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[ Abstract] Objective To investigate the relationship between the levels of serum microRNA-499a-5p (miR-499a-
5p) and matrix metalloproteinase 16 (MMP-16) mRNA in children with acute respiratory distress syndrome (ARDS) and the
severity and prognosis of the disease. Methods One hundred and five children with ARDS admitted to the Department of
Critical Medicine of Hunan Children's Hospital from January 2019 to January 2022 were selected as the ARDS group. Ac-
cording to the oxygen index (Ol), they were divided into 39 mild subgroups, 42 moderate subgroups, and 24 severe sub-
groups. According to the clinical outcome of 28 days in hospital, they were divided into 88 survival subgroups and 17 death
subgroups. 47 healthy children were selected as the health control group. The serum miR-499a-5p and MMP-16 mRNA lev-
els were detected by qPCR. Pearson/Spearman correlation analysis was used to analyze the correlation between serum miR-
499a-5p and MMP-16 mRNA levels and blood gas analysis indicators in children with ARDS. The predictive value of serum
miR-499a-5p and MMP-16 mRNA levels on the death of children with ARDS was analyzed by the receiver operating charac-
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teristic curve (ROC). Results The level of serum miR-499a-5p in ARDS group was lower than that in healthy control group,
and the level of MMP-16 mRNA was higher than that in healthy control group (r =21349,24932,P <0.001). The level of ser-
um miR-499a-5p in mild subgroup, moderate subgroup and severe subgroup decreased in tumn, and the level of MMP-16
mRNA increased in tum (F'=215.087, 99.676,P <0.001). Serum miR-499a-5p level in death subgroup was lower than that in
survival subgroup, and MMP-16 mRNA level was higher than that in survival subgroup (¢ =4.074, 3.907,P <0.001). Pearson/
Spearman correlation analysis showed that there was a negative correlation between serum miR-499a-5p and MMP-16 mR-
NA level in children with ARDS (= -0.603,P <0.001). Serum miR-499a-5p level in children with ARDS was negatively cor-
related with arterial partial pressure of carbon dioxide and OI, positively correlated with arterial partial pressure of oxygen
and saturation of blood oxygen (r= -0.662, —0.782, 0509, 0.535,P <0.001), and MMP-16 mRNA level was positively correla-
ted with arterial partial pressure of carbon dioxide and OI, negatively correlated with arterial partial pressure of oxygen and
saturation of blood oxygen (r=0.642, 0.752, —0.519,-0.587,P <0.001). ROC curve analysis showed that the area under the
curve predicted by serum miR-499a-5p and MMP-16 mRNA levels alone and jointly was 0.793, 0.781, 0.888, respectively, and
the area under the curve predicted by the combination of the two was greater than that predicted alone (Z =1995,2.162,P=
0.046, 0.031). Conclusion The lower serum miR-499a-5p level and the higher MMP-16 mRNA level in children with ARDS

are related to the aggravation of the disease and poor prognosis, which can be used as prognostic indicators for children

with ARDS.
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2 PR R IR 30 28 5 {iE (acute respiratory distress
syndrome , ARDS ) J& piy ifi 9 5 1 % 14 751 Ay Jt & 4 ki 4
RNEDI D5 R A —Fh DSRS0 S R 2 PR SR
W IR by N RAE I IR R e, R P TS 22,
FOUBEAE Wi 3 mULAE T BB N2 L Rk
fili ARDS gLy 17 7™ o A RN 1305 0 FB LT el A
R S, MR, st R M SR AT T B 4
S B AN N e AR 2 5 ARDS %7k & et
/Iy RNA (microRNA , miRNA) 2 5 ZFh 41 i K 55 5%
¥, 78 ARDS R B P BB A . BTk
18, % miR-499-5p F kIl Ik 5 4E 75 T 1 il 41 2
RPN B4R A 16 ( matrix metallopepti-
dase 16, MMP-16 ) & — Fj 5t 45 & %I {f§ , g 8 i 34005
MMP2 MMP9 Z: 5 - Kz 21 i 11 6 20 1l 57 P B2 200 Mo 43
%7 BT, 96 F LTS miR-499a-5p . MMP-16 mRNA
K5 ARDS 8L 7™ 8 A% B RN T30 14 6 2R i ot
FEME , PR B R AT R 5T LA el 3% ARDS £ L
GRS  IRIEWT .

1 #ERE5HE

L1 IGPRTERE  BEHL 2019 41 H—2022 4F 1 H RS
A )L B B AE B2 2 RHBGA ) ARDS L 105 Fil7E A
ARDS 4H, Hrh 58 71 5], 4 34 14, AE 3 1 ~12(5. 68 +
1.56) % ; R i 12 ~51(25. 47 +6.22) kg; ARDS %5
S 54 1), B0 22 ], Bk ZE 24 5], FoAh 5 1) =
N LAVENE W 8 A A /N L 2R B A 25 1Y
SEYPUEFE™ MR SEHE 2 (O1) 4 MR E 7 41 39 4] (Ol
4~ <8) WA 42 ] (Ol 8 ~ <16) (FFF 4 24

BI(01=16) . IHR#HE ARDS &L 28 d IIfi R4S =43k
FE5 W20 88 I FNFET - 2H 17 5], 25 3k B[] 0] % g
AR RRE LI 47 {91y fe B B2, Hodp 55 29 3], e 18
B AR 1 ~12(5.74 £1.60) % K fi & 12 ~ 54
(25.42 +5.62) kg;2 41 JLE— MR LA 22 7 05T
RN (P>0.05) , HAW etk AR L E B HE
SUIE(2019 125 023) , 2 LS8 S5 A 0
TR B I B S 1.
1.2 JREIESEARAE (1) A ASRHE: OFF G /NILA
PRI I 38 25 A A 2 /N L 20HE il 8 45 4 10 3 R 4
727 I/ L ARDS 2R QAR IR 1 ~ 12 %, (2)
HEBRARE : O R ; QIR 2 H1E PR T il
Je A WA T 25 26 A P SR 5 QD P R 9 25 (D 8 M i
I s O E I B e ; @R AR 4
1.3 s HR5 )7k
1.3.1  IfiL7% miR-499a-5p MMP-16 mRNA #: il ; i 45
ARDS 2 A Bt {5 X HE 2 A 40 Bt 32 4 L e fok
3 ml, B2 E PR T - 80°C vk h ARl . Tr-
izol A G (V2 AR YR AT PR ) ) LM v
RNA, 4 fE e B2 5 4 5 0 S % sl ) & ( B AR
TaKaRa Bio /A F]) i &% 5 & L ¢DNA, Sz §% 5% (R 1
10 wl:5 x PrimeScript RT Master Mix 2. 0 ul, RNA
2.0 wl.RNase Free H,0 6.0 wl; 52 5514 :37 C i 5%
SN 15 min 85 °C i SERGAIG N 5 s 4 °C | ZE 45
HGRAF T -20°C VK4 fo 4% 18 SYBR® Premix Ex
Taq ™7 £ ( H A< TaKaRa Bio /A &) #£1T PCR "3 .
miR-499a-5p iE [ 54 5'-ACTGCTTAAGACTTGGAGT-
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GA3', )z In) 5] ¥ 5'-TACATTGGTGTCGTGGAGTCG-
GCAA-3"; 142 U6 IEIa 5|9 5'-CTCGCTTCGGCAGCA-
CA-3', )z ) 51 ¥ 5'-AACGCTTCACGAATTTGCGT-3';
MMP-16 mRNA 1E[5|4) 5'-AGCACTGGAAGACGGTT-
GG3', [ [m 5|4 5'-CTCCGTTCCGCAGACTGTA-3";
% GAPDH F [n] 5| %) 5'-GCAAATTCCATGGCACCGT-
3, ) 5] ¥ 5'-TCGCCCCACTTGATTTTGG-3', PCR
J2 W AR FR 20 pJ;SYBR® Premix Ex Taq 10 wl. IF 2 [[]
519145 0.8 wl ,cDNALIHz 2. 0 wl,ROX Reference Dye
0.4 wl .RNase Free H,0 6.0 wl; 2 i 5544 :95°C #ii s
90 5.95°C A5 30 5,63°C1E k 30 5,72°C FEfHi 15 s, 7§
40 YoR e A2k, R 2 LRI GE miR-
499a-5p MMP-16 mRNA FH*f %Kik,
1.3.2  Bhlkiin<5#r: ARDS f8LA LB AE 3 =
J& T UHUBHE 5 R X B 2 ARG I >R P22 T 2
KRF ABLY iS4 B ASGH AT Bl Bk 1l 53 A, 4245 3l ik
I — 48 AL B 53 JE (PaCO, ) | Bl ik il 73 J (PaO, ) | IfiL
SN (Sa0, ) AR EE PGB TR, IR
FE8 (oxygen index,OI) = g Ak B x SEXSGE & x
100/Pa0, ,
L4 Geitsdrik gk SPSS 28. 0 Giit~# ki ik 3t
Holl o THECRRHABEE R (% ) R, 21 18] LR
X A IR A TR R & £ s R, 2 4] H
BAT e K5, Z2 20 ) LU R F R 3B 07 2546055 5 D
SO RTHRERORLL M(Q,, Q) o, 4Ll AT U
K556 ; Pearson/Spearman #H 3¢ 44381 ARDS £ LI TE
miR-499a-5p ,MMP-16 mRNA 7K 5 IS0 ¥ #8 #5109
FASCHE ; 22108 TARERHE 1 2 (ROC) 3 #7 IMLE miR-
499a-5p MMP-16 mRNA /kF-%f ARDS & JL3E T 1 i
AN, thZ R (AUC) R ] Hanley & McNeil
K, P <0.05 hEmAgityE L.
2 &% R
2.1 2 4115 miR499a-5p MMP-16 mRNA 7K [ 45
ARDS 4 IfiL.7F miR-499a-5p  MMP-16 mRNA 7K 5/
AA(1.27 £0.31) . (3.08 +0.62) , {g FE X} R 2H 75 51
A(2.85+0.46) . (1.07 +0.37), ARDS #H Ifil & miR-

499a-5p KA FIaEFE XS BE 2, MMP-16 mRNA 7K F- &
T HEXT HRZ (1 =21.349 24.932 P #4 <0.001) ,

2.2 RE4LE ARDS B LI miR499a-5p . MMP-
16 mRNA JKF-F B8 F2 88 W 41, rp B 7 4 o I 41
IiL3% miR-499a-5p KPR FEAR, MMP-16 mRNA 7K~
MR TFE (P ¥ <0.01) o SET-WEA 1ML miR-499a-5p
AR FAETE W 41, MMP-16 mRNA 7K 55 F A2 1% W
(P ¥<0.01), 1LFE 1,

£1 AKRFELH ARDS & JLIME miR499a-5p , MMP-16 mRNA
HOFHEE (x+s)

Tab.1 Comparison of serum miR-499a-5p and MMP-16 mRNA
levels in different subgroups of children with ARDS
i 151%5 miR499a-5p MMP-16 mRNA
REEWAH 39 1.54 +0.22 2.51 +£0.36
rh RS 2H 42 1.25 +0.15° 3.32+£0.47°
HmEWA 24 0.86 +0.13™ 3.60 +0.43"
FAE 215.087 99. 676
P1E <0.001 <0.001
T 17 1.00 £0.25 3.58 £0.51
A5 W2 88 2.98 +0.59 1.32 +0.30
il 4.074 3.907
P <0.001 <0.001

HSRETAHE, P <0.05; 5 ET4LLE, P <0.05

2.3 2 ki Hr L ARDS 48 PaCo, Ol &
THEREXT B, PaO, | Sa0, Ik T-{g FE Xt FAL (P ¥ <
0.01), .32,

2.4 ARDS LI miR499a-5p , MMP-16 mRNA 7K
F5IMA PR M £ hups://www. tar-
getscan. org/vert _72/ W vl Tl , miR-499a-5p 5 MMP-
16 (9 3'-FEBIIF XA ELE A0 5 (K 1), Pearson/
Spearman A0 i 7s , ARDS £ L7 miR-499a-
5p 5 MMP-16 mRNA /K F-2HAHK (r= -0.603,P <
0.001) ; ARDS & JLIf 3% miR499a-5p 7K -5 PaCo, .
Ol S A3, 5 Pa0, . Sa0, 5 IEAH% (P 1 <0.01),
MMP-16 mRNA 7K°F-5 PaCO, .01 & iFAH3¢, 5 PaO, .
Sa0, LA (P 5 <0.01) , iL# 3,

&R 2 ARDS 45X A BRI T HHEAR LA (2 29)
Tab.2 Comparison of arterial blood gas analysis indexes between ARDS group and healthy control group
H %l %k PaCO, (mmHg) Pa0, (mmHg) Sa0, (% ) or*
TEEE X HE 20 47 40.27 £5.53 105.06 +13.49 98.61 +1.87 1.83(1.65, 2.09)
ARDS 4 105 58.42 £9.14 75.70 £21.89 77.79 +£8.41 9.31(5.39,15.56)
t/UAH 12.614 8.491 16.749 9.833
P1{H <0.001 <0.001 <0.001 <0.001

M0, ,05)
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rno-miR-499a-5p 3  UUUGUAGUGACGUUCAGAAUU
LETTTT
5' ..UUGUCUGCUGUAAGUGUCUUAAC...

5" ..UUGUCUGCUGUAAGUCAGAAUUC...

MMP-16 3' UTR WT
MMP-16 3' UTR MUT

B 1 miR-499a-5p 5 MMP-16 454 v 5 % i &
Fig.1 miR-499a-5p and MMP-16 binding sites

%3 ARDS &£ JLIMLE miR-499a-5p  MMP-16 mRNA /K 35 1
OISR EIAR A
Tab.3 Correlation between serum miR-499a-5p, MMP-16 mRNA

levels and blood gas analysis indicators in children

with ARDS
R miR-499a-5p MMP-16 mRNA
! P r{H PfH
PaCO, -0.662 <0.001 0.642 <0.001
PaO, 0.509 <0.001 -0.519 <0.001
Sa0, 0.535 <0.001 -0.587 <0.001
Ol -0.782" <0.001 0.752" <0.001

¥ ¥ 24 Spearman A4 HT

2.5 [filjF miR499a-5p MMP-16 mRNA 7K F-%} ARDS
BILET R E  ROC 41 s, Il 7E miR-
499a-5p MMP-16 mRNA 7K K — % B¢ 4 i ARDS
HLFET- Y AUC 4351124 0.793 0. 781 .0. 888, — Ik
A ARDS 8 JLAET- ) AUC KT Hph #ii ( Z =
1.995 2.162,P =0.046 .0.031) , .3 4 & 2,

x4 75 miR499a-5p MMP-16 mRNA 7K K — 3 Bk & %
ARDS JLFET B ANME

Tab.4  serum miR-499a-5p, MMP-16 mRNA levels and their
combined predictive value for the death of children
with ARDS

- ke N . Youden
i 45 fpgg AUC SO USRI FESHIE

miR499a-5p 1.28 0.793 0.703 ~0.866 0.941 0.534 0.475

MMP-16 mRNA  3.23 0.781 0.690 ~0.856 0.765 0.704 0.469

THEBE — 0.888 0.812~0.941 0.824 0.886 0.710

30 i

/L ARDS S 1ifs PR UL A 5 TEAE, 5 B ARDS
LA 2 R I 7 4 R ARG ARS8 5/ L3S HE (L2 3
ARG BIRRAIF | 7R 6 DR L FG B TR 3% LA 9 A
ST WUR 7 AT AR R 22 5 . 2015 4R PR | K
HE T /L ARDS S, Hr LR AR OF o Jik 4 ot A i

ERCE XL ARDS FG1% 23 2%, T dE RN ARDS (1
AR L RAETAE A S L B AN 2
TR IR AR B | 7 SR 2K [ B 45 )7 SR 25
KU T ARDS HELHUS , ERGFER A m ik 17.3% ~

1.0
0.8}
0.6
iz
#
B
0.4 :
— ZHL
—— miR-499a-5p
0.2 —— MMP16 mRNA
— ZEKA
1 1 1 1

0 0.2 0.4 06 08 1.0
L5

B2 IM{F miR-499a-5p MMP-16 mRNA 7K - Bph 55 B4 T
ARDS fJLAET 1) ROC ik
Fig.2 ROC curve for predicting death of children with ARDS by
serum miR499a-5p and MMP-16 mRNA levels alone
and jointly

21.2% > R, BT A O 5 7 O AR R A U
BYEKR,

WRFH], RIEERM RN 25 ARDS kKA A JE,
AP PR BB e e [R) B3 2 4 P I g e A it 0 —E 4
LS B B A g iy Bz R0 il 6 4 1L 58 78 R, S 3K
Jif 00 6045 30 375 A 498 o, 60 i o RE 22465 . miRNA
JE—2/NEGES RNA 431,83 5 mRNA 1) 3"-9E B
PEX EAMEC X PR S R Rk, E 12 5 ARDS &4k
U miR-223 BEHE A NOD RE 32 R S E 11 454
BAHOCAR 1 3 0 i k00 A5 P B A0 A 4 2 s g L AR AR
BRI o miR-224 RESE M) p21 1 i i i
BN R AR5 . miR-499a-5p & —Fif i JEE SR ST Y
miRNA (7 F A 20 S e fafk ql1. 22, BEAERF 92 24
IHH 5 PR R 1 R, AT AR BFSE & E, miR499a-5p
S5 5 M RN B VT AH G miRNA, 78 5 2 4%
T e AE O LT RE B A 8 A v, | 9% miR-499a-5p
REM ] e 228 O WL RE A5 & A=) . Guan 251 58
i S — W R 5 S AL I JoT A M AR M s vy R I, L
miR-499a a5 10 5 Yyt fA il (% i i 410 1) AL
T 5T 4 I 98 1 e v o b iR W 9E $ 7R , miR-499a-5p
HAVRIEM . HizMaFseds i, miR-499-5p GEH ]
SRY-Box % 5 [H T+ 6 4l e BEAE A S OB . A
WFoE 45 5 s , ARDS g ULIME miR-499a-5p /K- 1A &
REAG, LI 5 9 155 o 2 1T R AR, U B I %5 miR-499a-5p
RS 5/ L ARDS &A= % &, /3 Hr ol BE 5 miR-
499a-5p BAPLRAE A Ko Bk T %" Hhoe ik
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B 7EH W g fAs 2 ) ARDS KRB AL A, |8 miR-
499a-5p FIRREM Ml L K e b A K18 A
F-6 MMEIIRIEIR F-a SRR R 73Rk, I ARDS K
ST 2145 -

YL b R it s A L P B R G R A A ) i
W—T 4005 5 B IR J2 ARDS & 2E B O 304, &
VR B 56 ik 2 I 60— &4 i 5 o 5 e S 1) o B iR PR 22
— 12021 MIMPs J2 2 Fft 26 SURIZ0 0 7= £ Y — o Je S5 2
F1 7K ik it , DR1EC R A i 20 B 90 ik I 1 45 2 1 4 20 i
ZHZ e, [A I MMPs 146 RE 5 35040 it — 35 5 70 40
L2406 T FH A8 A, S8 22 o 40 i DR - R T 22 1
Z 5 RPN & R R MMP2 fl MMP9 & MMP
FIGH WS AR R B, MMP2 \MMP9 fE38 1o 48
27 TG e 240 L &1 35 T e DA il 90— 6 &4 ot 4 g B
%5 ARDS k4 %P2 MMP-16 J& MMPs %%
R — b B 45 5 AL, o A PR O R MMP2 R iR Y
MMP3 , fig i 1 Y] %) MMP2 , MMP9 1 {ij 45 #4 33 ¢ 1t
MMP2 MMP9 $#7%  , ABF 58 45 52 ok, ARDS 8L
I3 MMP-16 mRNA 7KF-BH & 7+ 55, H Bl & 5 155 N &
1M, UM MMP-16 mRNA KT &2 5 /0L
ARDS kA% J&, 4y Hr vl fig 5 MMP-16 mRNA &3k I
PR MMP2 MMPO 33k | — 3538 iof 48 P s g F e
it 4 JHL 7 32 R A R Bt — B A0 A B 2 5 ARDS &
AR A K, AWEFE i T TargetScan 7. 2 %4 22 Tl
KI, miR-499a-5p 5 MMP-16 ) 3’3 Bl i X 1FAE 45
A7 A5, Pearson A &P ATt i 7R, 35 7€ ARDS
JLILE rh IR R A SE , $7R miR499a-5p 5 MMP-16
ek 2 500 ARDS B4R B, AWF5EE 5k
FG i A5 5L R SC B IESE, 1R miR499a-5p BEAL[n]
5 MMP-16 ik , FEAR v 42 58 4 it X 7 23k, D
ARDS ¢ B i 451 o 3k — 25 3iF 92 miR499a-5p |
MMP-16 J£[7] 2 5 ARDS &4 & &, A58 i 73
[lL3% miR-499a-5p MMP-16 7K -5 ARDS & JLFi 5 1
KRR, SAETE WA S, ST 4L 1M 74 miR-499a-
5p VB I B A1 MMP-16 mRNA 7KF-BA e 5, 42
JRIME miR-499a-5p , MMP-16 mRNA 7K F-if 5 ARDS
BILFUG A K, ROC i 24 Hr s o, 1L 7 miR-
499a-5p MMP-16 mRNA 7K F-Fiiilll ARDS & JLFET (1
AUC 43312/ 0.793 0. 781, 07 — % Al {E & ARDS
JLTI 58 B B0 48 A o 43 B I BR AT BB 2 I T miR-
499a-5p ALK A1 MMP-16 mRNA 7K - # 25 Jz it ARDS
AL 6 — 5 40 1M A 5 e il A ™ i, S S50 T e
SEFE— A Ak, DR AE T KRS B . [ B AR A 5
ROC 1 £k 43 #r ik /R, I3 miR-499a-5p , MMP-16

mRNA JK-F- K& Ul ARDS #JLSE T/ AUC 2 0.
888,55 K M TN A AUC S 38, 58 B B kGl
I35 miR-499a-5p MMP-16 mRNA 7K F-fig 4% 7+ ARDS
BILBUS B AHE, A F T8 Tl R E 1697 X 5 2
3% ARDS LR

25 L&, ARDS S JLIME miR-499a-5p /K-Fk3%
5, MMP-16 mRNA JK-F@ ik, —F g gt 25/
JL ARDS KA % Ji%, 5 ARDS f8 L % ™ 5 J8E 1 Tl
Ja BYIMDE, RI4E R ARDS JBULTS B 48 bR, (HAS
WA D 105 2 O KA 7 — RS s
G 56 T miR-499a-5p MMP-16 %55 ARDS [ #L %4
Frit—B W5
P2 I A VR P WO 4 nh 2%
EEREAE

RFF PO TR, SRR B SURS  § k.
BB R SURE s 2R AT A T A ST
WA, GORME AR B 18 S W 8O R AT R ISR
%, Wi R , 18 SCHT A%
S 3k
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