
   

 

   

 

SUPPLEMENTAL INFORMATION  

 

Figure S1. A summary of selected AAV9/MECP2 gene therapies for the preclinical treatment of RTT in male KO 

mice. Many MECP2 gene therapy publications from the past decade are referenced herein [6-9,12,14-17]. Published 

information regarding the AAV9/MeP229-MECP2-myc vector after neonatal administration is limited to an anecdote 

in the original publication’s discussion [6]. Not illustrated herein: single-stranded AAV9/CBA-MECP2-myc-SV40pA, 



   

 

   

 

which was abandoned [6]; and scAAV9/MeP223-(codon-optimized)MECP2 tested in male and female mouse models 

of RTT [10,11]. BGHpA, bovine growth hormone poly(A); CAG, cytomegalovirus early enhancer/chicken β-actin; IC, 

intracranial; ICM, intracisterna magna; ICV, intracerebroventricular; IT, intrathecal; ITR, inverted terminal repeats; 

IV, intravenous; MeP223-MeP730 are fragments of the endogenous MECP2 promoter; mini-MECP2, miniMECP2 gene 

is human-derived [12]; miRARE, miRNA-responsive auto-regulatory element [8]; RDH1pA, synthetic 3’UTR 

containing miRNA targets [7,9]; sc, self-complementary (sc); SV40pA, simian virus 40 poly(A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

   

 

Figure S2. Certificates of testing. 

 

 

 



   

 

   

 

Table S1. Respiration summary for immunosuppressed KO mice after gene therapy administration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vg/mouse 
Difference in Breathing Frequency (versus Vehicle + CsA) 

P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NS *p ≤ 0.05a (Improvement) 

8.8 x 1011  NE NE NS  

vg/mouse 
Difference in Expiratory Time (versus Vehicle + CsA) 

P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NS *p ≤ 0.05a (Improvement) 

8.8 x 1011  NE NE NS 

vg/mouse 
Difference in Inspiratory Time (versus Vehicle + CsA) 

P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE *p ≤ 0.05 (Decrement) NS 

8.8 x 1011  NE NE NS 

vg/mouse 
Difference in Apnea Duration (versus Vehicle + CsA) 

P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NS  NS 

8.8 x 1011  NE NE  NS 

vg/mouse 
Difference in Apnea Frequency (versus Vehicle + CsA) 

P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NS NS  

8.8 x 1011  NE NE NS  



   

 

   

 

Key results are bolded. Treatment ages (P7, P14, and P28) are listed at the top of each column. Comparisons were not 

made across treatment ages because the timespan between treatment age and testing varied across groups. A t-test 

compared the only 2 KO groups (vehicle versus 4.4 x 1011 vg/mouse) evaluated after P14 gene therapy administration 

(+CsA); a one-way ANOVA followed by post-hoc comparisons compared KO groups (vehicle versus 4.4. x 1011 or 8.8 

x 1011 vg/mouse) evaluated after P28 gene therapy administration. With few exceptions, most of the respiratory 

readouts for groups enrolled above showed no difference between immunosuppressed vehicle-treated KO mice and 

immunosuppressed TSHA-102-treated mice. n = 5-11 KO mice/group (after P14 administration); n = 12 KO 

mice/group after P28 administration. NE, not enrolled; NS, not significant. Also, see results for the non-

immunosuppressed arm of the study in Figures 3-4. 

aIndicates consistent observation across non-immunosuppressed and immunosuppressed arms. 

 

 

 

 

 

 



   

 

   

 

 

Figure S3. Daily injections of CsA may affect respiration in vehicle-treated KO controls. The CsA regimen (either 

the daily handling or the peptide itself) appeared to improve (A) breathing frequency, (B) expiratory time, (C) 

inspiratory time, (D) apnea duration, and (E) apnea frequency in KO mice treated with vehicle after P14 and/or P28 

administration. Data are mean ± SEM. n per group: (P14) 9-12; (P28) 8 -12.  



   

 

   

 

 

Figure S4. A brief dip in Bird scores was observed at 6 weeks of age after P7 administration. Although not notated, 

significant differences were observed between vehicle-treated KO and WT groups starting at 3 weeks of age. Data are 

mean ± SEM. The n per KO group is 10-12; WT n = 12.  

 

 

 

 

 

 

 

 



   

 

   

 

Table S2. Age of onset comparisons among KO mice after gene therapy administration at P7, P14, or P28 (-CsA). 

Key results are bolded. Treatment ages (P7, P14, and P28) are listed at the top of each column. Each n per group listed 

above refers to the number of mice presenting severe scores in each group. All significant p values indicate 

vg/mouse 

Difference in Severe Breathing Onset (versus Vehicle) 

P7 P14 P28 

8.8 x 1010 NS **p ≤ 0.01, n = 5 KO mice/group NS 

2.2 x 1011 NS *p ≤ 0.05, n = 5-6 KO mice/group NS 

4.4 x 1011  NS *p ≤ 0.05, n = 3-5 KO mice/group NS 

8.8 x 1011  NE NE No severe scores for TSHA-102  

 vg/mouse Difference in Severe Clasping Onset (versus Vehicle) 

8.8 x 1010 NS *p ≤ 0.05, n = 6-7 KO mice/group NS 

2.2 x 1011  NS *p ≤ 0.05, n = 6-10 KO mice/group NS 

4.4 x 1011  NS NS NS 

8.8 x 1011  NE NE NS 

vg/mouse Difference in Severe Gait Onset (versus Vehicle) 

8.8 x 1010  NS NS NS 

2.2 x 1011  NS NS NS 

4.4 x 1011 NS NS NS 

8.8 x 1011  NE NE 
**p ≤ 0.01 

n = 4-7 KO mice/group 

vg/mouse Difference in Severe Mobility Onset (versus Vehicle) 

8.8 x 1010  NS NS NS 

2.2 x 1011  No severe scores for TSHA-102  NS NS 

4.4 x 1011  NS NS NS 

8.8 x 1011  NE NE NA 

vg/mouse Difference in Severe Tremors Onset (versus Vehicle) 

8.8 x 1010  NS NA NS 

2.2 x 1011  NS NA NS 

4.4 x 1011  NS NA NS 

8.8 x 1011  NE NE NS 

vg/mouse Difference in Severe Condition Onset (versus Vehicle) 

8.8 x 1010  NS NS NS 

2.2 x 1011  NS NS NS 

4.4 x 1011  NS No severe scores for TSHA-102 group NS 

8.8 x 1011  NE NE NS 



   

 

   

 

improvement after gene therapy. NA, non-applicable because there was only 1 data point for the vehicle-treated 

group (severe tremors) or the TSHA-102-treated group (severely abnormal mobility); NE, not enrolled; NS, not 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

   

 

Table S3. Age of onset comparisons among +CsA KO mice after gene therapy administration  

Significant differences indicate improvement. NA, non-applicable because 0-1 of the vehicle-treated control mice 

scored a severe phenotype. NE, not enrolled; NS, not significant. Also, see the results for the non-immunosuppressed 

arm of the study in Figure 5.  

vg/mouse Difference in Severe Breathing Onset (versus Vehicle + CsA) 

 P7 P14 P28 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NSa NSa 

8.8 x 1011  NE NE NS 

vg/mouse Difference in Severe Clasping Onset (versus Vehicle + CsA) 

8.8 x 1010 NE NE NE 

2.2 x 1011 NE NE NE 

4.4 x 1011 NE NSa  NSa 

8.8 x 1011 NE NE  NSa 

vg/mouse Difference in Severe Gait Onset (versus Vehicle + CsA) 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NSa *p ≤ 0.05; n = 8 affected KO mice/group 

8.8 x 1011  NE NE *p ≤ 0.05a; n = 8-11 affected KO mice/group 

vg/mouse Difference in Severe Tremor Onset (versus Vehicle + CsA) 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NAa NSa 

8.8 x 1011  NE NE *p ≤ 0.05; n = 4-5 affected KO mice/group 

vg/mouse Difference in Severe Mobility Onset (versus Vehicle + CsA) 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE *p ≤ 0.05; n = 2-3 affected KO mice/group NSa 

8.8 x 1011  NE NE NS 

vg/mouse Difference in Severe Condition Onset (versus Vehicle + CsA) 

8.8 x 1010  NE NE NE 

2.2 x 1011  NE NE NE 

4.4 x 1011  NE NA NSa 

8.8 x 1011 NE NE NSa 



   

 

   

 

aIndicates consistent observation across non-immunosuppressed and immunosuppressed arms. 

 



   

 

   

 

Figure S5. TreadScan data for mice treated at P7, P14 (+CsA), P28, and P28 (+CsA).  Individual host data are 

provided to illustrate key technical details for the control groups. For example, some controls groups had few 

ambulatory mice (administration at P7 (-CsA) and P14 (+CsA)). Statistics are not presented for A-B, E-F, I-J, M-N, Q-

R, and U-V. (C, G, K, O, S, W) Statistics are shown for the control groups to highlight readouts with a significant 

assay window between vehicle-treated controls. Although not notated for simplicity, there was no significant 

difference between vehicle and TSHA-102-treated mice after P28 administration. Data are means ± SEMs. ns, not 

significant. n per group: (P7) 1-10; (P14 + CsA) 1-2; (P28) 4-12; and (P28 + CsA) 6-11. 

 

 

 

 

 

 

 



   

 

   

 

 

Figure S6. Biodistribution of TSHA-102 one month after injection. Tissues were collected one month after P30-P35 

administration at UTSWMC. All data points for TSHA-102-treated mice were quantifiable by qPCR. n per group is 

listed above each bar. Data are mean ± SEM. CC, cervical spinal cord; LC, lumbar cord; mmu, Mus musculus; SN, 

sciatic nerve; TC, thoracic spinal cord.  

 

 

 



   

 

   

 

 

Figure S7. End-of-life biodistribution of TSHA-102 administered at JAX. Age-dependent biodistribution after 

administration of (A) 8.8 x 1010; (B) 2.2 x 1011; and (C) 4.4 x 1011 vg/mouse. (D-F) Dose-dependent biodistribution after 

treatment at (D) P7, (E) P14, (F) and P28. The CNS biodistribution was similar for each treatment age. A reasonable 

range in the dose-dependent increase in biodistribution is observed. (A-F) All data points for TSHA-102-treated mice 

were quantifiable by qPCR. n per group graphed is 3. All vehicle data was 0 vg per diploid mouse (mmu) genome. 

For simplicity, only TSHA-102 data is graphed. Missing bars for testes indicate an average value of 0.00 for n = 3 

mice/group. The same legend applies for A-C; and for D-F. Data are mean ± SEM. SN, sciatic nerve. 

 

 

 



   

 

   

 

 

Table S4. Survival range of mice selected for end-of-life qPCR analyses 

Genotype, Treatment 
Survival range (weeks) 

P7 P14 P28 

WT  20.9-21.0 21.9  NA 

KO  8.4-10.4 7.0-9.9 NA 

KO, 8.8 x 1010 vg/mouse 9.1-12.3 
7.4-

12.9 
9.3-16.0 

KO, 2.2 x 1011 vg/mouse 13.1-13.7 
6.1-

13.1 
14.0-16.7 

KO, 4.4 x 1011 vg/mouse 8.7-12.6 
12.4-

18.9 
12.1-16.9 

KO, 8.8 x 1011 vg/mouse NE NE NA 

KO, CsA  NA NA NA 

KO, CsA + 8.8 x 1010 vg/mouse NE NE NE 

KO, CsA + 2.2 x 1011 vg/mouse NE NE NE 

KO, CsA + 4.4 x 1011 vg/mouse NE NA NA 

KO, CsA + 8.8 x 1011 vg/mouse NE NE NA 

NA, non-applicable because the enrolled groups were not evaluated for qPCR; NE, not enrolled. Mice found dead 

were not used for qPCR analyses. The same mice were used for biodistribution and gene expression analyses. n = 2 

mice per enrolled vehicle-treated group; n = 3 mice per each TSHA-102-treated group evaluated. 

 

 

 



   

 

   

 

 

Figure S8. Gene expression analyses one month after injection for TSHA-102 administered at UTSWMC. Tissue 

was collected one month after treatment at P30-P35. n per group is listed above each bar. Approximately 75% of the 

data points for TSHA-102-treated mice were quantifiable. See also Supplementary File 2, which provides raw data 

identifying quantifiable and BLOQ data points. Data are mean ± SEM. CC, cervical spinal cord; LC, lumbar cord; SN, 

sciatic nerve; TC, thoracic spinal cord. 

 

 



   

 

   

 

 

Figure S9. End-of-life gene expression of TSHA-102 administered at JAX. (A) Binning of expression data as non-

detectable, detectable but not quantifiable, or quantifiable. n per group shown is 3. (i) In nervous tissue, detectable 

data points approached or exceeded the limit of quantification (LOQ) with increasing dose. (ii) In nervous tissue, 

detectable data points become less quantifiable with increasing treatment age. Arrows point to brain data across 

treatment ages. Quantifiable age-dependent gene expression after administration of (B) 8.8 x 1010; (C) 2.2 x 1011; and 

(D) 4.4 x 1011 vg/mouse; quantifiable dose-dependent gene expression after treatment at (E) P7, (F) P14, (G) and P28. 

(B-G) n per group shown is 3. The graphs show only groups in which all 3 data points are quantifiable. Thus, the 

end-of-life and scheduled biodistribution graphs are not directly comparable. Data are mean ± SEM. Patterns in gene 

expression resemble those in end-of-life biodistribution data (see Figure S7). Vehicle data is not shown for simplicity; 

all vehicle data are 0 copies. The same legend applies for B-D; and for E-G. LOD, limit of detection; SN, sciatic nerve. 

 

 

 

 



   

 

   

 

 

Figure S10. Expression of miniMeCP2 protein is observed primarily in the spinal cord after P38 administration in 

KO mice. Mice were treated at UTSWMC. (A) The mean percentage of miniMeCP2(+) cells versus all DAPI(+) cells 

for each of two KO groups enrolled. A break in the X-axis is indicated because spinal cord tissue was processed 



   

 

   

 

separately from brain tissue. Data are means ± SEM. (B-C) Tile scans show a striking delineation in expression levels 

between the upper spinal cord and the medulla in TSHA-102-treated KO mice. White dots outline the tissue sections 

for clarity. Tile scans used consistent gain settings. (D-E) At higher magnification, a low percentage of miniMeCP2(+) 

cells can be observed in the medulla of KO mice. Mouse ID #5 had no miniMeCP2(+) cells among the 5 medullar 

regions sampled. (F) No cerebellar miniMeCP2 expression was observed in a negative control sample (KO mouse, no 

primary antibody). (G) Arrow points to a cerebellar Purkinje neuron expressing endogenous MeCP2 in the positive 

control. (H-I) No detectable miniMeCP2 protein expression in the cerebella of TSHA-102-treated KO mice. (J-K) 

Cervical spinal cord images from the same mice shown in B-C and H-I. (B-C) Scale bar is 500 µm. (D-K) Close-up 

images used consistent gain settings, except the gain for the blue channel (DAPI) was decreased 15% to delineate 

nuclei in G. Scale bar is 20 µm.  

 

 

 

 

 

 

 

 

 



   

 

   

 

 

Figure S11. TSHA-102 is well-tolerated in a survival safety assessment in female WT and Mecp2-/+ mice. Female 

RTT mice are a valuable model for assessing the safety of MECP2 gene therapy [11]. The data above was generated at 

UTSWMC concurrently with efficacy studies at JAX. The same virus lot was evaluated across studies. The safety 

study concluded before median survivals could be identified. Depending on the dose tested, 75% of mice were still 

alive 14-19 weeks post-injection. No significant difference was observed between vehicle- and TSHA-102-treated 

Mecp2-/+ mice (p > 0.05, n per Mecp2-/+ group is 17-19 mice; 1-2 censored mice per vehicle- and TSHA-102-treated 

Mecp2-/+ group). To avoid graphing artifacts, the end of the study is defined as 47 weeks. One high-dose Mecp2-/+ 

mouse died at 48 weeks. The n per group is 10-23 (WT and HET groups combined). Censored mice: Each Mecp2-/+ 

group had one veterinarian-requested euthanasia at 30-31 weeks of age. There was one veterinarian-requested 

euthanasia for the lower dose at nearly 45 weeks of age. 
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