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Changes in MMP-16, Claudin-18 and CC16 before and after non-invasive transcutaneous
blood gas—+ postural management— protective ventilation in neonatal respiratory
distress syndrome and their correlation with concurrent BPD
TIAN Jin-feng, YANG Hua-lei, WANG Xiao-lei, NIE Jun-hong
(Department of Pediatrics, the Second People’s Hospital of Hengshui City ,

Hebei Province, Hengshui 053000, China)

[Abstract] Objective To investigate the effects of noninvasive transcutaneous blood gas-
postural management + protective ventilation intervention for neonatal respiratory distress
syndrome (NRDS) on matrix metalloproteinase-16 ( MMP-16), Claudin-18, and Clara cell
secretory protein 16 (CC16) in children, and to analyze the correlation between the above
indicators and bronchopulmonary dysplasia (BPD). Methods A total of 106 neonates with NRDS
were selected prospectively for the study, and all children received noninvasive transcutaneous

blood gas—+postural management - protective ventilation intervention. The changes of MMP-16,
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Claudin-18, and CC16 in neonates were observed before and after intervention. The incidence of
BPD in neonates was calculated within two weeks of intervention, and children were divided into
BPD group and non-BPD group, to analyze the relationship between MMP-16, Claudin-18., CC16
and BPD. Results
while Claudin-18 and CC16 levels were higher than those before intervention (P<C0.05). BPD
occurred in 57 of 106 children with NRDS, accounting for 53.77%. Compared with the non-BPD
group, MMP-16 levels were higher and Claudin-18 and CC16 levels were lower in the BPD group

After intervention, MMP-16 levels were lower than those before intervention,

(P<< 0.05). By point-biserial correlation analysis, the results showed that MMP-16 was
positively correlated with the occurrence of BPD (=0.542, P<Z0. 05), and Claudin-18 and CC16
levels were negatively correlated with the occurrence of BPD (r=—0.526, —0.639, P<0.05).
By logistic regression analysis, the results showed that MMP-16 was a risk factor for the
complication of BPD in children with NRDS (OR>1, P<C0.05), and Claudin-18 and CC16 were
protective factors (OR<C1, P<C0.05). Receiver operating characteristic (ROC) curve was drawn.,
which showed that the area under the ROC curve (AUC) of MMP-16, Claudin-18 and CC16 for
the assessment of BPD in children with NRDS was all >>0.7, showing assessment value. The
value of the combined assessment was higher ( AUC = 0. 902). Conclusion Noninvasive
transcutaneous blood gas+ postural management + protective ventilation can improve the

reduction of MMP-16 levels and increase Claudin-18 and CC16 levels in children with acute

respiratory distress syndrome, and the changes of the above three indexes are closely related to
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the occurrence of BPD.
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Table 1 Comparison of MMP-16, Claudin-18 and

CC16 levels in neonates before and after intervention

(n=106,x £s)

s 7] MMP-16(pg/L)  Claudin-18 CC16(pug/L)
R 70.53+8.64 0.0540.02 11.57+2.79
THiE 63.29+7.36 0.08+0.03 15.4243.68
¢t i 6.568 8.567 8.583
Pl <<0.001 <<0.001 <£0.001

22 WPUREALZEAAE AR JL BPD ZAEARDL 106 4
W 8 38 25 Gk L & 2B BPD 57 ], (553.77%
23 BPD 41 54k BPD 4 %Rl i 2 41tk
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Table 2 Comparison of baseline data between BPD group and non-BPD group

P B 06)

530 7 X CBEC 70

FEE I IE (IR %)

A (e ER 3 Lk SR e TR ORI o L AR WR DB PR i g Jif BEE L
BPD 4 57 32(56.14) 25(43.86) 20(35.09) 37(64.91) 12(21.05) 3(5.26) 6(10.53) 9(15.79)
9k BPD 4 49 23(46.94) 26(53.06) 18(36.73) 31(63.27) 10(20.41) 2(4.08) 5(10.20) 10(20.41)

X2/t {8 0.894 0.031 0.007 0.030 0.003 0.382

P i 0.345 0.860 0.935 0.862 0.957 0.537

21 5 1) % Hit(z +s5.d e (x +5. 8D HAERE(r+5.0) 1 min Apgar W43 (& +5.43)
BPD 4 57 8.13+3.42 30.39+2.24 1792.64+368.92 7.16+0.93
4E BPD 4 49 8.52+3.26 30.87+2.31 1713.29+372.53 7.28+1.02

X2/t 0.598 1.084 1.099 0.633

P 1y 0.551 0.281 0.274 0.528

2.4 BPD 4 534k BPD 4 MMP-16. Claudin-18.
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Table 3 Comparison of MMP-16, Claudin-18 and
CC16 levels between BPD group and non-BPD group

(x*5)

25 B MMP-16(pg/L)  Claudin-18  CC16(pg/L)

BPD 4 57 74.63+8.58  0.04+0.01 9.1242.93

4k BPD 41 49 65.76+7.36  0.06£0.02  14.42+3.51
¢t fH 5.663 6.648 8.473
Pl <0.001 <<0.001 <<0.001
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Table 4 Correlation between MMP-16, Claudin-18,
CC16 and BPD

ECE0 r{H P g
MMP-16 0.542 <0.001
Claudin-18 —0.526 <€0.001
CC16 —0.639 <£0.001

#5 MMP-16.Claudin-18,CC16 7k Xt BPD % & B 5
Table 5 Effects of MMP-16, Claudin-18 and CC16 on BPD

L7 [EEEE¥+ FrifEiR Wald X2 18 P14 OR 1 95%CI
MMP-16 0.125 0.042 8.937 0.003 1.133 1.044~1.230
Claudin-18 —45.100 19.308 5.456 0.019 0.000 0.000~0.001
CC16 —0.546 0.125 19.039 <0.001 0.579 0.453~0.740

2.7 MMP-16,Claudin-18,CC16 K F 344 BPD %
W ¥ MMP-16, Claudin-18, CC16 1E
Ry AR PR A 25 A R UL BPD & AR IR
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Table 6 Value analysis of MMP-16, Claudin-18 and CC16 levels in evaluating the occurrence of BPD

oz 8 2% AUC Pk 5% P 95%CI cut-off i R R 5 EORZR H 73
MMP-16 0.783 0.045 <C0.001 0.695~0.871 69.325 pg/L 0.737 0.714 0.451
Claudin-18 0.744 0.049 <0.001 0.648~0.840 0.045 0.614 0.694 0.308
CC16 0.879 0.033 <20.001 0.816~0.943 12.190 pg/L 0.825 0.673 0.498
BA 0.902 0.029 <0.001 0.845~0.960 - 0.912 0.653 0.565
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Figure 1  ROC curve of MMP-16, Claudin-18 and CC16

levels in evaluating the occurrence of BPD
3 i it
A LB I S 255 T R LG

BUE AT X LTS P A AR SR
SRR R R I AL s B TR 28 KR
e M) P Ak 00 9 K o R 0 Bl K A2 A i A B 5K 6 40 I
IR AT S A A B TR R B R S T R R R
HpH B AR 7R AR R A AE 22, T AR B I R 4R
BREETI G I Oy 2 RE A T SR R L R AR L s
G DA B 52 A1l L T A R B L BRI I I 9 0 B 4 O



- 528 - WG BB K 2 2 it

FASHE Ho M

MMP-16 k430 Y 5 5t 4x Ja 25 1 i 3% 1k 57, 3L
g1 U0 AR e e v R e g el S B o ST |
i3 5E . 1= 22 F B A XY, Claudin 18 &
Claudins ZMG K 51 2 14 1 58 9% 3 2 45 0 1) B 2R 4R
1o ELAT 4457 200 AR P L 4 M D) 2 B L = 5 40 B oy 1k
S5 R YT 40 5 0 v S T e, CCl6 JE—
FARA> FHUR B, BAT — 5 e T 40 ] AL
RN S AE I AR FH 5 2 it 461 47 S <078 A i ) e
5 B LG AR B ARHESE R TR 4
LA A A5 B R 30 PRl ST B0RT AR LRI e
ZEAAEXT FBOL, 45 R B R, MMP-16 7K SR T T 7
AT, Claudin-18 ,CC16 K& T 1 Hi i, & B & T
Py AT A A e B R S AR KCE L B IR YT RUR .
3BT R R AT BE7E T - O EM 208 A L & v
B ZEE RN SRR 9T o AR o AR AL, LT
it DX 3 A I T e il X3 T il AN 5K &
A DRSS 58 1 o I G S AR B SR BB RMSE 7T o8 A2 AR
B BRI A A BT R AN e e L 08 il 2 4
30 A5k ) A RNMOZ A BE % ik 1E
iz 2 55 M B 32 2y, 98 /0 Bl 43 3 . 19 0 ) RE M %
L BCGE R AR L A EM 5 R B 58 e Tl
DAL RUA A 3547 765 it P 32 1, £ o0 22 44 IX sl i oK i
DX il 96 6T & 5K L B 4 A I A AR T
A7 45 B AT 4 15 PP I SRR T RO . O R HLE SR
7 o AR v R AR IR R B K R AR R AR
JUA e, 445 1 SAE T 5 90 BN TR < AT g
T B S S 2 B B K L 45000 i I L R 2 el
RYEN T 5| KWW I RE 0 . 5 5 AL SR 9T A
Ll o il O 47 PR AL A A < AR, BE R By 1k i B
K i 9 ol 2D BILABCE SCAH G4 4 5 W SO A g AR R
B, AT 5K 22 B 19 il 30, I 98 95 IR AROR IE Rl R,
Bl 1k il 25 46 405

BPD J& i A= JL 201k W W 7 38 25 A AF T 02 S KR
TRIT R R R UL IR R AE L 2 6 AE I R OL G B A
SR AR S i AR5, 106 I 0 0 25
HAERILHR & A BPD 57 i, & 53.77% . W= T4
A g 42 %, % B S AR BT A B BLIR
W He /NG 5%, Xt BPD 4059 BPD 44 MMP-16,
Claudin-18 ,CC16 /K % #t, BPD 41 MMP-16 7K
i, Claudin-18 ,CC16 7K IG5 FL 28 s — 51 A1 56
PEAFBT L 45 5 7R , MMP-16 5 BPD & 4= 52 1E4H %
Claudin-18.CC16 /K ¥ 5 BPD kA R MK, 5
HIFHAE T« 5 MMP-16 7K 7] 8 X% <18 I R 8K
TURR L 0 M J52 7 A e A D, |l < E 9,

% BPD By % Az 7 A2 52 ) 5 i 4, MMP-16 7K F- 55
HTH R A T BE PR S E RV, — TR S 5 il 3
SEREAE, SRR Claudin-18
PR J T 8 2 0 v /N B S RE TR L AT L B R R B
SR . K Claudin-18 KBS0 RSB a1,
G| & AGHE = R SR8 BPD & 4 R, CCl6
TRV T i AT A — 8 TR B b R W il 2 2460 40 R B e it
W — BN S A R AR R EE L i o AR Ak N
W S0 R, W HJE A M R . R R 2
ROC 45 53 578 . MMP-16, Claudin-18.,CC16 3
5 W% 5 30 25 A 4E 22 LIE & BPD g AUC ¥5>>0.7,
BA — & WAl M, 4 cutoff {8 73 3 W
69.325 pg/1.,0.045,12.190 pg/L B Al 4k 15 & 4 F
fl A8 565 VA O {8 T v . Il DR AT o A S A
JLEHE R I 38 25 A iFE L MMP-16 ., Claudin-18 .
CC16 K LAPEASG BPD % A= KUK » If 4 41 R BRUAH 56
T 1 it LA REAIR BPD & A4

g5 Lk, oA 28 K i S+ AR A R R
AR R R IR 2R PRI 8 2R G R R L MMP-16
KF, T+ Claudin-18 ,CC16 /K3, | ik 3 Ti4E br s
165 BPD By & A= % U1 AR OC . I R N %5 1) G 7 f8 L
FRFEARAE AL B X BPD XU 5w 1 58 LR R R B
T F 45 it DA 2l 38 LTS .

(&% k]

(1] RhZnak, ESC#r W1 MObR. I 76 2 1m0 % 4 52 4l B ML BGE <7
EIRYEH A LR 58 25 A IR BCR L L) . 1 e 12 2, 2022,
33(16):2120—2123.

[2] Deschamps J, Boucekine M, Fayol L, et al. Neighborhood
disadvantage and early respiratory outcomes in very preterm
infants with bronchopulmonary dysplasia[ J]. ] Pediatr,2021,
89(237):177—182.el.

[3] RIALMEH, T, % B L RE ML E A R I
M2 R i i MMP-16 . NF-«B A (59 1 K & LT ] AR AE Y
&2k ,2020,20(3) :561—564,557.

[4] Akizuki R, Eguchi H, Endo S, et al. ZO-2 suppresses cell
migration  mediated by a reduction  in matrix

claudin-18-expressing lung

adenocarcinoma A549 Cells[J]. Biol Pharm Bull, 2019, 42

(2):247—254.

[5] Nandi S,Lambe U,Sarkar K,et al. A rapid point of care CC16

metalloproteinase 2 in

kit for screening of occupational silica dust exposed workers
for early detection of silicosis/silico-tuberculosis[J]. Sci Rep.
2021,11(1):23485.

L6 35, W Z AR WU . ™ LW o 38 255 B AR TR Y7 2L AR M ——
2010 AE B R[] ]. 2 BB 25, 2010,14(12) : 1525 —1530.

[7] Kinsella JP, Greenough A, Abman SH. Bronchopulmonary
dysplasia[ J]. Lancet,2006,367(9520) :1421—1431.

[8] Rong Z, Mo L, Pan R, et al. Bovine surfactant in the



M RSSO A JLVE W 8 3 25

B AE TG RN 28 Bz i R A PR B - R B AR JE MMP-16, Claudin-18
CC16 254k B 5 & XA E IR B A R H .

529 -

(9]

(1o0]

[11]

[12]

[13]

[14]

[15]

[16]

treatment of pneumonia-induced-neonatal acute respiratory
distress syndrome (NARDS) in neonates beyond 34 weeks of
gestation: a multicentre, randomized, assessor-blinded,
placebo-controlled trial [J]. Eur ] Pediatr, 2021, 180 (4):
1107—1115.

Lin J, Shen Y, Liu J, et al. Efficacy comparison of high-

frequency oscillatory ventilation with continuous nasal

positive airway pressure in neonatal respiratory distress
syndrome treatment[ J ]. Am J Transl Res, 2021, 13 (5):
5137—5146.

JIE A 05 AR R SR IE R SR YT R
B 2 1 R NG I 152 387 42 M1 38 <0255 6 R S 0 A R T g i s e [ .
i 2 4405 5 1 fig 2 4, 2020,15(9) :510— 514,539,

Maclaren G, Barbaro R, Peek G. Expanding extracorporeal
membrane oxygenation cannulation strategies in neonatal
respiratory failure[ J ]. Pediatr Crit Care Med,2021,22(8):
756 —758.

Zhu X,Feng Z,Liu C,et al. Nasal high-frequency oscillatory
ventilation in preterm infants with moderate respiratory
distress syndrome:a multicenter randomized clinical trial[ J].
Neonatology,2021,118(3) :325—331.
Griffon L, Touil S, Frapin A, et al. Home overnight gas
exchange for long-term noninvasive ventilation in children[ J].
Respir Care,2020,65(12) :1815—1822.

Tt 45 L okale R AR B R AR A IR TE R LR
WAL IR Y7 A T L) 0. 0 R i ) 2% 75, 2020, 25 (4) 1 546 —
551.

Li W,Song Z,Jia N,et al. MicroRNA-4429-5p suppresses the
malignant development of colon cancer by targeting matrix
metalloproteinase 16[J]. In Vitro Cell Dev Biol Anim, 2021,
57(7):715—1725.

Takahashi Y, Tsutsumi Y, Takeuchi

C,et al. Nuclear staining

of claudin-18 is a new immunohistochemical marker for

[17]

(18]

(191

[20]

(21]

[22]

[23]

[24]

diagnosing intramucosal well-differentiated gastric
adenocarcinomal J ]. Pathol Int,2020,70(9) :644—652.
SRR , 28 5 A7 A8 4 K fts T o MRS BIX 09 I o 3 255 A iE
IR RN S DA N | R T R N A TR A o2 A
FHIRK,2021,18(2) ;241 —244.

Ahn C, Lee T, Shin JH, et al.

Lab on a chip for detecting
Clara cell protein 16 (CC16) for potential screening of the
workers exposed to respirable silica aerosol[ J]. Microfluid
Nanofluidics,2023,27(11) : 1—10.

WU Rk S, 4% L 55 20 i o BEL BT BA5ORI T 9 78 A  1) 19 JL
TN 3 25 G A A i O gl <SR g S L) .
INILZREE % ,2021,28(9) . 745—750.

SRR , 2 5 A A8 4 B fts T o MRS BT X 0 I o 3 255 iF
SUHLIBE SR 2l ) % S AT AR bR s e L. R a6 R
FHIRR,2021,18(2) ;241 —244.

BT WRAT L S S, % i 7 80/ RNA-206 Fil Clara 41 it 2 1
16 kKT 5 A0 B L BE B BUIR 97 R0 A O 1
(I LR 2 44 5 ,2021,27(6) . 7—11.

sisE, L kR L A5 AR 1 B A7 AR M A A 45 OF
PP I 0 5 5 AIE B I R N R [T 1 E%TE'F?'J

2019,21(12).718—722.

Varghese NP, Tillman R,Keller RL. Pulmonary hypertension
is an important comorbidity in developmental lung diseases of
infancy: bronchopulmonary dysplasia and congenital
diaphragmatic hernia [ ] ]. Pediatr Pulmonol, 2021, 56 (3):
670—677.

T L AR L AR R M I IR 38 25 A R LR A SR I R
B A R0 18 6 [ 2 % W R 3 s I 17 4 A L) . v I L 2 e f
Z7.,2019,27(10):1098—1101.

25/ TR, TR IL-13 84 F i Claudin-18 % (1K
X 3o AP I Wy 19 A OG5 PR T BIL R L) ). BR B2 4%, 2021, 50

(8):1296— 1299,
R 2 82 3] A7 #5)



