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Hepatocellular carcinoma-derived lactate-mediated histone H3K18 lactylation modifies
S100A2 transcription to promote proliferation, migration, invasion and epithelial-

mesenchymal transition of hepatocellular carcinoma cells
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Abstract: Objective To investigate the role of histone H3 lysine 18 lactylation (H3K18la) regulating the transcription of 5100
calcium-binding protein A2 (S100A2) in the development of hepatocellular carcinoma (HCC) and its molecular mechanism.
Methods HCC single-cell transcriptome sequencing data were used to screen the differentially expressed genes and pathways.
Intracellular lactate and histone lactylation were measured in HCC and normal hepatocyte cell lines. The effects of glycolysis
inhibitors (2-DG/Oxamate) on proliferation, migration, and invasion of the cells were evaluated, and ChIP-qPCR was used to
detect the enrichment of H3K18la at the S100A2 promoter. TCGA database was used to analyze the association of S100A2
expression with the prognosis of HCC patients. SI00A2 overexpression and knockdown cell models were established, and
rescue experiments using 2-DG or lactate were performed to validate the role of H3K18la in mediating the effects of S100A2.
The interaction between S100A2 and KRT6A proteins was validated by STRING, molecular docking, and Co-IP. Western
blotting was performed to determine the nuclear expression of B-catenin and the EMT markers (vimentin and E-cadherin) in
HCC cells, and to elucidate the regulatory effect of H3K18la on the Wnt/@3-catenin pathway. Results Glycolysis and pyruvate
metabolism pathways were upregulated in HCC, and lactate levels was elevated in HCC cells. Pan-Kla and H3K18la were
significantly overexpressed in HCC cell lines, especially under hypoxia. Glycolysis inhibitors dose-dependently reduced H3K18la
and suppressed malignant phenotypes of HCC cells. S100A2 mRNA and protein levels were upregulated in HCC, and its high
expression was correlated with poor prognosis. SI00A2 promoted HCC cell proliferation, migration, and invasion, which were
reversed by 2-DG. S100A2 directly interacted with KRT6A, the expression of nuclear (-catenin was reduced after KRT6A
knockdown and increased after KRT6A overexpression; exogenous lactate reversed KRT6A overexpression-induced inhibition
of B-catenin, which was blocked by XAV939. Treatment with 2-DG lowered the expressions of (3-catenin and EMT markers,
which were reversed by S100A2 or KRT6A overexpression. Conclusion HCC-derived lactate enhances H3K18la modification,

which activates STI00A2 transcription to positively regulate

the Wnt/B-catenin pathway, ultimately promoting the
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proliferation, migration, invasion and EMT of HCC cells.
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e siRNA BBTRL, BARSRAEL RS B 43, 5 085 43
)3 1 Western blotting Fll RT- qPCR J5 ¥ B il % YL 24
R BRI T R L5

1 siRNARB[EI 73
Tab.1 Targeted sequences of siRNA

siRNA Sequence

siRNA-Crtrl 5'-CCTAAGGTTAAGTCGCCCTCGCTC-3'

siRNA-S710042 5'-GATGAGAACAGTGACCAGCAG-3'

siRNA-KRT6A 5'-CCAGCAGGAAGAGCUAUA-3'

1.4 %5 5t & 3 R A8k X2 (RT-qPCR)

A R b L A 48 o RN T 6 FLIG TR AR N
F5 WCEANERE S, Trizol IEHEBUE RNA , 2 BRG] &1k
B 45306 %% 5% ¢cDNA. f# I SYBR Green PCR Fll{R
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2480 EHE S10042 () mRNA MXT Fik i . B1F5
ok A S E S AEYBORME Bt NCBIBWEE , R
AP CHEIEED) AR 51 F 5 W3R 2.

%2 RT-qPCR3|¥1/%751
Tab.2 Primers for RT-qPCR

Gene Sequence

S§10042 Forward GCCAAGAGGGCGACAAGTT

Reverse AGGAAAACAGCATACTCCTGGA

p-actin - Forward GACCTGACTGACTACCTCATGGAAGAT

Reverse ~ GTCACTTCATGATGGAGTTGAAGG

1.5 Western blotting 4]
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SRR (5 1% 25 11 I 551 Ll e il 410 ) 751) S PMISF ) %4
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M RELE A58 1:1000,
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K H CCK-8 Fl v FE 2 Bl S 5 A5 HCC 4t a3 56
fit 1. R H Transwell /)N% 1 48 R 28 5206 43 5] 46 0
HCC AR AN 286 T
1.7.1 CCK-8 % H4bFXJH BRI 2R A b #E Y
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53 ChIP-qPCR 3|41 51
Tab 3. Primers for ChIP-qPCR

Gene Sequence

S100A2 promoter  Forward 5-GAAGTGGGAGGTGTCGTGG-3'

Reverse 5-CGAGCACTGGACCATGAAGT-3'

1.9 5 F x4

I F GRAMM-X (http://gramm. compbio. ku. edu
/) ERAXT ST00A2 Al KRT6OA 147 85 - 25 11 WP X 422,
43 M1 ST00A2 Fil KRT6A Z [H] [ )& & . S100A2 F
KRT6A f%E 145438 M\ Protein Data Bank PDB 3%
(http://www. rcsb. org/) F13f45% . Pymol (A 3.0.3) Fll
PDBePISA (https://www.ebi.ac.uk/pdbe/pisa/) F T
SERE I BUZ RIAE AR, 25 TR A e T
1.10 it 547

K F GraphPadPrism8.0 Jiit il SPSS26.0 #1754 i1
0T TR ORI B bR E 22 08 TR R
25081, P4 L3R FH Student's test K6 360 22 4 L5 .
P<0.05 K 2FBAGIHTFE L.

2 R
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S PRI SC S L K LDHA . ALDOBTE g 20 v 263k
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Z(E1H).
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Kz W HCC 21 Mg & Je fiF 1E % 4 g & Pan Kla,
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H3K18la £ 357K T+ (P<0.01, I 2A B) . B4A 51
T, HepG2 4 i Hh H3K9la . H3K 18la [z H4K 8la 7K1~
T+ (P<0.05, 181 2B .C) , H3K 18la /K VT el i 3
(P<0.001). 2-DG 5 Oxamate ¥ ] ¥ B H R b F5 A%
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F14) 38 B 3 R NS (P<0.001, [ 2G) o v BT L S2 16 ik
N WH TR ST 70 ZEI J %) 40 e P 5 ) 38 /> o) e
2l , HogBARFIE/N(E 2 HoD » Transwell iB 8 FlfZ 28
SEEZE R R, 2-DG B, Oxamate AbFR)5 , iR A 2811
AR RO BRI (P<0.05, K2 1K)

2.3 H3KI18laA~5S10042 % Fi% %55 HCC R R FUE
A%

ChIP-qPCR £ 56025 5 i/ , H3K 181a 7E S10042 )i
BT X AT T 1gG A IEZH (P<0.001, K1 3A) .
BAESE T HepG2 41l i S100A2 25 11 35 7K R v
[ FiE K 111 72 3 T e (P<0.05, 181 3B .C) o LR AL T AT o4k
FEARHS P |9 S100A2 4 11 £ 15 (P<0.05, 81 3D E) o
Western blotting £ | 25 S . 7~ , 2-DG 4k B v] [ fi%
H3K18la 5 S100A2 8 /K- M FLIRAE FE AT 103%% 2-DG
X} S100A2 A F#1EFH (P<0.05, [F] 3F~H) . TCGA %
PEOMTEE TR BN ,S100427E LIHC Hh3ik Fi#(P<0.001,
[131), Kaplan-Meier Ef753HT iR, (323K S10042 1)
BB S AL T AR R AR 4 (P<0.05, K1 3))
Western blotting £l 45 5 .7~ , HCC ZHfig & ' S100A2
HEFKFE TR AR (P<0.01, [#13K L),
2.4 S100A212i# HCC Zu bl 38 38 iE A Foid 48

RT-qPCR & Western blotting ¥ il 2% £ i /R ,
S100A2 7E 5 Flt HCC 4Hi il = 1 f#7E mRNA SR KA
2% 5 ([l 4A~C) . Huh-7 4 Jfs b # A% S10042 )5
S100A2 & 1 &2 mRNA 7K ~F- [ {I% (P<0.05, P<0.01) ,
HepG2 4 Jfl 3 3% 35 S10042 J5 , S100A2 55 1 M
mRNA 7K F- T} (P<0.001, 1 4D~G) . CCK-8 525645
RN, @k S10042 ] Huh-7 40 3G 58 , 1 Rk
S100A2 23 HepG2 44451 (P<0.05, K 4H 1), TilE
TE RS20 45 5 BN L S100A2 W 2H 40 i va e ki it /0 T
X HAL , TEREARREE /N P<0.01, & 4)) . S1004213 33k
ZH 400 5T AT B E 4855 (P<0.001, K1 4K) . Transwell
TR R AR B 55 1 R, S10042 WiARALT R A 78
49 20 A X 85 e 4 o BE 2] [ AR (P<0.01, P<0.05) ,
S100A42 3 FR TR FUZZE 0 A REAE X I R 00 R 2
Bamn(p<0.01,K4 L M),
2.5 H3K18laf&4h i@ i 4% S100A2 & A 42 3 HCC %9
Req 38 T A Al AR A

Western blotting #6025 5 B 7, 76 S100A2 Fi AR 20
Ja kb FE 2R AT T H3K 181a &2 S100A2 & 17K F-(P<
0.01,E5A) . TIfgsu, S100A42 w{I2H 4 ve e
TR TR S Az 22 AN AR B 98/ (P<0.05)
117 L 2 A B AT i B3R FE 45 (P<0.001) , #4300 5% T
S100A2 WA IVER (K] 5B~D) . X Z ,7E 810042333
K1) HepG2 4t i b 4 e i 0 1570 2-DG A3 AT R
H3K18la % S100A2 £ 17K - (P<0.001, K SE) . Yifig
S B, S10042 33 Fe kA AN vo e E B8R 2R KX
1R ZEAN AR B 18I0 (P<0.01) , 17 2-DG A FE AT [
IK iR FEFR (P<0.01) , EB3 1855 T S10042 3 Fik i1
H(E5F~H),
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dots, upregulated genes in tumors; blue dots, downregulated genes; gray dots, genes without significant changes. Selection criteria:
adjusted P value (Padj)<0.05 and |log2(fold change)| >1. E: Schematic illustration of the glycolytic pathway. F: GSEA showing
enrichment of pyruvate metabolism in HCC. G: GO enrichment analysis of upregulated DEGs in epithelial cells from tumor

samples. H: Lactate levels in HCC and normal hepatic cell lines. Data are presented as Mean+SD (n=3). **P<0.01 vs L-O2 group.
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