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% RNA-21 #1 Pelil Z£B SR EMHR L EPENEAE/NREANRIERE

Wk, BRA, HEK, £ ok, LEE, HEFE
P T R R AA BRI B R, T 510280

[(HZE] a4 HFilmiRNA21 ALK Pellino-1 (Pelil ) 78 F B e tE i A EI LTI fE A4 (POIL) iKY
INFENRBME L. Fa K 24 Rt BALB/c /NRBENLIA 538 PO XS IRA] (&4 12 B, 5l F & T
HESPE 3 (ZP3) Z KA HER K . It P A, WA & 15 ) S AT RGN I v fE . B3 ili% =% (FSH) | #it
KN E (AMH ) KEPAG /N OE I RE . R FH ELISA & ML 45 7 y- T4 . IL-10 K, a4 oAz
Bl HJ“ PEATHE T 400 (Treg) HLfl, AEW(5E B4 miRNA-21 RYFEIEN, qPCR AGIANE I B2 400 (PBMC ) |
B #2041 miRNA-21 FE35F1 PBMC, I Treg Y Pelil ) mRNA 3535, £ % . R%JE 6 )G, POLAL/NRIEA
ﬂﬁﬁrﬁﬂ;ﬁ X HR /N BROR A SR 4 1R 8 . POT 4H/)N BRI SE b 45 R OB A 85, M Vi — . AMIHL, IL-10 7K°F, Jigt
JIE Treg L3, LA B PBMC. BP L2040 b miRNA-21 Feik P54 B4 (P 1<<0.05) , TilfiLiE FSH., y- THLZEKF
B P (P3#<0.01) o AWfE B 2= R Pelil 5 miRNA-21 (¥R 5L . POLZH/NE PBMC . JBUE Treg
Pelil ) mRNA FIEPEFXEZE (P15<<0.05) . £+ miRNA-21 FIHHLILR Pelil 78 A B Hoett POL AL/
MIZFEIAIIEAR, 4878 miRNA-21 Hl Pelil T RES15 H B 4aE: POL A4 &9 .
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Expression and significance of microRNA-21 and Pelil in mice with autoimmune premature ovarian insufficiency

YANG Yu-tao, LI Xin-ran, XIE Jia-xin, WANG Yuan, MA Wen-qing, FU Xia-fei"
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[ Abstract | Objective To investigate the expression and significance of microRNA-21 (miRNA-21) and its target
gene Pellino-1 (Pelil) in mouse model of autoimmune premature ovarian insufficiency (POI). Methods Twenty-four female
BALB/c mice were randomly divided into POI group and control group (12 in each group), with zona pellucida 3 (ZP3)
polypeptide and the same dose of normal saline subcutaneously injected, respectively. Ovarian function was evaluated by
counting follicles, observing estrus cycle and detecting the levels of serum estradiol, follicle-stimulating hormone (FSH) and anti-
Miillerian hormone (AMH). The levels of interferon-y and interleukin (IL)-10 were detected by enzyme-linked immunosorbent
assay, the ratio of regulatory T cells (Tregs) of the spleen was detected by flow cytometry, the target gene of miRNA-21 was
predicted by bioinformatics, and the expression of miRNA-21 in peripheral blood mononuclear cells (PBMCs) and ovarian tissues
and the mRNA expression of Peli/ in PBMCs and Tregs of the spleen were detected by quantitative polymerase chain reaction.
Results Six weeks after the second immunization, the mice in the POI group basically had no estrus, while the estrus cycle was
normal in the control group. The number of follicles of each grade in the ovaries, the levels of serum estradiol, AMH and IL-10,
ratio of Tregs in the spleen, and the expression levels of miRNA-21 in PBMCs and ovarian tissues were significantly lower in the
POI group than those in the control group (all P<<0.05), while the levels of serum FSH and interferon-y were significantly higher
than those in the control group (both P<<0.01). Bioinformatics prediction revealed that Pelil was a target gene of miRNA-21.
The mRNA expression levels of Pelil in PBMCs and splenic Tregs in the POI group were significantly lower than those in the
control group (all P<<0.05). Conclusion The expression of miRNA-21 and its target gene Pelil is significantly decreased in
autoimmune POI mouse model, suggesting that miRNA-21 and Pelil may be involved in the pathogenesis of autoimmune POI.
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% PE B 8 I i A 4 (premature ovarian
insufficiency, POI) J&48 L PVEAE 40 %7 /i H BE B 8
Uiae B IR IREE AR, DALH LRG0 (UfsE4 A
SMEZED 4N ) tEE IR E AR R N
FROE, ELIAIRE >4 JE 2L 2 Ol E (follicle-
stimulating hormone, FSH) >25 IU/mL"" . POI
SR A, WiGREHE . A SR, B
EIEMHRZRES, A RERIHTEES S 4%~30%
1 POI &=, POL 5 HAh F Br e & AR OC, 0
SGHAN . PUBEIRPUARZEGAE . HUR IR D BB IR AE
TR RS

miRNA J2 K 2 22 nt #9 3F 4 7% RNA, X &
miRNA B4 5 mRNA 454, BH K& 71 5 g s 5L [
Hak, By (b EATTEHIE S B 0, AE 40 5
R, W1, LSy R R AR
Mo miRNA-21 J& —F' £ J) §E miRNA, A 94 5 %
fE, TEACRMEMPATEREERN . AETH RGP
O ML 2R GE 95 S Z2 b I ged vh e #8528 O JE 2 1A
L FERIE R, ik miRNA-21 50
RAMIRT A O, A T AR5 R DY
SE (O, DN BT i MM K3,
FSH /K VRAE) ), {4 B ] miRNA-21 5 [ &
G POL (A

i H —Fh miRNA 7] L1 22 4~ §0 56 A B4R
F. miRNA-21 HE# [ Pellino-1 ( Pelil ) 3&[A,
A1 E B0V G BV T 40 M0 17 8 2R C I
miRNA-21 (1) —SE5 5L K 4045 5 % 5 e sl
T 3 S A BYIER T . Pelil 2EH it 10 &
S — o i B R ST O IR 6 28 B3 12 R AL FE 1,
16 T 4 b 2 ab 2k, JEAPES T 40051 ™ .
HAr, 8 A B 5 5% M POT Y & i HL il 2
T 20 fd e 5] 2 i, o8 95 ¥E T 40 B (regulatory T
cell, Treg) LW TR o BF9¢ & it Fik Pelil
Al LR 6 B 1 A2 v R R AL, IR & B Pelil
H5ZMA S RERA R, WRSHEARRE. A
B A PRI A8 2 L g, miRNA-21 7
e o P Pelil 25 H 5 f % POI Y & A
K&

A5 2 A ) S S B miRNA-21 A58
FEH, I Hr miRNA-21 A HAE LN Pelil 15 5 5
GeetE POLBLAL/ N g 3Rk, M B B et
POI (1 & o AL FIIET 7 SR SRR B

1 #MEFTE %

1.1 B s 7~8 MM BALB/c /MR (14
H R 18~22 g, FY G & IIES 44005800010117 )
W A mE 5 BE R A SR S e [ SR sh A re vy
AlHIE5 SCXK (5 ) 2018-0002, 5246 h ¥ fdi FH
AfIES SYXK () 2019-0215] . FF A /N BRI 1E
(30+2) ‘CHI 14 h G /10 h BERE S0 F A e,
ok, BRE L8 00—9: 00 FEATHIEL: F i,
VR &1 I IE H 1Y 24 HU/NEBEPLES 2 R POT 41
XTI, B 12 Ho ARWFoTE L pg 7 R R
SIYITRACPEZE b1 Tt (2018A030313167 ) .
12 POIAE A A A& /N L& W] 7 3 (zona
pellucida 3, ZP3) £ ik (NSSSSQFIHGPR, ' [H
FEREDIRE AT IR F] ) LA 1 mg/mL Y 5 i v
B TRk, HIERR A . SRS ZP3 2 Ik
VL AR B S PR BRI 58 4 S e AR TR RS 58 4 B e A
o POTZH/INRAE Ji /& AR R 2 0.15 mL 7%
75 ng ZP3 Z KM 58 A e R FLA, 14 d Je7EAR
[ 307 Bz R 75T 0.15 mL & 75 pg ZP3 ZIKIIASE
RPEEFIFLA. HE 2 IESE 6 L /NER B
KA AR BN s ZE K, SEI POT AR /N FRUEE ST 1
o XF REZH /N BRAEAR RIS VR S AR AR A BEER K
13 dpfamfedpiaitse 5 20ES S 6 (POI
/N AR B 2l ) Bl ML 3k B POT K X A8 20 /N fR 4%
6 H, BUCHAMION L, F 4% £ 5 F RS IR W 5 s oE
A vis (BN Sum) |, SR T H-E
Yt FEOEE T E OWEE A B etk op 5L R
JEFIEA TR ROP (JRURORHL . PR . R
L ) TR

1.4 P g haeseml 52 WIESHE 2~6 JH, &K
FHANIR A WA /N BRUBHE 43 i k4 T BB VR Fr, il
I 7 G 8 A 22 S AU T RN BR Y &1 T
Mo POTALAIXTHEZH£S 6 H /N UM HRERER A1 & 1l )5
TE 4 C TR 509Xg B> 10 min, 435I i. 1@
it BLISA #6357 & (&1 Roche 23 7] ) & I iy
EPUKE M ZE (anti-Miillerian hormone, AMH )
K, SR el & (At AR E AR
FERT ) Ry FSH K, SR Kb /i
A4 (15[E Bayer 22\ ) KU i iE M —BEAKF-. k-
IRRTINZFERE J7 BE R 2 RV BE Bk 3R 76 i

1.5 FoER-FRE  HPOL KX IR FIAI4S 6 H/N
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B, DN HEAE TR A5 T A1 3¢, H ELISA
K7 & ( 3¢ Life Technologies 2 F] ) A B
A LUPRAE N F y- THEZA IL-10 K,

1.6 JERE Treg Yo fslml 2 B ik & 2% FBS Y
Hanks V- 17 £5 ¥ W {57 0 e e, 38 ok 975 1Y) 25 B 2L
SURE R, N A 2140 i 24 W TR A0 )5 B S min,

1 000X g &> 5 min, 7 7, F PBS B 2K,
FRVE . S 9OEPRICHPT/INR CD4, CD25 $it
PR K Jr] RN R ) /N B 1gGRa B ( 32 eBioscience
Nl BB 30 min, ] Fix&Cell Fix&Perm 2 Jitd [#]
EBEIAR & (32 Life Technologies /A F] ) [# &
B SRJG FH Fo 32 1A BH 700 5 P4 40 i, F-fit FH T
I SRR SOHE AR 1 3 Bikiti i T ta . fefa
PBS Pkik 2 WK, F&EIFE AT AR T K
A B VR AE 4 °C . 168X g B> 10 min, # [,
BRI DTTE R TR T 2% FBS 1 1 mmol/L EDTA )
PBS 1, JH EasySep™ /Nl CD4"CD25" Treg 43 5
A& 1T (&K Stemcell Technologies 23 7] ) M
A BB 3 BS CD4 T CD25 " Treg.

1.7 SM ) o Fo 9P £ 48 22 miRNA-21 6940 B
A 12 HUNEAY AR 8 i, 21 40 M 24 e O
2 K Cedarlane A 7] ) EBR4 MM, E=E T U
241 X g &0 10 min, JLIEYH PBS ¥ 2 Ik, 15
FHME M 1Z 40 ( peripheral blood mononuclear
cell, PBMC) . i i E Ht 5 Y4 ¥ %« PBMC, 7£
Y W% (1% [® ZEISS 28 #] ) K W ¢ PBMC i
P I 3 £, A TRIzol ik 7| ( 3¢ [ Invitrogen 2
A ) A Bl EUN BUPBMC R ZH 45 12 H/N RS
— 0 B L2 2L B RNAL 5185t T N e A= )
BHE A BR 2 B A . 7F ABI PRISM” 7500 %! PCR
for i FR S8 1A R = v 51 W) i AT qPCR B 4,
PCR [ I %% #£: 95 C 5 min, 95 C 155, 60 C
32 s FF 40 o 2 X 272 4 4 Pelil mRNA
AR F AR /N B PBMC R % 3L IR A ) LA
Cel-miRNA-39 BHUIVE NS, miRNA-21 _L]if
51 ¥ FE %1 K 5-ACACTCCAGCTGGGTAGCTTAT-
CAGACTGA-3', N5 % ¥ 5 H 5-CTCAACT-
GGTGTCGTGGAGTCGGCAATTCAGTTGAGTC-
AACATC-3"; Cel-miRNA-39 3 5 149551
5"GACTTCATCACCGGGTGTAAATC-3', F i 5l
YIIF5H 5-TATCGTTGTTCTCCACTCCTTGAC-3,
/N FUBR EL 2 2 B 3k B A L U6 AE S Y

Z W, miRNA-21 L % 51 ¥ J¥ %] & 5-ACACT-
CCAGCTGGGTAGCTTATCAGACTGATG-3', T iif
51 ¥ ¢ 3 K 5-CTCAACTGGTGTCGTGGA-3';
U6 I i 51 9 ¥ 51 A 5-CTCGCTTCGGCAGC-
ACA-3', TFiiF5 ¥ ¥ 51~ 5-AACGCTTCACGAA-
TTTGCGT-3',

1.8 AMWEE&EFoh

www.targetscan.org/ )

if 12 TargetScan 5.1 (http:/
. miRecords ( http://cl.
accurascience.com/miRecords/) . mirDIP ( http://
ophid.utoronto.ca/mirDIP/) F1 miRanda ( http://www.
microrna.org/microrna/home.do ) ¥ ¥& J i 1% H
miRNA-21 FYEEEIR . X 4 D 8 rp AT i 2R
b2 Ao A ) SR 1
1.9 4h B fo B % fE Treg P Pelil 09 ¥ R H
TRIzol i 7 ( 32 [E Invitrogen 22 ] ) 43 5 FEHU/INER
PBMC F1CD4"CD25" Treg i 5. RNA. LA GAPDH
YE RN Z BEAT QPCR, K245 148 R A 3R 55
AT RITR AN 17 Wik Pelil L3515 0
5~TGGTCCCTATGTCCCTCTGT-3', T ilf 5l ¥ )%
51 K 5 TGCGTACCATGAGGAAGTG-3'; GAPDH
W 51 ¥ 7 1 N 5-GGCCTCCAAGGAGTA-
AGAAA-3', FiiF 5| 91 1¥ 51 2 5-GCCCCTCCTG-
TTATTATGG-3',
1.10 - %eitarsks® i SPSS 20.0 FfFHA 1481
3BT TRV IES A B 255%, Lixts
R, WL A L BCR ST REAR R 30, K 367K 7
(@) 4005,

2 # R

21 PR—ARES @A, POLA/NRERIN
g s BAICERIRGS . R EE s AR
1128, AT BiAS TR EL ;X AL/ N RATS R R4 T R
TER . HEEIEE, JURE RisRE,

22 s M ARt s BIEA L H-E Y (n
Jo AE AU S R E], POT 41 B9 6 550 B sk /L,

R LIRSS, O] T o4 22
X REZH/INERL R S 45 A R0, G2 B R RN A R B i
Bini %, £90ESMECRIER, X8 R,

AL EAIE L (&1 1) o PO ZH /)N FLBR 5 v i 4 B
WL RO YRGB B 43 A
2.67+1.37, 1.2540.62. 1.424+0.90 10.83+0.72,

43 5 /0 F X BE AR R 4% % 00 3 ) B (43 B
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5.584+1.44.2.754+0.97.3.92+1.00 F12.58+1.00 ) ,
EZRWASGIEE L (PY<<0.05) .

100 um @ i i B)
1 MRIPEFAKRSE - RALEBRETUERER
A FRPEINE TGN 24 ;B X REA .

23 ZWRAH H2 WIS 4 8, POl 6 H/N
SRR G L, B YR B 25 R s ToR Ak b R 2
Wb, SR AUt 5 2 ESE
58, POL4 10 H/NEU AN RN ZEEL, K 1% 0]
WIRE K . 5 2 WESTE 6 8, POIAL/INRIEA T A
T, SCH AR, BIE TR A 45 R iR i
A% E A, LA A, WS RIX R 2
N BN I T

24 #cEK-E POLL/ BUIMYE ME — %, AMH
KB AL F 6 B4 (30.9743.51) pg/mL vs
(44.09+4.87) pg/mL, (4.17%0.52) ng/mL vs
(7.87+0.91) ng/mL, P¥J<<0.01] , i POIZH /)
BRI Y8 FSH /K- F X B4l [ (4.5940.81) TU/L
vs (1.94+0.32) IU/L, P<0.01] .

25 XERTFAKFE POLA/NRIMKE y- THLZEK
o T B[ (4.1740.40) pg/mL vs (2.824
0.37) pg/mL, P<<0.01] , i i IL-10 7K F-fik T XF
M2 [ (0.96+0.10) pg/mLvs (1.70+0.38 ) pg/mL,
P<0.01] .

2.6 %k Treg Yo 41 POL 4 /> BRI WIE Treg 1 Eb
B 2 (4.824+0.58) %, K F X M 41 (10.91%
1.12) %, P<0.01] .

2.7 miRNA-21 £ i 7/ B PBMC #', POI 4
miRNA-21 % 1k 7K F 4 0.63+0.09, 1K F %F 18 44
(0.9940.03, P<0.01) . 7£ /N F bR &4 41
POI 0 miRNA-21 35 /KF- 2 0.54+0.06, WAk T
YR (1.55+0.18, P<<0.05) .

2.8 miRNA-21 £ #15 & % 5 4  JH TargetScan
5.1, miRecords. mirDIP F1 miRanda %4} /% 435! i
e 382, 25422, 3 345 113 561 4> miRNA-21 #
IR, o 4 B R AL R ) miRNA-21 4
FEA 244 A~ A B AH DG STHR 2 B0 Pelil X2

HIR Tz 2B S 5 2 Ay s oD i, w8
FERFHIET. . AMERRAE ST, B Pelil
St 2BRIETE AR LA

2.9 Pelil mRNA %% 1E/NE PBMC 1, POI 4
Pelil ] mRNA k7K ¥4 0.12£0.12, ik FXJ i
4 (1474032, P<0.01) . 7E/NEUSHE Treg H,
POI 4 Pelil i) mRNA ik /K V-5 0274023,
TR (1.194£0.35, P<0.05) .

3 3% 8

H B Pk POL I KB AF 7, (B A%
ML, T E—015% . POLBF ST kR4 2%
P — A 2 R A B St POLAAY/ N R
B REA G — i, AR E FH ZP3 Z R
Fa 7 H B etk POT AR (8 AR AU A 7 J5 SR 5
o U2 RS 3 i ZP3 £k Uk G M POI
RERI/INER, &30 POT AL/ B & 1% JA 40 . BR L 45
F . R FVARAE K 7K1 5 X6 BRZH A L 34 A= ek
AR, UEBH AR )

Treg J&— PR HUA AT RE M AR MURE, LA
RN T XCRHERE 1 3, CD25 ., CD4 R RIKHE,
REAERE e RGN F B B T 32, LA GRS
JERRAS, FEIRGL | IR . SRR DGR S T A
A0 ) 5 o A P B A 928 1 25 1 VE . Kobayashi
2B SY R R, POL 3% CD4CD69™ T 41 ifl 19 %k
I, T Treg /0. AWFFGE AT HEE A B et
POI #E R /N I 22 Treg Ll % ¥, POI ZHAY Treg
EL 3] 5 6 HR A AH BT R, 1P Treg 75 H B St
POI " HA AT 5 . AERFHLIRRRSIFE

miRNA J& — Fl 7E ) B 4] 25 B2 DR ~F 19 AE S 15
/NRNA, FEACHMESNR . e & bk G S .
miRNA-21 J& 8 48 H I FL Y miRNA 22—,
TESRIE N B AR RE B iR EEAEH . RS
PELIBERE T, miRNA-21 2635 b B ATk 0 40
i RS miRNA-21 5 TR . F
B DA TR S SRR AR O 1 AR S R BLAE 1
B f g Pk POLBE AL /N by, A1 J] I 0 B9 S 28 21
miRNA-21 FikH T, Ui miRNA-21 Al §ES 5
H S 5setk POI A & A FLE

Pelil &2 —FPiz ZiEHM, 52/ A & %%
g 8 R A I R e U0 AR DG, G PR T g £ 4
2p13.3, KA 3 780 bp. /N EIMk L 41 i iE 41
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U, AR E BTG T 40 M A LAY T 40 i 2 1k,
it — 2 R [R5 5 43+ CD28, 157 Pelil &Kik
B A RS ELL BERE BT R I, Pelil
VAT Treg (AT 1, 0 08 Y60 14 505 B4 T 400 g sk 20> i
Treg #4011, I H Pelil mRNA /K5 2 G 4T BEAR
REBE I S8 B AR S S L NI R A ke £
RAENEAY K S PR S 17 B G P G S 2R (1)
RIREREE, Xiao %" (W45 KW, Pelil
/N T R Rk, IEAE A B S PG B
G T AR AR TN 5 A0 R AR R A R 40
LR 1 A, DA AR 8 T 400 i 55 4 3] v i i 42
ARG, ARWFIEIELL 4 D F miRNA FEEE P 1 B
JE AT 0 - 43 AT AH DG SCHR, i Y Pelil B,
YR 45 S R [ B 55 Pk POT /) i) PBMC AL
Treg ' Pelil () mRNA FiEPKF XL, w12k
W Pelil 25 H Bt POI & EFIE .

Hij, miRNA-21 5503 Pelil ()5 R FLh &
7 15, M Pelil Unfaf 8715 Treg 09 LL B AN TN EE, M2
5 A BApetk PO & A Ak i () ELAHILTR] i A 5E 4
B . miRNA-21 5#EIE Pelil (565 M 25 A5
A3 A WU O 2R AR SL R IR E . /E A B3
2 EAEEEG, Pelil REIEAN RIE IZ R, M
7 Z AR Treg WE LA ZHLHI 2 . Pelil 215
K48 FIK63 iz REEMIE AL, 76 T 4MEny3sss . ik
HORIEAE . Pelil 382 vz 24k 514 9715 NF-«B i
BB IS 1 c-Rel EEAMIBEM, T30 c-Rel 7E4HL
NIRRT, Al us i MRl B bE T 405
ST e R AR A5 BE R L. Liu 262V g,
miRNA-155 i3 Pelil/c-Rel & A218 45 4l BhE T 40 i
(0 A RE, Qiu%E' HFFY 22 W], miRNA-21
i 1 Pelil/c-Rel & 42 412 78 SO P 4l B ME T 40 g 17
PRI, 300 B

Zr L RTiR, 7E [ B g ok POLEL AL /N BR
miRNA-21 F1 H: T Ji #0835 4] Pelil i) 6 35 F& AR, 11
Pelil il & 18 5 Treg i 4 fif Treg %4 & ¥ /b, M
miRNA-21 Fl Pelil 25 1 S %% POL & A F1 A
&, XM H Bk POI A B2 W Aa PR AL T
AT BB A

(& % x #]
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