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1 RARE PEDIATRIC DISEASE DESIGNATION REQUEST STATEMENT

SLC4A11

SLC4A11
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2.3 Drug Name

2.3.1 Chemical Name - Drug Substance

2.3.2 Generic/Trade Name - Drug Product

SLC4A11

2.4 Manufacturer’s Name and Address

2.4.1 Drug Substance Manufacturer

2.4.2 Drug Product Manufacturer

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



Sponsor-Investigator: Anthony J. Aldave, MD
AAV8-hSLC4A11

Rare Pediatric Disease Designation Request 

Page 7 of 31 Confidential

3 DESCRIPTION OF RARE DISEASE OR CONDITION, PROPOSED 
INDICATION, AND NEED FOR THERAPY

3.1 Description of Rare Disease or Condition

(Figure 1)

Figure 1. Clinical presentation of Congenital hereditary endothelial dystrophy (CHED)
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Figure 2A, D

Figure 2A

p Figure 2B

p Figure 2C

Figure 2D, E
Figure 

2E
(Figure 2F)

(Figure 2G)
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3.2 Proposed Indication and Use of AAV8-hSLC4A11

SLC4A11
SLC4A11

SLC4A11

SLC4A11

3.3 Reasons Why Such Therapy Is Needed

Figure 2. Natural History of CHED. A. Scatter plot of visual acuity (VA) in logMAR unit against age in 
individuals with CHED. Fitted second order polynomial curve (solid line) with 95% CI (dotted lines) of 
predicted VA against age were also plotted. Reference lines and shaded areas indicate 20/20 vision, 
VA range for low vision/moderate visual impairment (light grey) and VA range for legal blindness (dark 
grey). B. Slope graph of Snellen chart VA in 33 eyes of individuals with CHED measured with correction 
(CC) and laser interferometry (LI). ****, p<0.0001. C. Slope graph of Snellen chart VA in 14 eyes of
individuals with CHED measured with correction (CC) and with pinhole. ****, p<0.0001. D. Scatter plot
of CCT against age in individuals with CHED. Fitted one phase association curve (solid line) with 95%
CI (dotted lines) of predicted CCT against age were also plotted. E. Zoomed-in figure of scatter plot D,
showing CCT plotted against age within first 6 years of life in individuals with CHED. F. Scatter plot
showing corneal endothelial cell density (CD) plotted against CCT in children 6 – 13 years of age with
CHED. G. Histogram of CDS (in grayscale units (GSU)) in 55 eyes of children with CHED (GSU 10
indicates a relatively transparent cornea and 70 indicates a relatively opaque cornea). H. Scatter plot
showing age at time of initial keratoplasty in individuals with CHED. Median with 95% CI was plotted as
line with error bars.
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4 DESCRIPTION OF rAAV8-hSLC4A11 AND SCIENTIFIC RATIONALE FOR 
USE

4.1 Description of AAV8-hSLC4A11

4.1.1 Drug Product Naming Convention

4.1.2 Drug Product Physical, Chemical, and Pharmaceutical Properties

Figure 3

Figure 4
Appendix A
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Figure 3. Schematic of the plasmid vector used to produce single stranded AAV-hSLC4A11. 

Figure 4. Organization of the AAV8-hSLC4A11 vector.

4.1.3 Drug Product Description, Mechanism of Action and Route of Administration

4.2 Scientific Rationale for the Use of AAV8-hSLC4A11 in the Rare Disease or 
Condition
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4.2.1 Clinical Efficacy of AAV8-hSLC4A11

4.2.2 Nonclinical Efficacy of AAV8-hSLC4A11Clinical Efficacy of AAV8-
hSLC4A11

Intrastromal injection of AAV8-GFP transduces ex vivo human corneal endothelium

Figure 5

Figure 
5A

en face 

Figure 5B, C
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Figure 5. Intrastromal injection of AAV8-GFP in ex vivo donor human corneas transduces the 
corneal endothelium.

Therapeutic candidate rAAV8- -hSLC4A11 produces mature SLC4A11 protein

SLC4A11

SLC4A11

Figure 6

SLC4A11
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Figure 6. AAV8-hSLC4A11 transduction produces mature SLC4A11 protein. 

SLC4A11 replacement restores SLC4A11-mediated NH3 and H+ permeability in SLC4A11-/- human 
endothelial cells

in vivo
in vivo 

ex vivo ex vivo 
Slc4a11 Slc4a11 Slc4a11+/+

Slc4a11-/-(exon 9-13 del) in vitro

Slc4a11
(Figure 7B)

SLC4A11 SLC4A11 Slc4a11 (exon 9-
13 del) (Figure 7B) SLC4A11

Figure 7C
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Figure 7. SLC4A11 mediated NH3/NH4+ and H+ conductance is a sensitive measure of mature 
SLC4A11 function. A. 

B
C

SLC4A11

p p

LV-SLC4A11 rescues NH3:H+ permeability and oxidative stress defense in SLC4A11-/- human endothelial
cells

SLC4A11 
SLC4A11

Figure 8)

Figure 8B

Figure 8B
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Figure 8. LV-hSLC4A11 transduction reinstated membrane NH3/NH4
+ and H+ conductance, as well 

as cellular resistance to oxidative stress stimuli in SLC4A11-deficient HCEnC. 
SLC4A11

SLC4A11

Intracameral AAV9-mSlc4a11 rescues corneal edema in Slc4a11-/- mice 

Slc4a11

Slc4a11 Slc4a11

Slc4a11exon9-13del 

Slc4a11 Slc4a11

Slc4a11 

Slc4a11
Slc4a11

(Figure 9) Slc4a11

Slc4a11

Slc4a11
Slc4a11
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Figure 11. Intrastromal AAV8-hSLC4A11 injection rescues corneal edema in Slc4a11 knock out 
mice. Slc4a11

Slc4a11 
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Table 1. Intrastromal AAV8-hSLC4A11 injection rescues corneal edema in Slc4a11 knock out mice.

5 ORPHAN DRUG STATUS

SLC4A11

6 PATIENT SUBSET CONSIDERATIONS AND MEDICAL PLAUSIBILITY OF 
THE CHOSEN SUBSET

SLC4A11 

7 REGULATORY STATUS AND MARKETING HISTORY

Regulatory status: 
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9 RARE PEDIATRIC DISEASE DESIGNATION JUSTIFICATION

8 DOCUMENTATION OF PATIENT POPULATION SIZE

Table 2

Table 2. Summary of published series of the incidence and causes of congenital corneal opacification 
(CCO).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



Sponsor-Investigator: Anthony J. Aldave, MD
AAV8-hSLC4A11

Rare Pediatric Disease Designation Request 

Page 23 of 31 Confidential

SLC4A11

SLC4A11

SLC4A11
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APPENDIX A 

Nucleotide Sequence of AAV8-hSLC4A11. The complete sequence of AAV8-hSLC4A11 drug product, 
including the codon optimized human SLC4A11 gene (in bold) and the different AAV8 cassette elements 
with the corresponding ITRs and promoter.

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACC
TTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGG
GTTCCTTCTAGACAACTTTGTATAGAAAAGTTGGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATC
GCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGC
GGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTA
TATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTG
CCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCA
CCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCT
TGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGT
GCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTG
ATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACACTGG
TATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGC
GGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGT
GCCTGGTCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTG
CGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTC
GGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCAT
GTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCG
TCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGT
TAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATT
CTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGACAAGTTTGTACAAAA
AAGCAGGCTGCCACCATGAGCCAGGTCGGGGGGCGGGGAGACAGGTGCACACAGGAGGTCCAG
GGCTTGGTCCATGGGGCTGGTGACCTTTCTGCTTCCCTTGCAGAAAACTCTCCCACCATGTCGC
AGAATGGATACTTCGAGGATTCAAGCTACTACAAGTGTGACACAGATGACACCTTCGAAGCCCG
AGAGGAGATCCTGGGGGATGAGGCCTTCGACACTGCCAACTCCTCCATCGTGTCTGGCGAGAGT
ATCCGTTTTTTTGTCAATGTCAACCTTGAGATGCAGGCCACCAACACTGAGAATGAAGCGACTTC
CGGTGGCTGTGTGCTCCTGCACACCTCCCGAAAGTACCTGAAGTTAAAGAACTTCAAGGAAGAG
ATCCGTGCGCACCGCGACCTAGATGGCTTCCTGGCGCAGGCCAGCATCGTCCTGAACGAGACGG
CCACCTCCCTGGATAACGTGCTGCGGACCATGCTTCGCCGCTTCGCCAGGGACCCTGACAACAA
TGAGCCCAACTGCAACCTGGACCTGCTCATGGCCATGCTCTTCACCGATGCCGGGGCACCCATG
CGGGGTAAAGTCCACCTGCTGTCAGATACCATCCAAGGGGTCACCGCCACAGTGACAGGGGTGC
GGTACCAGCAGTCGTGGCTCTGCATCATCTGTACCATGAAGGCCCTACAGAAGCGGCACGTGTG
CATCAGCCGCCTGGTTCGCCCACAGAACTGGGGGGAGAATTCCTGTGAGGTTCGGTTCGTCATC
CTGGTGCTGGCCCCACCCAAGATGAAAAGCACTAAGACTGCGATGGAGGTGGCGCGCACGTTTG
CCACCATGTTCTCGGATATCGCCTTCCGCCAGAAGCTCCTGGAGACCCGCACAGAGGAGGAATT
CAAGGAGGCCTTGGTGCATCAGAGACAGCTGCTCACCATGGTGAGCCACGGTCCAGTGGCGCC
GAGAACGAAGGAACGCAGCACAGTCTCCCTCCCTGCCCACAGACACCCAGAGCCCCCAAAGTGC
AAGGACTTTGTCCCTTTTGGGAAGGGCATCCGGGAGGACATCGCACGCAGGTTCCCCTTGTACC
CCTTGGACTTCACTGATGGCATTATTGGGAAAAACAAGGCTGTGGGCAAATACATCACCACCAC
CCTGTTCCTCTACTTCGCCTGCCTCCTGCCCACCATCGCTTTCGGGTCTCTCAATGACGAGAACA
CAGACGGGGCCATCGACGTGCAGAAGACCATAGCCGGGCAGAGCATCGGGGGCCTGCTCTACG
CGCTCTTCTCTGGGCAGCCATTGGTGATTCTGCTGACCACCGCGCCCCTGGCGCTCTACATCCA
GGTGATTCGTGTCATCTGTGATGACTATGACCTGGACTTCAACTCCTTCTACGCATGGACGGGC
CTGTGGAATAGTTTCTTCCTTGCGCTTTATGCCTTTTTCAACCTCAGCCTGGTCATGAGTCTCTT
CAAGAGGTCGACGGAGGAGATCATCGCCCTCTTCATTTCCATCACGTTTGTGCTGGATGCCGTC
AAGGGCACGGTTAAAATCTTCTGGAAGTACTACTATGGGCATTACTTGGACGACTATCACACAA
AAAGGACTTCATCCCTTGTCAGCCTGTCAGGCCTCGGCGCCAGCCTCAACGCCAGCCTCCACAC
TGCCCTCAACGCCAGCTTCCTCGCCAGCCCCACGGAGCTGCCCTCGGCCACACACTCAGGCCAG
GCGACCGCCGTGCTCAGCCTCCTCATCATGCTGGGCACGCTCTGGCTGGGCTACACCCTCTACC
AATTCAAGAAGAGCCCCTACCTGCACCCCTGCGTGCGAGAGATCCTGTCCGACTGCGCCCTGCC
CATCGCGGTGCTCGCCTTCTCCCTCATCAGCTCCCATGGCTTCCGGGAAATCGAGATGAGCAAG
TTCCGCTACAACCCCAGCGAGAGCCCCTTTGCGATGGCGCAGATCCAGTCGCTGTCCCTGAGGG
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CCGTCAGCGGTGCCATGGGCCTCGGCTTCCTGCTGTCCATGCTCTTCTTCATCGAGCAGAACTT
GGTGGCCGCCTTGGTGAATGCACCGGAGAACAGGCTGGTGAAGGGCACTGCCTACCACTGGGA
CCTCCTGCTCCTCGCCATCATCAACACAGGGCTGTCTCTGTTTGGGCTGCCTTGGATCCATGCCG
CCTACCCCCACTCCCCGCTGCACGTGCGAGCCCTGGCCTTAGTGGAGGAGCGTGTGGAGAACG
GACACATCTATGACACGATTGTGAACGTGAAGGAGACGCGGCTGACCTCGCTGGGCGCCAGCGT
CCTGGTGGGCCTGTCCCTGTTGCTGCTGCCGGTCCCGCTTCAGTGGATCCCCAAGCCCGTGCTC
TATGGCCTCTTCCTCTACATCGCGCTCACCTCCCTCGATGGCAACCAGCTCGTCCAGCGCGTGG
CCCTGCTGCTCAAGGAGCAGACTGCGTACCCCCCGACACACTACATCCGGAGGGTGCCCCAGAG
GAAGATCCACTACTTCACGGGCCTGCAGGTGCTTCAGCTGCTGCTGCTGTGTGCCTTCGGCATG
AGCTCCCTGCCCTACATGAAGATGATCTTTCCCCTCATCATGATCGCCATGATCCCCATCCGCTA
TATCCTGCTGCCCCGAATCATTGAAGCCAAGTACTTGGATGTCATGGACGCTGAGCACAGGCCT
TGAACCCAGCTTTCTTGTACAAAGTGGGAATTCCTAGAGCTCGCTGATCAGCCTCGACTGTGCCT
TCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCAC
TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTA
TTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAGAATAGCAGGCAT
GCTGGGGAGGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTC
GCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGT
GAGCGAGCGAGCGCGCAGCTGCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTG
TGCGGTATTTCACACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAG
CGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCTTAGCGCCCGC
TCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATC
GGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTG
GGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGT
CCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACTCTATCTCGGGCTAT
TCTTTTGATTTATAAGGGATTTTGCCGATTTCGGTCTATTGGTTAAAAAATGAGCTGATTTAACA
AAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAAT
CTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGA
CGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGT
GTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATT
TTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCCTGGCCCGTGTCTCAAAATCTCT
GATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAAC
AGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCA
ACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGAC
AATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGC
GTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCC
GACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAA
AAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCA
GTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATT
TCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGAC
GAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCAC
CGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTA
ATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTAT
GGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGAT
AATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGT
TAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCA
AAATCCCTTAACGTGAGTTACGCGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAA
CGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATC
CTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGT
TTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATAC
CAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCT
ACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTAC
CGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTC
GTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTA
TGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTC
GGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTAT
GGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATG
T
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