation of novel 
therapeutics that stimulate muscle regeneration.

In the accompanying Commentary, Jennifer Levy and 
Kevin Campbell explain that this technique could be 
applied to multiple models of muscular degeneration, 
providing new insight into pathophysiology.

The image shows regenerating muscle cells express-
ing luciferase (green).

Assessment of disease activity   
in muscular dystrophies by  
noninvasive imaging
Katie K. Maguire, Leland Lim, Sedona Speedy, and 
Thomas A. Rando    http://jci.me/68458

  Related Commentary
Illuminating regeneration:  
noninvasive imaging of disease 
progression in muscular dystrophy
Jennifer R. Levy and Kevin P. Campbell    
http://jci.me/69568

gastroenterology

Pancreatic β cell mass can expand in response to increased insulin demand and following organ 
injury, and this expansion is largely believed to be the result of β cell replication. However, the 
contribution of β cell neogenesis and the presence of a β cell progenitor in the adult pancreas 
have been hotly debated. In this issue of the JCI, Xiangwei Xiao and colleagues generated an 
innovative mouse model to trace β cells in vivo. Xiao et al. documented β cell neogenesis during 
embryogenesis, but found no evidence of it in multiple models of β cell loss and regeneration in 
adult mice. Furthermore, upregulation of the transcription factor NGN3, previously thought to be a 
marker of neogenesis, was found to occur in preexisting β cells. In the accompanying Commentary, 
Michael German points out that most studies of β cell regeneration have been performed in rodents, 
and improvements in imaging technology will be required to make definitive conclusions about the 
maintenance of β cell mass in humans.

No evidence for β cell neogenesis in murine adult pancreas
Xiangwei Xiao, Zean Chen, Chiyo Shiota, Krishna Prasadan, Ping Guo, Yousef El-Gohary, Jose Paredes, 
Carey Welsh, John Wiersch, and George K. Gittes    http://jci.me/66323

  Related Commentary
Anonymous sources: where do adult β cells come from? 
Michael S. German    http://jci.me/69297

No rebirth of β cells in adult pancreas 

high-fidelity DnA replication is required for 
maintenance of genomic stability, preventing 
chromosomal mutations and rearrangements 
that can reduce cell viability. Mutations in ATRX, 
which encodes a chromatin remodeling protein, 
are associated with X-linked mental retardation, 
various cancers, and ATR-X syndrome, but the 
cellular functions of ATRX are still unclear. Using 
neuroprogenitor cells (NPCs) from Atrx-deficient 
mice, L. Ashley Watson and colleagues found that 
ATRX deletion causes excessive replication–related 
DNA damage at telomeres and pericentromeric 
heterochromatin and increases the frequency of 
telomeric fusions. The accompanying image shows 
chromosomes from wild-type (left) and Atrx-
deficient NPCs (right), which exhibit chromosome 
fusions. Mice lacking Atrx in the CNS exhibited 
systemic endocrine dysfunction, shortened life 
spans, and degenerative phenotypes similar 
to those in mouse models of progeria. These 

ATRX protects against replication-associated 
DNA damage

aging

studies demonstrate that Atrx deficiency causes 
replication-associated telomeric DNA damage 
and that expression of ATRX in the CNS controls 
endocrine and metabolic functions required for 
growth and viability.

Atrx deficiency induces telomere 
dysfunction, endocrine defects, and 
reduced life span
L. Ashley Watson, Lauren A. Solomon, Jennifer Ruizhe 
Li, Yan Jiang, Matthew Edwards, Kazuo Shin-ya, 
Frank Beier, and Nathalie G. Bérubé     
http://jci.me/65634
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Liver sinusoidal endothelial cells and 
liver regeneration
Laurie D. DeLeve

Differentiation of progenitors in the 
liver: a matter of local choice
Luke Boulter, Wei-Yu Lu, and Stuart J. Forbes

Hepatic stem cell niches
Claus Kordes and Dieter Häussinger

Sox9 and programming of liver and 
pancreatic progenitors
Yoshiya Kawaguchi

Series Editor: Anna Mae Diehl

Understanding the cellular 
mechanisms of liver homeostasis 
and repair

Review Series

The liver plays vital roles in digestion, metabolism, and detoxification. 
The adult liver has long been known to have a remarkable ability to regenerate. 
In this month’s issue of the JCI, the Liver Repair and Regeneration series explores 
the roles of a wide array of liver cell types, including hepatocytes, liver sinusoidal 
endothelial cells, hepatic stellate cells, and hepatic stem/progenitor cells, in 
the development, repair, and pathogenesis of the liver. Series editor Anna Mae 
Diehl provides a perspective on the long-appreciated role of hepatocytes in liver 
regeneration and discusses emerging evidence that progenitor cells and other 
cells may contribute to the repair process. Improved understanding of the cellular 
process that underlies development and regeneration may provide important 
insights into liver injury and fibrosis as well as aberrant cellular replication in liver 
cancers. Image credit: Kenichiro Furuyama.

Underlying potential: cellular and molecular determinants of adult liver repair
Anna Mae Diehl and John Chute    http://jci.me/69966

Evolving therapies for liver fibrosis
Detlef Schuppan and Yong Ook Kim

Hepatic stellate cells in liver  
development, regeneration,   
and cancer
Chunyue Yin, Kimberley J. Evason, Kinji Asahina, 
and Didier Y.R. Stainier

Cancer stem cells in the development 
of liver cancer
Taro Yamashita and Xin Wei Wang

Liver repair and regeneration 
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liver cancer is one of the most commonly diagnosed cancers worldwide, 
with the majority of cases consisting of hepatocellular carcinoma (HCC) and 
cholangiocellular carcinoma (CCA). These cancers are frequently associated with 
heterogeneous cell populations and include a subset of cells that express stem 
cell markers. Cancer stem cells (CSCs) have been proposed to drive many types of 
cancers, based on the ability of stem cells to self-renew, continuously divide, and 
produce heterogeneous progeny. In their insightful review, Taro Yamashita and Xin 
Wei Wang explore evidence that CSCs contribute to oncogenesis and heterogeneity 
in liver cancer. Furthermore, they describe how understanding the molecular 
pathways that define liver CSCs has provided new clinical opportunities in diagnosis 
and prognostic stratification as well as elucidating pathways that can lead to 
treatment resistance and metastasis. The image here shows a proposed scheme for 
the role of liver CSCs in the development of common liver cancers.

Cancer stem cells in the development of liver cancer
Taro Yamashita and Xin Wei Wang    http://jci.me/66024

Cancer stem cells in liver cancerDeveloping targeted therapies  
to combat liver fibrosis
liver fibrosis develops after protracted injury and inflammation, as occurs in 
several chronic liver diseases, such as hepatitis B and C viral infection, alcoholic 
cirrhosis, and obesity-associated nonalcoholic fatty liver disease. Fibrosis can 
eventually lead to organ failure, underscoring the significant need to develop 
effective antifibrotic therapies. Detlef Schuppan and Yong Ook Kim review 
the cellular and molecular basis for fibrosis in the liver. Their article explores 
emerging antifibrotic approaches in liver that address specific cell types or 
target signaling pathways in fibrotic wound healing responses. The authors 
further highlight antifibrotic treatments that have been tested in early clinical 
trials and discuss key parameters in study design as well as the development of 
improved measurements of patient fibrosis using imaging and biomarkers. The 
image shown here illustrates how the inflammatory response contributes to the 
development of fibrosis and potential targets for antifibrotic therapies.

Evolving therapies for liver fibrosis
Detlef Schuppan and Yong Ook Kim    http://jci.me/66028

the predominant cell types in the liver are the hepatocytes, which 
constitute up to 80% of liver cells and are important in metabolism and 
detoxification, and cholaniocytes, which are epithelial cells of the bile duct. 
A bipotent, hepatic progenitor cell (HPC) gives rise to both of these cell 
types during embryonic development. In addition, recent genetic studies in 
mice indicate that HPCs may be reactivated during adult liver regeneration. 
Stuart Forbes and colleagues review the complex signaling pathways that 

drive proper differentiation of HPCs during liver development and discuss 
evidence from murine lineage-tracing studies in adult liver that suggest 
that HPCs can play a role in generating hepatocytes following liver injury.

Differentiation of progenitors in the liver:    
a matter of local choice
Luke Boulter, Wei-Yu Lu, and Stuart J. Forbes    http://jci.me/66026

Hepatic progenitor cells in development and adult regeneration
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the sox9 transcription factor plays 
important roles in programming 
progenitor cells during liver and pancreas 
organogenesis. However, there has 
been much debate in the field about 
whether progenitor cells function in the 
adult organs to maintain homeostatic 
conditions. Yoshiya Kawaguchi reviews 
the evidence from recent studies 
in mice on the role of Sox9+ cells in 
embryonic development and adult liver 
and pancreas homeostasis, as well 
as during regeneration. He discusses 
conflicting results that have made 
it unclear whether Sox9+ duct cells 
function as progenitors in adult organ 
homeostasis. Dr. Kawaguchi also 
highlights data indicating that Sox9+ 
progenitor cells may be activated during 
tissue regeneration, which suggests that 
an improved understanding of Sox9 
expression in adult cells could someday 
shed light on new therapeutic options 
for diseases of the liver and pancreas.

Sox9 and programming of liver 
and pancreatic progenitors
Yoshiya Kawaguchi       
http://jci.me/66022

Sox9 in liver 
development 
and adult 
tissues

hepatic stellate cells make up 
approximately 5% of the adult 
liver cell population and are 
normally considered quiescent 
in adult tissues. These cells are 
unique in that they express 
ectoderm, endoderm, and 
mesoderm markers and appear 
to exhibit intriguing plasticity. 
While it is known that hepatic 
stellate cells are activated 
during liver injury and play 
a role in liver fibrosis, their 
function in liver development 
and regeneration has only 
recently been appreciated.  In 
their insightful Review, Didier Stainier and colleagues explore recent advances in understanding hepatic 
stellate cells and their function in liver development, regeneration, and cancer. The accompanying figure 
illustrates how hepatic stellate cells promote liver regeneration in response to injury and how their 
dysregulation may contribute to hepatocellular carcinomas.

Hepatic stellate cells in liver development, regeneration, and cancer
Chunyue Yin, Kimberley J. Evason, Kinji Asahina, and Didier Y.R. Stainier    http://jci.me/66369

Hepatic stellate cells: versatile players   
in liver function and injury

The role of stem cell niches in liver
stem cells are generally thought to require a stem cell niche, a special microenvironment that maintains stem 
cells in a less differentiated state. In the adult liver, hepatocytes primarily contribute to cellular proliferation; 
however, following injury, stem/progenitor cells may be involved. In their Review, Claus Kordes and Dieter 
Häussinger discuss evidence that hepatic progenitor cells originate from niches in the canals of Hering. In 
addition, they describe the space of Disse, an anatomical location between hepatocytes and sinusoids that 
appears to act as a stem cell niche during embryonic hematopoiesis and also as a niche for stellate cells in 
adults. The authors highlight challenges in identifying and characterizing adult hepatic niches and discuss how 
overcoming these obstacles could lead to new strategies to treat patients with impaired liver regeneration.

Hepatic stem cell niches
Claus Kordes and Dieter Häussinger    http://jci.me/66027

liver regeneration is stimulated by the production 
of hepatocyte growth factor (HGF), a cytokine that 
promotes hepatocyte proliferation. Liver sinusoidal 
endothelial cells (LSECs) play important roles in the 
regenerative process and have been traditionally 
thought to be the source of HGF following liver injury. 
However, emerging evidence suggests that mature 

LSECs actually express very little HGF in injured liver 
and that, instead, endothelial progenitor cells may 
constitute the major source of HGF under these 
conditions.  Laurie DeLeve explores this hypothesis in 
her Review, highlighting evidence that bone marrow–
derived progenitor cells of LSECs (known as BM SPCs) 
are recruited to the liver by increased VEGF signals 

that are induced following liver injury and that these 
BM SPCs, rather than mature LSECs, are responsible 
for producing HGF and promoting liver regeneration.

Liver sinusoidal endothelial cells and 
liver regeneration
Laurie D. DeLeve    http://jci.me/66025

Driving liver regeneration
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Features

conversations with giants in medicine

Bruce Spiegelman
Bruce spiegelman is a leader in the field of obesity and metabolism research. His contributions include 
discovery of the adipogenesis regulator PPAR-γ, revealing the role of inflammation in metabolic disease, 
and adding to our understanding of cell fate switches. Spiegelman recently sat down with JCI Editor 
at Large Ushma Neill to discuss his humble beginnings and his career path, moving from studying 
cytoskeletal dynamics to cell fate switching, to metabolism. They also discuss his style of mentorship, 
his wide-ranging interests, touching on his love of sport fishing, and his opinions on the potential 
development of a pill that mimics the metabolic benefits of exercise. 

http://jci.me/70257

A quest to identify 
the molecular  
mechanisms of  
hormone/skeleton 
interactions
natural steroid hormones, such as 
estrogens and androgens, and iatrogenic 
steroid hormones, such as glucocorticoids, 
have long been recognized to play a critical 
role in skeletal homeostasis. In the 1940s, 
Fuller Albright first pointed out the link 
between menopause and loss of bone mass. 
Hormone receptors were detected in bone 
for the first time in the late 1980s. In 1998, 
Stavros Manolagas and colleagues published 
two papers in the JCI demonstrating that 
estrogens and glucocorticoids impair 
osteoblastogenesis and that glucocorticoids 
stimulate apoptosis of mature osteoblasts 
and osteocytes. In this issue, Manolagas 
discusses the evolution of our understanding 
of hormone/skeleton interactions and the 
age-related mechanisms, such as ROS 
generation, that influence skeletal 
homeostasis.

Steroids and osteoporosis:  
the quest for mechanisms
Stavros C. Manolagas      
http://jci.me/68062

hindsight

Neurodegeneration 
triggered by protein 
accumulation
several neurodegenerative conditions, including 
Alzheimer’s disease, Parkinson’s disease, and 
Huntington’s disease, are associated with 
the accumulation and aggregation of cellular 
proteins and are known as proteinopathies. 
While different proteins accumulate in each of 
these conditions, Todd Golde and colleagues 
explore the commonalities in these diseases. 
They discuss potential reasons why therapeutics 
that were developed based on preclinical models 
of proteinopathies have met with little clinical 
success in treating patients with advanced 
disease. The authors suggest that therapies 
directed toward pathological processes that are 
downstream of the initial protein accumulation 
event might improve clinical efficacy. In their 
forward-looking review, Golde et al. consider how 
the field might understand gaps in our knowledge 
about the downstream degenerative cascades 
that ultimately lead to brain or spinal cord organ 
failure and how commonalities among diseases 
might enable therapeutics that are useful in 
treating multiple disorders. 

Thinking laterally about   
neurodegenerative proteinopathies
Todd E. Golde, David R. Borchelt, Benoit I. Giasson, 
and Jada Lewis    http://jci.me/66029

science in medicine
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Your innovation 
deserves recognition

Among the nation’s leading academic medical centers, University Hospitals Case  
Medical Center is the primary affiliate of Case Western Reserve University School  
of Medicine, a nationally recognized leader in medical research and education.

UH Case Medical Center is the 2012 recipient of the American Hospital  
Association-McKesson Quest for Quality Prize.

The Harrington Prize for Innovation in Medicine, presented by the American Society 

for Clinical Investigation (ASCI) and the Harrington Discovery Institute at  

University Hospitals Case Medical Center, honors the physician-scientist who has 

moved science forward with notable achievements in innovation, creativity and  

potential for clinical application. 

This annual prize includes: 

-- An unrestricted $20,000 honorarium

-- The Harrington Prize Lecture, delivered at the annual meeting of the  

 American Society for Clinical Investigation 

-- A review, published in the Journal of Clinical Investigation 

The Harrington Prize is an international award open to those holding an MD or 

equivalent degree. The recipient will be decided by an award committee composed 

of members of the ASCI Council and of the Harrington Discovery Institute  

Scientific Advisory Board.

Applications are being accepted through June 28, 2013. To learn more or to apply, 

visit HarringtonDiscovery.org.
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