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o LW SEPE /D £l 58 S8 ILiE miR-21-3p Al
miR-22-3p JKF- 38 5 H s ™ ORI i Sy A

AE, ZRF, K (EEE NREBSH AL ILE, #T 570100)

W OE:. BW KAFRak ) mEmE (necrotizing enterocolitis, NEC ) /& )L o i f# > # #2 # 82 ( micro RNA,
miR ) -21-3p A= ) 4 #5488 (micro RNA, miR ) -22-3p K-F HymtE T EREM >, Fik LR EHHEARER
2020 43 A ~ 2022 4 12 A& 8 112 40 NEC ¥/ J)LA4 NEC 40, HBEBILRFE S EREF Lo AEEM (n=35) |
PR (n=47) FeEEH (n=30) ; FINARELILHE A FTILREFL A | BHFHLA (n=34) . TARFEA (#n=52)
Fo MAFELL (n=26) . 7 LBAL LT R R4 B ag T~ )L 100 BI4F A xd R4, R A % ad %82 % PCR (qRT-PCR )
M AR F e miR-21-3p A= miR-22-3p AK-F; KA spearman £ #7 2 & miR-21-3p #» miR-22-3p 7K F 5 NEC & L%
B E A AL AR, KA 2R E TR AE (ROC) W & AF A f2 7 miR-21-3p F= miR-22-3p 7K P &£ 7 NEC
TEEEILFTHMNELGER NECHAMIBIREE T -a( TNF-a X 36.27 £8.56 pg/ml )., & 2a /% -6( IL-6 X 429.52 + 68.36
pg/ml) . A& -10 (TL-10) (25.83 +6.46 pg/ml) F= miR-21-3p (2.16+0.73 ) K-F ¥4 (12.26+2.73 pg/
ml, 14.34+3.36 pg/ml, 3.62+1.05pg/ml, 0.92+0.28) Eif, i miR-22-3p (0.74 £0.26 ) RK-F& a2 (1.36+0.42)
TR, £2FAA%ITFEL (26850, 60.654, 33.974, 15.967, 13.069, 3 P<0.05) ; NEC #)LiF miR-21-3p /KF
UGS AT LR e gm s B B e miR#i it & (F=53.934, 55.720, 3 P<0.05) ; i miR-22-3p KT &
Ui B AL E AR m AR e R AR, 27 A A St FE L (F=18.037, 24.017, ¥ P<0.05) ; miR-
21-3p 5 NEC BILEH = EREABHE AR FTAALE 2 EME (=0.516, 0.531, ¥ P<0.05) , miR-22-3p 5 NEC %
LB R EARE AR AR ETIREE AME (1=—0.504, -0.529, 33 P<0.05) ; ROC £ R 27, fik miR-21-3p,
miR-22-3p FM| NEC #ILZ & A & B)Les AUC 254 0837, 0.852, FHFAFAM G AUC 4 0912, ¥ & THH
BopRFAM, HAFEA 97.14 %, i NEC 7/~ )LfiF miR-21-3p K-F Lifl, miR-22-3p K-F T, ABHEL5miEH
BRFAAE ARt R EAR K
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Study on the Relationship between Serum miR-21-3p and miR-22-3p
Expression Levels and Severity of Necrotizing Enterocolitis in
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Abstract: Objective  To explore the relationship between serum levels of microRNA (miR) -21-3p and microRNA (miR) -22-

3p in premature infants with necrotizing enterocolitis (NEC) and the severity of the condition. Methods A total of 112
premature infants with NEC admitted to Hainan General Hospital from March 2020 to December 2022 were regarded as NEC
group. According to the severity of the disease, the children were grouped into mild group (n=35), moderate group (n=47) and
severe group (n=30). Meantime, according to the degree of intestinal flora disorder, the children were grouped into grade I
disorder group (n=34), grade II disorder group (#=52) and grade III disorder group (n=26). In addition, 100 premature infants
with healthy physical examination meantime in the hospital were included as the control group. The serum levels of miR-21-3p
and miR-22-3p were measured by real-time fluorescence quantitative PCR (qQRT-PCR). Spearman was applied to analyze the
correlation between the levels of serum miR-21-3p and miR-22-3p and the degree of disease and intestinal disorders in children
with NEC. The value of serum miR-21-3p and miR-22-3p levels in predicting moderate and severe NE children was evaluated by

subject working characteristic (ROC) curve. Results Compared with the control group, the levels of tumor necrosis factor- o
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(TNF-a) (36.27 = 8.56 pg/ml), interleukin-6 (IL-6) (429.52 + 68.36 pg/ml), interleukin-10 (IL-10) (25.83 + 6.46 pg/ml) and
miR-21-3p (2.16 + 0.73) in NEC group were increased ( 12.26 + 2.73 pg/ml, 14.34 + 3.36 pg/ml, 3.62 + 1.05 pg/ml ,0.92 + 0.28 ),
while the level of serum miR-22-3p (0.74 + 0.26 vs 1.36 + 0.42) was decreased, and the differences were statistically significant
(t=26.850, 60.654, 33.974, 15.967, 13.069, all P<0.05). The level of serum miR-21-3p in children with NEC gradually
increased with the degree of intestinal flora disorder and the severity of the disease (/=53.934, 55.720, all P<0.05), while the
level of serum miR-22-3p gradually decreased with the degree of intestinal flora disorder and the severity of the disease
(F=18.037, 24.017, all P<0.05). MiR-21-3p was positively correlated with the severity of NEC and the degree of intestinal flora
disorders(r=0.516, 0.531, P<0.05), while miR-22-3p was negatively correlated with the severity of NEC and the degree of
intestinal flora disorders (r=-0.504, —0.529, P<0.05). ROC results showed that the AUC predicted by serum miR-21-3p and miR-
22-3p was 0.837 and 0.852, respectively, and the AUC predicted by the combination of the two was 0.912, which was higher than
that predicted by the two alone, and the specificity was 97.14%. Conclusion The serum miR-21-3p level of NEC premature

infants was up-regulated, and the miR-22-3p level was down-regulated, and both were related to the degree of intestinal flora

disorder and the severity of the disease.
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WA /N7 25 1% 98 ( necrotizing enterocolitis,
NEC) SR 7= JLH WL B I E R, 5% ~
12 % H AR A F AR AR A9 8 2 LAY A= et B M. B
NEC 173 B BRI A 5 i 0 2 A XU )
S H AT NEC JAY7 TR J5 T AW 28, (BT
TCERHZBIR R TT ik, HAH DB 1Y & 9%
RHBET SRANIRAR =, B TS A2 W R Ak,
R BT R AR AN o 10 NEC &4 35
A8, Wi eSS NEC i &4 56 BY,
M/ MZBEZ R ( microRNA, miRNA, miR ) J2& N
P/NE G A R 4> F, FEEEd 5 mRNA #Y
3°-UTR X3 B A [ 2 5 RNA U0 8RR IS [ 5%
R B 2SR, miRNA 25718
PRI AR E Y FDIRE, ANIRIE T, A AsG
Jior 1 e B EEDhRE . SOREIR I AR AR . BT
7N, f/N RNA (miRNA, miR) -21-3p 0] /E N
T 7 o T i e A A O i T 05 ) P AR 2 b s
DL ATHE A 7, miR-22-3p 7E NEC &£ JLHKFE T
P&, A% # AT B 38 1 LncRNA ENOS-IT1/miR-22-3p
wREES T ZE M F 5 (interferon regulatory
factor-5, IRFS) FEkhna gtk JL NECY, A5
101 NEC 7 JLIfL TS miR-21-3p F miR-22-3p 3%
K 5 i 18 TR 2L O I R B A P, S NEC
HIE IRIZY T S it — e i
1 #MR5HE
L1 AFRAFF BEHEOE M A AR EB 2020 43
H ~ 2022 4F 12 HYiA ) 112 6] NEC 7= JL b iF
FEXSR (NEC A1) , Hrh 5 s8 4, 2otk 54 ),
HH K 9.82 £2.64 K5 Iy BEHUFEAS B [F) A 744G fedt
FEAY =L 100 BIVE A FFE R % (X R4l ) , H
W 52 B, o 48 I, ¥ H Y 10.24 +2.85
Ko “dPER, HgE:, ZREGEIHFEL ()
=0.001, 1.114, # P>0.05) . NEC & JLr4l: R

NEC 2 Wif5 5 ', ¥ NEC 41 LA 4041, 139
NEC &L REEEEA 35 49, 115 NEC Ly Ed
47 ), MY NEC SIL W EEEL 30 ], AR
Befe 32 Dy ot ife
PAARHE: O¥ ARG 28 ~ 37 ARy

JL; @IsE#E I NEC #IL Y @ HILE & ms
HAZRE; @RS, HibkbagE: Ok
RN B QRN LERTESEHE; @
BRI B B SRR e s DY AR

12 BEHEA GBIl (BRI
N, B H2100R ) 5 AZFRHR 4 HTX (36 E 3%
2K F], A5 . NanoDrop 2000C ) 5 SERF 986 E
it PCR A (EEN HAEY RGN H], A5 StepOne
T™ ), £ i} %¢ 5% %2 & PCR ( real-time fluorescence
quantitative PCR, qRT-PCR) il & (] A 1E—3E
WA A IR A R, 985 : MA6000) , HiScript II
One Step qRT-PCR Probe Kit 7| £ ( By mLikmfEse /A
A, B85 Q222-01) 5 LI / 12K RNA $2BUAT &
( LW (E#AY, 525 XYB0901) . Mg SR 56
¥ - o ( tumor necrosis factor- o , TNF-« ), /1% -10
(interleukin-10, IL-10 ), 413 -6 (interleukin-6,
IL-6 ) 19 il 156 G0 28 W BfF 5% ) 22 ( enzyme-linked
immunosorbent assay, ELISA ) j{7& ( #BVD 7
YR A BR AT ) |, R ( Epoch™ Microplate
Spectrophotometer, USA ) .

1.3 ik

1.3.1  BEACAE: sk NEC LR Y B Fixs IR 20
L= LK 24 H ER DKL 3 ml, 4°CUKFEIRAT, 4 000 1/
min 5.0 10 min, HEVEWR, -70°CURFATRAFA ]
1.3.2  ELISA ¥ £ ] TNF-a, IL-10, IL-6 7K °F-:
i FH AR € 19 ELISA 12050 GG I 1M 75 Hh TNF- o, IL-
10, IL-6 F7KF- A PRI 2 450 nm &b 1Y
1.3.3  gRT-PCR | % Ifil % miR-21-3p Fl miR-22-3p
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K SRFHIMGG / I RNA $2 BGR ) & 48 BORE i
S RNA, Gl S TR B HE L RNA i, 4508
YL 7R 28S 1 18S Wi 45 RNA 47, # B FE & JC DNA
15 Y4 H RNA B#ff, nTiFT N —20 5000, 2 RNA
P E RO C A, Asgon/Assonn FLIEFE 1.9 ~ 2.1
R RNA gi R . i Bar, i T N —2 5L
B, KA QRT-PCR X7 & #E4T qQRT-PCR &
I miR-21-3p Al miR-22-3p, LA U6 HHNSILA,
B E 3 MR E S L QRT-PCR W AR 20 wl:
& L RIES 945 0.5 w1, TagMan Probe 0.2 w1, 75
#2 RNA 10 ng, One-Step Q Probe Enzyme Mix 1 w1,
NS4 %6 50°C 30 min, 95°C 5 min, 95 10
s, 60°C 30 s, 45 cycs, #fi7A Real Time PCR [ §/" 1
Mk, HIVERAEITZE. i F primer5.0 #4i% 71 miR-
21-3p, miR-22-3p il U6 f] qRT-PCR J )i 5| 4 i1 1&
KIEHF AN FIE R SRR 1. R 2724
P14 miR-21-3p, miR-22-3p AY7KF-.

x1 RS
CIL/EAis AL
miR-213p L 5-ACTCCTACGACTTAGACATG-3’
i 5-GACTGTATGCTGTCGTAG-3’
miR-22-3p L 5-GCTGAGCCGCAGTAGTTCTT-3’
T 5-GGCAGAGGGCAACAGTTCTT-3°
U6 i 5-CTCGCTTCGGCAGCACA-3
i 5-AACGCTTCACGAATTTGCGT-3’

134 Wi ERERGUREPEAY . R4 NEC ML
122 H 2 EREARPEA TR , AR 7 R R LR

PEASBRERT AT e U T R AL 34 1), FE
A P S BCROE T (AR, R 2 PP R R/ T
2PV R R, S B PEAT ORI 2 A IR R A1
hns MHEEFLA 52 1, FEAAH R SO BAK T 1E
FAE, A BHMER G A 2 BT W %
EEERERE R L O M HEETLAL 26 ], HEAH
S, TOEo g2 P RS EAT R, R
FEEWI G0 . J3 G082 3R i 18 TR A 2R LR
S

1.4 %itF a4 KA SPSS 25.0 XF Ui # i i1 7
gt ot , THEVORHAMTGIES M, LIEL +
brifE2E (x x5 ) FR, 1] HLECR ST AEA ¢ K050,
Z U] LR A 07 22008, itE— 20 LR
K LSD- K i; THECBERHAE] (n) FVE 7388 (%)
FoR, R KK ; R spearman 43 Il 7E miR-
21-3p il miR-22-3p /K-F-5 NEC f& )Ly 15 5 22 F
TGRS ; RZIE TAERHE (receiver
operator characteristic curves, ROC ) HH £ PEA Il i
miR-21-3p Al miR-22-3p A AT NEC H & JE i
JLME. P<0.05 WS A GITEE L.

2 H#R

2.1 NEC % Uiz 7 miR213p, miR223p % ¥ 1 B
FagR-Freg AR 2, MR RE RN, 5
XF HE 2 A FE %, NEC 4 [fil 7% miR-21-3p, TNF-«,
IL-6 Al IL-10 ¥ -, M7 miR-22-3p 7K P-4} i
HTH, ERAZFEX (¥ P<0.01)

*r2 NEC #2#F11i& miR-21-3p, miR-22-3p BRAMEEFKELLE (x+s5)

S| XTERZL (n=100) NEC 4 (n=112) tl P
miR-21-3p 0.92+0.28 2.16+0.73 15.967 0.000
miR-22-3p 1.36.+0.42 0.74£0.26 13.069 0.000

TNF-a (pg/ml) 12264273 36.27 +8.56 26.850 0.000
16 ( pg/ml) 1434£336 429.52 +68.36 60.654 0.000

IL-10 ( pg/ml) 362+ 105

25.83+6.46 33974 0.000

22 RF T NEC %)L iF miR-21-3p, miR-
22-3p AR ERFaR-F A WR3, ZHRET
ZrMr i N, NEC HBJLMYE miR-21-3p, TNF-«,

IL-6 A1 IL-10 7K~V B 155 i & L 08 ka3, (v

miR-22-3p HIERFELEH, ZRAGRIFE L (B
P<0.01) .

=3 ARERIEEERE NEC £2JLMIE miR-21-3p 1 miR-22-3p RAEEE FHIKFELLE (x+s)

5 H BEY (n=35) Y] (n=47) HEY (n=30) Fii P
miR-21-3p/U6 1.65£0.33 2.17+042" 274%049"% 55.720 0.000
miR-22-3p/U6 0.90+0.23 0.75+021" 054£0.18"" 24.017 0.000

TNF-a (pg/ml) 24.46 +5.76 36.68 +8.91° 49411055 " 68.532 0.000
IL-6 ( pg/ml) 185.30 + 42.78 441.02 +89.33' 696.42 = 100.82" * 318.447 0.000
IL-10 ( pg/ml ) 12,64 +3.66 2758 +7.73 3849+932°" 105.145 0.000

e T HREELIES, =7.935, 14.926, 4.513, 9.785, 9.031; 16.546, 19.874, 35.645, 13.060, 20.277, ¥ P < 0.05; * 54l b#, = 8.310, 6.077,

8.988, 18.964,9.112, ¥ P < 0.05.
2.3 s miR-21-3p #= miR-22-3p K -F 5 NEC &

U T A2 JE Ao Jip 18 FE SLAZ AR X M 44T spearman
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A4y B 45 3 %, miR-21-3p 5 NEC 8 JLJe 1%
JeEE R DL R 1 2 AR B B IE A OG (=0.516,
0.531, #J P<0.05) ; miR-22-3p 5 NEC & JLJK &
P AR DL S 18 2 ELRR R A O (=-0.504,
-0.529, #P<0.05) .

2.4 2 miR-21-3p #= miR-22-3p K F £ 77 ) &
FENEC vy m A WK 1, DLl ¥E miR-21-3p
Fl miR-22-3p K-V N K e 28 £, DL NEC /& LA
FORS (JE =1, % =0) £ ROC k., 455
7R, L% miR-21-3p /KT NEC £ L2 A
HHE R I T AL (AUC) R 0.837 (95 %
CL:0.760-0.913 ) , #WBI{EN 2.16, 55 MR HUE
539k 88.57%, 68.83%; il ¥ miR-22-3p 7K F T
I NEC L2 A E LR AUC 4 0.852 (95
% CI:0.780-0.923 ) , #MI{H M 0.86, F¢5 AR
JEAY R 71.43 %, 85.71 %,

rr"@j»;,,,,,,,,,,,_,r il / 4
08 = @
ﬁi 06 +
E
04",
D
) ROl Ed
) yd EE7
Duﬂb 02 04 06 0s 10
1-F55
B 1 & miR-21-3p #1 miR-22-3p 7K FH

EJE NEC By ROC ik

25 ARFENECHHEBILPHmAERBETLFEL W
x4, KoM, NEC BILARGIEFLE H,
P w1 EEhL . MRl MAERLZ R 225
BAEG 1 FE X (=14.389, P=0.006) .

*4 AR NECHFBERILFHERFREZEER

IE & 18 ) 5
E/E4i 12 15 10 14389 0.006
[EE~ih 5 10 15

2.6 RF fiE A F 4L NEC %)L P f & miR-21-
3p Ao miR-22-3p & K W FK-F WEKS, ZHE
AT 7R, NEC LI miR-21-3p A % hE Hl
IRVt £8 ) LI 8 P 35 LR B I S T v (38
P<0.01) ; IfiL 7% miR-22-3p /K F-bifi £ L il i B 25
LA L i ST A (P<0.01)
3 itig

I NS R (NEC) &S8R ILIET
W) EZER I, 24 U LRIGREE A A KA v 28 5%
FdH M R PR B, NEC ] JAAH X2 B8 M 5% A it A2
I P TG R A i e I RNIRBE | e MR dE AR
e, CERRTEE . AV ERERRR AT Y, R
fead 2L UG RS BRI T SRk,
{H 4Bk NEC M BRI R B TR ik aek
B AE bR O O S A TR, TR L
ih, s e T EE,

x5 AEPFEEEEZEEL NEC &L IME miR-21-3p 1 miR-22-3p RKFEEFKE (x+s5)

S| L9 (n=34) IR (n=52) MZEH (n=26) Fif P
miR-21-3p 1.67+0.35 2.14+044" 2.84+051" 53.934 0.000
miR-22-3p 0.89 £ 0.24 0.73+021" 056 +0.17" 18.037 0.000

TNF-a 2543 4.06 36.81 698 49.37+9.45" 87.761 0.000

116 192.17 +35.77 449,65 + 84.26' 699.64 + 115.63" 282.883 0.000

1L-10 13.38 +2.95 2746 +6.62° 38.85+9.48" 112.175 0.000

W x5 1 RETL4LEL, =6.963, 14.674, 4.853, 8.473, 10.503; 18.705, 20.057, 33.465, 13.649, 20.902, ] P < 0.05; * 5 I T4 L4,

=9.523, 4.734, 10.644, 17.881, 10.139, #4J P < 0.05,
THUIMZBEIZTR (miRNA ) & JERE RN A
TR T, 2R, miRNA 25
PRI KRR, B —e R R, miRNA
JE R S AN TR 4 2RI 3 43 B8 1 ok (R B e /N o
T, PR LR AR A A ks 1Y miR-
21 f23% miR-21-5p Fl miR-21-3p MFh R AJE L 1),
9T W7, miR-21 75 15t 97 P 45 W 98 K8 5 I LA
ML AL b BR, eSS EE Tt —
FhRr, miR-21 ARALAT LA VAR I 25 1 1 Jes ) s A
ERAMEAYIREY), 0T LT X 0 Dae e

TS o U FESE I g B T ST
N, G AR AL miR-21-3p 2k K Fm T HELH
g1, HAERAEVE IR & E SRR 1. A&
55 &8, NEC BJLIMTE miR-21-3p 7K F-_ L, 5
MARTINEZ-GUTIERREZ 2§ " B} 58 45 B A b1, 1t
T miR-21-3p /K V- NEC H L 1% 7™ 8 72 i fin &
MZEWFF e, H miR-21-3p K F 5 NEC & LW 1H
FEE PR EAR G, 5 JIANG %5 1R 1 i 4 41
KT RSB, SR KT miR-21-3p AT HfEE
NEC BJLRBmR R, A " LB, miR-
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22 ] 2 507 g8 B on B Ve A g A E A v, W
A B RAE N S 5SmSR A kA LR,
i A miR-22 7K, AT X597 1 45 i & K B 3
Ry ER . TR s, HliiRdE B A 412 miR-22-
3p ACFA RRATREAR, ARERIE 51l R BRI A i
JEEEYIADE, AT A il R 12 Wi A S 9 A s s
Y ARBESE &, NEC H LI miR-22-3p 7K
TR, 5 MA 8 U R DTS FAR .
MM 7% miR-22-3p Fifi NEC £ Ly 7 ™ 5 A% B o o i
B FEAR, H miR-22-3p /K-F5 NEC LK 1™
EREEAME, 5 WANG £ P 78 B i B & h
FIF TS5 R AR, 78 NEC £JLMYE miR-22-
3p KFRAGAE SRR KBk, L5k
PR, I miR-21-3p, miR-22-3p /K F-Fiill NEC f#
JUEA A B LA AUC 4354 0.837, 0.852,
H miR-21-3p T R 5 B 4% 5, miR-22-3p Fi il
R R . #2278 miR-21-3p X NEC # L& &
Sy p EEERLA —E B E . A AN NEC
SR Ry rp e B R LA T A7~

H= LR A L4 5 B NEC 1 EZ R F 2
— R LB DR R B A T, R
ARESE T LA IE L 40 i S R i %
IR, M T H AN BE E M, F8NEC ¥ )
Fer: BUL SR SE I, T R AR IR AT LA
AN Z AR SN T NEC 9 & A % e P2
PAE IV SAE PR 1) 55 IR B VIR OG , HEdiaA
B LIRS NG S5 9 R IHH AU TNF- o, 1L-6,
TL-10 S5 KF 4t B4l Tk ™%, HoBE L NEC &
JLiM i 1IL-12, IL-17 AT, HS5BJURE™®H
FREEAROC 2, AWFE KM, I3 TNF-a, IL-6
IL-10 7KF-BE NEC K8 Lo v ™ R B o o0 17 i i -
&, 5 R AR 8, PR BULNUAL TR R
RS, 058 & B, NEC £ JLIMLTE miR-21-3p
K-t 8 L 38 R R AL AR I E 0 L T, miR-
22-3p K-l £ LR A8 PR S ELAR B EE TR B
PR I 1 LS NEC 1B B UM 56, TR s
WA 78 25 2 1] BE S Ff 5 miR-21-3p /KF B, i
71 miR-22-3p /K- F I, HL 78 g A 25 AL S UL
MUAR S AE 7, BETAE #E NEC &A= & J&, EARHL
il 7T s —2E oY

Zi L rik, NEC LI miR-21-3p 7KF I
P, ILYE miR-22-3p /KT, H 5 08w R
L AR B R A% ™ 8 R BE AR OC, 3 AE BN NEC
SRR IE ™ E R B — N B AR
miR-21-3p Fl miR-22-3p & 5 NEC ¥ i 5 i& 15 i
FFRA G, T —2 a3l i A4 8 s 4 A5 76 512 50 %of
A THR Y o

S 3L
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