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Supplementary Figure S1. H2AZ1 mRNA expression in different types of cancers. (A, B)

Full microphotographs of H2AZ1 IHC on two sets of lung TMA (180 and 150). (C-F)

Representative image of H2AZ1 IHC on primary lung carcinoma (C, E) and brain metastatic

cancer from lung carcinoma (D, F). (G) H2AZ1 mRNA expressions were significantly

higher in different types of cancers as compared to their normal tissues, respectively (p <

0.001, data from the GEPIA website). ACC, Adrenocortical carcinoma; BRCA, Breast

invasive carcinoma; CESC, Cervical squamous cell carcinoma, and endocervical

adenocarcinoma, COAD, Colon adenocarcinoma; DLBC, Lymphoid Neoplasm Diffuse

Large B-cell Lymphoma; GBM, Glioblastoma multiforme; LIHC, Liver hepatocellular

carcinoma; PAAD, Pancreatic adenocarcinoma; SKCM, Skin Cutaneous Melanoma; THYM,

Thymoma; UCEC, Uterine Corpus Endometrial Carcinoma; UCS, Uterine Carcinosarcoma.

(H) Higher expression of H2AZ1 mRNAs was correlated with poor patient survival in

different types of cancers (p < 0.05, data from the GEPIA website).
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Supplementary Figure S2. The ability of cell colony formation after the overexpression of

H2AZ1. (A, B) Overexpression of H2AZ1 was measured by qRT-PCR or Western blot. (C, D) The

ability of cell colony formation was increased after the stable overexpression of H2AZ1 (D was

the quantitative value of C), ** p < 0.01.
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Supplementary Figure S3. H2AZ1 binding to TSS causes higher gene expression and affects

multiple cancer-related signaling pathways revealed by CUT&Tag-seq and RNA-seq. (A)

CUT&Tag: The H2AZ1 binding peaks in gene body in 3 lung cancer cell lines. (B) CUT&Tag-seq:

KEGG enrichment demonstrated the genes corresponding to the common peaks of 3 cell lines were

significantly enriched in important tumor-related signaling pathways. (C) The relationship between

H2AZ1 binding density by CUT&Tag-seq and gene expression of RNA-seq data in H1299 and

H1975 cell lines. (D) The gene number distribution from H2AZ1 CUT&Tag-seq in the H1975 cell

line. (E-G) The relationship of H2AZ1 chromatin deposition and gene expression in lung tissues

from TCGA RNA-seq data. (H) CUT&Tag vs. RNA-seq showing the changing of H2AZ1 bound

genes upon H2AZ1 knockdown.
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Supplementary Figure S4. Open chromatin accessibility at TSS leads to higher gene

expression revealed by ATAC-seq and RNA-seq. (A) ATAC-seq signaling enriched around

TSS with H2AZ1 silencing or not in 3 lung cancer cell lines. (B) Distribution of peaks on

chromatin accessibility in H1299 and H1975 cell lines. (C) ATAC-seq showing the number of

gain or loss DAR-associated promoter genes upon H2AZ1 silencing in 3 lung cancer cell lines. (D)

ATAC-seq: After H2AZ1 knockdown, KEGG enrichments of loss DAR promoter genes in the

H1299 cell line (since H1299 had the highest ATAC-seq signaling density/peaks). (E) The

correlation between chromatin accessibility (ATAC-seq signal) and gene expression (RNA-seq) in

H1975 and H1299 cell lines. (F) The gene number distribution from ATAC-seq in the H1975

siCtrl. (G) The number of genes from CUT&Tag-seq and ATAC-seq in the promoter (<=1kb)

region in the H1975 siCtrl. (H-J) The correlation of the chromatin accessibility and gene

expression levels in lung tissues from TCGA RNA-seq data. (K, L) Example of the correlation

among CUT&Tag-seq, ATAC-seq, and mRNA expression of RNA-seq. ING5, D2HGDH, and

LINC01279 having H2AZ1 binding signaling (CUT&Tag) and open chromatin around TSS

(ATAC-seq) have mRNA expression (RNA-seq) in all 3 lung cancer cell lines, while NEU4,

PDCD1 (PD1) and RTP5 having not H2AZ1 binding signaling and open chromatin around TSS

have not mRNA expression in all 3 lung cancer cell lines. (M-O) The correlation of location of

H2AZ1 bound (CUT&Tag-seq), chromatin accessibility (ATAC-seq) in the promoter (<=1kb),

and gene expression (RNA-seq) in lung tissues from TCGA RNA-seq data.



0 2 4 6 8 10

PI3K-Akt signaling pathway

Hippo signaling pathway

Autophagy - animal

Apoptosis

T cell receptor signaling pathway

TGF-beta signaling pathway

B cell receptor signaling pathway

MAPK signaling pathway

Wnt signaling pathway

PD-1 checkpoint pathway in cancer

Pathways in cancer

NF-kappa B signaling pathway

Th17 cell differentiation

C-type lectin receptor signaling pathway

Human T-cell leukemia virus 1 infection

Osteoclast differentiation

TNF signaling pathway

p value (-log10)

TFs KEGG, 128 down genes

11

10

12

9

9

8

11

5

6

7

4

4

4

4

4

4

6

TNF signaling pathway:

NFKBIA, CREB1, CREB3L3, IL1B, 

IRF1, TNFAIP3, MAPK1, TRAF1, JUNB, 

RELA, ICAM1

NF-kappa B signaling pathway:

NFKBIA, IL1B, TNFAIP3, TRAF1, RELA, 

RELB, ICAM1, NFKB2

Pathways in cancer:

NFKBIA, SMAD3, MYC, MAPK1, HES1, 

TRAF1, GLI1, HIF1A, GLI3, RELA, 

NFKB2

TGF-beta signaling pathway:

SMAD3, MYC, MAPK1, SMAD7

PD-L1/PD-1 checkpoint pathway in 

cancer:

CD274, NFKBIA, NFATC2, MAPK1, 

HIF1A, RELA

Genes in pathwayNumber of genes 

in pathway

0 2 4 6 8

Mitophagy - animal

Vascular smooth muscle contraction

cGMP-PKG signaling pathway

Aldosterone synthesis and secretion

Cholinergic synapse

Vibrio cholerae infection

Insulin resistance

Gap junction

Renin secretion

Herpes simplex virus 1 infection

p value (-log10)

KEGG pathway, 1026 up genes

Herpes simplex virus 1 infection:

ZNF177, ZNF253, ZNF45, ZNF84, ZNF846, 

ZNF845, AKT1, ZNF766, ZNF568, ZNF765, 

ZNF721, ZNF841, HLA-DPA1, ZNF761, ZNF17, 

ZNF285, ZNF836, ZNF714, ZNF713, ZNF558, 

ZNF630, ZNF596, ZNF233, ZNF793, ZNF471, 

ZNF7, ZNF708, ZNF429, ZNF426, ZNF227, 

ZNF468, ZNF621, ZNF268, ZNF585A, ZNF140, 

ZNF184, PTPN11, ZNF34, ZNF559-ZNF177, 

ZNF737, ZNF616, ZNF418, CYCS, ZNF415, 

ZNF534, ZNF699, ZNF354A, ZNF730, ZNF135

49

10

10

11

7

11

10

14

12

8

Genes in pathway
Number of genes 

in pathway

Figure S5

B

C

1

0

-1

A



Figure S5

Sh-Vector             

ShH2AZ1-2             

ShH2AZ1-3

Sh-mix           

A549

+              -

- +   

- -

- -
- -

- -

+            -

- +   

EGFR

HIF1α

H2AZ1

GAPDH

p-RELA p65

sh_Vector

shH2AZ1_2

shH2AZ1_3

sh_mix

PC9

+            -

- +   

- -

- -

- -

- -

+           -

- +   

EGFR

HIF1α

H2AZ1

GAPDH

p-RELA p65

E F

Supplementary Figure S5. H2AZ1 knockdown affects cancer-related pathways. (A)

RNA-seq: heat map of differentially expressed genes after H2AZ1 knockdown in A549,

H1975, and H1299 cell lines. (B) KEGG pathway enrichment using 128 down-regulated TFs

after H2AZ1 knockdown. (C) KEGG pathway enrichment using 1026 up-regulated genes

after H2AZ1 knockdown. (D) Upon H2AZ1 knockdown, the key tumor suppressor genes

were not changed. (E, F) Stably H2AZ1 knockdown by shRNAs was constructed using

lentivirus. The expression of EGFR, HIF1-α, and p-RELA p65 were reduced in A549 and

PC9 cell lines.
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Supplementary Figure S6. H2AZ1 regulates EGFR through HIF1A. (A) CUT&Tag of H2AZ1

indicating H2AZ1 was bonded to HIF1A promoter with open chromatin for RNA polymerase

binding. This region was also highly acetylated. The image of ChIP-seq of H3K27Ac and POLR2A

was downloaded from the UCSC website. (B) Working model of H2AZ1 deposits on HIF1A

promotor to regulate its expression. (C) EGFR protein was decreased at 24, 48, and 72 hours after

H2AZ1 knockdown with siRNA in the H1975 cell line. (D) RNA-seq results show that mRNAs of

H2AZ1 and HIF1A were not changed after EGFR knockdown with siRNA.



Figure S7

0
0.2
0.4
0.6
0.8

1
1.2

R
e

la
ti
v
e

 m
R

N
A

 l
e

v
e

l

RELB mRNA, H1299

siCtrl RELB

GAPDH

RELA p65

HIF1α

H1299

p-RELA p65

A

B C

RELA

H3K27Ac ChIP-seq

POLR2A ChIP-seq

D

Model of H2AZ1 deposits on RELA promoter

DNA

RELA mRNA

E

Regular nucleosome

H2AZ1 containing

nucleosome

RNA POL II

TF

A549 H2AZ1 CUT&Tag

H1975 H2AZ1 CUT&Tag

A549 ATAC-seq siH2AZ1 

A549 ATAC-seq siCtrl

H2AZ1 position on RELA promoter

RELA ChIP-seq

HIF1A

TSS

Supplementary Figure S7. H2AZ1 regulates HIF1A via RELA. (A) qRT-PCR assay validated the

knockdown efficiency of RELB siRNAs in H1299 cells. (B) HIF1α was not affected by RELB

knockdown with siRNAs in H1299 cells. (C) RELA protein was bound to the HIF1A promotor by

ChIP-seq in lymphoblastoid B cells. (data source: GSE117250 and GSE55105). (D) CUT&Tag of

H2AZ1 indicating H2AZ1 was bonded to RELA promoter with open chromatin for RNA polymerase

binding. This region was also highly acetylated. An image of ChIP-seq of H3K27Ac and POLR2A

was downloaded from the UCSC website. (E) Working model of H2AZ1 deposits on RELA

promotor.



Reagent or Resource(5'-3') Source Identifier

siRNA/shRNA target sequence

GCAGAAGUUAUAGUAACAATT GenePharma H2AZ1 siRNA target sequence-2-F

UUGUUACUAUAACUUCUGCTT GenePharma H2AZ1 siRNA target sequence-2-R

CUGGUGGAUAAGUUCAAUATT GenePharma H2AZ1 siRNA target sequence-3-F

UAUUGAACUUAUCCACCAGTT GenePharma H2AZ1 siRNA target sequence-3-R

GCAGAAGTTATAGTAACAA GenePharma H2AZ1 shRNA target sequence-2

CTGGTGGATAAGTTCAATA GenePharma H2AZ1 shRNA target sequence-3

GCUGGAGACACAAUCAUAUTT GenePharma HIF1A siRNA target sequence-1-F

AUAUGAUUGUGUCUCCAGCTT GenePharma HIF1A siRNA target sequence-1-R

GCCGCUCAAUUUAUGAAUATT GenePharma HIF1A siRNA target sequence-2-F

UAUUCAUAAAUUGAGCGGCTT GenePharma HIF1A siRNA target sequence-2-R

CCACCACUGAUGAAUUAAATT GenePharma HIF1A siRNA target sequence-3-F

UUUAAUUCAUCAGUGGUGGTT GenePharma HIF1A siRNA target sequence-3-R

GCAACAUGUCGAUGGACUUTT GenePharma EGFR siRNA target sequence-2-F

AAGUCCAUCGACAUGUUGCTT GenePharma EGFR siRNA target sequence-2-R

GGAGAUAAGUGAUGGAGAUTT GenePharma EGFR siRNA target sequence-3-F

AUCUCCAUCACUUAUCUCCTT GenePharma EGFR siRNA target sequence-3-R

GCACUUACGGAUUCUGGUGTT GenePharma RELA siRNA target sequence-1-F

CACCAGAAUCCGUAAGUGCTT GenePharma RELA siRNA target sequence-1-R

UCAAAGCACUUGGACUCUUTT GenePharma RELA siRNA target sequence-3-F

AAGAGUCCAAGUGCUUUGATT GenePharma RELA siRNA target sequence-3-R

CCAGGAGCACAGAUGAAUUTT  GenePharma RELB siRNA target sequence-1-F

AAUUCAUCUGUGCUCCUGGTT  GenePharma RELB siRNA target sequence-1-R

GGAAGAUUCAACUGGGCAUTT  GenePharma RELB siRNA target sequence-2-F

AUGCCCAGUUGAAUCUUCCTT  GenePharma RELB siRNA target sequence-2-R

CCGUGACAGUCAACGUCUUTT  GenePharma RELB siRNA target sequence-3-F

AAGACGUUGACUGUCACGGTT  GenePharma RELB siRNA target sequence-3-R

GCUUGUACCUGCAGGAUCUTT GenePharma MYC siRNA target sequence-1-F

AGAUCCUGCAGGUACAAGCTT GenePharma MYC siRNA target sequence-1-R

GGAAGAAAUCGAUGUUGUUTT GenePharma MYC siRNA target sequence-2-F

AACAACAUCGAUUUCUUCCTT GenePharma MYC siRNA target sequence-2-R

GUGCCACUAACUACAUUUATT GenePharma MET siRNA target sequence-1-F

UAAAUGUAGUUAGUGGCACTT GenePharma MET siRNA target sequence-1-R

GUCCCGAGAAUGGUCAUAATT GenePharma MET siRNA target sequence-3-F

UUAUGACCAUUCUCGGGACTT GenePharma MET siRNA target sequence-3-R

Stable overexpressed sequences

ATGGCTGGCGGTAAGGCTGGAAAGGACTCCGGAAA

GGCCAAGACAAAGGCGGTTTCCCGCTCGCAGAGAG

CCGGCTTGCAGTTCCCAGTGGGCCGTATTCATCGAC

ACCTAAAATCTAGGACGACCAGTCATGGACGTGTGG

GCGCGACTGCCGCTGTGTACAGCGCAGCCATCCTGG

AGTACCTCACCGCAGAGGTACTTGAACTGGCAGGA

AATGCATCAAAAGACTTAAAGGTAAAGCGTATTACC

CCTCGTCACTTGCAACTTGCTATTCGTGGAGATGAA

GAATTGGATTCTCTCATCAAGGCTACAATTGCTGGT

GGTGGTGTCATTCCACACATCCACAAATCTCTGATTG

GGAAGAAAGGACAACAGAAGACTGTC

this study
Stable overexpressed sequence-

H2AZ1

Table S1 siRNA sequence，PCR primer and regents



RT-PCR primers

CCTCACCGCAGAGGTACTTG BGI Genomics H2AZ1-F

GTTGCAAGTGACGAGGGGTA BGI Genomics H2AZ1-R

CCACTAGGCGCTCACTGTT BGI Genomics GAPDH-F

CCAATACGACCAAATCCGTTGAC BGI Genomics GAPDH-R

ATGTGGAGATCATTGAGCAGC BGI Genomics RELA-F

CCTGGTCCTGTGTAGCCATT	 BGI Genomics RELA-R

GAACGTCGAAAAGAAAAGTCTCG BGI Genomics HIF1A-F

CCTTATCAAGATGCGAACTCACA BGI Genomics HIF1A-R

AGGCACGAGTAACAAGCTCAC BGI Genomics EGFR-F

ATGAGGACATAACCAGCCACC BGI Genomics EGFR-R

Regents Source Identifier

Antibodies

H2A.Z

Cell Signaling Technology 

(CST)
2718

H2A.Z（CUT&Tag） Abcam ab4174

GAPDH

Cell Signaling Technology 

(CST)
5174s

EGF Receptor (D38B1) XP® Rabbit mAb
Cell Signaling Technology 

(CST)
4267s

HIF-1α (D1S7W) XP® Rabbit mAb
Cell Signaling Technology 

(CST)
36169s

NF-ĸB p65 (D14E12) XP®Rabbit mAb
Cell Signaling Technology 

(CST)
8242s

Phospho-NF-ĸB p65(Ser536)(93H1) Rabbit mAb
Cell Signaling Technology 

(CST)
3033s

Anti-Flag Sigma SLCJ4124

Anti-rabbit IgG

Cell Signaling Technology 

(CST)
7074s

Anti-mouse IgG

Cell Signaling Technology 

(CST)
7076

Chemical regents

PierceTM BCA Protein Assay kit Thermo Fisher Scientific 23225

RPMI 1640 Gibco C11875500BT

Fetal bovine serum Gibco 10270-106

Penicillin-streptomycin Gibco 15140-122

Phosphate Buffered Saline Gibco C10010500BT

Puromycin Genechem REVG1001

Matrigel Basement Membrane Matrix Corning 356234

RIPA buffer Cell Signaling Technology 9806S

PMSF Beyotime ST506-2

Protease & phosphatase inhibitor Thermo Fisher Scientific 1861280

RNA Lipofectamine RNAi max Invitrogen 13778-150

Opti-MEM medium Gibco 31985-062

Trypsin-EDTA (1X) Gibco 25200-056

Methyl alcohol Guangdong Guanghua CAS67-56-1

Trizol reagent Ambion 15596026

Tris-MOPS-SDS Running Buffer Powder GenScript M00138

SDS-PAGE gel GenScript M00654



TBS-T buffer (10x) Boster Biological Technology AR0195-10

Prestained Protein Ladder Gene Tech R1001-002

BSA Sigma-Aldrich 9048468

UltraSignal ECL Reagent 4A Biotech 4AW011-500

Cell Counting Kit Yeasen 40203ES92

FastPure Cell/Tissue Total RNA Isolation kit V2 Vazyme RC112-01

PrimeScript™ RT reagent Kit with gDNA Eraser Takara RR047A

TB Green Premix EX Taq II Takara RR820L

PVDF Western Blotting Membranes Roche 3010040001

Tris-glycine-SDS transfer buffer (10x) Boster Biological Technology AR1152-10

Cell lines

H838

 Cell Bank of the Chinese 

Academy of Sciences CC0224

A549

 Cell Bank of the Chinese 

Academy of Sciences CC0202

H1975

 Cell Bank of the Chinese 

Academy of Sciences CC0206

PC9

 Cell Bank of the Chinese 

Academy of Sciences CC0204

H1299

 Cell Bank of the Chinese 

Academy of Sciences CC0203


