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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
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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. TagMan 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 +
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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. TagMan 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.



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:

snp: |

SFTPB locus

Upstream region #1
cctcatcatgccecctcaggactccacttgagg@eicttacttcagggagagaccaagaag
First intronic region #2

SNP rs3024791 (C/T or G/A): Hi

gtaaggaggtggtgagagtgtcctgggtctgcccttccagggettgecctgggttaagageccaggcaggaagectecte
aagagcattgctcaalagtagagggggcctgggaggcccagggaggggatgggaggggaacaccc-ctgccccca
accagatgccctccaccctcecctcaacctecectecccacggectggagaggtgggaccaggtatggaggettgagagece
cctggttggaggaagccacaagtccaggaacatgggagtctgggcagggggcaaaggaggcaggaacaggccatcag
ccaggacaggtggtaaggcaggcaggagtgttcctgctgggaaaaggtgggatcaagcacctggagggctcttcaga
gcaaagacaaacactgaggtcgctgccactcctac

Ninth intronic region #3

gctgagtgagcaccaggcaagccttcagaggcctggttatctaccaggagatgagtaatgctagggccagttecaage
caggaaagggactagccttctctccagggtcctgatcecctttactgeccceccacactcctecaaggtgtgactcactca
ggacaaacccat-caaaaggagagggctggacttgaaggtcctagggcccttgccaatactcagtcaatgacagg
aaattcccttttttttttttttttttttttttttgagatggagttttgectettgttgecccaggetggagtgcaatgg
cacaatettggctcactgcaacctctgecctccgggttcaggecgattctectgectcagectettgagtagetgggat
tacaggcatgtgctaccaggcccggctaatttttg

Proximal downstream region #4

gtaagagcccacggttggggatgaatctgtgacagatttagtggatettgagatgagcagaaatcagatgtgtagca
gtgatggcacaagaagatgatgatcaggcaagacgagagacactccagagagacctggatggcca-aatgcttag
tccccagtgectetectcaccgcagggcaatctgtaaatcattcccagggaaaggggaaagaggattcagtggttag
tcagccaag

Distal downstream region #5

cctgtaatcccagtactttaggaggccgaggcgggcagatcacttgagectcagaagtttgaggccagectgggcaac
atggtgaaacaccaccactacaaaaaaaatcaaaacaattagcccagtgtagtggtgecaagcctgtgggcccageta
ctcaggaggctgaggtgggaggatggecttgagcccaggaggcggagattgcagtgagccaagatcatgccactacac
tccagcctg
ggcgacagtgccagaccctgtctcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaagtagaaacttcctgataaattag
gctagcagctg-atttcacttgctatcctaagagccagtgaagtgtctttaagcatgagatcagagtatggggga
gaaatgactcaggtttgtgttttaaaagattactctgactaaagcatggataaactgggggtaggaggcaaagaaat
gtggagagacctattgagagcactgcaaacagaaactggcaatagcttaaactaaaatgatagtggcaaagggccag
tacagaagtctgatggatcttggagaacgaccgtggactatcgtaaacttaa



LAMP3 locus
Third intronic region #1

ctccttectgtgcagecccaaaaagggette agggcctcttatgggagacttga-ctggggaac gtaaccacccgtg
ccctttgcaaaccagccaaaggaggaagttgtgcagatgaata

Fifth intronic region #2

gacaatctgatatgaggacccgggagttccccaaagagactcgggcttaacagcaagagettggectttggagagetg
tgatctccttccacct-ccttc aaactggcacctgctccaggctcccctgtgtccagtgttaagggcactcgaaa
gttctgtagggcagaggacaaggtgtttattcaccagccactcactcttctgcagaatgattaatgtaagatttacce
ttctagcatgtggaaatttctccecctagcagatgaaacaagaagcagaatttaaaatcaagtatagagg



SFTPA (SFTPA1l and SFTPA2) locus
Proximal upstream region #1

gtgcctgtgtaagggctctcggctttcactgctaaggagettgectaggggcagggtgggtgacctcageccaaggggg
ggatttctcttcttacagacctggagttecctctttecgcaggttectgtgeteccecctecaagggtectttgagatectee
agcctgagtgctettggggaaacatg

Distal upstream region #2

aggtggggagtggggtgggtcacttccctgtgactctgecettgtgataggcattttggecttctcaagggtcecctcace
cttgtgtactcatgtcatcaggccctgtccagecggecccteccecggttececcattcagggggecctgeccaggcaccaagag
gtgcttccgtggtaaagaagatccctctecaaggctgtgtctectgatgeccattgacacaatgttgaagageccatag

gcccagagg



MYBPH locus
Far distal upstream region #1

cgggactggagtccctgcagagtgcttgagagatggccctccag-cccagtgaggggcagccgattaccttggaa
gcaacccattccgtggctgggctgaaatctgtcaatagtcctagtgectgggecttagecctttgttetgttcaccect
cccctaacactcatccctccacccattcagagatcaaagtacctectgectcaagectggecctgagataggaggteggga
ggatgtgat

Distal upstream region #2
cccaccccaccacacaggcatctttgaaaccccagggectgcaageccettgtgggcageccaactgecctececectgggg
ccacccttccecccageccggggacaggctctecagggectgactcagtgtectgtggggttagtcacattcacttatag

ctgcagagtcagaggccaaggatggagatccagtctccaggacccact-tgcctggcaagacgtggagtcaccta
gcagagggce

Proximal upstream region #3

agatggatgaggaagtgactcctcaagggg-ttgtggttcctcccccagagctattcctggcctgggcgcctctc
caccctccagtcctecctgettgacctgaccccacagectgggaa

Third intronic region #4
ggggccctgtccaggatcettggectgectecagetgtetectecettggeccacctggagetgeccaageattettgaccceccee
tgcagctgtccctagagcattccatgcctgagctcccagagccaagtgcccactcagctaat-cagagacaccgt
gttccttctcactgtettgtcctect

Sixth intronic region #5
acctgactccctaggaggcccttagecaagactcttecctectetggacctcagatgecctecctgaagactgtgaagaggg

ctggcccgggctgtctgaagecctttecaagttctggageccatgecttectcaaatcttaatgtccacatgagtcacctgg
ggagcttgctaagfiiliicagagtctga



LMO3 locus

Second intronic region #1
ttgaaaccaagccctaacttgttgag-ccttgaccctactgaacatcagcctgccatc
Second intronic region #2

tttatagttttattctatgccaaaaatagecttgttaggaatataaaagaaattaataaagagtagtaatacaattat
taaaatatatatgctttagagttcagcattcatatgaagaaatctttttaaaggaaaactctgctgaaaaaaaagtc
ctctatttttctgttcttececctgectagataagtatcacagaaaaatctcaatgagactgatggtaagecctgttataa
tagcaatggaattttgagtgtttgttttaacattgtgaaagaaagtcaacagaatgaaactcagatc a-c aaata
tttettgaggatttactctataatgggtagtgttataggaactgaggctccagcagttaaaaaaatggacagaaata
tttgcctttatgtatcttatattttagtattatttttcaggtattctcaatgagttatatatgtgctaagtgctgta
cagatgtaatctcctctagccettgggaactacagtattattaaacccattttagagaagaaggcactgaggctgag
g9

Second intronic region #3

acaagcactacaaacaagaatttacaaggatctccagcttaaatggaaaagtggatctatgataactttataaacga
gtgtgggagtaaagagtgcagiiililaagaggttacaagaattat



CD274/PD-L1 locus

Upstream region #1
aagatcaagaacatttactggaaattgctccttcaccaggaatttgctcacatctcttcaggtccacttataagate
ttgaaatcagt-cctgagatcagtacaaacgaggatcatctctcctgctttagaagcaaaagtggcaagcagggt
agacagaggcagaaggaaggatggta

First intronic region #2

ggtgctcaatcagtgtttgctaaacgaaataattagtcacatttcaagcaggatgactaaatgaagaatagaatcta
ggcagatactctggaagag-ctgtgagtcattcatatctta



A549 (endogenous NKX2-1 -)

b A549 (endogenous NKX2-1 -)

kDa 225/ - kDa 225/ -
150 = 150 -~
102 = 102 =
76 = 76 S
2 " - —
IB:NKX2-1 . ——— % - ——
31 - 31 -
ol 24~
17/a 17 <
12 12/~
kDa %ég - kDa %8 i
102158 i e e o 102 -
76 ~ 76 =
52 = ’»—-'4— 52/ = - -
IB.MYBPH 3 - ST ss====== 38 -
31 = 31 =~
24 < 24 -
17~ 17/
12~ 12~
kDa 225" - kDa 225 -
150 ~ 150 =
102 - 102 =
76 - 76 =
- 52 « 52
B:CD274 - e < 2pe - —
(PD'L1) 31 318
24 - 24 <
170 17 =
12a 12 <
kD2 228 - e e e e s G kDa 228 - e asasesasen <¢—
102 - 102 =
76 - 76 -
52 ~ 52 -
IB:dCas9 38 ~ 38 =
31 ~ 318
24 o 24 <
178 17<
12 o 124
kDa 725 - kDa ropg
102 - 102 =~
76 ~ 76 -
52 < 52| =
IB:ACTA1 30 ~ —— 38 - Eeseseseses ¢
31 = 318
24 ~ 24~
17 ~ 1718
12§ 128
. E R ®F EQ T EQ T £ QT
soRnA: EE FFEE SEEEEE
g q g3 g9 @938
) Z O 3 > 8
= s = S
PGK.control PGK.Nkx2-1 PGK.control PGK.Nkx2-1
dCas9-KRAB +

dCas9-KRAB +

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).



a Replicate 1 Replicate 2 b Number of Hi-C interactions with SFTPB locus in each chromosome

Chromosome Replicate 1 Replicate 2 Replicate 3 Replicate 4
1 1 20 38 31 B 143
3 [ Bl 22 16 ] 33
4 I 3 K 14 10 1] 12
5 [ [ 20 23 ] 32
6 E 6 Kl 17 9 1 20
7 24 o3 41 B 37
8 B 18 B 35 31 143
9 21 42 20 1 36
10 1 15 ] o33 33 ] 37
11 127 a7 27 51
12 1 15 | Y 42 146
13 1 4 1] 9 8 [ 16
14 Kl 11 1 29 20 1 33
15 1 18 40 27 ] 35
16 33 B8 43 [— Y
17 61 | IITT09 | 84 [ o]
18 I 3 ] 5 4 ] 13
19 HZE | HENST | 63 HEN76 |
20 24 B 47 39 50
21 1 5 | 2 4 1 9
22 [ | 10 K 12 15 K 16
X 1] 4 1 6 4 ] 5
Y 0 0 0 0

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).
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described as in Fig. 5a. MBL3P and SFTPA3P are pseudogenes. The region of CRISPR/Cas9-mediated deletion is indicated by two scissors.
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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

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 ChlP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of SFTPB as described in Fig.
2a.
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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.
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Supplementary Fig. 11. NKX2-1-binding sites at the human SFTPA locus were identified by two independent ChIP-seq analyses
Shown are ChlP-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.



Scale 10 Kb} | hg19
chri: | 203,135,0000 203,140,000 203,145,000 203,150,000 203,155,000
60 -
NKX2-1 ChlIP Input (rep1)
0_ . .- e
60 -
NKX2-1 ChIP Signal (rep1)

0 b

48 -

NKX2-1 ChlIP Input (rep2)
0_

48 -

NKX2-1 ChlP Signal (rep2)

0 mn . il .

NKX2-1 ChIP Peak (rep1)
NKX2-1 ChIP Peak (rep2)
ATAC Peak (rep1)
ATAC Peak (rep2)
ATAC Peak (rep3)

ADORAT1 i R i | A A
MYBPH L A I B i

CHI3L1

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.
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Supplementary Fig. 13. NKX2-1-binding sites at the human LMO3 locus were identified by two independent ChIP-seq analyses
Shown are ChlP-seq and ATAC-seq data from two or three independent experiments along with different isoforms of LMO3 as described in Fig. 7a.
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Supplementary Fig. 14. NKX2-1-binding sites at the human CD274/PD-L1 locus were identified by two independent ChIP-seq analyses
Shown are ChlP-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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