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miR-144-3p targets the regulation of PTEN/AKT pathway to alleviate

intestinal injury in neonatal rats with necrotizing enterocolitis
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Abstract

Objective: To detect the expression of miR-144-3p in the intestinal tissues of neonatal rats with
necrotizing enterocolitis (NEC) and explore the effect of miR-144-3p on intestinal injury in neonatal

rats with NEC and its possible mechanism. Methods: Two-day-old neonatal rats were selected to con-
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struct the NEC animal model using hypertonic formula milk feeding, hypoxia, cold stimulation, and
LPS gavage and were randomly divided into the normal group, NEC group, NEC-+agomir-NC
group, and NEC+miR-144-3p agomir group, with six rats in each group. Rat small intestinal epithe-
lial cells (IEC-6) were cultured in vitro, and the NEC intestinal epithelial cell model was induced by
LPS. The cells were divided into control, LPS, LPS+mimic NC, LPS+miR-144-3p mimic, and
LPS-+miR-144-3p mimic+AKT inhibitor (MK-2206 2HCI) groups. The Dual luciferase reporter
gene experiment was adopted to validate the miR-144-3p targeting to PTEN; qRT-PCR was per-
formed to detect the transcription levels of miR-144-3p; ELISA was used to detect the levels of IL.-183
and TNF-a proteins; Western Blot was used to detect the expression of PTEN, AKT, and p-AKT
proteins; HE staining was used to detect intestinal histopathological change; Flow cytometry was per-
formed to detect apoptosis in IEC-6 cells. Results: The dual luciferase reporter gene experiment con-
firmed PTEN as a target gene of miR-144-3p. In the NEC animal and intestinal epithelial cell mod-
els, miR-144-3p transcription levels and AKT phosphorylation levels were significantly decreased in
the NEC model group (P<C0. 05), IL.-18, TNF-a, and PTEN proteins expression levels were signifi-
cantly increased (P<C0.05), and intestinal histopathology scores and the percentage of intestinal epi-
thelial cell apoptosis were significantly increased as compared with those in their respective blank con-
trol groups (P<<0.05). Compared with those in the respective negative control groups, miR-144-3p
transcription levels and AKT phosphorylation levels were significantly higher in the NEC+miR-144-
3p agomir group and the LPS+miR-144-3p mimic group (P<C0.05), IL.-18, TNF-«, and PTEN pro-
teins expression levels were significantly decreased (P<C0. 05), and the intestinal histopathology score
and the apoptosis percentage of intestinal epithelial cells were significantly decreased (P<C0.05). In
the cell model, as compared with those in the LPS+miR-144-3p mimic group, miR-144-3p transcrip-
tion levels and PTEN protein expression levels in the LPS-+miR -144 -3p mimic+ AKT inhibitor
group did not change significantly (P>>0. 05), whereas AKT phosphorylation levels were significantly
decreased (P<C0.05), IL-1B and TNF-a proteins expression levels and intestinal epithelial cell apopto-
sis ratio were all significantly elevated (P<C0.05). Conclusion: The expression of miR-144-3p was
significantly decreased in the intestinal tissues of NEC neonatal rats. Overexpression of miR-144-3p
may attenuate intestinal injury in NEC neonatal rats by negatively regulating the expression of PTEN
protein, which in turn promotes AKT phosphorylation.
Key Words Necrotizing Enterocolitis; miR-144-3p; PTEN
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RIEFZESL . BAR HETAT NEC A i % 95 HL T i
ANGEATEHE A BE R E SN B IA Ry NEC f £ %
995 A

/I RNA (microRNA , miRNA 8% miR) & —2&
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W 12 1§ 5K 71 8 F1 18] Y& 4 (phosphatase and ten-
sin homolog, PTEN) HA7 & 1/ Jg 5t X & B iR Bl 175
P, 5 5 P45 5 A % B (protein kinase B, AKT) i
4k, PTEN/AKT i - i 25 1 5 22 Mg i 19 &
AR RE DT . RS B F S kB
PTEN 3'9E 8% X (3'-UTR) #£ 7€ miR-144-3p 4 45
A7, BB A BFSEIE SE miR-144-3p ] §1 1] 45 &
PTEN 3-UTR, fi 84 PTEN B9 £k . #F5" %
MONECH K BEIBAL T PTEN & 1R A B &
ThiE M AKT # R AL K7 & FEA% . T miR-144-
3p RE 75 i 1 #8 15) 4 95 PTEN/AKT i 5% 0 5 NEC
B K U AL S0 AN i L R AT T R T A

PRI, A fF 9% 3 o 44 1 NEC 3 2 K RS AL A 7
b 4 M AR Y 0 A 45 3T miR-144-3p 7 NEC H iy
VR S FE R, #i38 anh .

1 HBE57E®

1.1 XY 24 HSPF&Hi 42 Hitk SD KR,
g 6~7 g, W {3 N RAAE YR AR A A,
PR UE S5 SCXK(58) 2021-0027

1.2 EFEKXF J§ £ b (lipopolysaccharide, LPS,
Sigma-Aldrich A & ) , DMEM 7 # 3£ (Gibco A A ),
AKT i il 7] (MK-2206 2HCI, Selleck 24 ) , 4fl ffd
8 T A R (BT M R H) ), F A LA 3= 18
(IL-1B) . JH 988 SR A6 B F-a ( TNF-o) ELISA i 7 £
(DU 2 7DD, miRNA #2 BUL ) & . miRNA ¥
B & miRNA 296 & & PCRIAH & ( i 4
THEY AT, BRI — P B-actin, PTEN, AKT,
p-AKT K Hi# i & b ¥ B (horseradish peroxidase,
HRP) AR i E Pt —dt (B =B A F)) , agomir-
NC F miR-144-3p agomir (J7~ M i {H A 7 ) , miR-
144-3p mimic & mimic NC(_ ¥4 T AP AR, Li-
pofectamine™ 3000 #% 4% i 5| (Thermo Fisher 2+
A ), WG F 5] & (Promega 24 H] ) .

1.3 XBFHE

1.3.1 NEC##HAMEL 521 REEIET
PG 24 FUBAE 2 B R RUBE ALY D9 IE % 4 \NEC
2 . NEC+agomir- NC 4 . NEC+miR - 144 - 3p
agomir 41,6 H /41, MEHEASBR . IF & 418 K B
B SE, HR3HA KRRS8R0 8, 2% WEI
SR 5 1 A A NEC B A2 K BB RS, BRI R - 4
KIE]FE 6 h AT WRESR B BT W5, 56 1 KRR 0. 1
mL 457 Bl 5 5 24 h 3 0. 1 mL, tb5h, 4 K (8] B

12 h EAT B4 (5% S8+ 95 % A<, 10 min) 14 il
#(4°C,10 min) FFBES LPS# H (6 mgekg ', 8K 1
W), HESE3dEE FREAE G W E R . NEC+H
agomir-NC 21 #1 NEC+ miR-144-3p agomir 4 £ i&
BRI 3 d 43 9l 28 Jis T 5 agomir-NC Hl miR-144-3p
agomir, 0. 25 mmol-kg ™", 1EH 20 fl NEC £ [7] #1 22 &
I T S 45 R 2% vh R VMR (PBS) S AL PR 3 d,
ARUTE S 56 1 24 h 5 FF 4R NEC BRI 4

1.3.2 HE$ & A mEFs BIHERFHH 1 cm/h
T BUE A 4% Z R PR E, &AW Y
JB K AL  HE 34 68, 7664 T W5 B8 4k
IR T 4 bR i S % NADLER 46V Y A
BARIT 045 506 b 588 HUEE M IE R 5157
RO R0 (B0 A 25 852 48 BE RN R0
() [ A2 43 8 R () B BN R LR E K i 5 3 43
J R IR A (B0 [ A2 43 B R (B0 2 BT R
P2 K, Jas P 280 0 7% 5 4 0 W 950 TH R P B 3R
¥

1.3.3 @mipmbsa® KRE/NMESE L RZE
(rat small intestinal epithelial cells, IEC-6) H LI %< fif#
R A W BB PR R % . BIEC-6 48 fliE 17 43
H AL PR, X B AR AT Aol b B LPS 2 - 4 i R
100 pgemI ' LPS 4b# 24 h; LPS+mimic NC 41 :
mimic NC % G2 40 il 24 hJ5 , H 100 pgemL "' LPS 4k
P 24 h; LPS+miR-144-3p mimic 41 : miR-144-3p
mimic 5% ¢ 4 24 hJ5 , 100 pgemL " LPS 4b 2
24 h; LPS+miR-144-3p mimic+ AKT # i 7] (MK~
2206 2HCI) 4 : miR - 144 - 3p mimic % 4% 40 Jf1 %
20 pmol-L " AKT #1 il /] (MK-2206 2HC1) fii &b #
M 24 hJ5 , H 100 pgemI ' LPS kb B 24 h, #E47 )5
SLAGI

1.3.4 ELISA#n $# M ELISA 5 & vl W]
o I 4% 26 Jizs 20 450 3% J 45 4 TEC-6 40 g F 3% W
IL-18 J TNF-a H 8 I Rk K-,

1.3.5 gRT-PCR#&M A microRNA #2 B
B AR A AR A K U 41 20 K45 0 TEC-6 4 A
miRNA . miR-144-3p # It miRNA % —4%% cDNA &
B (ZE R E ) 0] & Ul W1 5 R 47 S5 s B L cDNA,
ZER B miR-144-3p i 5% %519 . 5'-GTCG-
TATCCAGTGCAGGGTCCGAGGTATTCG -
CACTGGATACGACAGTACA-3', Wik /=Y
cDNA JIl 4% B miRNA % € & PCR K & 3 U]
HEAT qPCR Y™ . miR-144-3p LI U6 NN S, 51 ¥
A T A A FEIRTEE (R D
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&1 PCR3I#F7!

Gk s 4 (5—3") RS (5'—3")
GCGCGCGTACAG- ATCCAGTG-
miR-144-3p
TATAGATGA CAGGGTCCGAGG
U CTCGCTTCGGCAG- AACGCTTCAC-
CACA GAATTTGCGT

1.3.6 Western Blot #&m & Western A IP 4 fifl
Z4 0 WA TP B (1, FH BCA TL 4788 (2
LK B E NG ZEPVDF B E L, H 5% BSA %
W AT 1 b 43 00 A i HE T LG 5 R RE Y — e, 4 °C
W E o % ; F 1X TBST % Wi F W58 R 13k 3
U, A e HE 45 LU B # B8 19 HRP bR 30 19 2 9T S —
Yo, FIEME 1 h; S5 4 1XTBST 3 W b v 5 i A
ECL k2% % 610500 K i 2 1 b (1 2 o

1.3.7 A X@mpbhn sl Fn R An-
nexin V-FITC/PI 48 L i T & D 1k 71 &5 158 B 45 ik
1o B MA S pl Annexin V-FITC #1 10 pl. PT%t
T, 2 TR IR 15 min, U 220 A SRS T 40 e R T
K FlowJo™ V10 8 {443 B 5t

1.3.8 & kX EHREARNEE o5 E
PTEN % 4 B Jifi ki (WT -PTEN) J %€ 28 Y Jit ki
(MUT-PTEN) , ¥ WT-PTEN f#l MUT-PTEN %4
915 mimic NC 5% miR-144-3p mimic 344 4¢ F IEC-
6 4 A . 48 h 5 G I K HL SOl 3R TG Mk BT Y
6 F BT, DL LU A 28 7 98 ' 38 i AH X I 4
1.3.9 %it ¥ 54 i GraphPad Prism 8. 0 %k
PEFEATGETT 43 BT o IE 25 40 A0 19 3 i W Rk DL £
PRIE 2 (obs) Fom , 2 20 ) L BR A B IR 2207 22 4%
Mr ot —# 2 E R SNK-¢ K5 . JEIEE 1
8 T g R DL 50U 2 52 BT B ) [M(Pos, Prs) ]
Fon, 2 H ) K Kruskal-Wallis £ % . P<<
0.05 M ZEFAGI#E L.

2 #R

2.1 miR-144-3p $B[EF$= PTEN TargetScan £
28 B0 A P T 45 R & B PTEN 3'3E # 3 X A7 75
miR-144-3p P HE & o ALHEE R B 92 5 78 , mimic
NC+MUT-PTEN £ 5 miR-144-3p mimic+MUT-
PTEN 41 1Y 9% 't 2 i A6 6 Pk 22 S G it 22 8 X
(P>0.05) ; i 5 mimic NC+WT-PTEN 41 [t %,
miR-144-3p mimic+ W T-PTEN £H %¢ Jt; £ iff #1 % i
P 3 AR (P<<0. 05) , 1F 52 miR-144-3p 1] #1 5] i
EPTEN(E 1),

WT-PTEN 3'UTR  5-GUUUGCCUUUAAAUACUGUU-3'
miR-144-3p  3'- UCAUGUAGUAGAUAUGACAU-5'
A
mmmiR-144-3p mimice= mimic NC
1.2r
= 1.0p
o
= 0.8f
m
= 0.6r
R 04
R
0.2f
B

¢ MUT-PTEN  WT-PTEN
E1 miR-144-3p #[EH#= PTEN
A TargetScan S P 1 45 5 5 B. 9% 96 3 B A GHE P L0 g
5 mimic NC+WT-PTEN 4 F %5, "P<<0.05
2.2 BHEMEKXRBHAL T miR-144-3p R K
FEEB  qRT-PCR AN ZE H R - 5 1E % 4 e,
NEC 4 . NEC+agomir-NC 28 A= K U 4 4L
miR-144-3p &% 5% K F 35 | 3 AR (P<<0.05) . 5
NEC+agomir - NC 4 [t # , NEC+miR - 144 - 3p
agomir 21 4= K Bz 4 2 miR-144-3p #% 5% /K F-
BE TR (P<0.05)(F%2),
T2 BHEFEKXRRBHHALF miR-144-3p 3 RAKFE L

(r+s5,n=6)
24151 miR-144-3p
IEH 4 1.00£0.07
NEC 4 0.44+0.03"
NEC+agomir-NC 2 0.45+0.09
NEC+miR-144-3p agomir £ 1.08+0.137

HIE#H 4 HE, P<0.05; 5 NEC+agomir-NC £ % ,"P<<0.05

2.3 EEFERRBARAREZTHILE LW
ZH 5B A K R B K o 450 B R 9B R R R
W55 3 6 BN 2 R E A 2 A B B 4 i 2R
PE 43 4 0.00 (0.00, 1.00) . NEC 4 #il NEC+
agomir-NC 28 A= K B [0] g oK vifs 25 #4 Z5 6L . AT D ™
o1 b T 2 R0 A )2 3 B, SR L A8 R G v L
FHRR BT 43 43 9 R 3..00(3.00,4.00) . 3.50
(2.75,4.00) , ¥ 1 3 & FIEH 4 (P<0.05) . §
NEC+agomir - NC 4 [t % , NEC+miR - 144 - 3p
agomir 41 Az K B[] 7 2K o 9 A8 B b o3, 4% B
5 W7 24 451 Bl pd /D 9 BEIE 43 1. 00(0. 00, 1. 25)
B F KT NEC+agomir-NC 20 (P<<0. 05) (K 2) .,

2.4 BHFEKRBRBALFIL-1B. TNF-a EH
RiFAKELLE ELISAKMZR DR 5EWF4HL
B ,NEC 4 \NEC+agomir-NC 418 £E K i 41 41
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2 BEAFMERBRBARREFTUILE (HEX200)
AL IEH 4 ;B NEC 4 ;C. NEC+agomir-NC 4 ;D. NEC+ miR-144-3p agomir £

M IL-18. TNF-a 25 [ R I8 K F ¥ B 2 A&

(P<<0.05) . 5 NEC+agomir-NC 4] It # , NEC+

miR -144-3p agomir ZH #r 4 K B s 20 2L b TL-18.

TNF-o 2 H R KK P B3 R (P<<0.05) (£ 3),

K3 BEFEXRBALHRIL-1B. TNF-o EHRIEKF
B8 (pgemg ',ats,n=6)

250 IL-18 TNF-«
EH 4 47.88+6.41 91.42+8.23
NEC 41 144.47+7.13°  333.88418.16"

332.68410.44"
128.52+6.097

146.09+8.39"
89.76+6.05"

NEC+agomir-NC 41
NEC+miR-144-3p agomir 41
5 1E % 40 i, "P<<0.05; 5 NEC +agomir-NC 41 e ,“P<<0.05

& g
MR

PTEN M s S |

AKT [W— — — —

Bactin [M— — — —
- A

PTEN. p-AKT/AKT

2.5 BAFEXRBHALKS PTEN.AKT. .p-AKT
EHRIEKFELLEE Western Blot £ il 45 & B R .
5IE® M HE,NECH NEC+agomir-NC 4 i 4=
KR BAHAAPPTENEH LS R FTE
(P<<0.05), AKT B i fb /K F i 3 B AL (P<<0. 05) .
NEC 415 NEC+agomir-NC 2[5 4 K §Uim 41 1
PTEN J¢ AKT B Rk K F 2 F TR it & X
(P>0.05), 5 NEC+agomir-NC 4] It 4% , NEC+
miR-144-3p agomir 21 ¥ 4= K B s 41 81 b PTEN &
F 26 1k K OF 2 AR, AKT B 1R 1k /K F B 3% TH i
(P<<0.05) (K 3),

w2 == NEC+agomir-NCZL
Lor ==NEC4l =2 NEC+miR-144-3p agomirZ

& AT Rk g
© o o
E [=)} oo

o
)

S

PTEN p-AKT/AKT

B

B3 SEAFEXRBHELHPTEN AKT. p-AKT EARIEKFELLE (2+5,1=6)
AR E B, A AR, 5IEWA K, P<0.05; 5 NEC+agomir-NC 4 [ ,7P<C0.05

2.6 HHAIEC-64+H miR-144-3pEFRKF L
B qRT-PCREZIMZ5HR WoR 5% A b, LPS
2 . LPS-+mimic NC £ IEC-6 41l Jfid h miR-144-3p ¥
F K1 B E FEAK (P<<0. 05) . 5 LPS~+mimic NC
4 L #, LPS+ miR-144-3p mimic 1 miR-144-3p %%
SEKOE 8 TFE (P<<0.05) . 5 LPS+miR-144-3p
mimic 41 H # , LPS-+miR-144-3p mimic+ AKT #iJ
H 7 2H TEC-6 40 Mg vh miR-144-3p ¥ K- 22 F 48
T2 L (P>0.05) , 2B AKT #0051 N 5 1 miR-
144-3p mimic M Y305 (%K 4) .

2.7 HHIEC-6 4 EFHIL-1p. TNF-0 EH
FRiIEKFELEE ELISAKME R BN 5X0 4
B, LPS 44 .\ LPS+mimic NC 41 IEC-6 40 g 3%

K4 LBHEIEC-6 A H miR-144-3p F F Kk ELL &

(r+s,n=3)
15 miR-144-3p
ot BE A1 1.0040.02
LPS# 0.59-0.04"
LPS+mimic NC 4 0.64+0.02"
LPS+miR-144-3p mimic 41 1.15+0.037
LPS+miR-144-3p mimic+ AKT 3 i 5 2 1.08+0.07

5Xp R4 s, P<<0.05; 5 LPS+mimic NC 41 %8 ,"P<<0.05
IL-18. TNF -o & F & X K -F BB B #H
(P<<0.05) . 5 LPS+mimic NC 41 H #& , LPS+
miR - 144 -3p mimic 41 IEC -6 40 Mg | #  1L-18.
TNF-o & H R BRI 8 TR (P<0.05) . 5
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LPS+miR-144-3p mimic 41 H. 4, LPS+miR-144-
3p mimic+ AKT #1551 41 TEC-6 4l fifg L7 o 1L-1B.
TNF-o 2 [ R EKFU i i (P<<0.05)(£5),

2.8 HZHEIEC-6HMABATELE WAL
285 5 oR - 5 B2 A, LPS 41 . LPS-+ mimic
NC 41 4 ffg 9 1= R ¥ W F F & (P<<0.05) . 5
R5 HBEIEC-64m EiEFEHIL-1B. TNF-a EARIEKFE

b8 (pgrmg ' 2 +s,n=3)

5] IL-18 TNF-«
poNiEil 92.72+4.21 52.62+3.24
LPS 4l 364.36+6.15°  428.3646.48"

442.58+5.16"
236.82+5.847

342.82+9.38"
168.56+5.06"

LPS-+mimic NC 4
LPS-+miR-144-3p mimic 41
LPS+miR-144-3p mimic+

AKT il ) 20

5 A B, TP<C0.05; 5 LPS+mimic NC 4 I %, 7P

<0.05; 5 LPS+miR-144-3p mimic H.4¢,“P<<0.05

286.94+8.42¢ 386.34+8.62¢

LPS+mimic NC 41 [t %, LPS+miR-144-3p mimic
AP TR B E FFE(P<0.05). 5 LPS+miR-
144-3p mimic 41 %, LPS+miR-144-3p mimic+
AKT 410 il 550 20 40 g 9 - R 2 3 F+ 85 (P<<0. 05)
(F4).

2.9 &MAIEC-64HiF PTEN . AKT.p-AKT EH
KikKFELEE Western Blot #9045 5 B R . 5 xF
ML A, LPS 41 . LPS+mimic NC 41 PTEN & A
F8 W THE (P<0.05) , AKT B R 1k 7K F 2 3% %
& (P<<0.05) . 5 LPS+mimic NC 4 L4, LPS+
miR-144-3p mimic 21 PTEN #& 1 % 1k /K °F i 3 %
ik , AKT # 2 1k /K °F & % J+ /& (P<<0.05) . 5
LPS+miR-144-3p mimic £ % , LPS+miR-144-
3p mimic+AKT #iJl il 7| 20 PTEN 4 [ 3 ik 48 fk 22
SRGEAT2F 2 L (P>0.05), 1 AKT # iR 1k 7K F &
FREAR(P<<0.05) (1 5).,

67or @ 5don
10°%. P 109,
107 ; 10°;
10% _ 104
B , =
| 10° - A
N o = LPS4l
s ,103 i 174 30 " . cal
r oy * = LPS+mimic NC4
0 10°10°10°10 0 10°10°10°10 T
Annexin V-FITC Annexin V-FITC & O LPS+miR-144-3p
bayiseiil LPs4l . T mimic4
=
0% = 10 10%4 2| % |:|LPS+miR-144—3Jp
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