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                                                      Impact of supplementation with L-citrulline/arginine after liver transplantation in individuals with Urea Cycle Disorders.
                                                    Posset R, Garbade SF, Gleich F, Nagamani SCS, Gropman AL, Epp F, Ramdhouni N, Druck AC, Hoffmann GF, Kölker S, Zielonka M; Urea Cycle Disorders Consortium (UCDC) and the European registry and network for Intoxication type Metabolic Diseases (E-IMD) consortia study group.
                          Mol Genet Metab. 2024 Mar;141(3):108112. doi: 10.1016/j.ymgme.2023.108112. Epub 2023 Dec 10. PMID: 38301530.
                        

                      

                                              
                          
                            Urea cycle disorders (UCDs) are genetic disorders that result in a deficiency of one of the six enzymes in the urea cycle, causing hyperammonemia (high blood ammonia levels). When medical management is not enough to prevent hyperammonemia, patients with UCDs may undergo liver transplantation. Both before and after transplant, these patients often receive L-citrulline or L-arginine supplements to help their bodies eliminate ammonia. However, not much is known about the impact of long-term supplementation.


In this pilot study, researchers investigated the effects of long-term L-citrulline or L-arginine supplementation in patients with UCDs who have undergone liver transplantation. The team used data collected from longitudinal observational studies to compare outcomes of 16 patients who received these supplements long-term with 36 patients who were not supplemented over the course of 4 or 5 years after transplant.


Results suggest that although supplementation with L-citrulline or L-arginine is often continued after transplant, in this pilot study, such supplementation was not associated with health-related outcomes or biochemical responses. Authors note that analyzing larger samples over longer observation periods will provide more insight into the usefulness of long-term supplementation.

                          

                        

                                          

                                  

              

                                        
                
                   
                    
                      
                        

                        

                        
                                                      Barriers to a successful healthcare transition for individuals with urea cycle disorders.
                                                    Ladha FA, Le Mons C, Craigen WJ, Magoulas PL, Marom R, Lewis AM.
                          Mol Genet Metab. 2023 Jul;139(3):107609. doi: 10.1016/j.ymgme.2023.107609. Epub 2023 May 15.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Delayed skeletal development and IGF-1 deficiency in a mouse model of lysinuric protein intolerance.
                                                    Stroup BM, Li X, Ho S, Zhouyao H, Chen Y, Ani S, Dawson B, Jin Z, Marom R, Jiang MM, Lorenzo I, Rosen D, Lanza D, Aceves N, Koh S, Seavitt JR, Heaney JD, Lee B, Burrage LC.
                          Dis Model Mech. 2023 Aug 1;16(8):dmm050118. doi: 10.1242/dmm.050118. Epub 2023 Aug 17.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Health-related quality of life in a systematically assessed cohort of children and adults with urea cycle disorders.
                                                    Murali CN, Barber JR, McCarter R, Zhang A, Gallant N, Simpson K, Dorrani N, Wilkening GN, Hays RD, Lichter-Konecki U; Members of the Urea Cycle Disorders Consortium; Burrage LC, Nagamani SCS.
                          Mol Genet Metab. 2023 Sep 8;140(3):107696. doi: 10.1016/j.ymgme.2023.107696. Epub ahead of print. PMID: 37690181
                        

                      

                                              
                          
                            Urea cycle disorders (UCDs) are a group of inherited, metabolic disorders characterized by hyperammonemia (high blood ammonia levels). Accumulation of ammonia is toxic to the nervous system, resulting in neurological symptoms that can impact health-related quality of life (HRQoL). However, only a few studies have systematically investigated the impact of UCDs on HRQoL.


In this study, researchers assessed HRQoL in a large cohort of children and adults with UCDs. The team reviewed HRQoL and clinical data from a Urea Cycle Disorders Consortium longitudinal study; compared to healthy individuals and those with PKU and diabetes; and assessed relationships between HRQoL, UCD diagnosis, and disease severity.


Results show that individuals with UCDs have worse HRQoL compared to healthy individuals and those with PKU and diabetes. Authors state that future work should focus on the impact of liver transplantation and other clinical variables on HRQoL in UCDs.

                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Monitoring the treatment of urea cycle disorders using phenylbutyrate metabolite analyses: Still many lessons to learn.
                                                    Glinton KE, Minard CG, Liu N, Sun Q, Elsea SH, Burrage LC, Nagamani SCS.
                          Mol Genet Metab. 2023 Nov;140(3):107699. doi: 10.1016/j.ymgme.2023.107699. Epub 2023 Sep 11.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Severity-adjusted evaluation of liver transplantation on health outcomes in urea cycle disorders.
                                                    Posset R, Garbade SF, Gleich F, Scharre S, Okun JG, Gropman AL, Nagamani SCS, Druck AC, Epp F, Hoffmann GF, Kölker S, Zielonka M; Urea Cycle Disorders Consortium (UCDC); European registry and network for Intoxication type Metabolic Diseases (E-IMD) Consortia Study Group.
                          Genet Med. 2023 Dec 3;26(4):101039. doi: 10.1016/j.gim.2023.101039. Epub ahead of print. PMID: 38054409.
                        

                      

                                              
                          
                            Urea cycle disorders (UCDs) are a group of inherited, metabolic disorders characterized by hyperammonemia (high blood ammonia levels). Patients with UCD may undergo liver transplantation when medical management is not enough to prevent hyperammonemia. However, not much is known about how the effects of transplant compare to medical management alone.


In this study, researchers classified patients into “severe” and “attenuated” categories based on genetic information and a novel enzyme activity test. Then, using data collected from longitudinal observational studies, they compared the health-related outcomes in patients who underwent liver transplantation vs medical management. 


Results show that liver transplantation led to greater metabolic stability without the need for protein restriction or nitrogen-scavenging therapy. However, while transplantation led to more favorable growth outcomes, it was not associated with improved neurocognitive outcomes compared to long-term medical management.

                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      The challenge of understanding and predicting phenotypic diversity in urea cycle disorders.
                                                    Posset R, Zielonka M, Gleich F, Garbade SF, Hoffmann GF, Kölker S; Urea Cycle Disorders Consortium (UCDC) and European registry and network for Intoxication type Metabolic Diseases (E-IMD) Consortia Study Group.
                          J Inherit Metab Dis. 2023 Nov;46(6):1007-1016. doi: 10.1002/jimd.12678. Epub 2023 Oct 10.
                        

                      

                                          

                                  

              

                                        
                
                   
                    
                      
                        

                        

                        
                                                      Predicting the disease severity in male individuals with ornithine transcarbamylase deficiency.
                                                    Scharre S, Posset R, Garbade SF, Gleich F, Seidl MJ, Druck AC, Okun JG, Gropman AL, Nagamani SCS, Hoffmann GF, Kölker S, Zielonka M; Urea Cycle Disorders Consortium (UCDC) and the European registry and network for Intoxication type Metabolic Diseases (E-IMD) Consortia Study Group.
                          Ann Clin Transl Neurol. 2022 Oct 10. doi: 10.1002/acn3.51668. Epub ahead of print. PMID: 36217298.
                        

                      

                                              
                          
                            Ornithine transcarbamylase deficiency (OTC-D) is an X-linked disorder and the most common type of urea cycle disorder. Patients with OTC-D can present with a variable spectrum of disease severity, ranging from no symptoms to lethal hyperammonemia (high blood ammonia levels). Therefore, predicting disease course at an early stage is important to personalize therapies for individual patients, which can include medical treatment or liver transplantation. In this study, researchers developed a new cell-based system to assess the residual enzyme activity associated with various disease-causing genetic changes in the OTC gene. Using this system, they were able to correlate residual enzymatic OTC activities with clinical and biochemical outcome parameters of 119 male individuals with OTC-D. Results show that residual enzymatic OTC activity can distinguish individuals with a severe form of OTC-D from those with milder forms of the disorder. As a reliable predictor of disease severity in OTC-D, this classification system could help guide therapeutic strategies and counseling of patients and parents.

                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Review of Applications of Near-Infrared Spectroscopy in Two Rare Disorders with Executive and Neurological Dysfunction: UCD and PKU.
                                                    Khaksari K, Chen WL, Gropman AL.
                          Genes (Basel). 2022 Sep 21;13(10):1690. doi: 10.3390/genes13101690. PMID: 36292574; PMCID: PMC9602148.
                        

                      

                                              
                          
                            Urea cycle disorders (UCD) and phenylketonuria (PKU) are two types of genetic, metabolic disorders characterized by neurological symptoms. As with many rare diseases, small population size can make these disorders challenging to study. Tools such as functional neuroimaging are developed to help generate biomarkers, collect baseline data, and measure treatment effects in patients with neurological disorders. However, the cost and infrastructure requirements of these tools have limited their availability. To address this challenge, researchers and clinicians are developing new tools that are non-invasive, portable, and inexpensive. In this review article, researchers discuss the use of functional near-infrared spectroscopy (fNIRS)—a non-invasive, portable tool that uses blood oxygenation to view the brain—in patients with UCD and PKU. Authors consider the ability of fNIRS to obtain biomarkers for screening and monitoring these diseases.

                          

                        

                                          

                                  

              

                                        
                
                   
                    
                      
                        

                        

                        
                                                      ASL expression in ALDH1A1+ neurons in the substantia nigra metabolically contributes to neurodegenerative phenotype.
                                                    Lerner S, Eilam R, Adler L, Baruteau J, Kreiser T, Tsoory M, Brandis A, Mehlman T, Ryten M, Botia JA, Ruiz SG, Garcia AC, Dionisi-Vici C, Ranucci G, Spada M, Mazkereth R, McCarter R, Izem R, Balmat TJ, Richesson R; Members of the UCDC, Gazit E, Nagamani SCS, Erez A.
                          Hum Genet. 2021 Oct;140(10):1471-1485. doi: 10.1007/s00439-021-02345-5. Epub 2021 Aug 21.
                        

                      

                                              
                          
                            In the liver, the enzymes argininosuccinate lyase (ASL) and argininosuccinate synthase 1 (ASS1) are required to convert waste-nitrogen to urea. Loss of activity for either enzyme causes argininosuccinate lyase deficiency and citrullinemia type 1, respectively. These two disorders are a subset of the classical inborn errors of metabolism called urea cycle disorders (UCD), characterized by episodes of hyperammonemia. ASL deficiency can also result in impaired nitric oxide (NO) synthesis, decreased tyrosine hydroxylase (TH) activity, and low dopamine and norepinephrine levels in the neuronal cells. Both dopamine and norepinephrine are important neurotransmitters, and their deficiency has been associated with neurodegenerative disorders, including Parkinson's Disease. In this study, researchers used a mouse model with loss of ASL in catecholamine neurons to test the hypothesis that decreased activity of ASL and TH would contribute to neurodegeneration. They found that neuronal loss of ASL results in catecholamine deficiency, in accumulation and formation of tyrosine aggregates, in elevation of α-synuclein, and phenotypically in motor and cognitive deficits. Study authors say their data point to a potential metabolic link between accumulations of tyrosine and seeding of pathological aggregates in neurons as initiators for the pathological processes involved in neurodegeneration. They suggest that regulating NO levels may be beneficial for the treatment of catecholamine-related neurodegenerative disorders.

                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Biomarkers for liver disease in urea cycle disorders.
                                                    Nagamani SCS, Ali S, Izem R, Schady D, Masand P, Shneider BL, Leung DH, Burrage LC.
                          Mol Genet Metab. 2021 Apr 8:S1096-7192(21)00685-5. doi: 10.1016/j.ymgme.2021.04.001. Online ahead of print.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Clinical utility of brain MRS imaging of patients with adult-onset non-cirrhotic hyperammonemia.
                                                    Stergachis AB, Krier JB, Merugumala SK, Berry GT, Lin AP.
                          Mol Genet Metab Rep. 2021 Mar 13;27:100742. doi: 10.1016/j.ymgmr.2021.100742. eCollection 2021 Jun.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Comparison of Untargeted Metabolomic Profiling vs Traditional Metabolic Screening to Identify Inborn Errors of Metabolism.
                                                    Liu N, Xiao J, Gijavanekar C, Pappan KL, Glinton KE, Shayota BJ, Kennedy AD, Sun Q, Sutton VR, Elsea SH.
                          JAMA Netw Open. 2021 Jul 1;4(7):e2114155. doi: 10.1001/jamanetworkopen.2021.14155.
                        

                      

                                              
                          
                            Inborn errors of metabolism (IEMs) are rare genetic disorders in which the body cannot properly turn food into energy. Newborn screening (NBS) has improved diagnosis of these diseases, but gaps remain as many of these rare diseases are not included on NBS panels. In this study, researchers evaluated the usefulness of untargeted metabolomics as a primary screening tool, comparing the diagnostic rate of clinical metabolomics to traditional newborn screening. They found that untargeted metabolomics improved the diagnostic rate for IEMs six-fold when compared to the traditional NBS approach. The metabolomics approach also identified a broader spectrum of IEMs. Authors say these data support the use of clinical untargeted metabolomics in screening for IEMs and suggest that broader screening approaches should be considered to help diagnose these rare diseases.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Expanding Role of Proton Magnetic Resonance Spectroscopy: Timely Diagnosis and Treatment Initiation in Partial Ornithine Transcarbamylase Deficiency.
                                                    Sen K, Castillo Pinto C, Gropman AL.
                          J Pediatr Genet. 2021 Mar;10(1):77-80. doi: 10.1055/s-0040-1709670. Epub 2020 Apr 23.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Fifteen years of urea cycle disorders brain research: Looking back, looking forward.
                                                    Sen K, Whitehead M, Castillo Pinto C, Caldovic L, Gropman A.
                          Anal Biochem. 2022 Jan 1;636:114343. doi: 10.1016/j.ab.2021.114343. Epub 2021 Oct 9. PMID: 34637785; PMCID: PMC8671367.
                        

                      

                                              
                          
                            This new review paper highlights the evolving knowledge about the impact of urea cycle disorders (UCD) and hyperammonemia (HA) in particular on neurological injury and recovery. It discusses the use of electroencephalography (EEG) and magnetic resonance imaging (MRI) to study and evaluate prognostic factors for risk and recovery. It recognizes the work of others and discusses the UCDC's prior work and future research priorities, as well as lessons learned over 15 years of neuroimaging research.

Key learnings include the identification of the insular cortex as the area most vulnerable to hyperammonemia in UCD. Elevated glutamine and decreased myoinosital have been identified as key brain biomarkers on proton magnetic resonance spectroscopy (MRS), with decreased choline seen over time in patients with repeat HA episodes. Slow recovery of brain glutamine after recovery from hyperammonemia is common. 

Researchers have found that 1H-MRS, a non-invasive technique that enables the detection, identification, and quantification of biochemical compounds or metabolites in the brain tissue, is most sensitive for proximal UCD and is often abnormal with elevated glutamine, before routine T1 and T2 sequences on MRI show abnormalities. In addition, our work demonstrates that more than one-third of female carriers of OTCD have the biochemical phenotype of UCD on MRS including mildly elevated glutamine and lower than normal myoinositol. 1H-MRS should be added to the clinical routine in patients with known and suspected metabolic conditions.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Randomized and non-randomized designs for causal inference with longitudinal data in rare disorders.
                                                    Izem R, McCarter R.
                          Orphanet J Rare Dis. 2021 Nov 23;16(1):491. doi: 10.1186/s13023-021-02124-5. PMID: 34814939; PMCID: PMC8609847.
                        

                      

                                              
                          
                            Sound study design and causal inference methods are essential to demonstrate the therapeutic efficacy, safety, and effectiveness of new therapies. In the rare diseases setting, the small patient population size, genotypic and phenotypic diversity, and the complexity and incomplete understanding of the disorder's progression challenge the use of typical parallel control designs. 

This paper reviews longitudinal designs and draws the parallel between some new and existing randomized studies in rare diseases and their less well-known controlled observational study designs. Authors provide examples of analyses in multiple rare disorders, including urea cycle disorder and cystic fibrosis.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Review of Multi-Modal Imaging in Urea Cycle Disorders: The Old, the New, the Borrowed, and the Blue.
                                                    Sen K, Anderson AA, Whitehead MT, Gropman AL.
                          Front Neurol. 2021 Apr 28;12:632307. doi: 10.3389/fneur.2021.632307. eCollection 2021.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      The Application of Neurodiagnostic Studies to Inform the Acute Management of a Newborn Presenting With Sarbamoyl Shosphate Synthetase 1 Deficiency.
                                                    McGowan M, Ferreira C, Whitehead M, Basu SK, Chang T, Gropman A.
                          Child Neurol Open. 2021 Jan 22;8:2329048X20985179. doi: 10.1177/2329048X20985179. eCollection 2021 Jan-Dec.
                        

                      

                                          

                                  

              

                                        
                
                   
                    
                      
                        

                        

                        
                                                      A novel frameshift mutation in SOX10 causes Waardenburg syndrome with peripheral demyelinating neuropathy, visual impairment and the absence of Hirschsprung disease.
                                                    Burke EA, Reichard KE, Wolfe LA, Brooks BP, DiGiovanna JJ, Hadley DW, Lehky TJ, Gropman AL, Tifft CJ, Gahl WA, Toro C, Adams D.
                          Am J Med Genet A. 2020 May;182(5):1278-1283. doi: 10.1002/ajmg.a.61542. Epub 2020 Mar 9. PMID: 32150337, PMCID: PMC7167353.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Chronic liver disease and impaired hepatic glycogen metabolism in argininosuccinate lyase deficiency.
                                                    Burrage LC, Madan S, Li X, Ali S, Mohammad M, Stroup BM, Jiang MM, Cela R, Bertin T, Jin Z, Dai J, Guffey D, Finegold M; Members of the Urea Cycle Disorders Consortium (UCDC), Nagamani S, Minard CG, Marini J, Masand P, Schady D, Shneider BL, Leung DH, Bali D, Lee B.
                          JCI Insight. 2020 Feb 27;5(4):e132342. doi: 10.1172/jci.insight.132342.
                        

                      

                                              
                          
                            In this study, researchers reviewed participant data from the Urea Cycle Disorders Consortium’s (UCDC) Longitudinal Study that included all types of UCD. The data suggested that individuals with argininosuccinate lyase deficiency (ASLD) and arginase deficiency had a higher prevalence of liver injury as compared to other types of UCD. Researchers assessed liver disease in individuals with ASLD and a laboratory mouse model of ASLD. Around 37% individuals with ASLD had increased ALT levels. Some of the ASLD participants were noted to have increased liver stiffness but normal ALT and AST levels.  

The results showed that a quarter of the participants with normal ALT levels had abnormal liver imaging or testing. The ASLD study mice also developed chronic liver damage. These mice had excessive hepatic glycogen, liver enlargement, and increased ALT and AST levels. Hepatic glycogen accumulation has also been found in other types of UCD. More research is needed to identify the role of hepatic glycogen in UCD, as it is unknown whether it leads to, is the cause of, or is at all connected to damage in the liver. This study shows the need to identify additional biomarkers of liver damage in UCD.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Developing interactions with industry in rare diseases: lessons learned and continuing challenges.
                                                    Berry SA, Coughlin CR 2nd, McCandless S, McCarter R, Seminara J, Yudkoff M, LeMons C.
                          Genet Med. 2020 Jan;22(1):219-226. doi: 10.1038/s41436-019-0616-9. Epub 2019 Jul 24.
                        

                      

                                              
                          
                            The NIH established the Rare Diseases Clinical Research Network to address the unique challenges of performing research on rare diseases. The UCDC was one of the original ten consortia established. Based in part on financial incentives associated with the Orphan Drug Act of 1983 (a United States law that helped catalyze the development of drugs for rare diseases), biopharmaceutical and investment entities have an intense     interest in engaging with rare disease research consortia like the UCDC, which have compiled potentially valuable longitudinal data characterizing outcomes in a relatively large number of affected individuals.  Natural history data from the longitudinal study are invaluable not only for the many exploratory studies conducted by the UCDC, but also to industry partners seeking to develop new therapeutics to improve the lives of UCD patients and ultimately a cure.  

This publication discusses the ways in which the UCDC navigates industry relationships in the pursuit of developing therapeutics for UCD patients. For example, the UCDC has developed a    method for evaluating partnerships with private entities, established an Industry Relations Committee in 2015 to develop guiding principles, a policy and procedures for interacting with industry (including protection of data privacy), and managing  investigator conflict of interest.  By building a framework for   industry partnerships that guides us in resolving inevitable challenges, the UCDC can pursue novel and promising collaborations that can lead to breakthroughs in treatment for patients.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Evaluation of neurocognitive function of prefrontal cortex in ornithine transcarbamylase deficiency.
                                                    Anderson A, Gropman A, Le Mons C, Stratakis C, Gandjbakhche A.
                          Mol Genet Metab. 2020 Mar;129(3):207-212. doi: 10.1016/j.ymgme.2019.12.014. Epub 2020 Jan 10. PMID: 31952925. Full Text.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      From genotype to phenotype: Early prediction of disease severity in argininosuccinic aciduria.
                                                    Zielonka M, Garbade SF, Gleich F, Okun JG, Nagamani SCS, Gropman AL, Hoffmann GF, Kölker S, Posset R; Urea Cycle Disorders Consortium (UCDC) and the European registry and network for Intoxication type Metabolic Diseases (E-IMD) Consortia Study Group.
                          Hum Mutat. 2020 May;41(5):946-960. doi: 10.1002/humu.23983. Epub 2020 Jan 30.
                        

                      

                                              
                          
                            Argininosuccinic aciduria (ASA), caused by a deficiency in argininosuccinate lyase (ASL), is one of the more common urea cycle disorder subtypes. ASA has a wide range of symptoms ranging from mild disease to individuals with significant neurocognitive deficiencies. In this study, researchers analyzed previously collected patient data and correlated these with a new method of enzymatic testing for ASL to determine if the activity level of ASL was a reliable predictor of disease severity. The data was collected from the Longitudinal Study of UCD conducted by the Urea Cycle Disorders Consortium (UCDC) and the European Registry and Network for Intoxication Type Metabolic Diseases (E-IMD). The results showed that individuals with ASA with 8% or less ASL activity had higher initial ammonia levels and more frequent hyperammonemic episodes per year, and those with 8.7% or less ASL activity had increased liver damage. Overall, older ASL patients performed worse than younger ASL patients, which points to the possibility of chronic cognitive deterioration. The difference was more pronounced for those with ASL activity below 24.3%, suggesting additional underlying factors that affect cognition below a certain level of ASL activity. Based on the outcomes of this and previous studies, there is a possibility that ASL activity levels could help caregivers predict disease severity in ASA patients and inform the development of more effective, individualized treatments.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Hemodynamics of Prefrontal Cortex in Ornithine Transcarbamylase Deficiency: A Twin Case Study.
                                                    Anderson AA, Gropman A, Le Mons C, Stratakis CA, Gandjbakhche AH.
                          Front Neurol. 2020 Aug 14;11:809. doi: 10.3389/fneur.2020.00809. PMID: 32922350; PMCID: PMC7456944.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Late Onset Ornithine Transcarbamylase Deficiency Triggered by an Acute Increase in Protein Intake: A Review of 10 Cases Reported in the Literature.
                                                    Barkovich E, Gropman AL.
                          Case Rep Genet. 2020 Apr 25;2020:7024735. doi: 10.1155/2020/7024735. PMID: 32373372; PMCID: PMC7197010. 
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Long-term effects of medical management on growth and weight in individuals with urea cycle disorders.
                                                    Posset R, Garbade SF, Gleich F, Gropman AL, de Lonlay P, Hoffmann GF, Garcia-Cazorla A, Nagamani SCS, Baumgartner MR, Schulze A, Dobbelaere D, Yudkoff M, Kölker S, Zielonka M; Urea Cycle Disorders Consortium (UCDC); European registry and network for Intoxication type Metabolic Diseases (E-IMD).
                          Sci Rep. 2020 Jul 20;10(1):11948. doi: 10.1038/s41598-020-67496-3.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Multimodal imaging in urea cycle-related neurological disease - What can imaging after hyperammonemia teach us.
                                                    Sen K, Whitehead MT, Gropman AL.
                          Transl Sci Rare Dis. 2020 Aug 3;5(1-2):87-95. doi: 10.3233/TRD-200048.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Novel imaging technologies for genetic diagnoses in the inborn errors of metabolism.
                                                    Gropman AL, Anderson A.
                          J Transl Genet Genom. 2020;4:429-445. doi: 10.20517/jtgg.2020.09. Epub 2020 Nov 13.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Phenotypic expansion of Bosch-Boonstra-Schaaf optic atrophy syndrome and further evidence for genotype-phenotype correlations.
                                                    Rech ME, McCarthy JM, Chen CA, Edmond JC, Shah VS, Bosch DGM, Berry GT, Williams L, Madan-Khetarpal S, Niyazov D, Shaw-Smith C, Kovar EM, Lupo PJ, Schaaf CP.
                          Am J Med Genet A. 2020 Apr 10. doi: 10.1002/ajmg.a.61580. PMID: 32275123.
                        

                      

                                          

                  
                    
                      
                        

                        

                        
                                                      Severity-adjusted evaluation of newborn screening on the metabolic disease course in individuals with cytosolic urea cycle disorders.
                                                    Posset R, Kölker S, Gleich F, Okun JG, Gropman AL, Nagamani SCS, Scharre S, Probst J, Walter ME, Hoffmann GF, Garbade SF, Zielonka M; Urea Cycle Disorders Consortium (UCDC) and the European registry and network for Intoxication type Metabolic Diseases (E-IMD) consortia study group.
                          Mol Genet Metab. 2020 Dec;131(4):390-397. doi: 10.1016/j.ymgme.2020.10.013. Epub 2020 Nov 7.
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                            The researchers developed a laboratory mouse model with ASL deficiency in specific regions of the brain and showed that argininosuccinate lyase (ASL) is required for the normal function of the nucleus locus coeruleus (LC) in the brain. LC is the main source of norepinephrine in the brain (an important chemical messenger in the brain and a stress hormone).  Loss of ASL in the LC results in low amounts of nitric oxide (NO) which leads to the reduced amount and activity of tyrosine hydroxylase (TH), an enzyme needed to produce dopamine and norepinephrine. The mice with ASL deficiency in LC showed decreased amounts of dopamine and norepinephrine in the brain, displayed higher blood pressure, increased motor activity, and increased sensitivity to develop seizures. Treatment of these mice with donor NO resulted in lower blood pressure and less seizure activity. 

Behavioral data previously collected from the Longitudinal Study of UCDs (Urea Cycle Disorders) conducted by the Urea Cycle Disorders Consortium showed 55% of participants with ASLD displayed lower attention spans during study visits, compared to 39.4% of participants with another  UCD—argininosuccinate synthase deficiency (ASS1D/Citrullinemia). The results were similar for participants who did not have any documented episodes of hyperammonemia, which can affect behavior and cognition. Eighteen percent of participants with ASS1D without documented hyperammonemic events self-reported lower attention spans, compared to 54% of participants with ASLD. More research into the unique neurocognitive characteristics of ASLD will help improve treatment and management.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Early prediction of phenotypic severity in Citrullinemia Type 1.
                                                    Zielonka M, Kölker S, Gleich F, Stützenberger N, Nagamani SCS, Gropman AL, Hoffmann GF, Garbade SF, Posset R; Urea Cycle Disorders Consortium (UCDC) and the European Registry and Network for Intoxication type Metabolic Diseases (E-IMD) Consortia Study Group.
                          Ann Clin Transl Neurol. 2019 Sep;6(9):1858-1871. doi: 10.1002/acn3.50886. Epub 2019 Aug 30.
                        

                      

                                              
                          
                            Citrullinemia type1(ASS1D), also known as argininosuccinate synthase deficiency (ASS1D), is an inherited UCD that is detectable by newborn screening. The severity of the disease is variable, with health outcomes ranging from dangerous levels of hyperammonemic brain damage to mild, unnoticeable symptoms. Infant mortality rate for this disease has remained high over the decades despite the implementation of early treatment interventions. In this study, researchers evaluated a new test that could possibly predict the severity of ASS1D , based on the activity level of the enzyme argininosuccinate synthetase 1 (ASS1), which has been shown in previous studies to predict the severity of other inborn errors of metabolism.  

Participant data was collected from the Longitudinal Study of UCD conducted by the Urea Cycle Disorders Consortium (UCDC) and the European Registry and Network for Intoxication Type Metabolic Diseases (E-IMD). The researchers used a newly established assay to measure enzymatic activity of ASS1. The results showed that participants with ASS1D with ASS1 activity at 8.1% or lower experienced more frequent and severe hyperammonemic events and poorer cognitive function than participants with ASS1 activity above 8.1%. Additionally, participants with 26.6% or lower ASS1 activity had participated in special education programs, and those with 19.3% or lower ASS1 activity suffered more often from movement disorders. Participants with 4.8% or lower ASS1 activity were more likely to undergo liver transplantation. These results suggest that this enzymatic activity method could be useful in the clinical outcome prediction.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Hepatic arginase deficiency fosters dysmyelination during postnatal CNS development.
                                                    Liu XB, Haney JR, Cantero G, Lambert JR, Otero-Garcia M, Truong B, Gropman A, Cobos I, Cederbaum SD, Lipshutz GS.
                          JCI Insight. 2019 Sep 5;4(17):e130260. doi: 10.1172/jci.insight.130260.
                        

                      

                                              
                          
                            Arginase deficiency is classified as a urea cycle disorder (UCD), as arginase is necessary in the breakdown of ammonia in the body. However, unlike other urea cycle disorders, hyperammonemia is uncommon with arginase deficiency. Complications that arise in this disorder such as paralysis, muscle stiffening, involuntary muscle contractions and overactive reflexes are also associated with cerebral palsy. Additionally, complications in arginase deficiency often occur later compared to other UCDs. In this study, researchers found that mice with arginase deficiency had abnormal myelin pattern in the brain and the spinal cord. Treatment of these arginase deficiency mice with arginase 1 gene therapy rescued these abnormal myelin patterns.

Due to its unique characteristics among urea cycle disorders, the researchers suggest arginase deficiency be categorized as a leukodystrophy, a group of rare metabolic genetic disorders that affect the brain and spinal cord. This study did not label the cause of muscle and nerve failure within the disorder, yet supports the importance of ongoing neonatal screening, early intervention to normalize arginase production in the body. They also suggest that early postnatal liver-based gene therapy may be of use in preventing neurological abnormalities.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Impact of Diagnosis and Therapy on Cognitive Function in Urea Cycle Disorders.
                                                    Posset R, Gropman AL, Nagamani SCS, Burrage LC, Bedoyan JK, Wong D, Berry GT, Baumgartner MR, Yudkoff M, Zielonka M, Hoffmann GF, Burgard P, Schulze A, McCandless SE, Garcia-Cazorla A, Seminara J, Garbade SF, Kölker S; Urea Cycle Disorders Consortium and the European Registry and Network for Intoxication Type Metabolic Diseases Consortia Study Group.
                          Ann Neurol. 2019 Jul;86(1):116-128. doi: 10.1002/ana.25492. Epub 2019 May 13.
                        

                      

                                              
                          
                            As intellectual and developmental disabilities are common in individuals diagnosed with urea cycle disorders (UCD), the purpose of this study was to evaluate the impact of diagnostic and treatment methods on cognitive outcomes such as thinking, reasoning, remembering, imagining, and learning.  Results from neurocognitive testing of 503 individuals with UCD enrolled in the Longitudinal Study of UCD conducted by the UCD Consortium (UCDC) and the European Registry and Network for Intoxication Type Metabolic Diseases (E-IMD) from 2006 to 2016 were studied. 

IQ scores less than 70, indicating intellectual disability,  were associated with UCD type and early disease onset. The height of initial peak plasma ammonium level was associated with poorer neurocognitive outcomes in proximal UCDs (CPS1, OTCD). Individuals with citrullinemia (argininosuccinate synthetase deficiency, ASS1D) and argininosuccinate lyase deficiency (ASLD) who were identified by newborn screening but did not have symptoms at diagnosis had better outcomes than those diagnosed after having symptoms. Additionally, early liver transplantation appeared to be beneficial.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Impairment of cognitive function in ornithine transcarbamylase deficiency is global rather than domain-specific and is associated with disease onset, sex, maximum ammonium, and number of hyperammonemic events.
                                                    Buerger C, Garbade SF, Dietrich Alber F, Waisbren SE, McCarter R, Kölker S, Burgard P; Urea Cycle Disorders Consortium.
                          J Inherit Metab Dis. 2019 Mar;42(2):243-253. doi: 10.1002/jimd.12013. Epub 2019 Jan 22.
                        

                      

                                              
                          
                            Ornithine transcarbamylase deficiency (OTCD) is the most common urea cycle disorder (UCD). OTCD presents with a wide range of symptom severity. In this study, the number of hyperammonaemic events, clinical findings, and cognitive functioning domains—intelligence (IQ), executive function, memory, visuomotor integration and visual perception—were compared across groups. The groups were separated according to disease onset type— late disease onset (clinical symptoms at more than 28 days old), early disease onset (clinical symptoms at 28 days old or less), or asymptomatic—sex, and age. Participant information collected by the Urea Cycle Disorders Consortium (UCDC) through the Longitudinal Study between 2006 and 2014 served as the data source, to include 300 OTCD participants who underwent psychological evaluations. Although mean scores of late onset and asymptomatic individuals were within 1 SD of the population norm (IQ = 85-115, which is the normal range for individuals with-out UCD, as well), asymptomatic participants attained significantly higher scores than late onset participants and males scored higher than females. Intelligence scores proved to correlate with overall cognitive functioning. The correlation between maximum ammonia concentration and intelligence correlated significantly higher in early onset than in late onset participants (i.e. higher ammonia levels correlated with lower IQ). Correlation between the number of hyperammonemic events and intelligence scores were similar for early onset and late onset individuals. The number of clinical symptoms was significantly associated with intelligence, but not with scores in other domains. Results suggest that OTCD has a global impact on cognitive functioning rather than a specific effect on distinct cognitive domains (executive function, memory, visual-motor integration, visual perception).
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                                                    Uittenbogaard M, Brantner CA, Fang Z, Wong LJ, Gropman A, Chiaramello A.
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                                                      Transatlantic combined and comparative data analysis of 1095 patients with urea cycle disorders-A successful strategy for clinical research of rare diseases.
                                                    Posset R, Garbade SF, Boy N, Burlina AB, Dionisi-Vici C, Dobbelaere D, Garcia-Cazorla A, de Lonlay P, Teles EL, Vara R, Mew NA, Batshaw ML, Baumgartner MR, McCandless SE, Seminara J, Summar M, Hoffmann GF, Kölker S, Burgard P; Additional individual contributors of the UCDC and the E-IMD consortium.
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                                                      Untargeted metabolomic profiling reveals multiple pathway perturbations and new clinical biomarkers in urea cycle disorders.
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                            Urea cycle disorders (UCDs) are screened and diagnosed through the use of biochemical and molecular testing. If biomarkers of UCDs, such as elevated (higher) levels of ammonia and arginine, are present in a patient’s screening tests, an analysis of their genetic composition (makeup) will confirm the disorder. However, this may not be a reliable method of diagnosis in all cases, as ornithine transcarbamylase deficiency (OTCD) can be difficult to identify due to the nature of the disorder. Untargeted metabolomic profiling has become an important tool in diagnosis and management of UCDs because it is able to detect biomarkers of UCDs that might not be captured by the traditional methods of diagnosis. In this study, samples from 48 subjects that were collected during routine clinical visits and samples from the Urea Cycle Disorders Consortium (UCDC) Longitudinal Study were analyzed with metabolomic profiling. Results from the analyses found known biomarkers of UCDs.
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                                                      Argininosuccinate Lyase Deficiency Causes an Endothelial-Dependent Form of Hypertension.
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                            Key Point: A chemical deficiency associated with ASLD often leads to high blood pressure. Nitric oxide supplementation is currently being investigated in clinical trials as a treatment option for individuals with ASLD. 

In this study, the investigators used mice with argininosuccinate lyase deficiency (ASLD) and cells from patients with ASLD to study the mechanisms involved in causing high blood pressure in this disorder, which is the second most common UCD (Figure 4). The investigators show that loss of the urea cycle enzyme ASL in the lining cells of the blood vessels leads to reduction of a chemical called nitric oxide (NO) and an increase in oxidative stress that lead to vascular dysfunction. Using data from a human trial that was funded by the Urea Cycle Disorders Consortium (UCDC), they also show that the blood pressure in individuals with ASLD can be elevated. The results of this study can have potential treatment implications. Currently, nitric oxide supplementation is being investigated in clinical trials as a treatment option for individuals with ASLD.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Biochemical markers and neuropsychological functioning in distal urea cycle disorders.
                                                    Waisbren SE, Cuthbertson D, Burgard P, Holbert A, McCarter R, Cederbaum S; Members of the Urea Cycle Disorders Consortium.
                          J Inherit Metab Dis. 2018 Jul;41(4):657-667. doi: 10.1007/s10545-017-0132-5. Epub 2018 Feb 8.
                        

                      

                                              
                          
                            The urea cycle breaks down ammonia into urea, which is then excreted (released) through urine; urea cycle disorders (UCDs) occur when a step in the urea cycle process is disrupted. Ammonia accumulation is shared amongst the different UCD types, but each individual UCD can have distinctive (unique) effects on the body. This report examines links between biochemical markers (ammonia, glutamine, arginine, citrulline) and neuropsychological test results in three UCD subtypes - argininosuccinic acid synthetase deficiency (ASD or citrullinemia type I), argininosuccinic acid lyase deficiency (ASA or ALD), and arginase deficiency (ARGD). Using data previously collected by the Urea Cycle Disorders Consortium’s Longitudinal Study, the investigators evaluated the neuropsychological tests and lab results of 145 participants (Figure 2). The neurological tests measured for intelligence (IQ), verbal and visual abilities, motor function and memory. As a result, the mean full scale IQ was below the population mean of 100 ± 15 for all groups: (ASD = 79 ± 24; ASA = 71 ± 21; ARGD = 65 ± 19), and the greatest deficits were noted in visual performance and motor skills for all groups. The biomarkers that most reliably indicated poor overall neuropsychological performance were ammonia and citrulline for ASD participants; ammonia, glutamine, and citrulline for ASA participants; and arginine, ammonia and citrulline for ARGD participants. Recognizing biomarker profiles is useful in deter-mining the most appropriate treatments.
                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Conducting an investigator-initiated randomized double-blinded intervention trial in acute decompensation of inborn errors of metabolism: Lessons from the N-Carbamylglutamate Consortium.
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                            Inborn errors of metabolism (IEMs), such as urea cycle disorders (UCDs), fall within the category of ultra-rare disorders in which 1 in 50,000 people have the disorder, many of whom die during childhood. This publication focuses on the challenges the N-carbamylglutamate Consortium (NCGC) faced while conducting two trials for N-carbamylglutamate (NCG), an approved treatment for N-acetylglutamate synthetase (NAGS) deficiency, one of the UCD subtypes that causes hyperammonemia. Among the topics discussed is the difficulty of recruiting and retaining eligible participants; enrollment numbers are largely affected by the small participant selection pools characteristic of rare diseases and missed opportunities to refer patients to open studies during routine clinical visits. It is preferable to enroll participants during non-crisis situations in order to avoid an exaggeration of the expected number of hyperammonemia events that could occur during a study. Partnerships with patient advocacy groups such as the National Urea Cycle Disorders Foundation (NUCDF) are crucial for rare disease studies as they pro-vide opportunities for researchers to educate and reach out to potential participants and their families and caregivers. Introspective publications such as this are valuable in the evaluation and improvement of study methods.
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                            Continuous video electroencephalogram (cvEEG) is the long-term video monitoring of electrical activity in the brain. The typical length of an electroencephalogram (EEG) test is between 30 to 60 minutes, where as a cvEEG test can last for days at a time. Most infant seizures do not have clinical symptoms and can only be detected by an EEG, making cvEEG the preferred method for monitoring seizures associated with acute brain injury; however, the benefits of using cvEEG on infants with in-born errors of metabolism have not been determined. In this study, researchers analyzed the medical records of eight infants who experienced hyperammonemia due to inborn errors of metabolism and received prolonged EEG tests at Children's National Medical Center, Washington, D.C., between January 2009 and March 2017. The results showed that seven of the infants had seizures, and six had seizures that could only be detected by EEG. Although there was evidence that elevated levels of blood ammonia and glutamine—common symptoms of urea cycle disorders—had a possible connection to seizure activity on EEG, it is important to note that some of the infants, after receiving medication that normalized their blood ammonia and glutamine levels, continued to have seizures (Figure 5). Seizures were also detected by EEG before blood ammonia levels spiked and occurred within 24 to 36 hours of clinical symptoms. These and other findings documented in the study suggest the importance of long-term cvEEG in the evaluation of inborn errors of metabolism.
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                            The Urea Cycle Disorders Consortium (UCDC) and the European Registry and Network for Intoxication Type Metabolic Disorders (E-IMD) collaborated to compare the prevalence and characteristics of urea cycle disorders (UCDs) in North America and Europe. The UCDC Longitudinal Study data was used for North America. Combining registries from both consortia, researchers looked at the medical histories of over 1,000 patients with UCD for information such as UCD type, late disease onset (clinical symptoms at more than 28 days old) or early dis-ease onset (clinical symptoms at 28 days old or less), and age of diagnosis. In North America and Europe, Ornithine Transcarbamylase Deficiency (OTCD ) and late disease onset were the most common; however, the lack of early onset reports may have been caused by the voluntary nature of the registries, as the severe symptoms associated with early onset UCDs could make participation more difficult. The data also showed that the delay between age of clinical symptoms and age of diagnosis was shorter for early onset patients, which was likely due to the higher visibility of symptoms such as seizures.

                          

                        

                                          

                  
                    
                      
                        

                        

                        
                                                      Transplantation of Gene-Edited Hepatocyte-like Cells Modestly Improves Survival of Arginase-1-Deficient Mice.
                                                    Sin YY, Ballantyne LL, Richmond CR, Funk CD.
                          Mol Ther Nucleic Acids. 2018 Mar 2;10:122-130. doi: 10.1016/j.omtn.2017.11.012. Epub 2017 Dec 1.
                        

                      

                                              
                          
                            This study, funded by a Urea Cycle Disorders Consortium (UCDC) training grant, focused on the possibility of incorporating gene editing in a preclinical animal model for treatment of urea cycle disorder (UCD), specifically arginase deficiency. Induced pluripotent stem cells (iPSCs), or cells that can become any type of cell in the body, were turned into hepatocyte-like cells (HLCs), or liver cells. The HLCs were transplanted into mice with arginase deficiency, and investigators monitored the mice for signs that the HLCs were producing arginase enzyme. The results showed 5% liver regeneration, low productions of arginase, and a maximum lifespan of 22 days compared to 14 days in arginase-deficient mice that were not trans-planted. Although the initial proof of concept study showed minimal improvements, the research suggests that there might be a place for such therapies in the future.
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