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Study on effects of selenium on mitochondrial STAT3 activity expression and cellular apoptosis”
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[Abstract] Objective To study the influence of selenium on mitochondrial signal transduction and acti-
vator of transcription 3 (STAT3), the activity of succinate dehydrogenase and cellular apoptosis. Methods
The neonatal rat cardiomyocytes performed the primary culture,and were divided into the non-toxic control
group (0.1 pmol/L sodium selenite) and low selenium treatment group (0. 05 pmol/L sodium selenite) ac-
cording to different selenium concentrations of culture solution. The expressions of mitochondria STATS3, p-
STATS3 and apoptosis related proteins, Bax and Bcl-2, were detected by the immunoblotting. The activity of
succinate dehydrogenase and the apoptosis of cardiomyocytes were detected by using the spectrophotometer
and flow cytometry respectively. Results Compared with the control group,the activity of succinate dehydro-
genase in the low selenium treatment group was significantly decreased,and the difference was statistically
significant (P<C0. 05). The activity of STAT3 in the low selenium treatment group was significantly de-
creased compared with the control group (P<C0. 01),but no statistical significance difference was found in the
total STAT3 (P >0. 05). Compared with the control group,the myocardial cellular Bax protein expression
level and the cellular apoptosis in the low selenium treatment group were increased, while the Bel-2 protein ex-
pression level was decreased,and the differences were statistically significant (P<C0. 05). Conclusion The se-
lenium deficiency of myocardial cells leads to the decrease of mitochondrial STATS3 activity and mitochondrial
function,thus promots the apoptosis of cardiomyocytes.

[Key words | selenium;myocytes,cardiac; mitochondria;activating transcription factor 3;apoptosis

Al e NP5 B S JC R B FEAUR A B 2 0 B9 R R AT K ST A 7R 3R G L Al K P
RG2S T T A U SRR AR R NIRRT . ORGSO I R AR . Sk RERE Mk £
PRACHE L B TE 78 0 50 M8 R AF TR A OC R . JRU DR st A B 200 S i ) i 4 S o TG S B 4

*  EETB 2017 —2018 4EREHILE DA MR E A HOAE) T H (WJ2017S019),  {EE®E A B MR 1976 —) , FIRE I, A+, TEMN
HOE MR IER S IE RS, & BE1EE , E-mail: 37629106 @qq. com,



FTHRESF 201945 11 A% 48 5% 21 4

AR TS5 PR T 1%, T 3 Bk ok A B Ak, R AT X 3 ik ok
RERE AL 58 A AR T ROCRY L A R L S
oo 1L Y 5 B2 5 A HOR B 2 R BN O LR E
PRI I o A5 7 o JUL A0 1 0 o b B B AR

{5 5% S i 515 L ] F 3(the signal transduc-
er and activator of transcription 3,STAT3) 7E.L» 4%
KU IE AE S 5 SR HEE/EN . STAT3 BA
ZMuige, Kbt ST g mEnikiiz . 25
AE AR A VA 355 . OB R STATS Y2k K% 28 1k
A AT LA TS s JUL A B G T L B R A A
fitf 5 AL T AR N, = 5 GOk AR 7= A B = i
(ATP) (1 b #2 , H K P 248 A AR 2 40 J 9 420k 4K 1)

R AT 5% i 28 i AR STATS3 £k HE S5O0
MR T O R AN ANTE A L Rt AR S R T L B
AR JULZE P, 308 3 AT AT 3% 7 R IE R R % R M R
Kl STATS BEFARR B 2 ME L2 U8 TR G HE A i Rk
PR AR AT Xof £z A % 1 R0 WL 200 S 0 T 0 2 ) %
g3 FHLH
1 #MeEFAE
1.1 Sessh®) sk 3 d iy C57BL/6 /ML 6 5L,
R (1020, 2) g, 1l B /g RS, WA 1,

&1 HaE3dWER

1.2 A5G0 BRETIR I A 6 P A D 7R &
H 2% E Sigma A,/ I A 3E E Thermo 24
Fl L APEEN I PRI H 5 Abcam 28 #] L i 40 i
X A % E BD 2.

1.3 Fik

1.3.1 ZFLELOMAMEEmEE R A RBEA 715% 7%
KEBE 1~2 min, 55 FF B &, BCH O BE, B F B0 M
Hanks 55329 . L BROREJE B0 2 24140, HERH
Hanks U6 3 U K0 IERCA R Hh B . 37 COKIR
10 min, H SR VLW 5 7 L3 M. 1 WK B 1L
10 min, B AR IR 2] INKE SR AL WL, HR 6 K.
B WAL TR 1 000 r/min B0 10 min, il A S &
WRILRAILET 37 °C.5 % CO, fHIEE R,
24 h J5 WA RS .

1.3.2 fIRAEE MM B i e BUE KRB AR O
WL L, 3 B & 0.0, 01,0, 05,0. 08,0. 10,0. 50
pmol/L Fl 1. 00 pmol/L AR 84 19 1% 35 Wk M2 1F % 5%

3619

FEW TR SR, VLR 2, 36 h S5 A I R W) v BB A A B
U PR T %, FLER i A B (LDHD &I & 2, 0. 10
pmol/L Al b BRAL 5 1E 7 85 2 M AL # Pk 252 R R B2
TS A Sk T H A X R A TG o s e AR A A v
PRI AN R AR BE A A0 PR 1728, 0. 05 pmol/L fiff &b
FRAAOWLAN I =% 50%, JF 8L 525 A% 0. 05
pemol /L Al B 355 35 W A R A 20

A:0;B:0.01 pmol/L;C:0. 05 ymol/L;D:0. 08 ygmol/L
B2 AR E IR R EUR RO AL Al
fREEE Fr (<50)

1.3.3 O L4n gt iR $2 B B S 9 %) JE 41 AT
i Ak FHL 20 JUL A48 L R 16 90 A 2500 J5 i A i S 1 40
W, B TR K LA, 4 °C 1200 g B0
15 min 2R 40MIA% S 10 000 g B5.0> 10 min, 3 F 5K
RBNGRARDTIE . 0 A S 5 19 8RR i 77— 80 °C
TRAF LRI

1.3.4  ZORiIRSEHAMR M A B IE MR R AR S
B TR it 42 10 B 5 7 R L 91 BC 4L I A B AR bl A,
M 37 CHEE 30 min, 7+ 2 WA, FH 2 A0 BCAF 19 Uk 0%
WEVE 5 U AL BRI 50 pL J5 . B4 37 C i
H 30 min, HAVERIELE 5 K5 86,37 ChtRE
8 15 min, RGBT T 600 nm K I 35 #0125
WG

1.3.5 AREENl ki STATS, p-STATS K J{ 1=
A H Bax Bel-2 KF- Ok BEZH AR 2.0 L4
M2 k44, 22 f# J5 Nanodrop 2000 (3£ B Thermo 2%
FD R AR R B L IBURH [R] S A £k AR 24 A U B 4 A
Mo 240 W, m A SDS #E B8, 80 V120 min Hi 3K . 350
mA FEE 4 h, 5 Y TCHENIE UK BT 1 b PR
MR E —Pi = 4 h, TBST #E¥E 3 L%
WEE Pl hj5,. TR=ERE . Image ] KE ML
W5 455 6 5% B (EL

1.3.6 FaNdn AR IO WA IE TR W xR
ZH AU A 4.0 WLAR B, 0. 01 mol/L PBS ¥ &5 A
WA R 70% /K CEEF 2 2 h, PBS HE41M, &0t
BRI JE 5,1 000 r/min B> 5 min, % % PBS, PI



3620

Petu i 4 CHOLIET 0.5 he WA ML T 488 nm
A6 00 UL AH A R 7%

1.4 Siiteghb3 R SPSS17. 0 484k 3E 17 4>
Bro tHEEBPERILL >+ Fox, R ¢« K, P P<<0. 05
hESHGIHE L,

2 % R

2.1 0 L 4H R ORL IR B W ) & STAT3 3 ik 4%
1k ARG A 38 A LAR AL 36 h ST L 4 OO BEZH RIAIR
MG 20 o LR AR | G I B2 31 18 08 S0 G H AR fk . 5%t
FEZE AR LY o AR TS 20 5% 30 R I S g VG PR T W R R, 2
BEHit 3 L (P <<0.05), WHE 3A, p-STAT3 &
STAT3 BTG PEARAS , S 24 it 5, 30 4o 4 328 B 38 46
M2 ki Ak p-STAT3 i STATS3 1y %3k 1% M, IF LU
p-STAT3 5 STAT3 FL{H K s STATS i, 4%
SR R KA 4 2 ki AR STATS 15 5 %) B2 AR e W
BEAR (P <<0. 01) . fH 3 STAT3 2R L4 it E X
(P>0.05), L& 3B,

1.5 1
ful
T
& 104
B ——
&
& 05
ES
0.0 4 .
A FTERLH LRzl
. 5TERLE
"] o e
p-STATS W S ‘ﬂ
ad
= 1.0
STAT} W — 'S
<<
B-actin | - =
5
%00

R {RATLE
B p-STATS/STAT3 STAT3

3 WAL AR AR S EBEEER
STAT3 RIET

2.2 WTMREARKLEAL  HXIRA LR, R
4 Bax HHRIXU LT Bel-2 8 H R IR, 2 57

B Gt E L (P<<0.05), LA 4,
55 EEB THRA

s I3 71

JHERLE {EAfLE

Bol-2 W .

Bax = ‘ll... E& 1.0
% ok
0.0~ T T

Bcl-2

Bax
B 4 WA EMATHXER Bax # Bel-2 RIEEETWL

2.3 OISR P28 A gL 2, X iE
2 240 0 2 Sy S A T A L T R A 2O JUL 2 B B R
SR T M. AR 40 UL B R T R O (42, 62+
2.2 % B TR RRLH (6. 1342, 32) %, 2 A G it
L (P<<0.05), WA 5,

FTREF 2019511 A% 48 46% 214

XERLE fEALE

sumal g
o sl o

sl

10 100 10 10°
a1yl mi

Ll

102 100 10 10°

10?2 10°  10°  10°
Annexin V-FITC

107100 100 105

>

—

MRATE (%

0 '- T
wHEeA R
5 WAOINAERBTER

3 3 it

W EERNANERLTHHMREITRZ —, 5HA
b WU % BORSE A EENEBERY .
Bz SN L 4R 2 BURR E th E AR B S . B
5% IR 5 P AT 5 ok A A 5 A 1 o UL 48 L 4 2 2 LA
LRI Sy L R BLAE G AR I A2 8 T M AR A
JREAE SR, SR ONMEET-S . ENE
PR S F S5H W 7T RGN — 61, p-STAT3 fil
20 A5 07 AR O R Y I PR B AN T 5T 4
FH] STATS3 & 1 7E O U fB 3 FIBE AL 3 4 4 3 3k [
i, 4% STATS S 5.0 WU s B2 Y . BFgE &
BSTAT3 SER RN 62 &4 1 ILFEAE 76 4%
B AL s A A A RS E AL N ATP K F DL 4E R
ER LR R e bR+ EENERT . M
KMo L LAl REAE LR AN STATS 36 4 , M I 5
BB G N S OB Ese O =00 D B U S &)
WFFE B 4R iR STATS B3 M 5 K LG I 3 R
FEWRAEH " AL T C57BL/6 LR
O L2 L 38 3 ARG AP Ak BASE B0 JUL A8 i i Bk = 5 ) A
BEIREE . 4350 LA A 2 A 1A I . 38 3k G 38 B 325 A6
p-STAT3/STAT3 By 48 4k i /R ki A& STAT3 1Y 1
PEARL . ZEH KB G 28 F STATS BTG M T B,
A& STATS & ARk H A KA A, K%
PR Fd S T G 1 T LA ) e 2 BH b AR s AR b L S5 R B
AR AT Ak B 0 LR B ) R A 3% Pkt 2 B S L
X HEZHAH AT B A R AIG . e 5 B g I i Ak B
SR 7O LA M ER R AR STATS 7% 1, T S 5
LRLR T REAZ 0

STATS 7.0 UL B il 455 7Y o i 7 97 4 L (52 i
G R 2 75 6 9 2o JUL 240 B 4 4 X B b AR STAT3 1 M 5%
Wi 2 5 2 5 R 8 T A 5 1 7 2B A 0 L4 e R T R
AT B 1 4 PR R FH S AR 0 L 4 i 3 Ao
RRATG Ah B, 7E 41 B K R 5T X — Al 8, 7F STATS3
Z FUICAT 52 W A T HE R ARSI T U T A G B 1 Bax A




FTHRESF 201945 11 A% 48 5% 21 4

Bel-2 [ FRIA K, 45 5 B s GG 2] Bax 85 H 334 B
Wb Bel-2 8 R GAREAR . Ui 2 A A AR A ) 2
SR ARG b B S S BOC LA M TR A

EZ S IO N (1 el o (AR N || R S AR N
STATS & PEFZ R ARG 7, £ 3#F 4 § 8 T A0 ¢ & H
M RIE, A FECO NI T A58 iF — 20 1 B
Tk = S B0 WU 1 B0 ALE A A SCIE YT 24
Y I R BRI T SR

2% Uk

[1] STADTMAN T C. Post-translational activation of non-
selenium glutathione peroxidase of Chlamydomonas rein-
hardtii by specific incorporation of Selenium[]]. Bio Rep,
2015,4(1):39-43.

VINCETI M, MANDRIOLI J,BORELLA P,et al. Seleni-
um neurotoxicity in humans: bridging laboratory and epi-
demiologic studies [ J]. Toxicol Lett, 2014, 230(2):295-
303.

KROHN R M, LEMAIRE M, NEGRO SILVA L F.

[2]

[3]
High-selenium lentil diet protects against arsenic-induced
atherosclerosis in a mouse model[ ] ]. ] Nutr Biochem,
2015,27(1) :72-76.

[4] YANG X P,GHORESCHI K,STEWARD-THARP S M,

et al. Opposing regulation of the locus encoding I1.-17

through direct, reciprocal actions of STAT3 and STAT5

[J]. Nat Immunol,2011,12(3) : 247-254.

GUO X.QIU J,TU T,et al. Induction of innate lymphoid

cell-derived interleukin-22 by the transcription factor

[5]

STAT3 mediates protection against intestinal infection
[J]. Immunity,2014,40(1) :25-39.

JOHNSON D E,O'KEEFE R A,GRANDIS J R. Targe-
ting the 1L-6/JAK/STAT3 signalling axis in cancer[ ]].
Nat Rev Clin Oncol,2018,15(4) :234-248.

KOC S,CAYLI S, AKSAKAL C,et al. Protective effects

L6]

[7]

3621

of melatonin and Selenium against apoptosis of olfactory
sensory neurons: A rat model study[J]. Am J Rhinol Al-
lergy,2016,30(3) :62-66.
[8] ESTEVEZ A, MORGAN K L,SZEWCZYK N J,et al.
The neurodegenerative effects of Selenium are inhibited
by FOXO and PINK1/PTEN regulation of insulin/insu-
lin-like growth factor signaling in Caenorhabditis elegans
[J]. Neurotoxicology,2014(41) ;:28-43.
[9] SIVEEN K S,SIKKA S,SURANA R,et al. Targeting the
STATS signaling pathway in cancer:role of synthetic and
natural inhibitors[ J]. Biochim Biophys Acta, 2014, 1845
(2):136-154.
ATKINSON G P,NOZELL S E,BENVENISTE E. NF-
kappa B and STAT3 signaling in glioma: targets for fu-
ture therapies[ ] ]. Expert Rev Neurother, 2010, 10 (4);

[10]

575-586.
[11] LEE J H,CHIANG S Y,NAM D, et al. Capillarisin in-
hibits constitutive and inducible STAT3 activation

through induction of SHP-1 and SHP-2 tyrosine phos-
phatases[J]. Cancer Lett,2014,345(1) :140-148.

[12] WOLFSON R K. MAPES B, GARCIA ] G. Excessive

mechanical stress increases HMGBI1 expression in human

lung microvascular endothelial cells via STAT3[J]. Mi-

crovasc Res,2014,92(92) :50-55.

[13] ALEXANIAN I,PARISSIS J,FARMAKIS D.et al. Sele-
nium contributes to myocardial injury and cardiac remod-
eling in heart failure[ J]. Int ] Cardiol, 2014 (176): 272-
273.

[14] SU S A, YANG D,WU Y.,et al. EphrinB2 regulates car-
diac fibrosis through modulating the interaction of Stat3
and TGF-B/Smad3 signaling[ J]. Circ Res,2017,121(6):
617-627.

i B #1:2019-04-06 &[] H 11 :2019-06-26)

(L35 3617 B0

(9] 4. fT¥. PI3K/AKT/mTOR 7& 4k /)N 40 il fiti 5 o 75
M A gE kR[] ], B &R E 2% ,2007,10(23) :2019-2021,

[10] =3F. %K%, ®F. PI3K/AKT {5 5@ #5 PTEN 7e 4k

/)N 240 i s 9 25 3K AR DG L. S T o Ak A, 2012, 27

(4):365-368.

TR, AR R, AR, B R =R R R AR N R

PI3K/AKT/mTOR il % PI3K., Akt, mTOR 3 i 19 5% m

L. L Boh BE 25 K2 2% 4, 2016, 35(1) : 73-75.

(12] XUWAT, By e, 52, 5. #2531 & 25 17 4 A549/

DDP #i il PI3K/AKT 15 5 % 3:38 & 5 Wi (19 S 3 0F 52 [T 1.

o B R R 22 R . 2014,43(1) 1 14-16.

TH T, S AEm, 5. b 4% S & 2 IV X AS49/

DDP 41 i PI3K,AKT,Survivin F35 520 [J 7], o[ 2k fk

22, 2014,34(3) :4-7.

[11]

[13]

[14] M WHN, £ . ) PTEN-PI3K-AKT {5 5 I #4814 # 5
B 7 8 24 1003 A O N MR AS49 4 i K BE RN RS Y
MU LT, v B S 36 07 ) % 2 35 . 2015, 21(10) : 153-157.

[15] W55k, SRl , S [, 45, [0 25 & 5 7 X Lewis fili g C57
/NERJE AR PCNAL SIL-2R A M mg [J]. 1 77 o B 44
#,2016,43(7):1515-1518.

(167 F AR, VR R 17 G105 . 58 5C T B F Al 390 3 98 - Bt I 98 1Y
A SCHERFFELT ). I KR 1212 3A . 2017,30(12) :102-104.

[17] NI Y,LIANG D, TIAN Y,et al. Infarct-sparing effect of a-
denosine A2B receptor agonist is primarily due to its action
on splenic leukocytes via a PI3K/Akt/IL-10 pathway[]J]. ]
Surg Res,2018(232) :442-449.

ISR H . 2019-04-25 &8 H 11 .2019-06-16)



