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Supplementary Fig. 1. High-throughput screen approach. a Representative images from WT and PiZ hiPSC-derived hepatocytes in 384-well plate view showing the 2C1 (disease) and albumin (hepatic) expression. b Four panels of small molecules (1,041 in total) were used to screen A1ATD plated in a 384-well plate format in duplicates. Each well shown visualizes a mean 2C1 signal of two replicates in colour gradient with respect to the z-score derived from ATZ polymer load expression. Red colour represents a high expression of ATZ polymer and green color represents a low expression of ATZ polymer. Top hits (14) showing the lowest Z-scores were selected for further validation. c Gaussian curves were plotted to visualize the position of the hits relative to the healthy control (n=64; green) and untreated A1ATD iHeps (n=32; purple). The hits (red) appear to dramatically shift the 2C1 signal towards the range of the healthy control, thus restoring the healthy AAT phenotype in the A1ATD cells.
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Supplementary Fig. 2 Confirmatory dose-dependent study on the top 14 hits. a The effectiveness of small molecules is determined by the reduction of the 2C1 staining signal (ATZ polymer). b The safety of small molecules is evaluated by the viability assay by Presto Blue.
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Supplementary Fig. 3. Top 7 putative targets validated using commercially available small molecules. The effectiveness of the small molecules is determined by the reduction of ATZ polymer (right column). The viability of the small molecules is evaluated by the DAPI + object counting (middle column) and the viability assay by Presto Blue (right column). The color of the dot represents each PiZ patient iPSC line. N= 3 different PiZ patient iPSC-hepatocytes. Statistical analysis involved a Kolmogorov- Smirnov test for normality, followed by Kruskal-Wallis test, followed by a Dunn’s multiple comparison test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Supplementary Fig. 4. Whole-well views of CZC-25146 polymer-reduction phenotype in A1ATD patient-derived hiPSC-hepatocytes. Full 96-well views of CZC and control treatment after 48 hours of treatment. Each well contains approximately 50,000 PiZ hiPSC-derived hepatocytes. Images were taken on Perkin Elmer Operetta CLS.
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Supplementary Fig. 5: Gross anatomy and IHC staining of the liver treated with CZC-25146 and vehicle control DMSO at 250mg/kg for 14 consecutively days via oral gavage.
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Fig. S6. Investigating the expression of LRRK2 in vivo. a Representative images of LRRK2 IHC in healthy mouse kidney used as a positive control for LRRK2 IHC staining, healthy and PiZ mouse livers, PiZ mouse livers treated with DMSO and CZC-25146 at 250mg/kg. All mice used were exactly 6 weeks old and all males. Scale bar, 100µm. LRRK2 IHC quantification in the liver, with all the data pooled b and the results of each lobe separated c. Quantification was conducted using ImageJ. N= 3 mice per group. Statistical analysis by Ordinary ANOVA test, followed by Dunnett’s multiple comparisons test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
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Fig. S7. Autophagy-related transcriptional expression following vehicle control DMSO and CZC-25146 low (14.3µM) and high dose (28.6µM) treatment for 24 hours.

[image: Text

Description automatically generated]Table S1: Primer sequences for RT-qPCR assay.
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Primer name

Sequence

FWD_CALR

GGAGACGGGTGGACTTCC

REV_CALR

ATAAAAGCGTGCATCCTGGS

FWD_CALNEX

GGAACTCTGTCAGGGTGGAT

REV_CALNEX

GCCCGAGACATCAACACAAG

FWO_GRP78

TTGCCGTTCAAGGTGGTT

REV_GRP78

AGTGAGAACCATGGCAGAAA

FWD_CHOP

TCTTGACCCTGCTTCTCTGG

REV_CHOP TGGTTCTCCCTTGGTCTTCC
FWO_ATE4 TCCAACAACAGCAAGGAGGA
REV_ATF4 GGTCATCTGGCATGGTTTCC
FWO_ATF6 GCAGAACCTCAGCCACTTTC
REV_ATF6 CCAACTCCTCAGGAACATGC

FWD_EDEML

GAGCTCAACCCCATCCACT

REV_EDEM21.

TCCCATTATTGCAAGTGTATCCA

FWD_ER MANNOSIDASE

TGTAGTCATGTACCCACCGC

REV__ER MANNOSIDASE

CTTCCATTTCCTCCAGCACG

FWD_LC3A

CCTCAGACCGGCCTTTCAA

REV_LC3A GCTCGATGATCACCGGGA
FWO_LC3B AAGACCTTCAAGCAGCGC
REV_LC3B. TGTATCGTTCTATTATCACCGGE
FWD_ATG7 AGCAGCAAATGAGATATGGGA
REV_ATG7. AAGACAGAGGGCAGGATAGC
FWO_ATGS GTGCTTCGAGATGTGTGGTT
REV_ATGS TTGGCAAAAGCAAATAGTATGGT
FWO_ATG3 AAGTGGCTGAGTACCTGACC
REV_ATG3. TCTTCCCCTGTAGCCCATTG

FWD_ATG12

ACACGAACCATCCAAGGACT

REV_ATG12

CCATCACTGCCAAAACACTCA

FWD_BECLINT

AAGACGTCCAACAACAGCAC

REV_BECLINL

TGTGGTAAGTAATGGAGCTGTG

FWD_vPs34

GATGGAACTGGAATGAATGGCT

REV_vps3a.

ACTGCTTTTCCGGGACCATA

FWD_CNRIPL

ACGCTGCAGGTCGAGAATAT

REV_CNRIPL

GTTGCCGTTCTCCACTCTTC

FWD_Collec11

CGGGAGAGAAGGGAGACAAA

REV_Collec11

CATGGGAGGCCTGGTTCTC

FWD_CXCL12

GAAGCCCGTCAGCCTGAG

REV_CXCL12

CCGGGCTACAATCTGAAGGG

FWD_FSTLL

CGCCGAGGAAGAGCTAAGG

REV_FSTLL AATGCAGAGACAGGTGGGTT
FWD_HGFE GGTGACCAAACTCCTGCCA
REV_HGFE TCTTTTCCTTTGTCCCTCTGE

FWD_IGFBPS

GCTCCAGGAAATGCTAGTGAG

REV_IGEBP3.

GGAACTTGGGATCAGACACC

FWO_IGFBPA

CCCCTGCACACACTGATG

REV_IGFBPA

CACCCTCGTCCTTGTCAGAG

FWD_IGFBPS

CGTCTACACCGAGCGCTG

REV_IGFBPS.

TCTCTCTCGATCTTGACTTGCT

FWO_IGFBP7

GCCATGCATCCAATTCCCAA

REV_IGFBP7

CTCGGCACCTTCACCTTTT

FWD_LGALSL

GGAAGTGTTGCAGAGGTGTG

REV_LGALSL

CGTCAGCTGCCATGTAGTTG

FWO_MSLN

CCTCCTGTTCCTGCTCTTCA

REV_MSLN

GGGGAGAGGCTGGAAATGTT

FWD_OLFMLS

GCGGGAGGTAGACTATCTGG

REV_OLFML3

GTAGCCACAGTCTGTCACCA

FWD_PKHDILL

GAGTTGGGAAACAGTGTGCA

REV_PKHD1L1

TCTTCCGGCATTGCTCTAGT

FWD_PTN

AGTGGAGACTGTGGGCTG

REV_PTN

GGAACTGGTATTTGCACTCCG

FWD_SEMASC

TGGATGAAGATCAGGACCGG

REV_SEMA3C

GCTGGCCAGAAAACACTCAA

FWD_TFPI2

AGCCAACAGGAAATAACGCG

REV_TFPI2.

CTCTGCGTGTACCTGTCGTA

FWD_TimP1L

TGAGATCAAGATGACCAAGATGT

REV_TIMP1

GTATCCGCAGACACTCTCCA

FWD_TIMP3

AGATGAAGATGTACCGAGGCT

REV_TIMP3

CTTGCCATCATAGACGCGAC
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