Supplementary Figure 1

A, Correlation between LHX1 expression and DFI in HNSCC patients. B, Correlation
between LHX1 expression and DSS in HNSCC patients. C, Correlation between LHX1
expression and tumor size in HNSCC patients. D, Correlation between LHX1
expression and lymph node metastasis in HNSCC. E, Correlation between LHX1
expression and distant metastasis in HNSCC patients. F, Correlation between LHX1
expression and clinical stage in HNSCC. G, Correlation of LHX1 expression with
pathological grade in HNSCC. H, Correlation between LHX1 expression and age in
HNSCC patients. I, Correlation between LHX1 expression and gender in HNSCC

patients. *, P <0.05; **, P<0.01; *** P <0.001; **** P <(.0001; ns, not significant.

Supplementary Figure 2

A, GSEA was performed following LHXI knockout, revealing the downregulated
pathways. B, Immunoblotting of LHX1 following the LHX1 overexpression. C, RT-
gPCR analysis of LHX1 following LHX1 overexpression. n = 3, unpaired ¢ test. D, RT-
gPCR analysis of ALDHIAI, SOX2, POUS5FI, and NANOG following LHX1
overexpression. E, TIF of tumor cells assessed by the ELDA method following LHX1
overexpression. n = 8, y2 test. Data are shown as mean = SD. ** P < (.01; *** P <

0.001; **** P <0.0001.

Supplementary Figure 3
A, The protein levels of IL-1a, IL-6, and IL-8 measured by ELISA in LHX-knockout

cells following treatment with SASP inhibitors. B, RT-qPCR analysis of IL1A4, IL6, ILS,



and CXCLI0 following LHX1 overexpression. n = 3, unpaired ¢ test. C,
Immunoblotting of pRb, p21, and pl6 following LHX1 overexpression. D, Colony
formation assay in LHX1-knockout cells following treatment with SASP inhibitors. E,
Quantification of the colony numbers in LHX1-knockout cells following treatment with
SASP inhibitors. n = 3, one-way ANOVA. F, RT-qPCR analysis of SOX2, POU5F1I,
and NANOG in LHX1-knockout cells following treatment with SASP inhibitors. n = 3,
one-way ANOVA. Data are shown as mean = SD. *, P < 0.05; **, P <0.01; *** P <

0.001; ns, not significant.

Supplementary Figure 4

A, Colony formation assay in recipient cells following treatment with CM from LHX1-
knockout cells. B, Quantification of the colony numbers. n = 3, unpaired ¢ test. C,
Sphere formation assay in recipient cells following treatment with conditioned medium
from LHX1-knockout cells. Scale bar, 100 um. D, Quantification of the sphere numbers
in recipient cells. n = 3, unpaired ¢ test. E, RT-qPCR analysis of ALDHAI, SOX2,
POUSF1, and NANOG in recipient cells following treatment with CM from LHXI-
knockout cells. n = 3, unpaired  test. F, Inmunoblotting of pRb, p21, and p16 in LHX1-
knockout cells following treatment with neutralizing-antibodies. G, Colony formation
assay in LHXI-knockout cells following treatment with neutralizing-antibodies. H,
Sphere formation assay in LHX1-knockout cells following treatment with neutralizing-
antibodies. Scale bar, 100 um. I, Quantification of the colony numbers. n = 3, one-way
ANOVA. J, Quantification of the sphere numbers. n = 3, one-way ANOVA. Data are

shown as mean + SD. *, P < (0.05; **, P<0.01; *** P <0.001; **** P <0.0001; ns,



not significant.

Supplementary Figure 5

A, The counts value of ¢cGAS and STING following LHXI knockout. B, RT-qPCR
analysis of STING in LHXI knockout FaDu cells. n = 3, one-way ANOVA. C,
Immunoblotting analysis of STING, P-TBK1, TBKI1, P-IRF3, and IRF3 in LHX]
knockout FaDu cells. D, RT-qPCR analysis of STING following LHX1 overexpression.
n = 3, unpaired ¢ test. E, Immunoblotting analysis of STING following LHX1
overexpression. F, RT-qPCR analysis of ¢GAS following LHX1 knockout. n = 3, one-
way ANOVA. G, RT-qPCR analysis of cGAS following LHX1 overexpression. n = 3,
unpaired ¢ test. H, ELISA analysis of cGAMP in normal epithelial cells (HIOEC and
HaCaT) and HNSCC cells (CAL27 and FaDu). I, ELISA analysis of cGAMP following
LHXI knockout. J, ELISA analysis of cGAMP following LHX1 overexpression. K,
Immunoblotting analysis of STING following re-expression of LHX1-WT, LHX1-
ALIM, and LHX1-AHOX in LHXI knockout FaDu cells. L, RT-qPCR analysis of
STING following re-expression of LHX1-WT, LHX1-ALIM, and LHX1-AHOX in
LHX]I knockout FaDu cells. n = 3, one-way ANOVA. M, ChIP-PCR analysis of LHX1
binding to different regions of the STING promoter in FaDu cells. N, ChIP-qPCR
analysis of LHX1 binding to different regions of the STING promoter in FaDu cells. n
= 3, unpaired 7 test. Data are shown as mean + SD. *, P < 0.05; **, P<0.01; *** P<

0.001; **** P <(0.0001; ns, not significant.



Supplementary Figure 6

A, Expression of STING in HNSCC and normal tissues from the TCGA database. n =
518 for tumors, n = 44 for normal tissues, unpaired ¢ test. B, Promoter methylation level
of STING in HNSCC and normal tissues from the TCGA database. » = 50 for normal
tissues, n = 528 for tumors, unpaired 7 test. C, ChIP-qPCR analysis of H3K9me3 and
H3K27me3 at the STING promoter following LHX1-knockout. n = 3, unpaired ¢ test. D,
Immunoblotting of pRb, p21, and p16 in LHX1-knockout cells following treatment with
cGAMP. E, Colony formation assay in LHX-knockout cells following treatment with
cGAMP. F, Quantification of the colony numbers. n = 3, one-way ANOVA. Data are

shown as mean + SD. *** P <(.001; ns, not significant.

Supplementary Figure 7

A, The amino acid sequences of the LIM1 and LIM2 domains, as well as the sequences
of the designed TAT, TAT-AE, and TAT-VM peptides. B, RT-qPCR analysis of STING
in FaDu cells following treatment with different concentrations of TAT. C, RT-qPCR
analysis of STING expression in FaDu cells when treated with different concentrations
of TAT-AE and TAT-VM peptides. D, Co-IP results of HA-LDB1 and FLAG-LHXI1 in
293T cells when treated with TAT-AE and TAT-VM peptides. E, RT-qPCR analysis of
STING in HNSCC cells when treated with TAT-AE or TAT-VM peptides. n = 3,
unpaired ¢ test. F, Immunoblotting analysis of STING in HNSCC cells treated with TAT-
AE and TAT-VM peptides. G, Colony formation assay following treatment with TAT-

AE-DRI and TAT-VM-DRI peptides. H, Quantification of the colony numbers. n = 3,



one-way ANOVA. I, Effect of TAT-AE-DRI and TAT-VM-DRI peptides on the growth
of CAL27-derived subcutaneous xenografts. n = 8, unpaired ¢ test. J, Impact of TAT-
AE-DRI and TAT-VM-DRI peptides on the survival of mice in the MOC2 orthotopic
tongue tumor model. n = §, Kaplan-Meier curve. Data are shown as mean = SD. *** P

<0.001; **** P <(.0001.

Supplementary Figure 8

A, Immunoblotting analysis of STING following LDB1 overexpression. B, RT-qPCR
analysis of STING following LDB1 overexpression. n = 3, unpaired ¢ test. C,
Immunoblotting analysis of STING following LDBI-knockout. D, RT-qPCR analysis
of STING following LDBI-knockout. n = 3, one-way ANOVA. E, Co-IP results of
FLAG-LHX1 and HA-LDBI1 in 293T cells, with FLAG-LHX1 serving as the bait
protein. F, Co-IP results of HA-LDB1 and FLAG-LHX1 in 293T cells, with HA-LDB1
serving as the bait protein. G, Sequence diagram of the LDB1-WT and LDB1-ALID
mutant. H, RT-qPCR analysis of STING following re-expression of LDB1-WT and
LDBI-ALID mutant in LDBI-knockout FaDu cells. n = 3, one-way ANOVA. 1,
Immunoblotting analysis of STING following re-expression of LDB1-WT and LDB1-
ALID mutant in LDBI-knockout FaDu cells. J, ChIP-PCR analysis of the binding of
LHX1-WT and LHX1-3m mutant to the sitel region of STING promoter in FaDu cells.
K, ChIP-qPCR analysis of the binding of LHX1-WT and LHX1-3m mutant to the sitel
region of STING promoter in FaDu cells. n =3, one-way ANOVA. L, RT-qPCR analysis

of STING following re-expression of LHXI-WT or LHX1-3m mutant in LHX]



knockout FaDu cells. n = 3, one-way ANOVA. M, Immunoblotting analysis of STING
following re-expression of LHX1-WT or LHX1-3m mutant in LHX/ knockout FaDu
cells. Data are shown as mean + SD. ** P < (0.01; *** P <0.001; **** P <(0.0001;

ns, not significant.

Supplementary Figure 9

A, The amino acid sequences of the LIM1 and LIM2 domains, as well as the sequences
of the designed TAT, TAT-AE, and TAT-VM peptides. B, Fluorescence microscopy
images of FaDu with peptides conjugated to GFP protein. Scale bar, 50 um. C, RT-
gPCR analysis of STING in FaDu cells following treatment with different
concentrations of TAT. D, RT-qPCR analysis of STING expression in FaDu cells when
treated with different concentrations of TAT-AE and TAT-VM peptides. E, Co-IP results
of HA-LDBI1 and FLAG-LHX1 in 293T cells when treated with TAT-AE and TAT-VM
peptides. F, RT-qPCR analysis of STING in HNSCC cells when treated with TAT-AE
or TAT-VM peptides. n = 3, unpaired ¢ test. G, Immunoblotting analysis of STING in
HNSCC cells treated with TAT-AE and TAT-VM peptides. H, Co-IP results of LDB1
and LHX1, LMO1, LMO2 in FaDu cells when treated with TAT-AE-DRI and TAT-VM-
DRI peptides. I, Colony formation assay following treatment with TAT-AE-DRI and
TAT-VM-DRI peptides. J, Quantification of the colony numbers. n = 3, one-way
ANOVA. n = 8, Kaplan-Meier curve. Data are shown as mean + SD. *** P < (.001;

ke P<0.0001.

Supplementary Figure 10



A, Effect of TAT-AE-DRI and TAT-VM-DRI peptides on the growth of CAL27-derived
subcutaneous xenografts. n = 8, unpaired ¢ test. B, Impact of TAT-AE-DRI and TAT-
VM-DRI peptides on the survival of mice in the MOC2 orthotopic tongue tumor model.
n = 8, Kaplan-Meier curve. C, IHC staining of Ki67, Cleaved Caspase-3, STING, p-
TBK1, and p-IRF3 in tumor tissues from mice in the MOCI orthotopic tongue tumor
model. Scale bar, 50 um. D, Statistical analysis of relative repression of Ki67, Cleaved
Caspase-3, STING, p-TBK1, and p-IRF3. n = 8, unpaired ¢ test. Data are shown as mean

+ SD. **** P <(.0001; ns, not significant.
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Figure 52

A B C
SCC25 LHX1
c
© S = kK
a & & g1
H cell cycle DNA replication g
£ call cycle G1/S phase ransition 55 LHX1 3 10
2 call cycle G2/M phase transition <
& — chromosome separation x 5
1 — DNA replication checkpoint signaling kDa 2
@ — positive regulation of cell cycle ¢ ) sceas % 0
regulation of cell cycle phase transition o G\Q\ ,‘:\
o , L . regulation of DNA metabolic process \‘,e"
oy el et ahet st Al AR 1 — reouiston oroNA repiication
' i w i 1 o' bl l‘nm . HN4 LHX1
) 1A L e s -
o N s
= & o 2 15 dekkk
s ¢ X 8
H 5
k| 55 LHX1 i 10
A <
4 4
& £ s
-5 42 - - | 3-Actin E
@
kD. =
4000 8000 12000 16000 ( HN4 % 0
Rank in Ordered Dataset o (}(\ ‘z\_p
N
D E
SCC25  ALDH1A1 sox2 POUSF1 NANOG
c 9 6 Xk g *xk * ¥k Cell Dose  Incidence TIF p value
= *kk
2 100 118
g6 4 6 : &|10e By
2 w| © 28 432732177931
S 2 S 105 5B
zZ 2 00892
£ 3 2 3 1 108 a8
» = 1/5089
= 3
2 = |‘I‘| = T[wer S8 ygo72-112854
© 8/8
2k e e S el e el e
& N & N & N S N
(SR [N & (O
X \9 \9 N3
HN4 ALDH1A1 s0x2 POUSF1 NANOG
*x Cell Dose Incidence TIF p value
*kk
C 4 8 X 50 *k 4
s 100 o/8
8 z 22633
@ =
8 3 . 3 =1 kN 28 1/50487-1110146
H 3 108 418
g2 25 2 z 00999
& 109 218
51 z 1 1 a8 1/6598
2 z|'0 1/11769-1/3699
5 108 8i8
©
x 0= E B L .
& N Q> N & S & N
ot g [SN [V i
K3 03 o & &



Figure S3
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Figure S4
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Figure S5
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Figure S6
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Figure S7
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Figure S8
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Figure S9
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Figure S10
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Table S1. Detailed information of patients.

Patients Age Location TNM Relapse Grade

1 53 Mouth Floor T3NOMO NO II-111

2 55 Buccal Mucosa T2N1MO NO I

3 67 Buccal Mucosa T2NOMO NO I-1I

4 46 Tongue T2N1MO YES 11

5 39 Tongue T3NIMO NO 11

6 72 Gingiva T2NOMO NO I

7 73 Buccal Mucosa TINOMO NO I-1I

8 71 Gingiva T2NOMO YES II-111

9 71 Tongue T3INOMO YES 11

10 48 Tongue TINOMO NO I-1I

11 62 Buccal Mucosa T2NOMO NO I

12 57 Buccal Mucosa T2NOMO NO I

13 37 Tongue T3NIMO NO 11

14 32 Tongue T3NOMO YES -1

15 75 Tongue T2NOMO NO I

16 34 Tongue T2NOMO NO I

17 48 Tongue TINOMO NO I

18 69 Soft Palate T2N1MO NO 11

19 49 Tongue TIN2MO NO v

20 44 Buccal Mucosa T3NIMO NO I

21 36 Tongue T3NOMO YES [I-111

Table S2. The primers for sgRNAs.

Genes Species Primers

Ctrl Human F: CACCGACGGAGGCTAAGCGTCGCAA
R: AAACTTGCGACGCTTAGCCTCCGTC

LHXI #1 Human F: CACCGTCTCCGCACCAGGTCGCTAG
R: AAACCTAGCGACCTGGTGCGGAGAC

LHXI #2 Human F: CACCGCGGCTGCAAAAGGCCCATCC
R: AAACGGATGGGCCTTTTGCAGCCGC

STING Human F: CACCGCTGGGACTGCTGTTAAACG
R: AAACCGTTTAACAGCAGTCCCAGC

LDBI #1 Human F: CACCGGAAAGGCGTTGCCGTTCGG
R: AAACCCGAACGGCAACGCCTTTCC

LDBI #2 Human F: CACCGGAGTGTGACAATCTCTGGT

R: AAACACCAGAGATTGTCACACTCC




Table S3. The primers used for RT-qPCR.

Genes Species Primers
ACTB Human F: CCTGGCACCCAGCACAAT

R: GGGCCGGACTCGTCATAC
LHXI Human F: GCCCACCCGCCACATCC

R: TGCTTCATCCTCCGCTCCTTG
ALDHIAI Human F: CCGTGGCGTACTATGGATGC

R: GCAGCAGACGATCTCTTTCGAT
SOX2 Human F: GCCGAGTGGAAACTTTTGTCG

R: GGCAGCGTGTACTTATCCTTCT
POUSFI Human F: CTGGGTTGATCCTCGGACCT

R: CCATCGGAGTTGCTCTCCA
NANOG Human F: CCCCAGCCTTTACTCTTCCTA

R: CCAGGTTGAATTGTTCCAGGTC
ILI1A Human F: TGGTAGTAGCAACCAACGGGA

R: ACTTTGATTGAGGGCGTCATTC
L6 Human F: ACTCACCTCTTCAGAACGAATTG

R: CCATCTTTGGAAGGTTCAGGTTG
ILS Human F: TTTTGCCAAGGAGTGCTAAAGA

R: AACCCTCTGCACCCAGTTTTC
CXCLI0 Human F: CACCATGAATCAAACTGCGA

R: GCTGATGCAGGTACAGCGT
STING 1 Human F: CTAGGAGAGCCACCAGAGCAC

R: AGAAATAGATGGACAGCAGCAACAG
cGAS Human F: AAGAAGAAACATGGCGGCTATCC

R: AAGGCTGAGGCAGGAGAATGG

Table S4. The primers used in the ChIP assay.

Binding Binding sequence Primers

sites

Sitel GCAATTAC F: CGGCCTCCCAAAGCGCTGGG
R: GGTTTCTGCCCAGAAGGCGG

Site2 TCAATTAC F: CAGAGCAAGCTGGGCTTTGG
R: TTTTATAGATGGATAATCCG

Site3 CCAATTAT F: GTCTATTTTTACGTTTAGGT
R: GGCTGGGTTTCCCCACTCAT

Sited GCCATCAC F: AAGCAGTTCTCCTGCCTCAG
R: CAACATGGAGAAACCCCATC

Site5 GCCATCAC F: TTTTTTTGAGATAGGGTATC
R: CTGAGGTGGGAGCATCACTT

Site6 GCAATTTG F: AGGATGGTCTTGAACTCCTG

R: CGGCAACAAGAGTCAAACTC




