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Additional Supplementary Methods 
 

In vivo mouse Ttr editing with Cas9 

Cas9 mRNA was synthesized by in vitro transcription (IVT), following previously reported methods1, 2. 

IVT was performed using the MEGAscript SP6 transcription kit (Invitrogen, AM1330), with uridine 

triphosphate replaced with N1-methylpseudouridine-5'-triphosphate. After 2 hours of incubation at 37 ℃, 

1μL of Turbo DNase was added per reaction. A Cap1 structure was then added to the 5’ end of the mRNA 

using the Cap1 Capping System (Hongene, ON-028 & ON-014). After 1 hour of incubation at 37 ℃, the 

mRNA was subsequently purified by LiCl precipitation. Heavily modified sgTTR (G211) was a kind gift 

from Hongene, with a modification according to a previously reported study3. The sgTTR sequence is 

described in Supplementary Table 4. Cas9 mRNA and sgTTR (wt/wt=2:1) were encapsulated in 4A3-

SC7 Liver SORT LNPs or 5A2-SC8 DOTAP SORT LNPs (LNP-Cas9) by controlled T-mixing. For 4A3-

SC7 Liver SORT LNPs, the molar ratio was 4A3-SC7/DOPE/cholesterol/DMG-PEG2000/Liver SORT 

lipid=15.04/23.04/38.72/3.2/20 (Total lipid:RNA wt/wt=20:1). For 5A2-SC8 Lung SORT LNP 

formulation, the molar ratio was 5A2-SC8/DOPE/cholesterol/DMG-

PEG2000/DOTAP=21.6/12/25.2/1.2/40 (Total lipid:RNA wt/wt=20:1). C57BL/6J mice (8-to-9-week-old) 

were IV injected with 1.5 mg kg−1 of 4A3-SC7 Liver SORT LNPs or 2 mg kg−1 of 5A2-SC8 Lung SORT 

LNPs containing Cas9 mRNA and sgTTR. Liver and lung tissues were collected 7 days post-injection. 

 

Isolation of bronchial epithelial cells of LNP-Cas9 treated mice by magnetic cell separation 

Bronchial epithelial cells from LNP-Cas9 treated mice were isolated using the EasySep™ Biotin Positive 

Selection Kit II (Stem Cell Technologies, 17665). RBC-depleted lung cells were incubated in 100 μL of 

cell staining buffer with 1 μL of FcR blocker and 1 μL each of biotin-conjugated anti-mouse CD326 (Ep-

CAM) (BioLegend, 118203) for 15 minutes at room temperature. Then, 1 mL of staining buffer was added, 

and the cells were centrifuged to collect the pellet. The pellet was reconstituted in 100 μL of buffer and 

then incubated with 10 μL of biotin selection cocktail for 15 minutes. Next, 8 μL of streptavidin-bound 

magnetic nanoparticles were added and incubated for 10 minutes. An additional 500 μL of staining buffer 

was added, and the tube was placed on a magnet for 10 minutes. The wash process was performed by 

adding 500 μL of staining buffer, placing the tube back on the magnet for 10 minutes, and repeating this 

wash step. Finally, the labeled bronchial epithelial cells were collected. 

 

Next-generation sequencing (NGS) for mouse Ttr gene 

DNA was extracted from tissues using NucleoSpin Tissue XS kits (MACHEREY-NAGEL, 740901.50), 

following the manufacturer’s protocol. Amplicons were prepared by PCR with Phusion U Green Multiple 

PCR Master Mix (Thermo Fisher, F564S) with an amplification protocol (98 °C for 30 s; (98°C for 10 s; 

65°C for 30 s; 72°C for 20 s) for 30 cycles; 72°C for 2 min). Primers for PCR are described in 

Supplementary Table 5. The amplicons were purified using the Qiagen PCR purification kit (Qiagen, 

28106), and the concentration of purified amplicons was confirmed by using a Qubit assay following the 

manufacturer’s protocol. Libraries were sequenced on an Illumina MiSeq Instrument, and the data analysis 

was performed using CRISPResso24. 

 

  



DNA template sequences of Cas9 and ABEs 
 

NLS-Cas9-SV40 NLS-Nucleoplasmin NLS: 

ATGCGCGCCGCTCCGGCAGCTAAGAAAAAGAAACTGGATGGCAGCGTCGACATGGATAAGA

AATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAAT

ATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAA

AAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAAC

GGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTT

CAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGG

AAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATC

ATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGG

ATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAG

GGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTAC

AATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCT

GCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAA

AAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAAT

TTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGAT

AATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAG

ATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGC

TTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCG

ACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAG

GTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAA

AAATGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAA

CGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTG

AGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTT

GACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATG 

ACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGC

TTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGT

ACTACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAA

ATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTG

TTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCA

AAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCAT

TAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAA

ATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGA

GGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTC

GCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAAT

CTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCT

GATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAG

GCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTT

ACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATA

TCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGA

GCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATC

CTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAG

ACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACATTGT

TCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATAAAA

ATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGG



AGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGA 

ACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTC

GCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAA

ATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCG

AAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTAT

CTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTC

TATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGC

AAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACA

CTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAA

TTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTC

AATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAA

AAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGT

TTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATC

GAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTG

AAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATC

ATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGT

GCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATA

TTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGT

TTGTGGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGC

GTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACA

AACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTC

CCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAG 

TTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAG

TCAGCTAGGAGGTGACACCGGTGGTGGTCCCGGGGGTGGTGCGGCCGCAGGCAGCGGAAG

CCCTAAGAAAAAACGAAAAGTTGGCAGCGGAAGCAAAAGGCCGGCGGCCACGAAAAAGG

CCGGCCAGGCAAAAAAGAAAAAGTGA 

 

ngcABEvar9: 

TTGGACCCTCGTACAGAAGCTAATACGACTCACTATAAGGAAATAAGAGAGAAAAGAAGAG

TAAGAAGAAATATAAGAGCCACCATGAGCGAGGTCGAGTTCTCTCACGAATATTGGATGAGA

CACGCTCTCACCCTGGCTAAGAGAGCCAGGGACGAAAGAGAGGTGCCAGTTGGCGCTGTCC

TGGTGTTGAACAATCGCGTCATCGGAGAAGGATGGAATCGCGCCATTGGCCTGCACGATCCA

ACCGCACATGCCGAAATTATGGCTCTGCGGCAAGGCGGCCTCGTGATGCAAAATTACAGACT

GTACGATGCTACCCTCTACACTACCTTCGAGCCCTGTGTCATGTGTGCTGGGGCAATGATTCA

CTCCCGGATTGGCCGCGTGGTGTTTGGAGTGCGGAATGCCAAGACTGGCGCCGCTGGATCTC

TGATGGACGTCCTGCACTATCCTGGGATGAACCACCGGGTCGAGATCACAGAGGGAATTCTG

GCTGACGAGTGCGCTGCCCTGCTGTGCACCTTCTTTAGAATGCCCAGATcTGTGTTCAACGCC

CAGAAAAAAGCTCAGAGCAGCACCGATTCCGGCGGAAGCAGCGGAGGATCTTCTGGAAGC

GAAACCCCAGGCACCAGCGAGTCTGCCACACCAGAATCATCTGGCGGTAGCTCCGGCGGCA

GCGACAAGAAGTATTCTATCGGACTGGCCATCGGCACCAACTCTGTTGGATGGGCCGTGATC

ACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACAGGCAC

AGCATCAAGAAGAACCTGATCGGCGCACTGCTGTTCGACTCTGGCGAAACAGCCGAGGCCA

CCAGACTGAAGAGAACAGCCCGCAGACGGTACACCAGAAGAAAGAACCGGATCTGCTACC

TCCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGA

AGAGTCCTTCCTGGTGGAAGAGGACAAGAAGCACGAGAGACACCCCATCTTCGGCAACATC

GTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGG



TGGACAGCACCGACAAGGCCGACCTGAGACTGATCTATCTGGCCCTGGCTCACATGATCAAG

TTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAATCCTGACAACAGCGACGTGGACAAGC

TGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAG

CGGAGTGGATGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAAT

CTGATCGCCCAGCTGCCTGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGA

GCCTGGGCCTGACACCTAACTTCAAGAGCAACTTCGACCTGGCCGAGGACGCCAAACTGCA

GCTGAGCAAGGACACCTACGACGACGACCTGGACAATCTGCTGGCCCAGATCGGCGATCAG

TACGCCGACTTGTTTCTGGCCGCCAAGAATCTGAGCGACGCCATCCTGCTGTCCGACATCCT

GAGAGTGAACACCGAGATCACCAAGGCACCTCTGAGCGCCTCTATGATCAAGAGATACGAC

GAGCACCACCAGGATCTGACCCTGCTGAAGGCCCTCGTTAGACAGCAGCTGCCAGAGAAGT

ACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGATGGCGGAGC

CAGCCAAGAGGAATTCTACAAGTTCATCAAGCCCATCCTCGAGAAGATGGACGGCACCGAG

GAACTGCTGGTCAAGCTGAACAGAGAGGACCTGCTGAGAAAGCAGAGAACCTTCGACAAC

GGCAGCATCCCTCACCAGATCCACCTGGGAGAACTGCACGCCATTCTGCGGAGACAAGAGG

ACTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAAATCCTGACCTTCAGGATC

CCCTACTACGTGGGACCACTGGCCAGAGGCAATAGCAGATTCGCCTGGATGACCAGAAAGA

GCGAGGAAACCATCACTCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCTC

AGTCCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCTAACGAGAAGGTGCTGCCC

AAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACAACGAGCTGACCAAAGTGAAATACG

TGACCGAGGGAATGAGAAAGCCCGCCTTTCTGAGCGGCGAGCAGAAAAAGGCCATCGTGG

ATCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAA

GAAAATCGAGTGCTTCGACAGCGTCGAGATCTCCGGCGTGGAAGATCGGTTCAATGCCAGC

CTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAACGAAG

AGAACGAGGACATCCTTGAGGACATCGTGCTGACACTGACCCTGTTTGAGGACAGAGAGAT

GATCGAGGAACGGCTGAAAACATACGCCCACCTGTTCGACGACAAAGTGATGAAGCAACTG

AAGCGGCGGAGATACACCGGCTGGGGCAGACTGTCTCGGAAGCTGATCAACGGCATCCGGG

ATAAGCAGTCCGGCAAGACCATCCTGGACTTTCTGAAGTCCGACGGCTTCGCCAACAGAAA

CTTCATGCAGCTGATTCACGACGACAGCCTCACCTTCAAAGAGGATATCCAGAAAGCCCAGG

TGTCCGGCCAGGGCGATTCTCTGCATGAGCACATTGCCAACCTGGCCGGCTCTCCCGCCATT

AAGAAAGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTTGTGAAAGTGATGGGCAGA

CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACACAGAAGGGA

CAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGC

CAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGT

ACTACCTGCAGAATGGACGGGATATGTACGTGGACCAAGAGCTGGACATCAACAGACTGTC

CGACTACGATGTGGACCATATCGTGCCCCAGTCTTTTCTGAAGGACGACTCCATCGACAACA

AGGTCCTGACCAGATCCGACAAGAATCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGG

TGGTCAAGAAGATGAAGAACTACTGGCGACAGCTGCTGAACGCCAAGCTGATTACCCAGCG

GAAGTTCGACAATCTGACCAAGGCCGAAAGAGGCGGCCTGAGCGAACTGGATAAGGCCGG

CTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATTCTG

GACTCTCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGCGAAGTGAAAGTCA

TCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTCTACAAAGTGCGC

GAGATCAACAACTACCATCACGCCCACGACGCCTACCTGAATGCCGTTGTTGGAACAGCCCT

GATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGAC

GTGCGGAAGATGATCGCCAAGAGCGAGCAAGAGATTGGCAAGGCAACCGCCAAGTACTTCT

TCTACAGCAACATCATGAACTTTTTCAAGACAGAGATCACCCTCGCCAACGGCGAGATCAGA

AAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGCGAGATTGTGTGGGATAAGGGCAGA



GACTTTGCCACAGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAGAAAACCG

AGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCTAAGCGGAACTCCGACAAGCT

GATCGCCAGAAAGAAGGACTGGGACCCCAAGAAaTACGGCGGCTTTATGCAGCCCACCGTG

GCCTATTcTGTTCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTCAAGAGCG

TGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCGATCGA

TTTCCTCGAGGCCAAGGGTTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTCCCCAAG

TACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCcAAGTTcCTGCA

GAAGGGAAACGAACTGGCCCTGCCTAGCAAATATGTGAACTTCCTGTACCTGGCCAGCCACT

ATGAGAAGCTGAAGGGCAGCCCCGAGGACAATGAGCAAAAGCAGCTGTTTGTGGAACAGC

ACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTTAGCAAGAGAGTGATTCT

GGCCGACGCCAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGACAAGCCTATC

AGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAACCTGGGAGCCCCTAGAGC

CTTCAAGTACTTTGACACCACCATCGCCCGGAAGGAGTACCGGTCCACCAAAGAGGTGCTG

GACGCCACTCTGATCCACCAGTCTATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCA

ACTCGGAGGCGACGAAGGCGCCGATAAGAGAACCGCCGATGGCTCTGAGTTCGAGAGCCCT

AAGAAAAAGCGCAAAGTGTAGGCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCTT

CTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAG 

 

ABE8e-NGC: 

TTGGACCCTCGTACAGAAGCTAATACGACTCACTATAAGGAAATAAGAGAGAAAAGAAGAG

TAAGAAGAAATATAAGAGCCACCATGTCTGAGGTGGAGTTTTCCCACGAGTACTGGATGAGA

CATGCCCTGACCCTGGCCAAGAGGGCACGGGATGAGAGGGAGGTGCCTGTGGGAGCCGTG

CTGGTGCTGAACAATAGAGTGATCGGCGAGGGCTGGAACAGAGCCATCGGCCTGCACGACC

CAACAGCCCATGCCGAAATTATGGCCCTGAGACAGGGCGGCCTGGTCATGCAGAACTACAG

ACTGATTGACGCCACCCTGTACGTGACATTCGAGCCTTGCGTGATGTGCGCCGGCGCCATGA

TCCACTCTAGGATCGGCCGCGTGGTGTTTGGCTGGAGGAACTCAAAAAGAGGCGCCGCAGG

CTCCCTGATGAACGTGCTGAACTACCCCGGCATGAATCACCGCGTCGAAATTACCGAGGGAA

TCCTGGCAGATGAATGTGCCGCCCTGCTGTGCGATTTCTATCGGATGCCTAGACAGGTGTTCA

ATGCTCAGAAGAAGGCCCAGAGCTCCATCAACTCCGGCGGAAGCAGCGGAGGATCTTCTGG

AAGCGAAACCCCAGGCACCAGCGAGTCTGCCACACCAGAATCATCTGGCGGTAGCTCCGGC

GGCAGCGACAAGAAGTATTCTATCGGACTGGCCATCGGCACCAACTCTGTTGGATGGGCCGT

GATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACAG

GCACAGCATCAAGAAGAACCTGATCGGCGCACTGCTGTTCGACTCTGGCGAAACAGCCGAG

GCCACCAGACTGAAGAGAACAGCCCGCAGACGGTACACCAGAAGAAAGAACCGGATCTGC

TACCTCCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGAC

TGGAAGAGTCCTTCCTGGTGGAAGAGGACAAGAAGCACGAGAGACACCCCATCTTCGGCA

ACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAA

ACTGGTGGACAGCACCGACAAGGCCGACCTGAGACTGATCTATCTGGCCCTGGCTCACATG

ATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAATCCTGACAACAGCGACGTGG

ACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAA

CGCCAGCGGAGTGGATGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG

GAAAATCTGATCGCCCAGCTGCCTGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTG

CCCTGAGCCTGGGCCTGACACCTAACTTCAAGAGCAACTTCGACCTGGCCGAGGACGCCAA

ACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAATCTGCTGGCCCAGATCGGC

GATCAGTACGCCGACTTGTTTCTGGCCGCCAAGAATCTGAGCGACGCCATCCTGCTGTCCGA

CATCCTGAGAGTGAACACCGAGATCACCAAGGCACCTCTGAGCGCCTCTATGATCAAGAGAT



ACGACGAGCACCACCAGGATCTGACCCTGCTGAAGGCCCTCGTTAGACAGCAGCTGCCAGA

GAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGATGGC

GGAGCCAGCCAAGAGGAATTCTACAAGTTCATCAAGCCCATCCTCGAGAAGATGGACGGCA

CCGAGGAACTGCTGGTCAAGCTGAACAGAGAGGACCTGCTGAGAAAGCAGAGAACCTTCG

ACAACGGCAGCATCCCTCACCAGATCCACCTGGGAGAACTGCACGCCATTCTGCGGAGACA

AGAGGACTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAAATCCTGACCTTC

AGGATCCCCTACTACGTGGGACCACTGGCCAGAGGCAATAGCAGATTCGCCTGGATGACCAG

AAAGAGCGAGGAAACCATCACTCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCCAG

CGCTCAGTCCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCTAACGAGAAGGTGC

TGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACAACGAGCTGACCAAAGTGAA

ATACGTGACCGAGGGAATGAGAAAGCCCGCCTTTCTGAGCGGCGAGCAGAAAAAGGCCATC

GTGGATCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACT

TCAAGAAAATCGAGTGCTTCGACAGCGTCGAGATCTCCGGCGTGGAAGATCGGTTCAATGC

CAGCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAAC

GAAGAGAACGAGGACATCCTTGAGGACATCGTGCTGACACTGACCCTGTTTGAGGACAGAG

AGATGATCGAGGAACGGCTGAAAACATACGCCCACCTGTTCGACGACAAAGTGATGAAGCA

ACTGAAGCGGCGGAGATACACCGGCTGGGGCAGACTGTCTCGGAAGCTGATCAACGGCATC

CGGGATAAGCAGTCCGGCAAGACCATCCTGGACTTTCTGAAGTCCGACGGCTTCGCCAACA

GAAACTTCATGCAGCTGATTCACGACGACAGCCTCACCTTCAAAGAGGATATCCAGAAAGC

CCAGGTGTCCGGCCAGGGCGATTCTCTGCATGAGCACATTGCCAACCTGGCCGGCTCTCCCG

CCATTAAGAAAGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTTGTGAAAGTGATGGG

CAGACACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACACAGAA

GGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGG

GCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGT

ACCTGTACTACCTGCAGAATGGACGGGATATGTACGTGGACCAAGAGCTGGACATCAACAG

ACTGTCCGACTACGATGTGGACCATATCGTGCCCCAGTCTTTTCTGAAGGACGACTCCATCG

ACAACAAGGTCCTGACCAGATCCGACAAGAATCGGGGCAAGAGCGACAACGTGCCCTCCG

AAGAGGTGGTCAAGAAGATGAAGAACTACTGGCGACAGCTGCTGAACGCCAAGCTGATTAC

CCAGCGGAAGTTCGACAATCTGACCAAGGCCGAAAGAGGCGGCCTGAGCGAACTGGATAA

GGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACA

GATTCTGGACTCTCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGCGAAGTG

AAAGTCATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTCTACAA

AGTGCGCGAGATCAACAACTACCATCACGCCCACGACGCCTACCTGAATGCCGTTGTTGGAA

CAGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGT

GTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAAGAGATTGGCAAGGCAACCGCCAA

GTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACAGAGATCACCCTCGCCAACGGCG

AGATCAGAAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGCGAGATTGTGTGGGATAA

GGGCAGAGACTTTGCCACAGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAG

AAAACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCTAAGCGGAACTCCG

ACAAGCTGATCGCCAGAAAGAAGGACTGGGACCCCAAGAAATACGGCGGCTTTATGCAGCC

CACCGTGGCCTATTCTGTTCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTC

AAGAGCGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATC

CGATCGATTTCCTCGAGGCCAAGGGTTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCT

CCCCAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCAAG

TTCCTGCAGAAGGGAAACGAACTGGCCCTGCCTAGCAAATATGTGAACTTCCTGTACCTGGC

CAGCCACTATGAGAAGCTGAAGGGCAGCCCCGAGGACAATGAGCAAAAGCAGCTGTTTGTG



GAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTTAGCAAGAGAG

TGATTCTGGCCGACGCCAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGACAA

GCCTATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAACCTGGGAGCCC

CTAGAGCCTTCAAGTACTTTGACACCACCATCGCCCGGAAGGAGTACCGGTCCACCAAAGA

GGTGCTGGACGCCACTCTGATCCACCAGTCTATCACCGGCCTGTACGAGACACGGATCGACC

TGTCTCAACTCGGAGGCGACGAAGGCGCCGATAAGAGAACCGCCGATGGCTCTGAGTTCGA

GAGCCCTAAGAAAAAGCGCAAAGTGTAGGCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATG

CCCTTCTTCTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAG 

 

ABE8e-NG: 

TTGGACCCTCGTACAGAAGCTAATACGACTCACTATAAGGAAATAAGAGAGAAAAGAAGAG

TAAGAAGAAATATAAGAGCCACCATGTCTGAGGTGGAGTTTTCCCACGAGTACTGGATGAGA

CATGCCCTGACCCTGGCCAAGAGGGCACGGGATGAGAGGGAGGTGCCTGTGGGAGCCGTG

CTGGTGCTGAACAATAGAGTGATCGGCGAGGGCTGGAACAGAGCCATCGGCCTGCACGACC

CAACAGCCCATGCCGAAATTATGGCCCTGAGACAGGGCGGCCTGGTCATGCAGAACTACAG

ACTGATTGACGCCACCCTGTACGTGACATTCGAGCCTTGCGTGATGTGCGCCGGCGCCATGA

TCCACTCTAGGATCGGCCGCGTGGTGTTTGGCGTGAGGAACTCAAAAAGAGGCGCCGCAGG

CTCCCTGATGAACGTGCTGAACTACCCCGGCATGAATCACCGCGTCGAAATTACCGAGGGAA

TCCTGGCAGATGAATGTGCCGCCCTGCTGTGCGATTTCTATCGGATGCCTAGACAGGTGTTCA

ATGCTCAGAAGAAGGCCCAGAGCTCCATCAACTCCGGAGGATCTAGCGGAGGCTCCTCTGG

CTCTGAGACACCTGGCACAAGCGAGAGCGCAACACCTGAAAGCAGCGGGGGCAGCAGCGG

GGGGTCAGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCC

GTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACC

GGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCG

AGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCT

GCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAG

ACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGC

AACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGA

AACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACAT

GATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTG

GACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCA

ACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGC

TGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGAAACCTGAT

TGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCC

AAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCG

GCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAG

CGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAG

AGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC

CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGA

CGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGAC

GGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACC

TTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGC

GGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGAC

CTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGA

CCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCG

CTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAA



GGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAA

GTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAG

GCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG

GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTT

CAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGG

ACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGA

CAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATG

AAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC

GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCG

CCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCA

GAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGC

AGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAG

TGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCA

CCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAA

GAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAG

AAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACAT

CAACCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACT

CCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGC

CCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGC

TGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACT

GGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTG

GCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGG

AAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTT

TACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCG

TGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTA

CAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTAC

CGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCA

ACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGT

GGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATC

GTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCAGGCCCAAGAGG

AACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCG

TCAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAA

GAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGA

GAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC

ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCT

CTGCCAGATTCCTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTG

TACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGC

TGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTC

CAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC

CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCT

GGGAGCCCCTAGGGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGGTGTACAGGAGC

ACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACAC

GGATCGACCTGTCTCAGCTGGGAGGTGACGAAGGCGCCGATAAGAGAACCGCCGATGGCTC

TGAGTTCGAGAGCCCTAAGAAAAAGCGCAAAGTGTAGGCTGCCTTCTGCGGGGCTTGCCTT

CTGGCCATGCCCTTCTTCTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGT

AGGAAG  
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Supplementary Figures 

 

 
 
Supplementary Fig. 1. 5-component 4A3-SC7 SORT LNPs (containing 4A3-SC7 and 4A3-Cit) 

mediated higher mRNA delivery efficiency than 4-component Cit LNPs (containing 4A3-Cit). a, 

Formulation details and physiochemical properties of LNPs. LNPs were formulated by T-mixing. b, 

C57BL/6J mice were intravenously administrated at 0.015 mg kg-1 Luc mRNA (n = 2 biological replicates). 

Mice were sacrificed 6 hours after the injection and dissected to collect major organs (heart, lung, liver, 

spleen, and kidney). Bioluminescence was measured by ex vivo imaging using AMI imaging systems. 

Data are presented as mean ± s.e.m.  



 
 

Supplementary Fig. 2. No off-target editing was detected after Liver SORT LNP treatment. Patient-

derived liver fibroblasts (GM12445) were treated with optimized all-in-one Liver SORT LNPs. ABE 

mRNA and heavily modified sgSERPINA1 were encapsulated at a weight ratio 1:1. a, Sequence 

information of eight predicted off-target sites of sgSERPINA1 was listed in the table. b, The potential off-

target sites were amplified by PCR and analyzed using NGS deep sequencing. The non-treated group was 

used as negative control (NC). 

 

  



 
 

Supplementary Fig. 3. Correction editing profiles across various organs and the editing profile 

within the protospacer. DNA was extracted from various organs at the 4-week time point. a, Editing 

efficacy profile in various organs of PiZ mice treated with SORT LNPs (Untreated, n = 3; Liver SORT 

and Lung SORT, n = 5; Dual SORT, n = 4,5 biological replicates). Editing in the SERPINA1 gene was 

quantified as the sum of alleles (7G and both 5G+7G edited). Minimal or no editing was detected in organs 

other than the target organs (lungs and livers). Data are presented as mean ± s.e.m. b, Detailed A-to-G 

conversion frequency of Dual SORT LNPs within the protospacer in the target tissues.  



 

Supplementary Fig. 4. Substantial in vivo gene editing in the liver and lungs of mice using Cas9. a, 

Formulation details and physiochemical properties of LNPs prepared by controlled T-mixing. b, A 

schematic representation of the experimental design used to evaluate gene editing efficiency in liver and 

lung cells of C57BL/6J mice. The mouse Ttr gene was targeted by co-delivery of Cas9 mRNA and sgTTR. 

4A3-SC7 Liver SORT LNPs or 5A2-SC8 Lung SORT LNPs were used to co-deliver Cas9 mRNA and 

heavily modified sgTTR. Mice were IV injected with each Liver SORT (1.5 mg kg−1) and Lung SORT 

LNPs (2 mg kg−1), with a Cas9 mRNA:sgTTR ratio of 2:1 (wt/wt). Mice were sacrificed 7 days post-

injection. c, Insertion and deletion (Indel) rate in the liver (n = 3 biological replicates) and bronchial 

epithelial cells (n = 4 biological replicates). Data are presented as mean ± s.e.m.  Two-tailed t-test.  

  



 
 

Supplementary Fig. 5. Images of Periodic Acid-Schiff with diastase (PAS-D)-stained liver slides from 

SORT LNP-treated PiZ mice at the 4-week time point. White arrows indicate non-Z-A1AT aggregates 

detected area. Black arrows indicate Z-A1AT aggregates (globules). Dual SORT LNP treatment 

successfully lowered the Z-A1AT. Scale bar, 2.5 mm.  

 



 
 

Supplementary Fig. 6. Images of PAS-D-stained liver slides from SORT LNP-treated PiZ mice at 

the 12-week time point. Black arrows indicate Z-A1AT aggregates (globules). Minimal Z-A1AT 

aggregates were detected in the untreated PiZ mice. Scale bar, 2.5 mm. 

 

 

 

  



 

 
 

Supplementary Fig. 7. Images of PAS-D-stained liver tissues from SORT LNP-treated PiZ mice at 

the 32-week time point. Black arrows indicate Z-A1AT aggregates (globules). Minimal Z-A1AT 

aggregates were detected in the untreated PiZ mice. Scale bar, 2.5 mm. 

 

 

 

  



 
 

Supplementary Fig. 8. The histopathology assessment of liver slides from SORT LNP-treated PiZ 

mice at the 4-week time point. Images of H&E-stained liver tissue slides from PiZ mice. Scale bar, 500 

µm. On the right side of the images are the mean individual histopathology scores (0-5) of liver tissue 

slides from PiZ mice (Untreated, n = 7; Liver SORT and Lung SORT, n = 5; Dual SORT, n = 6 biological 

replicates).  



 
 

Supplementary Fig. 9. Images of Picro-Sirius red (PSR)-stained liver slides from SORT LNP-treated 

PiZ mice at the 32-week time point. Thirty-eight- to forty-week-old C57BL/6J mice were used as a 

control. Black arrows indicate collagens. a, Representative images of the PSR-stained liver slides at the 

32-week time point (Untreated, Liver SORT, and Dual SORT, n = 5; Lung SORT, n = 6 biological 

replicates). Scale bar, top panel, 2.5 mm; scale bar, bottom panel, 500 μm. On the right side of the images 

is the quantification of the PSR-positive area in the liver (Data are presented as mean ± s.e.m).  One-way 

analysis of variance (ANOVA). b, Images of the PSR-stained liver slides at the 32-week time point. Scale 

bar, 2.5 mm. 



 
 

Supplementary Fig. 10. The percentage of CD45+ lung immune cells varies depending on the mouse 

strain. Lungs were extracted from 8-week-old C57BL/6J (WT) and NSG-PiZ mice (n = 3 biological 

replicates). CD45+ immune cell population was confirmed by flow cytometry. PiZ mice (NSG background) 

have significantly lower CD45+ immune cell population levels compared to C57BL/6J mice (WT). Data 

are presented as mean ± s.e.m. Two-tailed t-test. 

  



 
 

Supplementary Fig. 11. 4A3-SC7 Lung SORT LNPs (containing DORI) allowed editing of 

therapeutically relevant types of lung cells. Ai14 mice were dosed with Cre mRNA at 0.3 mg kg−1. The 

lungs were collected 2 days after the injection. a, Formulation details and the physiochemical properties 

of LNPs formulated by T-mixing. b, Percentage of tdTomato-positive lung cells in mice (n = 3 biological 

replicates). Data are presented as mean ± s.e.m.   



 
 

Supplementary Fig. 12. Correction editing efficacy profiles across various organs of PiZ mice 

treated with updated Dual SORT LNPs. Eight- to ten-week-old PiZ mice were administered IV with 

all-in-one Dual SORT LNPs. 4A3-SC7 Liver SORT LNPs (containing Cit, 1.5 mg kg−1) and 4A3-SC7 

Lung SORT LNPs (containing DORI, 1.5 mg kg−1) were injected simultaneously. Mice were sacrificed 6 

days post-injection. Correction editing in the organs was confirmed by NGS and CRISPResso2 analysis 

(n = 3 biological replicates). Data are presented as mean ± s.e.m. 

  



 
 

Supplementary Fig. 13. In vivo safety evaluation of Dual SORT LNPs through histological 

assessment and blood biochemical analysis. Male C57BL/6J (a, c, and e) and PiZ mice (b, d, and f) 

were injected with either PBS or Cre mRNA encapsulated 4A3-SC7 Liver SORT (containing Cit) and 

5A2-SC8 Lung SORT LNPs (containing DOTAP) with the same treatment dosing regimen. Two days after 

the last injection, the mice were euthanized and indicated organs were prepared for the slide section and 

stained with H&E. Scale bar, 100 µm. Blood was analyzed for the indicated biochemicals. Data are 

presented as mean ± s.e.m of n = 3 biological replicates. Two-tailed t-test.   



 

 
 
Supplementary Fig. 14. In vivo safety evaluation of updated Dual SORT LNPs through histological 

assessment and blood biochemical analysis. a, Eight- to ten-week-old C57BL/6J mice were IV injected 

with Dual SORT LNPs. Cre mRNA was encapsulated in 4A3-SC7 Liver SORT (containing Cit) and 4A3-

SC7 Lung SORT LNPs (containing DORI). Mice were administered 1.5 mg/kg of Cre mRNA with each 

LNP simultaneously and were sacrificed 48 hours after the injection. b, Representative H&E-stained slides 

of heart, lung, liver, spleen, and kidney. Scale bar, 100 μm. c, Blood chemical analyses, including AST, 

ALT, BUN, and CREA. No signs of inflammation were detected in the Dual SORT LNP-treated group. 

Data are presented as mean ± s.e.m of n = 3, 4 biological replicates. Two-tailed t-test. 

 

 



 
 

Supplementary Fig. 15. Flow cytometry gating strategy for various liver cell types. a, Single cells 

prepared from Ai14 mouse lungs were gated. Viable cells were gated out as Ghost Red negative cells. 

Endothelial cells were gated out as CD31-positive cells. Kupffer cells were gated out as F4/80 positive 

cells. Hepatocytes were gated out as CD31 and F4/80 double negative cells. b, tdTomato-positive F4/80+ 

Kupffer cells, tdTomato-positive CD31+ endothelial cells, and tdTomato-positive hepatocytes. 

 

  



 

 
 

Supplementary Fig. 16. Flow cytometry gating strategy for various lung cell types. a, Single cells 

prepared from Ai14 mouse lungs were gated. Viable cells were gated out as LIVE/DEAD™ Fixable Aqua 

negative cells. Endothelial cells (CD31 positive), epithelial cells, except alveolar type II (AT2) cells 

(EpCAM positive, MHCII negative), and AT2 cells (CD45 negative, CD31 negative, EpCAM positive, 

MHCII positive) were gated. b, Tdtomato-positive CD31+ endothelial cells, EpCAM+MHCII- epithelial 

cells, and EpCAM+MHCII+AT2 cells. 

 

 

  



 

 
 

Supplementary Fig. 17. Flow cytometry gating strategy for various lung immune cell types. a, Single 

cells prepared from Ai14 mouse lungs were gated. Viable cells were gated out as Ghost Red negative cells. 

Total immune cells (CD45 positive), dendritic cells (CD45 positive and CD11c positive), neutrophils 

(CD45 positive and Ly-6G positive), and monocytes and macrophages (CD45 positive and CD11b positive) 

were gated out. b, tdTomato-positive dendritic cells, tdTomato-positive neutrophils, and tdTomato-

positive monocytes and macrophages. 

 

  



 
 

Supplementary Table 1. Detailed formulation molar ratios for Lung SORT LNPs and their 

corresponding physiochemical properties. Encapsulation efficiency, size, and PDI are presented as 

mean ± s.d.  

 

 
 

Supplementary Table 2. Physiochemical properties of Liver SORT LNPs depending on the size of 

RNA cargo. Encapsulation efficiency, size, and PDI are presented as mean ± s.d.  

 

 

 
 

Supplementary Table 3. Detailed lipid component molar ratios and physiochemical properties of 

ABE mRNA Liver SORT LNPs. Encapsulation efficiency, size, and PDI are presented as mean ± s.d.  

 

 



 
 

Supplementary Table 4. All sgRNA sequences used in this research work are listed.  

 

 

 
 

Supplementary Table 5. Information on primer sequences used in this research work. 




