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Induction of E2F1 expression by ROS in murine skeletal muscle cells is mediated by the

histone demethylase KDM3A
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University , Nanjing 211166, China

[Abstract] Objective: Accumulation of reactive oxygen species (ROS) in skeletal muscle cells promotes apoptosis , which represents
a key mechanism underlying the loss of muscle mass during aging. Previously we have demonstrated that the transcription factor E2F1
promotes the transcription of the pro-apoptotic gene PERP in skeletal muscle cells (C2C12). In the present stuy we investigated the
epigenetic mechanism whereby E2F1 expression is stimulated by ROS in C2C12 cells. Methods: Real-time qPCR and Western blotting
were used to examine gene expression levels. Chromatin immunoprecipitation was used to determine the interaction between protein and
DNA. Results: We report that E2F1 levels were up-regulated in C2C12 exposed to H,0,. Up-regulation of E2F1 expression by H,0,
treatment was accompanied by erasure of dimethyl H3K9 from the E2F1 promoter. Further study revealed that H,O, treatment promoted
the binding of KDM3A , a histone demethylase, on the E2F1 promoter. In contrast, KDM3A depletion by siRNA significantly dampened
the induction of E2F1 expression by H,0, treatment. Concomitantly, KDM3A knockdown decreased the levels of acetylated H3 and
trimethylated H3K4 but restored the levels of dimethylated H3K9 on the E2F1 promoter. Conclusion: Our data suggest that KDM3A
may participate in H,O,treatment-induced E2F1 trans-activation by modulating histone modifications on the E2F1 promoter.
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Figure 1 H.O, treatment stimulates E2F1 expression
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Figure 2 H,O, treatment alters the chromatin structure surrounding the E2F1 promoter
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Figure 4 KDMB3A mediates the changes in chromatin structure induced by H,O.

BEAJE  KDM3A THEAMUMKE T E2F1 7 3+ X
2l 25 11 H3K9Me2 /K F , Jf H 51 & T AcH3 X
H3K4Me3 7K F- 19 T [, 7~ KDM3A 1] g5 Ho A 41
R B IERE A E SRS E2F 1 35k BRAEAT
95 & B, KDM3A 3 i 2 B H3K9 — F Ak M ifii 1y By
203 1 2 BERE A I CBP/p300 4545 %) PPARg W JG
4 (PPRE )t T4 A AH DG HE PR 5 FRATT T
WIRBFFE % B, KDM3A ] DL FIZH 26 1 H3K4 = H
R A% SET1A B ARVE H 2L R {2 oF 1 48 K ok R 175
T4 A5 PR AN e R A P IR - (S 1 e 5%
PO, HJE, CBP/p300 8 # SETIA BB/ S5 T
BN E2F 1 195G SR sE A Rt — 22 FoE .
R B AN SZ 2] 4 W LR 4%, A 32 3]
R R IR A o AT 32 A Th 7E KDM3A X
E2F1 A5G sl Lo o5 — B ml GE Y A Bf 2 B L%
T G9a X E2F 1 A4 i /E FHAE S AL 0 72 rh ik
fftbR . A HAEUESE , G9a iR TAE S L 4L
AR K5 55 00 8 L v 2 ] e AR A N R AR, 5
A — B2, G9a 7 Z Fh 40 M rh 4T rT il g =1
G9a AT LA E2F 1 AH B4R FH 2 [A] 43 BE R A s> 1
HAT AR G B2 5 17 &AW ik S
E2F 1 sy L S BE WLAnE T
25 LR AW SE 45 R R B KDM3A A figi o
TR B2F1 4 562 5 AL 0 5 10 B85 U400
T2, 4% 7% Af LLSE 55 4 1 KDM3A 63k 55 i 1 1 BH1E
BB LA A 5 S LRI RE 1) & A (X — R
‘Kﬁ%:‘&#ﬂﬂi%%iﬁ KDM3A &5 /)N i e o
7 /J\ o)t A, 278 KDMBA SR G & B I A2
YU A RUERY SR  KDM3A BRI/ BUSAR R AT &
i E ﬁﬂﬁﬂ#&ﬂﬁ S Z 4T, 1m RGEPEA S KDM3A
AT REIE G 2R AL . P, o — 2058 KDM3A

I 0 A IO S I A ML A s A B T i E
B BT TR
(5% 30K ]

(1]

(3]

[4]

(6]

Frontera WR, Hughes VA, Fielding RA, et al. Aging of
skeletal muscle: a 12 -yr longitudinal study [J]. J Appl
Physiol ,2000,88(4):1321-1326

Demontis F, Piccirillo R, Goldberg AL. Mechanisms of
skeletal muscle aging: insights from Drosophila and mam-
malian models[J]. Dis Model Mech, 2013, 6(6) : 1339-
1352

Song W, Kwak HB, Lawler JM. Exercise training attenu-
ates age - induced changes in apoplotic signaling in rat
skeletal muscle [J]. Antioxid Redox Signal , 2006, 8 (3/
4):517-528

Siu PM, Pistilli EE, Ryan MJ, et al. Aging sustains the hy-
pertrophy-associated elevation of apoptotic suppressor X-
linked inhibitor of apoptosis protein (XIAP) in skeletal
muscle during unloading [J]. J Gerontol A Biol Sci Med
Sci,2005,60(8) : 976-983

Siu PM, Pistilli EE, Alway SE. Apoptotic responses to
hindlimb suspension in gastrocnemius muscles from
young adult and aged rats[J]. Am J Physiol Regul Integr
Comp Physiol ,2005,289(4) : R1015-R1026

Marzetti E, Leeuwenburgh C. Skeletal muscle apoptosis,
sarcopenia and frailty at old age[J]. Exp Gerontol, 2006,
41(12):1234-1238

Mecocci P, Fano G, Fulle S, et al. Age-dependent increas-
es in oxidative damage to DNA, lipids, and proteins in hu-
man skeletal muscle [J]. Free Radic Biol Med, 1999, 26
(3/4):303-308

Siu PM, Wang Y, Always SE. Apoptotic signaling induced
by H202 - mediated oxidative stress in differentiated
C2C12 myotubes[ J ]. Life Sci, 2009, 84(13/14) : 468-481



<1414 -

MoA

Z PN

5539555 10 41

E 20194F10 A

(9]

[10]

[11]

[12]

[13]

[14]

Tanaka H, Matsumura I, Ezoe S, et al. E2F1 and ¢-Myce
potentiate apoptosis through inhibition of NF-kappaB ac-
tivity that facilitates MnSOD - mediated ROS elimination
[J]. Mol Cell,2002,9(5) : 1017-1029

Wang K, Zhou LY, Wang JY, et al. E2F1-dependent miR-
421 regulates mitochondrial fragmentation and myocardi-
al infarction by targeting Pink 1 [J]. Nat Commun, 2015,
6:7619

Castillo DS, Campalans A, Belluscio LM, et al. E2F1 and
E2F2 induction in response to DNA damage preserves ge-
nomic stability in neuronal cells [T]. Cell Cycle, 2015, 14
(8):1300-1314

Kim YJ, Jung JK, Lee SY, et al. Hepatitis B virus X pro-
tein overcomes stress - induced premature senescence by
repressing p16 (INK4a) expression via DNA methylation
[J]. Cancer Lett,2010,288(2) :226-235

Jenuwein T, Allis CD. Translating the histone code [Jl.
Science,2001,293(5532) : 1074-1080

TrWIH, RGeS JRAE AT IFN-y 4% /N B
SV FoxO1 Z Ak K am PERAILRIAT 5E L) . gt s
PR (A SRR ,2016,36(11) : 1316-1320

RN

e

O =

e

e e

3

LA

LA

HCTESRHITY

[15] Tateishi K, Okada Y, Kallin EM, et al. Role of Jhdm2a in

[16]

[17]

(18]

[19]

(20]

1

regulating metabolic gene expression and obesity resis-
tance[ ] ]. Nature,2009,458(7239) :757-761
Shao J, Weng XY, Zhuo LL, et al. Angiotensin I induced
CSF1 transcription is mediated by a crosstalk between dif-
ferent epigenetic factors in vascular endothelial cells [J].
Biochim Biophys Acta Gene Regul Mech, 2019, 1862
(1):1-11
Lei WJ, Long YJ, Li S, et al. Homocysteine induces colla-
gen | expression by downregulating histone methylirans-
ferase G9alJ]. PLoS One,2015,10(7) :e0130421
Chervona Y, Costa M. The control of histone methylation
and gene expression by oxidative stress, hypoxia, and met-
als[J ]. Free Radic Biol Med,2012,53(5):1041-1047
Casciello F, Windloch K, Gannon F, et al. Functional role
of G9a histone methyltransferase in cancer[J]. Front Im-
munol,2015,6:487
Rao VK, Ow JR, Shankar SR, et al. G9a promotes prolifer-
ation and inhibits cell cycle exit during myogenic differen-
tiation[ J ]. Nucleic Acids Res,2016,44(17):8129-8143
[(KFmHE] 2019-03-12

I \52\‘?%\\‘?"\52\‘;&\\&;;\52\‘;A\&;"\52\‘5&\\t//"\!f/2\‘5A\\%/‘\!f/f;\‘;i.\\%/‘\!f?;\‘;%\\%/‘\E:?;\‘;’i\%‘\':,f;\‘;’{\‘f/v\':?;\5’5\‘f/v\';f;\b’i\‘,/4\"//;\5’1'\‘%\':2\52\‘9“9

\&/{\
Pl
@
&/‘
§
I
2
§
«

3
§
I
o)
§
I
o)
§
¢
W
§
§
I
§
§
§
¢
W
§
«

3
¢

© ——

JE DT

&

3
¢

¢
§
:
Vi

(A e e e e s L A A A R A L R R L L A R R L L e e e e Q://-\ié'.\‘;/:u:ﬁ\kzk‘;ﬁu:ﬁ\tjk‘,&?!ﬁ'



