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Table S1. Summary of metabolites distinguishing DC patients from control subjects: 
relationship to AATL and TERC only mutants. 
Metabolite P Value 

Rank 
Testa 

P Value 
Welch’s 
T test 

Chronological Age 
Link 

TERC 
Mutants 
only (n 
=12)a 

1,2,3 Propane TCA 0.002 0.006  0.01 
5-
Aminopentanoate 

0.02 0.04  0.04 

Acetylalanine 0.0002 0.002  0.002 
Acetylleucine 0.002 0.0007 Depletion linked to 

neurodegeneration1,2 
0.0008 

ADMA 0.0007 0.02 Increases with 
cardiovascular risk 3 

0.34 

ADP ribose 0.0001 8.9 x 
10-5 

 0.02 

Alanylglycine 3.5 x 10-
7 

7.8 x 
10-7 

 0.00007 

Allantoin 0.0008 0.002 Yes Inhibitor of 
collagenase4 

0.0001 

Argenine 0.003 0.001 Depletion associated 
with Alzheimer’s 
Disease5 

0.04 

Ascorbate 0.0008 0.006 Declines with age and 
associated with 
frailty. May also be 
protective against 
cognitive decline6 

0.007 

Aspartate 0.0009 3 x 10-5 Yes 0.003 
Beta Alanine 0.009 0.01  0.04 
Beta 
hydroxyisovaleric 
acid 

0.0045 0.003 Yes muscle 
deterioration7 

0.002 

Cinnamic Acid 0.03 0.02 Antioxidant protects 
against skin ageing8 

0.25 

CMP 0.0009 0.01  0.05 
Cystine 0.009 0.007 Oxidative defence 

protects against 
hippocampus 
degeneration9 

0.1 

Cytidine 0.01 0.01  0.11 
Deoxyuridine 0.005 0.03  0.0005 
Glycerate 0.002 0.0007 Yes10 0.04 
Hydroxykynurenine 0.002 0.0007 Depletion and 

increase  linked to 
neurodegeneration11 

0.004 



Hydroxylysine 0.0007 0.01 Yes Collagen 
Degradation12 

0.004 

Hypoxanthine 0.000008 0.04 Yes10 0.69 
Indoleacetate 0.006 0.003 Yes10 0.10 
Kynurenine 0.004 0.006 Depletion linked to 

neurodegeneration 
Alzheimer’s and 
Parkinson’s11 

0.32 

N-acetylalanine 0.0001 0.002 Yes10 0.03 
N-acetylleucine 0.0003 0.0007 Depletion linked to 

neurodegeneration1,2 
0.04 

N-acetylisoleucine 0.002 0.002 Yes cognitive function 0.02 

N-
acetylneuranimate 

0.049 0.05 Increase linked to 
neurodegeneration 

0.01 

N-Formyl-L-
methionine 

0.035 0.045  0.05 

N-methylglutamate 0.002 0.001  0.004 
Phosphoglyceratec 0.00002 0.00004 Pentose phosphate 

pathway 
0.0006 

Nor-valine 0.01 0.01 Depletion associated 
with Alzheimer’s 
Disease13 

0.84 
 
 

Ophthalmate 0.002 0.005  0.03 
Ornithine <6 x 10-7 1.5 x 

10-8 
Yes 0.000009 

Paraxanthine 0.0002 9 x 10-5 Yes 
Depletion linked to 
neurodegeneration14 

0.008 

Quinate 0.03 0.125  1.0 

Quinolate 0.000009 6.4 x 
10-6 

Accumulation linked 
to neurodegeneration 
and 
immunosuppression15 

0.007 

Quinolate 
Carboxylate 

0.01 0.02 Accumulation linked 
to neurodegeneration 
and 
immunosuppression15 

0.12 

S-Adenosyl 
methionine 

0.04 0.03 Yes Enhances ageing 
Substrate for 
methylation.  

0.001 



Sarcosine <6 x 10-7 1.7 x 
10-7 

Frailty Sarcopenia16 
Caloric restriction 
Macroautophagy17 

0.00004 

Trans-4-
hydroxyproline 

0.02 0.02 Collagen 
degradation18 

0.65 

Tryptamine 0.02 0.06  0.15 
UDP-Glucosed <6 x 10-7 1.7 x 

10-7 
Frailty, Cognitive 
Decline19 

0.00006 

Uridine 
monophosphate 

0.006 0.005 Age-related cognitive 
decline20 

0.004 

Xanthine 0.000006 2.5 x 
10-6 

Yes10 0.0004 

Xanthurenate 0.01 0.02 Depletion linked to 
Alzheimer’s Disease 
and Ageing21 

0.06 

a Wilcoxon-Mann-Whitney Test; c 2-phosphoglycerate and 3-phosphoglycerate were not resolved by our 
analytical method; d may also contain contributions from UDP-galactose, if present. 

 

1 Hegdekar, N., Lipinski, M. M. & Sarkar, C. N-Acetyl-L-leucine improves functional recovery and 
attenuates cortical cell death and neuroinflammation after traumatic brain injury in mice. Sci 
Rep 11, 9249, doi:10.1038/s41598-021-88693-8 (2021). 

2 Kaya, E. et al. Acetyl-leucine slows disease progression in lysosomal storage disorders. Brain 
Commun 3, fcaa148, doi:10.1093/braincomms/fcaa148 (2021). 

3 Raimondi, L. et al. n-3 polyunsaturated fatty acids supplementation decreases asymmetric 
dimethyl arginine and arachidonate accumulation in aging spontaneously hypertensive rats. Eur 
J Nutr 44, 327-333, doi:10.1007/s00394-004-0528-5 (2005). 

4 Marzook, F., Marzook, E. & El-Sonbaty, S. Allantoin may modulate aging impairments, symptoms 
and cancers. Pak J Pharm Sci 34, 1377-1384 (2021). 

5 Kan, M. J. et al. Arginine deprivation and immune suppression in a mouse model of Alzheimer's 
disease. J Neurosci 35, 5969-5982, doi:10.1523/JNEUROSCI.4668-14.2015 (2015). 

6 Lewis, L. N. et al. Lower Dietary and Circulating Vitamin C in Middle- and Older-Aged Men and 
Women Are Associated with Lower Estimated Skeletal Muscle Mass. J Nutr 150, 2789-2798, 
doi:10.1093/jn/nxaa221 (2020). 

7 Oktaviana, J., Zanker, J., Vogrin, S. & Duque, G. The Effect of beta-hydroxy-beta-methylbutyrate 
(HMB) on Sarcopenia and Functional Frailty in Older Persons: A Systematic Review. J Nutr Health 
Aging 23, 145-150, doi:10.1007/s12603-018-1153-y (2019). 

8 Hseu, Y. C. et al. Trans-cinnamic acid attenuates UVA-induced photoaging through inhibition of 
AP-1 activation and induction of Nrf2-mediated antioxidant genes in human skin fibroblasts. J 
Dermatol Sci 90, 123-134, doi:10.1016/j.jdermsci.2018.01.004 (2018). 

9 Verbruggen, L. et al. Lifespan extension with preservation of hippocampal function in aged 
system x(c)(-)-deficient male mice. Mol Psychiatry 27, 2355-2368, doi:10.1038/s41380-022-
01470-5 (2022). 

10 Menni, C. et al. Metabolomic markers reveal novel pathways of ageing and early development in 
human populations. Int J Epidemiol 42, 1111-1119, doi:10.1093/ije/dyt094 

dyt094 [pii] (2013). 



11 Fathi, M. et al. Dynamic changes in metabolites of the kynurenine pathway in Alzheimer's 
disease, Parkinson's disease, and Huntington's disease: A systematic Review and meta-analysis. 
Front Immunol 13, 997240, doi:10.3389/fimmu.2022.997240 (2022). 

12 Sato, M., Sasaki, M. & Nagai, Y. Increased urinary excretion of collagen metabolites in cadmium-
metallothionein nephropathy. Arch Toxicol 61, 116-119, doi:10.1007/BF00661368 (1987). 

13 Polis, B., Srikanth, K. D., Gurevich, V., Gil-Henn, H. & Samson, A. O. L-Norvaline, a new 
therapeutic agent against Alzheimer's disease. Neural Regen Res 14, 1562-1572, 
doi:10.4103/1673-5374.255980 (2019). 

14 Yoo, C. et al. Acute Paraxanthine Ingestion Improves Cognition and Short-Term Memory and 
Helps Sustain Attention in a Double-Blind, Placebo-Controlled, Crossover Trial. Nutrients 13, 
doi:10.3390/nu13113980 (2021). 

15 Moffett, J. R. et al. Quinolinate as a Marker for Kynurenine Metabolite Formation and the 
Unresolved Question of NAD(+) Synthesis During Inflammation and Infection. Front Immunol 11, 
31, doi:10.3389/fimmu.2020.00031 (2020). 

16 Calvani, R. et al. A Distinct Pattern of Circulating Amino Acids Characterizes Older Persons with 
Physical Frailty and Sarcopenia: Results from the BIOSPHERE Study. Nutrients 10, 
doi:10.3390/nu10111691 (2018). 

17 Walters, R. O. et al. Sarcosine Is Uniquely Modulated by Aging and Dietary Restriction in Rodents 
and Humans. Cell Rep 25, 663-676 e666, doi:10.1016/j.celrep.2018.09.065 (2018). 

18 Reed, A. D. et al. The Stickland Reaction Precursor trans-4-Hydroxy-l-Proline Differentially 
Impacts the Metabolism of Clostridioides difficile and Commensal Clostridia. mSphere 7, 
e0092621, doi:10.1128/msphere.00926-21 (2022). 

19 Kameda, M., Teruya, T., Yanagida, M. & Kondoh, H. Frailty markers comprise blood metabolites 
involved in antioxidation, cognition, and mobility. Proc Natl Acad Sci U S A 117, 9483-9489, 
doi:10.1073/pnas.1920795117 (2020). 

20 Cummings, J. et al. Effect Size Analyses of Souvenaid in Patients with Alzheimer's Disease. J 
Alzheimers Dis 55, 1131-1139, doi:10.3233/JAD-160745 (2017). 

21 Sathyasaikumar, K. V. et al. Xanthurenic Acid Formation from 3-Hydroxykynurenine in the 
Mammalian Brain: Neurochemical Characterization and Physiological Effects. Neuroscience 367, 
85-97, doi:10.1016/j.neuroscience.2017.10.006 (2017). 

 

  



Table S2. The relationship of DC patient metabolites to clinical indicators and the age of 
control samples. 
Metabolite WBCa Plateletsa Hba MCVa Patients 

with skin 
symptomsb 

Recent   v 
Old 
Controlsb 

Alanylglycine 0.85 0.14 0.41 0.75 0.68 0.002+ 
Allantoin 0.09 0.002 0.06 0.71 0.50 0.67 
Beta 
hydroxyisovaleric 
acid 

0.27 0.003 0.42 0.07 0.20 0.05 

Cystathionine 0.66 0.29 0.25 0.62 0.0042 0.81 
Deoxyuridine 0.08 0.001 0.68 0.82 0.15 0.50 
Hydroxylysine 0.3 0.2 0.51 0.4 0.63 0.04+ 
Kynurenine 0.28 0.8 0.16 0.94 0.47 0.02 
N-acetylalanine+ 0.69 0.77 0.42 0.005+ 0.44 0.12 
N-acetylleucine 0.3 0.02 0.95 0.95 0.58 0.08 

N-
acetylneuranimate 

0.008 0.002 0.45 0.06 0.69 0.72 

N-methylglutamate 0.98 0.66 0.88 0.48 0.042 0.86 
Ornithine 0.08 0.04 0.06 0.006 0.014 0.10 
S-Adenosyl 
methionine 

0.28 0.006 0.3 0.005 0.32 0.99 

Sarcosine 0.58 0.95 0.96 0.46 0.67 2.24E-05+ 
Trans-4-
hydroxyproline 

0.73 0.95 0.41 0.05 0.0057 0.42 

Xanthurenate 0.63 0.42 0.05 0.73 0.74 0.01 
 

aLinear regression analysis; b Wilcoxon-Mann-Whitney Test; c 2-phosphoglycerate and 3-
phosphoglycerate not distinguishable by analytical method; d potential interferences from UDP-
galactose.  

+ Going in the opposite direction from DC and therefore indicating the true difference between DC and 
control subjects may be greater than indicated. 

 


