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Supplementary Fig. 1. The expression of Nkx2-1/NKX2-1 is not altered by synthetic sgRNAs in the presence of dCas9-KRAB in A549 and
H441 lung epithelial cells
Shown is gene expression of rat Nkx2-1 in A549 cells and human NKX2-1 in H441 cells, both of which stably express dCas9-KRAB. A549 cells
expressing dCas9-KRAB, which we previously created (1), were infected with lentivirus carrying rat Nkx2-1 (PGK.Nkx2-1) or empty (PGK.control).
Likewise, H441 cells expressing dCas9-KRAB were created. TaqMan gene expression analysis was performed using mRNA from these cells as
described in Methods. The expression of Nkx2-1/NKX2-1 was not influenced by indicated synthetic sgRNAs. Results are expressed as the mean ±
SD of the triplicates for each group. Unt., untransfected. Cont., non-targeted control sgRNA.
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Supplementary Fig. 2. The expression of dCas9-KRAB is not altered by synthetic sgRNAs in A549 and H441 lung epithelial cells
Shown is gene expression of dCas9-KRAB in A549 cells stably expressing dCas9-KRAB with or without Nkx2-1 and H441 cells stably expressing
dCas9-KRAB. TaqMan gene expression analysis was performed using mRNA from these cells as described in Methods. dCas9-KRAB expression
was not influenced by indicated synthetic sgRNAs. Results are expressed as the mean ± SD of the triplicates for each group. Unt., untransfected.
Cont., non-targeted control sgRNA.
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Supplementary Fig. 3. sgRNA target sequences for regions that harbor NKX2-1-
binding sites 
 
NKX2-1-binding motif: cttg or caag 
sgRNA target sequence: xxxxxxxxxxxxxxxxxxxx 
PAM sequence: xxx 
SNP: x 
 
 
SFTPB locus 
 
Upstream region #1 
 
cctcatcatgcccctcaggactccacttgaggcctcttacttcagggagagaccaagaag 
 
First intronic region #2 
 
SNP rs3024791 (C/T or G/A): g 
 
gtaaggaggtggtgagagtgtcctgggtctgcccttccagggcttgccctgggttaagagccaggcaggaagctctc
aagagcattgctcaagagtagagggggcctgggaggcccagggaggggatgggaggggaacacccaggctgccccca
accagatgccctccaccctcctcaacctccctcccacggcctggagaggtgggaccaggtatggaggcttgagagcc
cctggttggaggaagccacaagtccaggaacatgggagtctgggcagggggcaaaggaggcaggaacaggccatcag
ccaggacaggtggtaaggcaggcaggagtgttcctgctgggaaaaggtgggatcaagcacctggagggctcttcaga
gcaaagacaaacactgaggtcgctgccactcctac 
 
Ninth intronic region #3 
 
gctgagtgagcaccaggcaagccttcagaggcctggttatctaccaggagatgagtaatgctagggccagttcaagc
caggaaagggactagccttctctccagggtcctgatccctttactgcccccacactcctcaaggtgtgactcactca
ggacaaacccattggcaaaaggagagggctggacttgaaggtcctagggcccttgccaatactcagtcaatgacagg
aaattcccttttttttttttttttttttttttttgagatggagttttgctcttgttgcccaggctggagtgcaatgg
cacaatcttggctcactgcaacctctgcctccgggttcaggcgattctcctgcctcagcctcttgagtagctgggat
tacaggcatgtgctaccaggcccggctaatttttg 
 
Proximal downstream region #4 
 
gtaagagcccacggttggggatgaatctgtgacagatttagtggatcttgagatgagcagaaatcagatgtgtagca
gtgatggcacaagaagatgatgatcaggcaagacgagagacactccagagagacctggatggccagggaatgcttag
tccccagtgcctctcctcaccgcagggcaatctgtaaatcattcccagggaaaggggaaagaggattcagtggttag
tcagccaag 
 
Distal downstream region #5 
 
cctgtaatcccagtactttaggaggccgaggcgggcagatcacttgagctcagaagtttgaggccagcctgggcaac
atggtgaaacaccaccactacaaaaaaaatcaaaacaattagcccagtgtagtggtgcaagcctgtgggcccagcta
ctcaggaggctgaggtgggaggatggcttgagcccaggaggcggagattgcagtgagccaagatcatgccactacac
tccagcctg 
ggcgacagtgccagaccctgtctcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaagtagaaacttcctgataaattag
gctagcagctgaggatttcacttgctatcctaagagccagtgaagtgtctttaagcatgagatcagagtatggggga
gaaatgactcaggtttgtgttttaaaagattactctgactaaagcatggataaactgggggtaggaggcaaagaaat
gtggagagacctattgagagcactgcaaacagaaactggcaatagcttaaactaaaatgatagtggcaaagggccag
tacagaagtctgatggatcttggagaacgaccgtggactatcgtaaacttaa 
 
  



LAMP3 locus 
 
Third intronic region #1 
 
ctccttctgtgcagcccaaaaagggcttcagggcctcttatgggagacttgacctctggggaacgtaaccacccgtg
ccctttgcaaaccagccaaaggaggaagttgtgcagatgaata 
 
Fifth intronic region #2 
 
gacaatctgatatgaggacccgggagttccccaaagagactcgggcttaacagcaagagcttggctttggagagctg
tgatctccttccacctcctccttcaaactggcacctgctccaggctcccctgtgtccagtgttaagggcactcgaaa
gttctgtagggcagaggacaaggtgtttattcaccagccactcactcttctgcagaatgattaatgtaagatttacc
ttctagcatgtggaaatttctcccctagcagatgaaacaagaagcagaatttaaaatcaagtatagagg 
 
 
 
  



SFTPA (SFTPA1 and SFTPA2) locus 
 
Proximal upstream region #1 
 
gtgcctgtgtaagggctctcggctttcactgctaaggagcttgctaggggcagggtgggtgacctcagccaaggggg
ggatttctcttcttacagacctggagttcctctttcgcaggttctgtgctcccctcaagggtcctttgagatcctcc
agcctgagtgctcttggggaaacatg 
 
Distal upstream region #2 
 
aggtggggagtggggtgggtcacttccctgtgactctgccttgtgataggcattttggcttctcaagggtcctcacc
cttgtgtactcatgtcatcaggccctgtccagcggccctcccggttcccattcagggggcctgccaggcaccaagag
gtgcttccgtggtaaagaagatccctctcaaggctgtgtctcctgatgccattgacacaatgttgaagagcccatag
gcccagagg 
  



MYBPH locus 
 
Far distal upstream region #1 
 
cgggactggagtccctgcagagtgcttgagagatggccctccagcctcccagtgaggggcagccgattaccttggaa
gcaacccattccgtggctgggctgaaatctgtcaatagtcctagtgctgggcttagccctttgttctgttcacccct
cccctaacactcatccctccacccattcagagatcaaagtacctctgctcaagctggcctgagataggaggtcggga
ggatgtgat 
 
Distal upstream region #2 
 
cccaccccaccacacaggcatctttgaaaccccagggctgcaagcccttgtgggcagccaactgccctcccctgggg
ccacccttcccccagccggggacaggctctccagggctgactcagtgtcctgtggggttagtcacattcacttatag
ctgcagagtcagaggccaaggatggagatccagtctccaggacccactccctgcctggcaagacgtggagtcaccta
gcagagggc 
 
Proximal upstream region #3 
 
agatggatgaggaagtgactcctcaaggggcccttgtggttcctcccccagagctattcctggcctgggcgcctctc
caccctccagtcctcctgcttgacctgaccccacagctgggaa 
 
Third intronic region #4 
 
ggggccctgtccaggatccttggctgctcagctgtctctccttggccacctggagctgccaagcattcttgaccccc
tgcagctgtccctagagcattccatgcctgagctcccagagccaagtgcccactcagctaatcctcagagacaccgt
gttccttctcactgtcttgtcctcct 
 
Sixth intronic region #5 
 
acctgactccctaggaggcccttagcaagactcttcctctctggacctcagatgcctcctgaagactgtgaagaggg
ctggcccgggctgtctgaagcctttcaagttctggagccatgcttctcaaatcttaatgtccacatgagtcacctgg
ggagcttgctaagaggcagagtctga 
 
 
 
 
 
  



LMO3 locus 
 
Second intronic region #1 
 
ttgaaaccaagccctaacttgttgagcctccttgaccctactgaacatcagcctgccatc 
 
Second intronic region #2 
 
tttatagttttattctatgccaaaaatagcttgttaggaatataaaagaaattaataaagagtagtaatacaattat
taaaatatatatgctttagagttcagcattcatatgaagaaatctttttaaaggaaaactctgctgaaaaaaaagtc
ctctatttttctgttcttccctgctagataagtatcacagaaaaatctcaatgagactgatggtaagcctgttataa
tagcaatggaattttgagtgtttgttttaacattgtgaaagaaagtcaacagaatgaaactcagatcatggcaaata
tttcttgaggatttactctataatgggtagtgttataggaactgaggctccagcagttaaaaaaatggacagaaata
tttgcctttatgtatcttatattttagtattatttttcaggtattctcaatgagttatatatgtgctaagtgctgta
cagatgtaatctcctctagcccttgggaactacagtattattaaacccattttagagaagaaggcactgaggctgag
g 
 
Second intronic region #3 
 
acaagcactacaaacaagaatttacaaggatctccagcttaaatggaaaagtggatctatgataactttataaacga
gtgtgggagtaaagagtgcagaggaagaggttacaagaattat 
 
 
 
  



CD274/PD-L1 locus 
 
Upstream region #1 
 
aagatcaagaacatttactggaaattgctccttcaccaggaatttgctcacatctcttcaggtccacttataagatc
ttgaaatcagtcctcctgagatcagtacaaacgaggatcatctctcctgctttagaagcaaaagtggcaagcagggt
agacagaggcagaaggaaggatggta 
 
First intronic region #2 
 
ggtgctcaatcagtgtttgctaaacgaaataattagtcacatttcaagcaggatgactaaatgaagaatagaatcta
ggcagatactctggaagagtggctgtgagtcattcatatctta 
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Supplementary Fig. 4. CRISPRi targeting NKX2-1-binding sites, including ones at loci of MYBPH and CD274, represses the expression
of MYBPH and CD274 at the protein level in A549 lung epithelial cells that express NKX2-1
Shown are immunoblots of indicated proteins using protein extracts from A549 cells with or without NKX2-1 (PGK.rat Nkx2-1 or PGK.control)
that were performed independently twice (a and b). Red arrows indicate protein bands targeted by antibodies specific to the proteins. ACTA1
was used as a loading control. SgRNAs used in this analysis are indicated at the bottom. Cont., non-targeted control sgRNA.
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Supplementary Fig. 5. The expression of SFTPB does not affect the expression of LAMP3 in A549 lung epithelial cells that express
Nkx2-1
Shown is the expression of Nkx2-1 and its downstream target genes, SFTPB and LAMP3, in A549 cells with or without Nkx2-1 (lentiviral
PGK.Nkx2-1 or PGK.control, respectively), which were transiently transfected with two independent siRNAs targeting endogenous SFTPB
(siSFTPB #1 or siSFTPB #2) or non-targeted negative control siRNA (siNeg). Unt. indicates untransfected. The data points are obtained
from three independent experiments as described in Methods. Results are expressed as the mean ± SD of the triplicates for each group.
Only P<0.05 and more than 2-fold suppression are considered significant siRNA-mediated suppression (highlighted in red).
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Supplementary Fig. 6. The locus of human SFTPB on chromosome 2 interacts with genomic regions located on different
chromosomes in A549 lung epithelial cells
a. Shown are Hi-C data of four isogenic replicates that indicate the interaction of the SFTPB locus with genomic regions located on different
chromosomes. Hi-C data were obtained from ENCODE.
b. Shown are distributions of inter-chromosomal interactions in individual Hi-C data replicates. Inter-chromosomal interactions with the SFTPB
locus (including 10 kb upstream of transcription start site and 10 kb downstream of transcription end site) were extracted at the resolution of 50
kb. Interactions with at least 2 observed counts were included in the analysis.
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Supplementary Fig. 7. SiRNA-mediated suppression of NKX2-1 indicates that NKX2-1 is required for the expression of SFTPB,
SFTPA1, SFTPA2, MYBPH and LMO3 in H441 lung epithelial cells
Shown is the expression of endogenous NKX2-1 and genes in H441 cells, which are induced by rat Nkx2-1 in A549 lung epithelial cells,
transfected with two independent siRNAs (#1 and #2) targeting endogenous NKX2-1. siNeg is a negative control siRNA and Unt. indicates
untransfected. The data points are obtained from three independent experiments as described in Methods. Of note, the expression of
LAMP3 and CD274/PD-L1 is regulated by NKX2-1 in A549 cells but not in H441 cells. Results are expressed as the mean ± SD of the
triplicates for each group. Only P<0.05 and more than 2-fold suppression are considered significant siRNA-mediated suppression
(highlighted in red).



CRISPR/Cas9-DNA break site

a

b
atcctccagcagtgtgtcctcaaatcagccctcttctctctggctgg
agctaccatctgtgccccctttaccagtgatctcacttttctattct
cagttcacctctctgtccccagggtgcaaaccagggctgggcacaca
ggaggactgggtgcgagggagaggagaaaggcagagacctcaagcag
acaccagaccatctgtgctcg/

cccaggcctgagtttccagaagcgtccagttcttgtcgccagagcct
agtcaagctgcccaggtcccggatacgatctttgatgcttgccttcc
tccaaactcacacccattctttgaaacacttcatgtcaccaaacagc
ttgagaagtttgtttttcccaggtggggagtggggtgggtcacttcc
ctgtgactctgccttgtgataggcattttggcttctcaagggtcctc
acccttgtgtactcatgtcatcaggccctgtccagcggccctcccgg
ttcccattcagggggcctgccaggcaccaagaggtgcttccgtggta
aagaagatccctctcaaggctgtgtctcctgatgccattgacacaat
gttgaagagcccataggcccagaggacaaaggactttcaattcgctc
agcaaataggcagacctctgaggaaggtgggaatgtgaaactgacag
atttgcgttgaaccagtatgctaactgtgctgcagagttag

/agaaagggtggtttgagcgggaagagggtagacaggaagtaaatac
acctaggagcaaaggaacctgagaaagcctggattctggaggggata
agattatcccccaaggatgtgtacccataggtctgtcctctcataga
cctggggatga
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CRISPR/Cas9
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NKX2-1-binding motif: cttg or caag
sgRNA sequence for Cas9: xxxxxxxxxxxxxxxxxxxx
sgRNA sequence for dCas9-KRAB: xxxxxxxxxxxxxxxxxxxx
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Underline: PCR primer sequence
/: CRISPR/Cas9-DNA break site
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Supplementary Fig. 8. CRISPR/Cas9-mediated deletion of an NKX2-1-binding region located at an intergenic region between SFTPA1 and
SFTPA2 represses the expression of SFTPA1 and SFTPA2 in A549 lung epithelial cells
a. Shown is ChIP-seq data indicating that NKX2-1 binds to an intergenic region of human SFTPA1 and SFTPA2. Significant ChIP-seq peaks are
described as in Fig. 5a. MBL3P and SFTPA3P are pseudogenes. The region of CRISPR/Cas9-mediated deletion is indicated by two scissors.
b. Shown is the sequence of genomic DNA that is deleted by CRISPR/Cas9. SgRNA sequence information is indicated.
c. Deletion was confirmed by PCR amplification using primers described in b. * indicates the deletion. Two independent clones were obtained as
described in Methods.
d. Shown is gene expression analyzed as described in Fig. 2b using mRNA obtained from A549 cells (described in c) that were infected with
lentivirus carrying rat Nkx2-1. Expression was normalized to the expression of GAPDH and Nkx2-1. Statistical significance was determined using
Student’s t-test with Welch’s correction for unequal variances. Results are expressed as the mean ± SD of the triplicates for each group. Only
P<0.05 and more than 2-fold suppression are considered significant (highlighted in red).
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Supplementary Fig. 9. NKX2-1-binding sites at the human SFTPB locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of SFTPB as described in Fig.
2a.



Supplementary Fig. 10. NKX2-1-binding sites at the human LAMP3 locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of LAMP3 as described in Fig.
4a.



Supplementary Fig. 11. NKX2-1-binding sites at the human SFTPA locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of SFTPA1 and SFTPA2 as
described in Fig. 5a. MBL3P and SFTPA3P are pseudogenes.



Supplementary Fig. 12. NKX2-1-binding sites at the human MYBPH locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of MYBPH as described in Fig.
6a.



Supplementary Fig. 13. NKX2-1-binding sites at the human LMO3 locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of LMO3 as described in Fig. 7a.



Supplementary Fig. 14. NKX2-1-binding sites at the human CD274/PD-L1 locus were identified by two independent ChIP-seq analyses
Shown are ChIP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of CD274 as described in Fig.
8a.
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