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Supplementary tables

Supplementary Table S1. Antibodies used in this study

Antibody Catalog Company
KDM4A ab191433 Abcam
ERRYy sc-376449 Santa Cruz
ERRYy HY-P82264 MedChemExpress
GAPDH ab9485 Abcam
Cyclin B1 A16038 ABclonal
CDK1 A0220 ABclonal
TriMethyl-Histone H3-K9 A22295 ABclonal
TriMethyl-Histone H3-K36 A20379 ABclonal
Histone H3 A2348 ABclonal
N-cadherin ab76011 Abcam
E-cadherin A3044 ABclonal
Vimentin 5741 CST
IgG antibody ab172730 Abcam
Ki67 ab15580 Abcam
HRP-conjugated Goat anti-
Rabbit IgG (H+L) AS014 ABclonal




Supplementary Table S2. Target sequences of ShRNAs and primer sequences used

for the construction of KDM4A and ESRRG overexpression vectors

shRNA target sequences
Gene Sequence
sh-KDM4A#1 GCACCGAGTTTGTCTTGAAAT
sh-KDM4A#2 TTCGAGAGTTCCGCAAGATAG
sh-KDM4A#3 GACTGCTGTTTATGCTCATTA
sh-ESRRG#1 CGGTCTCTTTCGTTTGAGGAT
sh-ESRRG#2 CCCTTATTTCTTTGCTTCTTT
sh-ESRRG#3 CGAATGAATGTGAAATCACAA

Cloning primers for overexpression constructs

Gene Sequence
KDM4A Forward: ATGGCCAGCGAGAGCGAGACA
Reverse: TTCCATGATGGCCCGATACAGAGCG
ERRy Forward: CAGAACGGACTTGACTCGCC
Reverse: CCCAGAAGCGATGTCACCAC

Supplementary Table S3. The sequences of gene-specific primers used for qRT-PCR,
and ChIP assays

Gene name Forward (5°-3”) Reverse (5°-3°)

Primers for qRT-PCR
GGCTGTTGTCATACTTCTCAT

GAPDH GG GGAGCGAGATCCCTCCAAAAT
GGAAATTGAGCGGAGAGCG

CDK1 A TGGCTACCACTTGACCTGTAG
CTACCCTTCTGCTCCTATCCT

ESRRG G AGCGATGTCACCACACACTAAA

Primers for ChIP
AGAGGGATGGTGCCAAATG

ESRRG promoter G AAGACTGGCCTTTACGTGGG




Supplementary Table S4. Association between KDM4A expression groups and
clinicopathological characteristics in UCEC cohorts

Dataset Clinical Type Total High Low P-value

TCGA  Age >65  224(42.83%) 111(42.53%) 113(43.13%) >0.999
<=65 297(56.79%) 148(56.7%) 149(56.87%)
unknown 2(0.38%)  2(0.77%)  0(0%)
Grade Gl  98(18.74%) 64(24.52%) 34(12.98%) <0.001
G2 116(22.18%) 73(27.97%) 43(16.41%)
G3  298(56.98%) 119(45.59%) 179(68.32%)
G4 112.1%)  5(1.92%)  6(2.29%)
Stage I 325(62.14%) 189(72.41%) 136(51.91%) <0.001
I 4809.18%) 22(8.43%) 26(9.92%)
M 121(23.14%) 44(16.86%) 77(29.39%)
IV 29(5.54%)  6(2.3%)  23(8.78%)

GSE1061
Age >65  4(625%)  0(0%)  4(12.5%)  0.121
91
<=65  60(93.75%) 32(100%) 28(87.5%)
GSE1702
Age >65  19(20.88%) 6(13.33%) 13(28.26%)  0.031
5

<=65  55(60.44%) 35(77.78%) 20(43.48%)



Dataset Clinical Type Total High Low P-value
unknown 17(18.68%) 4(8.89%) 13(28.26%)
Grade Gl 30(32.97%) 9(19.57%) 21(46.67%)  0.003
G2 36(39.56%) 18(39.13%) 18(40%)
G3 25(27.47%) 19(41.3%) 6(13.33%)
Stage IA 30(32.97%) 15(33.33%) 15(32.61%)  0.728
IB 37(40.66%) 17(37.78%) 20(43.48%)
IC 23(25.27%) 13(28.89%) 10(21.74%)
unknown  1(1.1%) 0(0%) 1(2.17%)

Supplementary figures and figure legends



: T —— : - %
ga——— .
b4 o - S . ‘\LR_‘ 2 res
g2 1 B £e 1 £s
e e 3 HR =165 (0.88 - 2.77) &3 HR = 1.26 (0.79 - 1.99) = e HR = 1.6 (0.93 - 2.76)
. HR = 1.37 (0.9 - 2.08) logrank P = 0.055 logrank P =0.33 N logrank P = 0.089
© | Expression logrank P =0.14 b S1e pression S | Expression
=5 N N
o =4 s e
0 50 100 150 200 o 50 100 150 200 o o 20 3 40 50 &0
Time (months} Time (months) ime (monins)
INumber at nsk. N or al ris
ow B s 2 1 y Jow pag oA N o ow 15 126 w2 8 s a7
o “ ! ih 371 niah 383 5 3 1 hioh 397 352 264 185 133 107 80
E Protein expression of KDM4Ain UCEC F Protein expression of KDM4A in UCEC G UCEC
o ok 2
4 o 4 oy Ak
T 3
i 3 T
T - - i - i i
| H i T | £
i i i i 2 —_ i =
o | ! . : i T ! £° (. 0 e
= i - ER | - AUC: 0.88
2, || @ H _— a3
70 | 2
T o 7T p= BE
' - | |
v == - i | 3
, { -+ 4 ] | - 4
2 . -2 £ 4 =)
4 = ek T T T T
Normal — Stagel — Stage2  Staged  Staged Mormal Grade1 Grade2 Grade3 00 o2 1‘1“5 :"‘5 " 08 10
- Specifici
CPTAC samples CPTAG samples

Figure S1. Prognostic significance of KDM1A, KDM1B, KDMS5A, and KDMS5B
and the clinicopathological relevance of KDM4A in UCEC.

(A-D) Kaplan—Meier analyses of overall survival in patients with UCEC stratified into
high- and low-expression groups according to the expression levels of KDM1A (A),
KDMIB (B), KDMS5A (C), and KDM5B (D). Hazard ratios (HRs) with 95% confidence
intervals and log-rank P values are shown. (E) CPTAC-based comparison of KDM4A
protein expression between normal endometrial tissues and EC tissues stratified by
pathological stage (Stages I-1V). (F) Comparison of KDM4A protein expression
between normal endometrial tissues and EC tissues stratified by histological grade
(Grades 1-3). (G) Receiver operating characteristic (ROC) curve evaluating the ability
of KDM4A expression to distinguish EC tissues from normal tissues. The area under

the curve (AUC) was 0.887 (95% CI, 0.847-0.922). **P < 0.01 and ***P < 0.001.
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Figure S2. KDM4A expression is associated with proliferation- and EMT-related

markers and regulates cell-cycle distribution in endometrial cancer cells.

(A-D) Correlation analyses of KDM4A expression with SNAI1 (A), MKI67 (B), VIM

(C), and CDH2 (D) expression in UCEC samples. The correlation coefficient (R) and

corresponding P value are indicated in each plot. (E, F) Representative flow-cytometric

profiles (E) and quantitative analysis (F) of cell-cycle distribution in Ishikawa cells

transduced with control shRNA (sh-Ctrl) or two independent KDM4A-targeting

shRNAs (sh-KDM4A#1 and sh-KDM4A#2). (G, H) Representative flow-cytometric

profiles (G) and quantitative analysis (H) of cell-cycle distribution in HEC1-B cells

transduced with the empty vector or a KDM4A-overexpression construct. Data are

presented as the mean £ SD. ns, not significant; * P < 0.05; **P < 0.01; ***P < 0.001.
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Figure S3. The effect of KDM4A on H3K36me3 levels in EC cells.

(A-B) Western blot analysis of H3K36me3 expression in Ishikawa cells transfected
with KDM4A knockdown (sh-KDM4A#1, sh-KDM4A#2) or control (sh-Ctrl)
constructs (A). Quantification of H3K36me3 relative to H3 expression in Ishikawa cells
(B). (C-D) Western blot analysis of H3K36me3 expression in HEC1-B cells transfected
with KDM4A overexpression or vector control constructs (C). Quantification of
H3K36me3 relative to H3 expression in HEC1-B cells (D). Data are presented as the

mean + SD. ns, not significant.



A T e e e R T —— i —
- e
nnnnn N N . i o i - — -
3[ ——
OR2 TP bw 0 L g o e o obim Mmoo P PP T S VR T L
oezinbw o Logil . e P Y S U U [ S A R Y T Y
3
Ne2IP b g [ Y W | G N S S,
NCZInbw o |yl P P P S—T T )
Refseq Genes ESRRG qJ
Tss

e

k]
OELIPbw [L...A FIPRNS WYY | I..“..l PP YT SPUROTIRITR W0 W PY U0 UOY PYT I WPURPY I SV PTIOPIOY | 71 _.I....LA .A....luunnllml wakhahi

OE2_Inbw u[ TTRN} TR TS VOV PPN VI FUTIRURINE TTT I PUPRTIF PPY WAUPH R PO WA WV UON PRRPRTITY T WY B O BT R} N T PR o |

NC2 Pbw [wwwmmmmmu@wm
3

NC2Iabw [..I,..uu.ﬂ L Yy v ay P L..‘.‘. . ‘ﬂ".LI.L_.. roe ..lu.al. . JIL‘.-...-LI.. NPT .l.l.“d.d..m‘}.ﬂ.i [T TP R T

s

Refseq Genes

MYCBP2

3
OE2 IP bw 2[&‘4%#@_““_&“;‘_“@
OE2_Inbw n[ al o Bl o mam e Al A i A - i

H

NCZ_IP.bw [
[ =
3
NCZ Inbw [
- L] S —

Refseq Genes LP TAF1

D

- I; s gy == -
. e e o i . P s o P,
i 1 i ]

5.06
OE2_IP bw

P TN NIRRT, Racabibeah i tednte et s i ™ PO P S Meaaad TR PP " hocsas, dodli
OE2 Inbw |:

96 (TP ST Y PUSHIN WY TR FRURTWPDY FTRIN BN I TUTT TN T TN S Y VTN ST ST TUURTPTIVGTIY WITPIF RPN VU PR T W 1 VIO
NC2_IP.bw

SR S V7T IV TRRPTVITY VI T T PP VN TN VUPPUN T PUT® IO TOPVTY WOV ROV EPRPIOAY W TP WYY VYTV RO TH ¥ ITY SR 9T 199 FUSR Y
NCZ_inbw

[ [P TP PSP I [T IR PSR NS PP SO PRSP Y PP IR | P ST TSP Iy PP IVEPPRT I 11" PHY WP SR NYIOY TPPUY YO0 1N IPPRYHE YO "OPRpeiepepe N N GPeT Iy
Refseq Al CSNKIGL <J 58

Figure S4. Genome browser visualization of H3K9me3 ChIP-seq signals at
selected genomic loci following KDM4A overexpression.

(A-D) Representative IGV tracks showing H3K9me3 ChIP-seq enrichment and the
corresponding input signals in KDM4A-overexpressing (OE2) and negative-control
(NC2) cells at the ESRRG (A), MYCBP2 (B), TAF1 (C), and CSNK1G1 (D) loci. Red
boxes indicate regions selected for visual comparison and subsequent ChIP-qPCR

validation. Gene structures and transcription start sites (TSSs) are shown below the



signal tracks. IP, immunoprecipitated DNA; In, input DNA; bw, bigWig signal track.
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Figure S5. KDM4A expression is positively associated with ERRy expression in
mouse and human EC tissues.

(A) Schematic illustration of the generation of uterus-specific Pten-deficient mice by
crossing Pgr-Cre mice with Pten”" mice. (B) Representative gross images of uteri from
mice with the indicated genotypes. (C) Representative immunohistochemical staining
of KDM4A and ERRy in mouse EC tissues with low or high KDM4A expression,
together with correlation analysis between KDM4A and ERRYy expression levels. (D)
Representative immunohistochemical staining of KDM4A and ERRy in human EC
tissues with low or high KDM4A expression, together with correlation analysis between
KDM4A and ERRYy expression levels. The correlation coefficients and corresponding

p-values are indicated in the plots.
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Figure S6. Effects of KDM4A knockdown and overexpression on H3K9me3 and
ERRy immunofluorescence signals in EC cells. Representative multiplex
immunofluorescence images of KDM4A, H3K9me3, and ERRy in Ishikawa cells
transduced with sh-Ctrl or sh-KDM4A and in HEC1-B cells transduced with empty
vector or a KDM4A-overexpression construct. KDM4A, H3K9me3, and ERRy are
shown in red, green, and magenta, respectively. Nuclei were counterstained with DAPI.

Scale bar, 25 pm.
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Figure S7. Validation of ERRy manipulation and expression correlations within

the KDM4A-ERRy-CDK1 axis.

(A) Validation of ERRy knockdown in HEC-1B cells transfected with sh-Ctrl or sh-

ERRy. ESRRG mRNA and ERRYy protein expression were assessed by quantitative real-

time PCR and western blotting, respectively. (B) Validation of ERRy overexpression in

Ishikawa cells transfected with an empty vector or an ERRy-overexpression plasmid.

ESRRG mRNA and ERRy protein levels were determined by quantitative real-time

PCR and western blotting, respectively. (C) Correlation analysis between KDM4A and

CDKI1 mRNA expression in UCEC tissues. (D) Correlation analysis between ESRRG

and CDKI1 mRNA expression in UCEC tissues. Correlation coefficients (R) and

corresponding p-values are indicated in the plots. Data are presented as the mean + SD.

**4P < 0.001.
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Figure S8. ERRY partially mediates KDM4A-associated migration and invasion in

EC cells.

(A) Representative images and quantitative analysis of Transwell migration and

invasion assays in Ishikawa cells transduced with sh-NC + NC-ERRYy, sh-KDM4A +

NC-ERRy, or sh-KDM4A + OE-ERRy. (B) Representative images and quantitative

analysis of Transwell migration and invasion assays in HEC1-B cells transduced with

Vector + sh-Ctrl, KDM4A + sh-Ctrl, or KDM4A + sh-ERRy. Data are presented as the

mean + SD. * P <0.05; **P <0.01; ***P < 0.001.



