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MR Biomarkers of Disease Progression and Response to Gene Therapy in a Mouse Model of Pompe Disease
Baligand, C. (Leiden University Medical Center, Radiology; the Netherlands); Todd, G.A. (UF; Pediatrics); Lee-McMullen, B. (UF, Physiology); Vohra, R. (University of Washington, Radiology); Byrne, B.J. (UF; Pediatrics); Falk, D. (UF; Pediatrics) and Walter, G. (UF, Physiology)
Introduction: Pompe disease is a rapidly progressive degenerative neuromuscular condition characterized by a deficiency in alpha-glucosidase (GAA), the enzyme responsible for lysosomal glycogen breakdown.  In previous work performed on the 11.1T (Agilent, Inc., VnmrJ2.3) MR system available at the AMRIS facilities, we characterized the in vivo metabolic signature in mice lacking GAA (gaa-/-).  In these studies, we not only found high muscle glycogen levels using in vivo 13C-MRS but also elevated muscle phosphomonoesters (PME) levels throughout the life span of gaa-/- mice using 31P-MRS. Because the multiple overlapping 31P resonances contributing to the PME region, including glucose-6-P, fructose-6-P and hexose-6-P, we proposed to use high-resolution magic-angle spinning (HR-MAS) on isolated muscles to investigate the origin of the high PME levels. In addition, we extended the study to determine if the metabolic profile could be returned to normal levels in gaa-/- muscle by the post-somatic expression of GAA using a recombinant adeno-associated virus (rAAV2/9-desmin-GAA).
Experimental: Gastrocnemius tissue from 2-month old control (n=3), naïve Gaa-\- (n=3) and Gaa-\- treated mice (n=6, treated and contralateral leg) were analyzed using 1H-HR-MAS NMR. Data were acquired using a 4mm HR-MAS probe on a 600 MHz spectrometer with Bruker Topspin 3.2 software within the UF AMRIS facility.  Sample preparation and data acquisition followed the protocols previously described by Beckonert et al.1 The noesypr1d pulse sequence was performed using 128 scans, spectral width of 10 ppm, 16k data points, a relaxation delay of 2 sec and mixing time of 90 ms. 1H-MRS spectra were processed using Mestranova 10.0. All spectra were then phased individually. Processed 1H HR-MAS spectra were further globally aligned and normalized to the total signal. Metabolites were quantified using the MestraNova 10.0 Simple Mixture Analysis (SMA) plugin.
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Results and Discussion: Glycogen and G-6-P resonances could be resolved with 1H HR-MAS, and were visible at 5.4 ppm and 5.2 ppm, respectively. Our results revealed higher G-6-P and glycogen levels in the gastrocnemius of gaa-/- as compared to controls (Fig). The concomitant increase in PME 31P-MRS signal and G-6-P 1H HR-MAS measurements suggest a large contribution of G-6-P to the in vivo PME signal. rAAV successfully restored high levels of GAA activity and glycogen and G-6-P were also significantly reduced in these muscles.
Conclusions: 1H HR-MAS experiments allowed to identify a major contribution of G-6-P to the 31P-MRS PME observed in vivo in the Gaa-/- muscle. This is consistent with recent work in Gaa-/- mice reporting high G-6-P concentration and increased glycogen synthase activity.  G-6-P is a key intersection in glucose utilization pathways, namely the glycolysis, pentose-phosphate, and glycogenesis pathways. It is well-known activator of glycogen synthase, but more importantly it is a direct product of glycogenolysis. Therefore, high G-6-P levels are compatible with the high cytoplasmic glycogen concentration in Pompe disease. The multiple roles of G-6-P in glycogen metabolism make PME signal a very relevant marker of the metabolic changes associated with Pompe disease that can be detected in vivo by 31P-MRS. This assertion was tested by rAAV treatment, which not only restored normal levels of GAA activity and induced glycogen clearance but also significantly decreased the PME and G-6-P signal.
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Fig.1 Glycogen and G-6-P levels are elevated and reversed by rAAV2/9-desmin-GAA injection in gaa-/-.








