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Abstract Constructs in vitro

Wilson's Disease (WD) is caused by autosomal recessive, loss-of-function mutations in the ATP7B

gene which lead to pathological accumulation of copper in the liver, brain, and other tissues. A. 15_Opt|m|izr?t'|_|oenpg)£ample B. ATP7B7" Hek293 Cells
Symptoms of WD include Parkinson’s Disease-like neurological defects and hepatic defects
associated with cirrhosis. ATP7B is a transmembrane copper pump that is too large to effectively §
package into adeno-associated virus (AAV). As such, efforts have been made to engineer ATP7B d o 10+ Qg‘f 09\;)"*
minigenes that can be used as gene therapies for WD. By applying our vector optimization platform u%’ o 260 - |
to ATP7B, we created a construct that far exceeds the expression of published gene therapy > E 5 %gg: ol A 1253
approaches. Here we show that by altering various components within the construct, we can % 90 - i.".
achieve higher expression in various in vitro models and over 100-fold higher expression in the liver x ACTB
of ATP7B-null animals. This may allow us to use a lower viral dose which could improve safety 0-—1-5 ! : bt """-'_-_---
outcomes in patients and lower manufacturing hurdles including cost. Moreover, AAV8-mediated /\Q'\Q’ 6@} Obr\’ otyn) . e REF: AAT-miniATP7B-sPolyA
overexpression of our miniATP7B in ATP7B-null mice reduced ALT activity and spleen size, &\{\&VQ@ xé\ xé\ <SR
suggesting improved liver function, and decreased immune response. Together, these results v‘/”\
indicate a potent and effective new gene therapy for the treatment of Wilson’s Disease.
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« WD symptoms include elevated copper levels, liver cirrhosis, and dystonia/bradykinesia? ' 0 |Prmctas ORF AML12 | HUH7Z | AML12 | HUH7 IFiIrliJnr:qaarr)‘/ P’\;icr:;rey
WD is caused by loss-of-function homozygous mutatlc.)ns In the A-\TP7B-gene3 | REF AAT MINATP7B-sPolvA | 0.33 0.03 0.03 0.06 0.05 010
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that it can be excreted via the bile duct in the liver®

(A) Example of the optimization of one MeiraGTx miniATP7B construct that leads to 10-fold higher expression in
transfected human HepG2 cells. (B) Combinations of elements were tested to select the highest expressing miniATP7B
constructs in transfected ATP7B KO HEK?293 cells. (C) Highly-expressing top constructs were confirmed by transducing
human Huh7 cells, primary mouse and human hepatocytes with AAV8. (D) Heatmap summarizes miniATP7B expression
of the reference construct and MeiraGTx top hits across in vitro cellular models.
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(A) AAV8 (5el12 GC/kg i.v.) injected into ATP7B-/- male mice at 7 weeks of age. ALT activity in serum was measured 8

A. B. ~5_ Huh7 weeks after injection. After 12 weeks, organ weights were measured and protein expression was assessed in the liver. (B-
; i O Dual-Reporter Assay 2 % C) Western blot and quantification of ATP7B in the liver of ATP7B mice after 12 weeks. (D) ALT activity in the serum of
fETT e """'.-";Transgene"""- 4 1 ATP7B mice after 8 weeks. (E) Spleen weight of ATP7B mice after 12 weeks.
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200 { F')- 2000 « Several miniIATP7B transgenes show normal and possibly enhanced copper pump activity in vitro.
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This increased vector potency may allow us to significantly decrease therapeutic dosage,
potentially limiting manufacturing requirements and improving safety outcomes.
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(A) MeiraGTx optimization platform considers multiple factors and combinations in the design of a gene therapy. (B) Using
a dual-reporter flow-based assay in transfected human Huh7 cells, the activity of MeiraGTx liver-specific promoters were
compared to commonly used promoters. (C) ATP7B KO HEK293 cells were generated using Crispr-Cas9 and validated by
Western blotting. (D-E) MeiraGTx ATP7B minigenes were tested for copper pump activity in ATP7B KO cells using a
copper reporter in combination with flow cytometry. mClover3 fluorescence increases upon treatment with copper sulfate.
This increase is prevented by expression of either full-length ATP7B or mini-transgenes. Potency of transgenes was
assessed by measuring copper reporter activity at decreasing concentrations of minigenes.
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