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shRNA1 28 .GPx4 shRNA2 %8 . pSUPER % # 2 B (pSUPER NC) 48, £t % k2% PCR 4 GPx4 £ A& % 3
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Role of GPx4 in somatic cells reprogramming into stem cells”
YANG Yang',LIN Xiahua' ,2YANG Junyi' ,ZHENG Yin',LI Pengdong',
OUYANG Zizhang' s ZHAO Guojun' ,LIAO Baojian'*"

(1. Af filiated Qingyuan Hospital .Guangzhou Medical University ,Qingyuan People’s
Hospital ,Qingyuan ,Guangdong 511518,China ;2. Guangzhou Institutes of Biomedicine and
Health ,Chinese Academy of Sciences ,Guangzhou ,Guangdong 510530,China)

[Abstract] Objective To investigate the effect of the glutathione peroxidase 4 (GPx4) on mouse so-
matic cell reprogramming. Methods To compare the expressions of GPx4 in OG2 mouse embryonic fibroblast
(OG2-MEF) cells (MEFs group) and mouse embryonic stem cells (mESC,mESCs group) ,the expression lev-
el of intracellular GPx4 was determined by transcriptome sequencing technique and Western blot. To verify
the effect of GPx4 on the efficiency of the somatic cells reprogramming, the complete open reading frame se-
quence of GPx4 gene and its selenocysteine insertion sequence (SECIS) were connected to the retroviral vector

pMXs for constructing the overexpressed plasmid pMXs-GPx4. Gpx4-targeting short hairpin RNA (shRNA)
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was synthesized and connected to pSUPER vector, GPx4 shRNA1 and GPx4 shRNA2 were constructed to
knockdown GPx4 expression. The above plasmids were co-transfected with pMXs-Sox2, pMXs-Klf4 and
pMXs-Oct4 into MEF cells for reprogramming induction to obtain the pMXs no-load control group (pMXs
NC) ,pMXs GPx4 group, pSUPER no-load control group (pSUPER NC), GPx4 shRNA1 group and GPx4
shRNA2 group. The expressions of GPx4 gene and multifunctional marker genes Rexl,Sox2,Dappa3,Sall4,
Oct4 and Nanog were detected by real-time fluorescence quantitative PCR. The induced pluripotent stem cells
(iPSC) were detected by immunofluorescence staining;the number of iPSC clones generation was detected by
alkaline phosphatase staining of pluripotent stem cells;the GPx4 protein expression was detected by Western
blot. Results
MEFs group;compared with the pMXs NC group, the expression level of GPx4 mRNA in the pMXs GPx4

The mRNA and protein expression of GPx4 in the mESCs group was higher than that in the

group was significantly increased;compared with the pSUPER NC group,the GPx4 mRNA and protein levels
in the GPx4 shRNA1 group and GPx4 shRNA2 group were decreased (P <C0. 05) ;the iPSC clone number in
the pMXs GPx4 group was higher than that in the pMXs NC group, but the difference was not statistically
significant (P >>0. 05). The number of iPSC clones in the GPx4 shRNA1 group and GPx4 shRNA2 group was
significantly lower than that in the pSUPER NC group,and the difference was statistically significant (P <<
0.05). After completing the reprogramming, compared with the original MEF cells, the expression levels of
various pluripotent marker genes Rex1, Sox2, Dappa3, Sall4, Oct4 and Nanog in the generated iPSC of each
group were increased. Conclusion GPx4 knockdown could inhibit the efficiency of somatic cell reprogram-
ming,its generated induced pluripotent stem cells have the normal pluripotent gene expression ability.

[Key words] somatic cell reprogramming;glutathione peroxidase 4;stem cell pluripotency;induced plu-

ripotent stem cells;cell fate determination
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AR A A R 7] s GPxd HLiR (57 5 ab125066)
) 3 £ E Abcam 2 Al ; Octd HLK (525 . sc-5279) 1
H 3% E Santa Cruz Biotechnology /A ; B-actin #{ {&
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B3] pMXs 2K [ 18 3] pMXs-GPx4 if % ik i
ki, GPxd 35197 %), IE [ . 5'-tagctagttaattaag-
gatccATG AGC TGG GGC CGT-3"; JZ [l : 5'-tttg-
tagtccatggtacgegtCGG CAG GGA TGC ACG CCA
GGT-3',
1.2.3 ## GPx4 4 & & RNACshort hairpin RNA,
shRNA)

¥ HF A% GPx4 1 M4 shRNA T4 751 5'-
CTCA TGA AGG TCT GCC TGA AA -3" il 5'-
GAC GTA AAC TAC ACT CAG CTA -3" 35 [ 5]
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pMXs-Sox2, pMXs-Klf4, pMXs-Oct4 I 5 Ju |
MEFs 40 g b #F 47 & 4 25 5 7% Y+ pMXs-Sox2,
pMXs-KIf4 Fl pMXs-Oct4 R 3T 2R AR 40 it 3 R 5 15 3h
ZHEEHN R, 155 pMXs GPx4 H, pMXs %5 %
X I (pMXs NC) 4H . GPx4 shRNA1 %1, GPx4 shR-
NA2 4] ,pSUPER %5 # 4} B (pSUPER NC) 4 .
1.2.7 #Fans

WA /NEREEA 8 i, Horh MEFs 41 g il % 3 i,
mESCs 4B 4E 5 #i. $2H RNA J5 %) M7 FHE
W FARARTAE A R HEATIY . 5535 58 U
15 2 T A REAS (1 56 D9 36 3R AKOF i 1, E AT SE I 25 S 3k
ik G AT
1.2.8 #AmMEHImREEeE

i1 FH 22 A8 T 40 JE Bk 14 5 7R 1 0 €2 3k 5] & ) iPSC
PEATSE5E . W 24 FLA P B 40 M 4 %0 £ R R [
15 min, Jf F PBS Pk, WG BAL T A 500 pL
Jets, TAEW . I T #OLIEE 30 min, KR 6 TAE
WL PBS PR 1~2 Y BT 20k W 6 B .
1.2.9
PCR,qPCR) # |

WeSEANME . A 1 mL TRIzol, ¥ B350 108 9] 45 4%

% B % & 2 & PCR (quantitative real-time
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B m i 2 RNA, f# A HiScript [ All-in-one RT Su-
perMix Perfect for qPCR i3l &, 1 ng RNA fEN
S s RS I cDNA, % IR Taq Pro Universal
SYBR qPCR Master Mix i& # £ 156 B 45 #£47 qPCR 2
I, B B RN A% B TR 95 °C 30 s; B 95 °C
10 s, 3B K HEfR 60 °C 30 s, 3k 40 NEH, qPCR 5]
YWIFHs L 1,
1.2.10 Western blot

% MEFs 40 Jfd . mESCs, il A & 1% 45 (4 i 41
il A0 Y RIPA 2 3 24 A 40 0, 42 BB g S 28 . ik
£ pSUPER NC 21 ,GPx4 shRNA1 #H 1 GPx4 shR-
NA2 ZH /40 i, 4 B 3 A . ] BCA IR & 47
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A 5 IR0 R R s AR L,
29 10~15 pg/fL IFEL DML IMA 2 pL HEH
Marker; P 160 V #E47H K 30 min, B £IR B ¥ T 5
FRH I E 0.4 A 35 min F T, R AR 2 R W
AR (PVDE) BB J5 .5 26 4 1fiL 1 5 25 F (BSA) 1]
2 h  TBST P A B Hl 4 19 —$t. 4 CF LA
TBST Yk 3 Wa AR N 40, ZFEF 1 h, [l
W = HUIF R 3 W, A %A TE TN N2 100 pL B
I 3 58 Y fk 2% & 6 W (enhanced chemilumines-
cence, ECL) , 7E Ak 2% KO BUE R G2 AR B B i
LY BB OGN ] AR IR DR A I R

x1 qPCR #&5] 41 ¥ 31

2R J7 18] PG5 —3D PR/ (bp)

GAPDH iE [ AGG TTG TCT CCT GCG ACT TCA 184
S 1) TGG TCC AGG GTT TCT TAC TCC

GPx4 ik I GAT GGA GCC CAT TCC TGA ACC 185
B 1] CCC TGT ACT TAT CCA GGC AGA

Rexl1 iF ] CCC TCG ACA GAC TGA CCC TAA 112
S 1w TCG GGG CTA ATC TCA CTT TCAT

Sox2 iE AGG GCT GGG AGA AAG AAG AG 94
B2 In) CCG CGA TTG TTG TGA TTA GT

Dappa3 iE I TGT GGA GAA CAA GAG TGA 127
1] CTC AAT CCG AAC AAG TCT T

Sall4 1F ] CCC TGG GAA CTG CGA TGA AG 111
1) TCA GAG AGA CTA AAG AAC TCG GC

Oct4 iE I CGG AAG AGA AAG CGA ACT AGC 108
5] ATT GGC GAT GTG AGT GAT CTG

Nanog iF ] AAA TCC CTT CCC TCG CCA TC 96
S 1] GCG TTC CCA GAA TTC GAT GC

1.2.11 i %REE

Vs 240 B 22 300 TS0 I A A0 ML TE i B SR L
R B A0 IR 25 . PBS PP . Bl 5 4 % 2 58 R
5 15 min, PEWJ5 A 0. 1% Triton X-100 1 &
15 min, VEHEMIKIGEH 1% BSA W 34 30 min,
Octd Hifk 4 CHEH LK. BEF 3 WJE AR — 41
FRAECHEF 2 he VMG I DAPT 444 5 min,
RS T N R L O R R B AT R
1.3 %itsan

¥ M GraphPad Prism6. 0 ¢ {1 %F 548 #4758 1
SO SRS A 3 AT R 2 s £
N HECR ] c KB, L P <<0. 05 h 2 %K 81t

.1 GPx4 £ mESCs ¥ & & &

W MEFs 41 i K mESCs #1755 s 410 )5, 4%
RB7R GPx4 kK 7E 7 % 8] ¥4 32 35 (H4E mESCs
A kKT MEFs 41 (1A . O 56 0E I ¥ 25
R B 5 A e Sk K T R K CF R I MEFs 41 F
mESCs 4 ' GPx4 % 5. B T MEFs 4 Jfd
mESCs 9 4H ffd 1) 40 A 25 44 55 20 B A8 6 2 A [l
AL ] EEF1A /E8 Western bolt (N2, 458
7N, GPx4 mRNA KK I 7E mESCs 4 H i) % 35 7K F-
#F MEFs 4 (F 1B.C) . GPXd4 & —Fhiifi 8 11, 76 H:
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mRNA JP 5 3" 4E #i% X 3 - £7 78 SECIS Jtff.
SECIS JT M AFFE 75 AR AR 2 1R % S 5 (1) UGA
Gt A A e R . AR shRNA #8843
BT GPx4 By CDS X K SECIS Joff (& 1D, Yk
EE LY shRNA () MEFs 40 i) , 76 7% 55 K F b #H%
KR GPx4 B9 3K KT, 45 1 7R , GPx4 shRNALT
ZH #l GPx4 shRNA2 40 GPx4 mRNA & 1 %5 K F
4 pSUPER NC 41 F % (P<20. 05, ILIE 1E.F,
2.2 GPx4 ¥tk pis

AT % 8 K 1Y GPxa A3 FF /N BUAR 40 e
RGN KA., g 9 KR PCR 4R ExR, 5
pMXs NC 4 %, pMXs GPx4 4+ GPx4 mRNA %
KK Ty 2 000 5L B 2R A G4 L (P <
0.001), W& 2A, 5 pMXs NC 4 %, pMXs GPx4
A B iPSC K /N4 HARRE 0% & Hh &k a9 e, WL
Kl 2B, B ol R g e 6 5 R 0 L B A1 2B Y iPSC
i BB, pMXs GPx4 4 5 4 B2 R0CR W = T pMXs
NC 4 B 22 RTG53 L(P >>0.05), WK 2C.D,
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HRHE 0 5 45 5 7, AR MEFs 407 GPx4 mRNA %
KA T mESCs 41 fH 2 A — & # 1 % 35, ti
B GPx4 1) 3R 35 W] AE JC 2 % 1 g B %R 4R T R B
AR R AT 5 A R g R AR e X GPxd it
IRk, B9 9 X, 5 pSUPER NC 4 %, GPx4
shRNAT 40 F1 GPx4 shRNA2 21 4= i i) &% (0,9 )6 iP-
SC FuRERCE D LB 3A L I M B 12 il e €5 45 21
5 R B GPx4 5 GPx4 shRNA1 #H Fll GPx4 shR-
NA2 414 iy iPSC 5 FEEUR T pSUPER NC 41, 22
S G E X (P<<0.05), LA 3B.C,
2.3 {PSC %%

W 4B 45 20 58 R TR g AR 1Y iPSC $EAT qPCR #&3
5 MEFs 41 Lb#%, 45 4 2 Ge M5 10 2 I Rex1. Sox2.,
Dappa3.Sall4,Oct4 1 Nanog F ik /K ETF, W
AA, BN BE 9 e Y A mT L pMXs GPx4 4, GPx4
shRNAT 41 .GPx4 shRNA2 41T 40MiFricH) Octd 1Y
Fikti MEFs 417 &, WL 4B,

1 500 20
C
B 2 B 157
X 1 000 )
ﬁ *-é MEFsZH mESCsZH
< = 104 1.00  1.67
g g
- 20 10°
Y 500 3 GPx4 | M- '
& & 54
0 0 EEF1A | M- G - 50X 10°
A MEFs4E  mESCs4E B MEFs{H  mESCstR ¢
5/ UTR GPx4 CDS SECIS J#f [37um }—
-A -A
Site 1 Site 2

shRNA target Site 1 5’ -CTC ATG AAG GTC TGC CTG AAA-3’
shRNA target Site 2 5’ -GAC GTA AAC TAC ACT CAG CTA-3’

D 1. 5m

o
1

GPx4 mRNAZRIE7K T
°
[6,]
L

(O] @ @
E 437 F

GPx4 “3‘ i;zoxmﬁ

B -actin

@ ®
1.00 0.52  0.48

= 42X10°

A S Y 4387 MEFs 21 Fl mESCs 2 GPx4 mRNA [ 3& 357K ; B: qPCR #l] MEFs 21 fl mESCs 41 GPx4 mRNA 38 %K ¥ C:
Western blot 43 1iF MEFs 41 fll mESCs 41 GPx4 ik /K ¥ # MEFs 41 GPx4 ik /K F & X8 1. 00, W mESCs 41 7 GPx4 £ik/KFEHR 1.67;D:
GPx4 Z5#4 Jo shRNA HE 5 47 B 7% B & E: qPCR Al shRNA # I GPx4 3 I BR ; F: Western blot 801 GPX4 s ff55. # pSUPER NC 41
GPx4 kKT LR 1,00, W GPx4 shRNAL 41 GPx4 Fik/KFH 0.52,GPx4 shRNA2 4l GPx4 £ik/KFH 0. 48, O :pSUPER NC41;D:

pSUPER shRNA1 4 ;® : pSUPER shRNA2 4 ,*: P<(0. 05;":P<C0. 01;°: P<C0. 001,
1 GPx4 £ MEFs 1 mESCs H1i15%&
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pMXs GPx4 4 ;® :GPx4 shRNAL 4 ;© :GPx4 shRNA2 41,

B SRERME GPx FENFSMSETARNEE
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T4 5 A R A s AR, 5 ESCs BUA B
FER G B B 2 48 B i b3 L iPSC BB AR 40 i rh i
S AT AR T AR B R L 38 15 i b B sRE TV AE
) 40 B 4P 80, DT JE B HE B R i AT AT M R A2 L 1P
SC g XEIA T 0 L 04 405 B 3R AT 1 0 1Y) 40 i T i 42
BET R ARA MHLS ., Flan, BF R iPSC 78 3
PR 5 A8 Bl 2 1F J5 AT DA 434k S R R 9 T i 41 it 25 A0
FHRITHB R B A EELZMBER ", iPSC g4
FH T by s 3 A7 M R (U bf 4 2R 27 & 1 L L3S 46
) 22 T 25 ) K HE At 352 5 455 AR B 2 R 5
TP ML A T 4R B T SR T ik, e
] I R 3 6 3 B H s IR 3l b BE 6 AR 2R B ER Sk R I

1PSC 9 I ok iF 47 4> 4 Ak 19 25 4 0 32 3 38 (O 5.
ChiCTR2000034277 ,ChiCTR2300069332) , H: [ [i1] 77
PERICR A FI T 52 A S B RS HE B2 yT . R4 1PSC
HABE XN W fe, B A — 2L & 2 0] B A 75 i
e AL E A A BOR M S R AED Y g AR R
AL AT DLF7 A 5E 4> E 4 R Y iPSC L 38 1] D= A 3 4 1
Ya FE ) 40 L, X 2 4 i AT Be H A R [F Y o b i
REST L IRk L AR I R R FH 22 T B iPSC kAT ™
R A PETEAG . X E g AL E A — 2 F A Bl
FIFEH Tk A R T A B % 4 iPSC, 3F B F
BT R SEPr i A EEE FE L, DAL
A I A I I it o SRy Ik LR T R B R S P R A2 AR
T(CAR-T) 40 }fu , ifr 1A 58k 52 .l ik 1 43 i 1L-10
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e LA 5, 48 B P 6 AT R O B AR v 1 526, 0F A
B LE S AR iR T A B R ) CAR-T 48 i FE o . #F
/1N B A AR e oL 2 I T k1) B B e RAOR S AT R
(TR N

o 2091 M A B i 2 (reactive oxygen species,
ROS) 75 5141 i [ I 434 3 A T 953 35 1 40 i % 1,
TR ROS BY R PEAE AT, RIS 1 40 M 2 3208 1y
PrEALBE M AE S35 . T A0 A 4 R E A HLER B
PERAE S A A A ML STk W B 3 R L
Xof A A A 2R OC B HI R bR BA 2 MR iR AR,
BG 35 09 7 B i A2 R A BR L Rk, AT LT B s Bt ik
AALE GPx4 B OCHE. Mk GPx4 /MR A E 1
ERGHE 8 RAET: ., M GPx4 KiE 5 . /I BU7E J5 1 ik
oz Gk 25 1k Z B, s g R R GPx4
WERGET M AE SRR ELEEH. Hh
TG GPx4 TR HE g fe Bt vh A AR A
R E S S F g Rk GPx4, 4R BoR, H
MR —E T  HER TR = E (P>
0.05), VEEHED , Hy T4 52 56 iy >R B i) o 4 724K R
B ROR B 240 T H A s Y KL GPxd 4 T 4
PR RA MR RSO S . Mk — 2 b
GPx4 IG5 A9 H g Rt 45 R . GPxd Ik FEAR DL S 5 4
BRI R TR, X4 REW, EiFESFLED
GPx4 B> 2l iPSC ™ 4, 454 GPx4 i ik
S5 m g R, T LA GPx4 25 T E 42,
JFHAEERBETEE T EEZMEH., BAMR A —
FE PR, o ik GPx4 Xt 5 4 R &R 2 T IF A B
L H R T LR K m i SR R DL, i AT e 2
o T 1E MEFs 40 i o A B s A7 7 — % 1 1Y GPx4
AR 3R 2 LA FRE iPSC 1Y = A, 1E JnAE & 2 8 iyl
FEas R R . B, LIU 27 7 (Science ) 28 & 1 18
IR T ERLAR A3 BE H IR (glutathione , GSHD “F- i 1 2
BRIV HLE, s AT GSH B9 538 8 [ K, 28
GPx4 Hl GSH B P [A] 4 4% . A 05T & B GPx4 By ikt
J N T g A ek R P 22 B8 P Y AR R, LR IR Y A b
HRRAC T B Ry T A 3R A S 40 I i s R A S
FABFSE 4 A TR A .
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