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[Abstract] Objective To investigate the expression of mixed lineage kinase domain-like protein (MLKL) in
uterus during early pregnancy and decidua in mice. Methods Different mouse models including early pregnancy model,
artificially induced decidualization model and hormone and/or progesterone treatment of uterine model were constructed;
human endometrial stromal cells were cultured in vitro and were induced for decidualization by treating with estradiol-17p,
medroxyprogesterone acetate and dibutyryl cyclic adenosine monophosphate. The expression of MLKL mRNA and protein
in the uterus of early pregnancy, decidual uterus, and hormone-treated uterus in mice were analyzed by real-time fluorescent
quantitative PCR, in situ hybridization and Western blotting. The expression of MLKL mRNA in human decidual cells induced
in vitro was detected by real-time fluorescent quantitative PCR. Results (1) In the uterus during early pregnancy in mice,
the expression of MLKL mRNA and protein in uterine epithelium on the 1* to 4" day of pregnancy (day 1 was day of vaginal
sperm) was low and irregular. It was expressed in the uterine epithelium and surrounding decidual cells on the 5" day of
pregnacy, and was mainly expressed in the decidua from the 6" to 8" day of pregnancy. After the implantation, the expression
of MLKL mRNA and protein was day-by-day increased and reached the highest on the 7" day of pregnancy, with a slight
decrease on the 8" day. (2) In the uterus of mice with artificially induced decidualization, MLKL mRNA was expressed in the
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entire decidual region with high level; while there was no significant expression in the uterus of the control mice. The expression
of MLKL protein was consistent with the expression of MLKL mRNA. The expression of MLKL mRNA in human decidual cells
induced in vitro was significantly higher than that in the control group (P<<0.05). (3) The expression of MLKL mRNA and protein in

progesterone-treated uterus was significantly increased compared with the control group (P<<0.05). Conclusion MLKL regulated

by steroid hormone progesterone is involved in embryo implantation and decidualization of mammals.
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22 ML) Caspase 41 AY 20 B 08 T AH E AN RS PR 2
Mgt SRS S S — s R A A P
TR, ANORERRA . HEBP . FeE A st A
ARAIBET- SN 2 R R R 40K A= 9
2R RS T, AR O A2 (A
YEHE F1% 7 3 (receptor interacting protein kinase
3, RIPK3) FI'E TR G 1% R G5 AL 15
FEEEF (' mixed lineage kinase domain-like protein,
MLKL ) W J2F2 5 14 40 i IR 5K v i) G B 14 4 1
A

YRR T L A R 2 Sl L s IR iG E R
R, (RIS AE MG A PR AR 4
Wi AN A . MLKL 22 M4 M SR A0 i i i 22
G55+, AuFsEs s MLKL 76 5 W aE iR+
B E B R P AR, SRR A IR
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1 #FRFFE

1.1 E£&&XHM  TRIzol iLH,
SYBR Green Realtime PCR Master Mix-Plus, TaKaRa
Nl NBT/BCIP iE#) B 437], Roche A5 ALl
BRmk . —FIIEEAN ( dimethyl sulfoxide, DMSO ) .

17B-WE W . A0 . BEIR T S22, Sigma AT ;

MLKL $itf, ihJE TR RS s = ik
T -3-WE R M U ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ) $iffk, Cell Signaling
Technology 7~ ) ; Bkt AL EbRIC 1L FE 4T e
IgG, ABclonal 23w ;5 [ BTAHN 2 B s A i i
(marker ) , Thermo A

1.2 8y PEREAY ICR & &R/ R I T %
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eI EE 2 R ES . SYXK () 2016-
0047, fFE TARICM K [1F AT IES . SYXK
(H) 2015-002], fE AN TEHGZMAT, ZiR
22 °C, JEMEJEWISN 12 h M 12 h BBEE, A
EMYUOK . R IRBIRI A ST - i 55 R
1:3 R, AR R ABHER, JFE
B TGO MR URES 1 Ko AN T S A A 7 gt
ST 55 R /N B U R A A 4L, AR
Bx/P2 R, SAREKENHERE 13 5%,

WHR LR ABER, JEEIA S Rl 2
1 Ko 8225 4 K EF 9. 00 K/NR—0 75 i
SIZRR 50 pL, 3 —MAEA TR, RA25E 8 K I
F9: 00 BUb. FARACFIAIARL . R s AR ME R
XM BR SV , R E =4 2 FlJE, LK X
/N R 4 2L, AR A2 4300 B T A 2 L
B CE T2 ) SCE R . % B 52
R, B 0.1 mL; Z2Ab BRAH 7 5 2, AR
2 mg/0.1 mL; W —FEkb A VS 17B- M —m

4 H 25 ng /0.1 mL; Wi 5+ 2 R 2 b 30 2H 3 5
17B-M % 25 ng FIZ#Ed 2 mg, £ H 0.1 mL. &%
W4T 24 h S5 B .

1.3 £W#EEF PCR HUNR FEAS
50~100 mg, #EEZZIE RNA, JRKE RNA X
sk cDNA. LA cDNA MH 1T PCR, MLKL
(NCBI J£4%5: NC_000074.6 ) SI¥F45): iif
5% 5" -CAG AAA CAT CAG CAG CTC CA-3', F
519 5" -ATG ATT TCC CGC AAC AAC TC-3',

MATAY TR (LE) BROBARAFR SR &
MAZ (20 uL) WF: SYBR Premix Ex Tag (Tli
RNaseH Plus) (2X ) 10 L, k. T4 (10
umol/L ) 4% 0.4 uL, Rox Reference Dye (50X )

0.4 uL, FHT cDNA 2 uL, 7K 6.8 uL. FZJvi 5%t

95 C FiAEM: 31s; 95 °C 55, 60 °C 345, 40 MEH
JE W ETEE S . [ Amplied Biosystems” 7500
Real-Time PCR System #24F, FHALET H 3046l 94
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1.4 RAZHRR KIEARIER @RS 1~8 K
AN T AN T E ALY R 2 min,
4% VU8 &0 - 4 90 be S8 Ak O M Bk Tk L SR W)
( polyfluoroalkoxy, PFA) [EE 1 h, BEfREhZ%vh
& ( phosphate buffered saline, PBS ) ¥tZ= & &,
1% Triton X-100 #EE 20 min, PEik; WiAess; 4%
5 Wl 0.5% B [TSA™ PLUS DNP (AP )
System ] &, PerkinElmer 23 H]] % B4 ;
Anti-Digoxigenin-POD (1 : 100, Roche /4] ) %
IRFE s TNT (0.1 mol/L Tris pH 7.5, 0.15 mol/L
NaCl, 0.05% ntiii-20) ¥E¥%; DNP Amplification
Reagent (1 : 50, PerkinElmer A H ) #GIFE
10 min; ¥E¥; Anti-DNP-AP (1 : 200, PerkinElmer
NF) 4 CoEDEREE AR, Wk, HZEMIK 2
(0.1 mol/L Tris pH 7.5, 0.1 mol/L NaCl, 0.05 mol/L
MgCl, ) VA 5 min, 0% @75 NBT/BCIP
(1:50) 5 2 mmol/L Z-fighkm s i b 4, HH Bk
XPgy, HmE A, B

1.5 ZaRepEaodr BATFRIER IR 1~8
K. EE TN TR /N B 5 425
I, WL BCA SEEWEENELH & (Biosharp
o] ) e R AR R . MR T i AR R
(29 20 pL ) G708 HE A IR B4 - 3R TN A4 T i e
ek (' sodium dodecyl sulphate-polyacrylamide gel
electrophoresis, SDS-PAGE ) . ¥ 4% 55 R AR
NEWIRY IR 4 C B, 705 i MLKL —
Pt (1:700) PR GAPDH —4T (1 : 300, Santa
Cruz AH] ) 37 C & 1 h, PBST ¥ 10 minX3
W, 5 5% RIETVR AR — 5T 37 C WHH
1 h, PBST ¥ 10 minX3 ¥, FHHAL2HEUOCH
( Coolaber AH] ) 52, BHG. H Imagel #A4% K
JEHEATARRT E 55087, DL GAPDH 1 N2,

1.6 WHIMFFATEABRE R @SB A
FE IR AN A CRL-4003 ( 9% [ ML A g A
Yy e A L bG8 AR S B 09 DMEM/F-12
(1:1) HFIgAr e g, b7 ERIE T
A B S A AR X SR S5 R AR e, e I
IR W I Ab BRI B G 2 17E  ( fetal bovine serum,
FBS) , RKHLDL 1 : 10 AyLb@lhn AsEF=AEr . 4
JELL 1X10°/mL f)% BEF T 35 mm EAR IR
H, TERH 5% CO, 1Y 37 “C RFRARIEFR . 44

MG EEA R, K 2] 80% mlG T, 1T AT iR175 S0
AL . TR AR, TEALFRA i ALk
k1 36 nmol/L A~ . 1 pumol/L YRR H F2 22
(M — P A R FH R 2 B R i X S JeK Gl )
FEMALHE N 0.1 mmol/L Y = T FBEFF R 1R
(Sigma 2AF] ) 3 FEXTHRA P ARFIEL 12 1 000
IIATCAK C P, BERE 1 d 4 1 oprf s 3%, IF
Fie bRV FE FORS ISR M T IR R .
TRIzol ik /AL BRI 4E 3 K. 25 6 KA
9 R, R SEHTZEOE = PCR Rl fiEFL %=
( prolactin, PRL) il MLKL mRNA {335

1.7 %it5 4 KM GraphPad Prism 5.0 #k{4f%:
EIIE ot . SLingidn i x£s 3R, ALK
FKHENZE )T 2208188 Student’s ¢ /56, K560 7K i
(a) 4 0.05,

2 # R

2.1 MLKL 2 - B34k 5 b o9 ik SEH
WOEE R PCR . R 24 28 FIER T BRIl 43 B 45
o, /N BT IRFE T, MLKL mRNA K&
FAEEIRE 1~4 RE/NRFEE LEFRE, H
FRREARH AR, FEEIRE 5 RI/MNRFE
i b 7 R HL R LA i S A B v 0k, 5 2 X RREY
RS 5 RAEE RO ST B RIE; EIRE 6~8
RFBAEPEBREA LT RN, HIRGRIELEL
H IR IR TEAR IR 7 Kikf Mg, 5 8 REA
WA TR (B1) .

2.2 MLKL ESLBEALT & Pagfik  JRf7 e 4
KR, EANTIHERBRAAK/ N5 MLKL
mRNA Fik R 5, AW XA £k (F
2A ), T TE A AL B A X R 2 R 0 B
ik. MLKL #HHMFREE mRNA MH—3% (&
2B) . AT HERE AT SY MLKL 765 di Ak
PIVER, AT BN A T %, IF
XA TIARMI A IS T o SERT D2 & PCR 45
Ruos, ERBEAARE /71 PRL mRNA TR
HNF IR R B RS T A rh Rk iR R
i, MERH T B PN SR S 41 i st ik A4 7175 Sl 2l
HAeRE (K 2C) o MLKL mRNA TEARSMES:
I IS4k Ny AR o 200 B ek o v X A
ERAGIEE N (P<0.05, KI2D) .
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Fig1 Expression of MLKL in mouse uterus during early pregnancy from day 1 to day 8
A: In situ hybridization (original magnification: X 100 [D1-D4, D5NI, D5IS, D6],X40 [D7, D8]); B: Real-time PCR; C: Western

blotting. MLKL: Mixed lineage kinase domain-like protein, GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; D1-D8: Pregnancy
day 1 to day 8; NI: Non-implantation site; IS: Implantation site. ‘P<<0.05. n=3, x=s
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Fig2 Expression of MLKL in uterus of mice with artificially induced decidualization and
human decidual cells induced in vitro

A: Expression of MLKL in uterus of mice with artificially induced decidualization by in situ hybridization; B: Expression of
MLKL protein in uterus of mice with artificially induced decidualization by Western blotting; C, D: Expression of PRL and
MLKL mRNA in human decidual cells induced in vitro by real-time PCR. MLKL: Mixed lineage kinase domain-like protein;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PRL: Prolactin. D3, D6, D9: Pregnancy day 3, day 6, and day 9. Original
magnification: X 100 (A). "P<<0.05. n=3,x+s
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Fig3 Expression of MLKL in steroid-treated mouse uterus
A: Expression of MLKL mRNA by real-time PCR; B: Expression of MLKL protein by Western blotting. MLKL: Mixed lineage kinase
domain-like protein; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; E2: Estrogen; P4: Progesterone. ‘P<<0.05. n=3,x+s
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RIS REY), IF HHAEFE I L 4 i
KT BBAZ 5 RIS AR S 5
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[Fi] B 58 65 20 254 R & HE e e T IR, IR iR
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PERG T B2 1 PR P IR fe 2 B A HE R B A
R LR on MLKL mRNA TEGLURES 5 K& RN
SNSRI, JF H FERE T H IR R R
T bR AKX S8 SRS 6~8 KFE 11
W8 I A BN R A ek, A BT RS
7 KRB g, ZERA TR AN TBRAL
AN BB RS DL R AR A5 2 A A 4 i b, MLKL
mRNA FIEE IR IA AR & AR KA W
g%t a2, MLKL mRNA FIZE [ i35 5 A
KRS sk segb BRI MLKL 1] fefe/N T8
WA R AR E

S AT i et R v G RR Y s PR, e
Pt 55 2 ok AR O SL R AR BAE T, T R AT R
AIEH 2", 2014 4, Vanden Berghe Z5"9% Fi
TN SRR PR IR 5 5 55 2k .
b5, Wu S5U7OR 2R AL B, i S TNF-o/
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MO FE R PEIRAE, FRUIESE T 22X MLKL 3%
TWEVEH . AR EE RAIESE Tk — . ST RE4IA
b, FEAMANEEZE /N T, MLKL mRNA Fl
HOFRB RN DAl b 2 DA S —
Jigt + 2 i S Ab PREE/NER B H, MLKL mRNA Al
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