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Abstract: Objective To investigate the relationship between peripheral blood receptor-interacting protein
kinase 1 (RIPK1),bone morphogenetic protein-7 (BMP-7), glucose-regulated protein 78 (GRP78),NOD-like

receptor pyrin domain-containing protein 3 (NLRP3) inflammasome and prognosis in children with severe
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A total of 228 children with SMPP admitted to
Guangyuan Maternal and Child Health Hospital from June 2020 to June 2024 were selected as SMPP group.

Mycoplasma pneumoniae pneumonia (SMPP). Methods

Based on prognosis,they were divided into a poor prognosis group (48 cases) and a good prognosis group (180
cases). Additionally,228 healthy children who underwent physical examinations during the same period were
selected as control group. Peripheral blood levels of RIPK1,BMP-7,GRP78,and NLRP3 inflammasome-relat-
ed factors [ NLRP3, cysteinyl aspartate specific proteinase 1(Caspase-1),and apoptosis-associated speck-like
protein containing a caspase recruitment domain (ASC)] mRNA were detected and compared between two
groups. Pearson method was used to analyze the correlation between peripheral blood RIPK1,BMP-7,GRP78,
and the expression of NLRP3 inflammasome-related factors in children with SMPP. Multivariate Logistic re-
gression analysis was performed to determine the influencing factors of poor prognosis in children with
SMPP. Receiver operating characteristic (ROC) curve analysis was used to evaluate the predictive value of pe-
ripheral blood RIPK1,BMP-7,and GRP78 for poor prognosis in children with SMPP. Results The levels of
RIPK1,GRP78, NLRP3 mRNA, Caspase-1 mRNA, and ASC mRNA in the SMPP group were higher than
those in the control group (P<C0. 05) , while the level of BMP-7 was lower than that in the control group (P <<
0.05). In children with SMPP, peripheral blood RIPK1 and GRP78 were positively correlated with NLRP3
mRNA, caspase-1 mRNA,and ASC mRNA(P<C0. 05) , whereas BMP-7 was negatively correlated with NLRP3
mRNA, caspase-1 mRNA, and ASC mRNA (P <{0. 05). The body temperature upon admission, C-reactive
protein, procalcitonin, NLRP3 mRNA, Caspase-1 mRNA, ASC mRNA, peripheral blood RIPK1, and GRP78
levels in the poor prognosis group were all higher than those in the good prognosis group (P <{0. 05), while
BMP-7 level was lower than that in the good prognosis group (P < 0. 05). High peripheral blood levels of
RIPK1 and GRP78,along with low BMP-7 level, were identified as independent risk factors for poor prognosis
in children with SMPP (P <C0. 05). The area under the curve (AUC) of the single detection of RIPK1,BMP-
7,and GRP78 for predicting the poor prognosis was 0. 786,0. 781,and 0. 767 ,respectively, while the combined
detection yielded an AUC of 0. 904. Conclusion High peripheral blood levels of RIPK1 and GRP78 and low
level of BMP-7 are closely associated with NLRP3 inflammasome activation and poor prognosis in children
with SMPP. The combined detection of RIPK1,BMP-7,and GRP78 in peripheral blood has high predictive val-
ue for the prognosis in children with SMPP.
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0.5 pL M2tk 13.7 pL, RWAJF:95 C 10 min 1
%,95 °C 3 min 1 ¥K,95 °C 10 .60 ‘C 40 s fE¥ 40
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2.5 A I RIPK1,BMP-7.GRP78 %f SMPP & J|,
WEA R HACRE  PAWUE A R H (r=48) AR
FEAS, T B AF2H (n = 180) N I PEREA , 22 1] ROC il
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0.972).,0.767(95%CI ;0. 613~0. 921) , Bt & 46 7 1Y
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& b B T B G U Y T K R e 1 (Z = 3. 0244
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x1 SMPP A F1 %t BB 42 4p B I RIPK1.BMP-7,GRP78 & NLRP3 RE/NMEHEEEFRIELLE (L)

415 ., RIPK1 BMP-7 GRP78 NLRP3 Caspase-1 ASC

(ng/mL) (pg/mL) (pg/mL) mRNA mRNA mRNA
SMPP 4 228 48.62+11.58 24,44+3.42 1 235.33+319.57 1.1340.13 1.6140.23 2.05+0.28
X HE 2 228 8.80+1.97 41.9146.08 281.80+53.07 0.7840.11 1.02+0.10 1.3740.18
t 51.188 —37.815 44. 446 31.034 35.522 30. 847
P <20. 001 <20. 001 <20. 001 <20. 001 <0. 001 <20. 001

r2 SMPP &£ )JL4ME M RIPK1.BMP-7.GRP78 5§ NLRP3 RE/MNEHEEEFRIEWMEXHE

RIPK1 BMP-7 GRP78
NLRP3 R i /MM A ¢ BH T
r P r P r P
NLRP3 mRNA 0.661 <0. 001 —0.626 <0. 001 0.623 <0.001
Caspase-1 mRNA 0. 690 <0. 001 —0. 445 <0. 001 0.708 <0.001
ASC mRNA 0.579 <0.001 —0. 600 <0. 001 0. 652 <0.001

®3 FHEARASHRERFAKRKEMMBRIERERA (V) ks HM(Py,Prs)]

I H BEA R (n=48) TG R 4F41(n =180) X*/t/Z P
53] 0.031 0. 861
5 30(62.50) 110¢61.11)
o 18(37.50) 70(38.89)
ER () 7.00+2. 36 6.81+2.05 0.552 0.581
99 B A B ] (D 2.06+0.49 2.1340.54 —0.813 0.417
ABEI AR 2 R
i 55 A% 42(87.50) 137(76.11) 2.913 0.088
W Jrs BV 28(58. 33) 91(50. 56) 0.919 0.338
ABE AR CCH 40.23+0. 59 39.7740. 62 4.613 <<0. 001
C W & M (mg/L) 51.65(28. 81,95, 94) 26.82(12.78,54.51) —2.798 0. 005
45 2 R (pg/L) 0.26(0.19,0. 35) 0.14(0.08,0.19) —4.655 <<0. 001
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i H WG R R4l (n=48) TG R AP 4L (n=180) X*/t/Z P
ML /NR % (< 10° /1) 302. 36245, 99 316.54+58. 11 —1.564 0.119
IM£1 % 1 (g/1) 118.70419. 42 122.41421.74 —1.073 0.284
RITEBIRBHER(U/L) 47.26+6. 34 45.69+9.12 1.122 0.263
140 B 3% (< 10° /1) 11.002. 35 10. 8143, 35 0. 369 0.712
WHR AR B (U/L) 29.75+6.11 29.98+6.21 —0.229 0. 819
BT 1 25 P B 1) (D 9.25+1.42 8.90+1.27 1. 654 0. 100
NLRP3 mRNA 1.2440.11 1.1040. 12 7.304  <<0.001
Caspase-1 mRNA 1.7840.17 1.5740.22 6.139  <<0.001
ASC mRNA 2.25+0. 24 2.0070. 27 5.829  <<0.001
RIPK1(ng/mL) 59.09411. 85 45.83749. 81 7.950  <<0.001
BMP-7(pg/mL) 21.6943.15 25.1743.12 —6.852  <C0.001
GRP78(pg/mL) 1516.35+337.10 1160. 39=270. 30 7.676  <<0.001
1.4 |
1.3 I
1.2 -
i | |
K e 11111119944 _I
% o9 |
[l @ ]
0.8 {4 !
. il
8 -7 -6 -5 -4 -3 8 7 -6 -5 -4 -3
A Log (g) B Log (g)
TE:ALB B AB BRI O I UG R B0 A PR S A A 1 B T A A AR R R
B 1 LASSO Bl AR # AR (LE)MZXIEML (G E)
x4 % A& Logistic B39 %
A5 B SE WaldX* P OR 95%CI
i 0.186 0.088 4.483 0. 034 — —
Wi 5 2 1. 801 1. 100 2. 684 0.101 6.058 0.702~52. 284
RIPK1 0.093 0.041 5.163 0.023 1.097 1.013~1.189
BMP-7 —0.191 0. 049 14. 952 <0.001 0.826 0.750~0. 909
GRP78 0.021 0.005 14. 654 <£0. 001 1.021 1.011~1.031
T — Fom R,
£5 SME I RIPK1,BMP-7 ,GRP78 3¢ SMPP & JLH/5 A R i 1 il % &
i H AUC95%CD 5 A T (L REE S IR FERL T
RIPK1 0.786(0. 635~0.919) 50 ng/mL 0. 750 0.783 0.533 0.776
BMP-7 0.781(0.573~0.972) 23 pg/mL 0.771 0.767 0.538 0.768
GRP78 0.767(0.613~0.921) 1 300 pg/mL 0.771 0.756 0.527 0.759
3Tk 0.904(0. 857~0. 926) — 0. 875 0.878 0.753 0.877

T — R T A .
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JEIA AT fig & RIPKL 7E b MR R 9> T, B4 &
RIPK3 ¥ MLKL, 75 5 fili 40 i 38 56 1 98 17 5 W] B 3%
T A R ) 5403 AH 56 4 T RE I NLRP3 44 /M
WAL, 51 & Al E-1B. 4N E-18 B i
Tl ot 8 R 4 B R RE 2 R . 5 B P A i A0 R 4 B
B T BE BE A%, AT 3 o SMPP B LA R W E
AR

BMP-7 /525 —Ff A 4 [ 1 BAT LR R 8 BES

38 2o P A 48 R I 2R A SR A ] NLRP3 45 /A Y
B, A RS UE 52, BMP-7 fE#I ] NLRP3 4
i /NI AL AT T4 35 B A% 40 MG 4 RE N 4 A T,
JB Ay 25 B 9T 4 ML 4 4 BMP-7 IR %k 5 8 kv
A 4 5 1 0] 5 il 9% S8 3 £ 2 A6 i 5 RN BT TR 3G
HX, A5 EER B, SMPP LA i BMP-7
KRR, 5 NLRP3 R AE /MMA A ¢+ 3R 35 2 A
X, 5 SMPP BILWE A RA X, 78 SMPP &L,
BMP-7 7K 54 B A% 0T fg e 55 Ho bt R A/E A . 5 3 NL-
RP3 4 /A 0 384075 38 o 328 177 i Ja) 8 E S 1, 5 3
SMPP #ILHR A R, [l BMP-7 8 % 54 41
1652 TN EF 4k Ak 3 72 BMP-7 AU 3% 35 1T BE 15 it 28 4L Y
SR B E ML A G, X 0T fig T 20O L S5 A A
g my ik — B8 E i SMPP gLy #iE " .

GRP78 IR 58 25 11 K i B 2R 0L, A A2
) N s S T R 3k L BB AE 400 AH 56 o A Xk
PE AN MU L T S 0 IR . AR e 4 A
FUBL AL o 10 ) GRP78 A 5615 5 3 [ BE ol 3% it 3
SE AN T A WS R I AR TR LR A A 0 A
Alrp R GRP78 ik BEIN il 4% K T« B {7 5 il % ok
BHLWT NLRP3 48 i /N4 5% 1k . DA i i 20 240 i 46 e
[Fi) BN JE 64524 5 L 17 GRP78 KT 5 84 L
WP 5 38 27 A E BB L i A o6, o B2 LSBT
B ST I PR, A AF S 45 R s, SMPP & LAk A
Ifil. GRP78 /KT . 5 NLRP3 & AE/MAA K 1 3%
KR IEMSE, & SMPP BILHIE AR KGR ENE., o
Br 5% AL ) TT BE 278 SMPP L, % 48 il P 5 1)
Z BN, GRP78 Rk 238 . GRP78 ik
Il BEAE 2 NLRP3 45 /NMA 5 300G o i el 4 i K21
S5 SMPP LA KU XU . GRP78 7K
() T AT RE A 2 5 9 I I 3805 5 A A0 R T, AT
ST BN 2 20 A0 RN ) g A L i — 20 5 ) B A R
SRR

ROC fh £ 7 B 45 3 W78 . 78 1 RIPK1, BMP-
7.GRP78 Hp fii SMPP LA B #i)5 ) AUC 43
A 0. 786,0. 781,0. 767, 1 = F BE-& &l i) AUC
0. 904, K IHEE A K RIPK1,BMP-7,GRP78 fig
AR SMPP B2 JLR 5 . #2278 RIPK1, BMP-
7.GRP78 = H AR A EH A SMPP £ LS A
KL 11 3 8 A ) 4 b i )

i b opr ik, SMPP & JL 4h & il o RIPK1 F1
GRP78 /K FF & . i BMP-7 K FEREK, =% 5 NL-
RP3 R AE /IMAE B 3006 S LTS A R % DA ¢,
RIPK1.BMP-7 .GRP78 & & i il 76 Bl SMPP & )L
TJE A KOy AR S E . SR AR AR —
1) Jr PR « B — rp B3OHE R A i B A | i = K 3 B U
FHLHRRA LSS . KRR Y RAEA & 17
Z PR P R K WIRE U R AR R YR SR
ELARERBLE] 256 AR R R R 2R ER



TR Ie B ¥ 07 2025 £ 9 F 4 46 %% 18 ¥ Int ] Lab Med,September 2025, Vol. 46,No. 18

+ 2189 -

IR BT s LA s IS DA 0 v A R 8 2R R 3
S % Uk

(1] AP LR o IR A 2], P AR LR e &=
Sig hEBEGHFSILR L2 5 2 L X3RS
PRI 48 48 BB R (2024 1D, A LRHA K, 2024, 62
(10):920-930.

(2] B SC, AT Bl ARG I L 55, 2020 — 2021 AR IR L& B2
W JL B T A i 48 i AT 99 2% 5 IR R AR AR 23 BT [/ CD . B &
14 Y g L F 4% 5, 2023, 8(3) :53-58.

(3] TIKH, INEA BALLE 58, B 5 55 R )7 BUIRIT 0B R A
A IR X 58 BB i R i A% SR AR il 4 B L Thi7/
Treg 4ii il P 7l NLRP3 4848 /) 38 i 19 2 0 [ ] B4R
R BE A R . 2022,22(12) £ 2328-2332.

(4] SKT5,Zfh 2 R Aa MG, 45, 2 UM B A/E 2R i 1 9
Jor I R AN G 5 RN W5 AR [T, I v 22 38 R 2 2 4t
(BEZ D 2024 ,44(6) : 788-794.

[5] RUSKOWSKI K,NEB H, TALBOT S R.et al. Persist-
ently elevated plasma concentrations of RIPK3, MLKL,
HMGBI,and RIPKI in patients with COVID-19 in the
intensive care unit[J]. Am J Respir Cell Mol Biol, 2022,
67(3):405-408.

[6] ALUGANTI N C,SINGLA D K. The role of bone mor-
phogenetic protein 7 (BMP-7) in inflammation in heart
diseases[ ] ]. Cells,2020,9(2) :280.

(7] iRy B A5, Gy WAl A e T i £ 2k Ak R Ry & 1 R 4
S P ) S5 it 4 v A Y A 3R 5K R A3 ML . v AR 2
FIIE 24 7 . 2014,37(9) :664-670.

[8] CHONG W C,SHASTRI M D,PETERSON G M,et al.
The complex interplay between endoplasmic reticulum
stress and the NLRP3 inflammasome: a potential thera-
peutic target for inflammatory disorders[]J]. Clin Transl
Immunology,2021,10(2) :el1247.

[9] SABIRLI R,KOSELER A, GOREN T,et al. High GRP78
levels in COVID-19 infection: a case-control study[ J]. Life
Sci,2021,49(3) :118781.

[10] HRPAEITAEZEIMAAERE RS ILERZ L4l
r ] L B 8 S IR SR 2 36 5 32 Wi ALY R I R 92 R R
FILP (2019 ) [T, H 4 LR A4 3K 2020, 58 (5) : 366~
373.

(117 e NRILFEEFEFREZE R BRE P EZE. JL#Et
X BRAGPE Ml 1297 HLTE (2019 A RO [T ], A& i A I 4L Jg
F4i5.2019,12(1) :6-13.

[12] =, BRIRA B dr Bt . 55 4 %k 1l 23 B 199 Nomogram il
SR 5000 T AE i 48 ST AR i 48 AR L BUS 1 Z80OR B Y
[10. I PRAR 2 3496 52023, 36(3) :90-94.

(130 E5 . X450, 5. L 2 5 fifi 22 S5 44 il % 1912 3R
PERELT]. AR S LRI R A% 5. 2023.38(11) :842-845.

[14] BAI S, WEN X, LI B, et al. Extracellular vesicles from
alveolar macrophages harboring phagocytosed methicil-
lin-resistant Staphylococcus aureus induce necroptosis
[J]. Cell Rep,2024,43(7):114453,

[15] DONG J,XIONG X. Serum level of RIPK1/3 correlated
with the prognosis in ICU patients with acute ischemic
stroke[J]. Immun Inflamm Dis,2024,12(12) :e70085.

[16] SPEIR M,LAWLOR K E. RIP-roaring inflammation: RIPK1
and RIPK3 driven NLRP3 inflammasome activation and au-
toinflammatory disease [ J . Semin Cell Dev Biol, 2021, 26
(1):114-124.

[17] HUANG H R.CHO S J,HARRIS R M,et al. RIPK3 ac-
tivates MLKL-mediated necroptosis and inflammasome
signaling during streptococcus infection[ J]. Am ] Respir
Cell Mol Biol,2021,64(5) :579-591.

[18] YU X J,WANG Y G,LU R,et al. BMP7 ameliorates in-
tervertebral disc degeneration in type 1 diabetic rats by
inhibiting pyroptosis of nucleus pulposus cells and NL-
RP3 inflammasome activity[ ]J]. Mol Med, 2023,29(1):
30.

[19] URAL O.KIRATLI H E.SUMER H.et al. Evaluation of
annexin-1 ( ANXA-1), annexin-2 ( ANXA-2) and bone
morphogenetic protein-7 (BMP-7) serum levels in pa-
tients followed up with a diagnosis of COVID-19[]].
Mikrobiyol Bul,2022,56(1) :25-35.

[20] ELMADBOUH I, SINGLA D K. BMP-7 attenuates in-
flammation-induced pyroptosis and improves cardiac re-
pair in diabetic cardiomyopathy[]J]. Cells,2021,10(10):
2640.

[21] FUKIHARA J, MAIOLO S, KOVAC J, et al. Overex-
pression of bone morphogenetic protein receptor type 2
suppresses transforming growth factor B-induced profi-
brotic responses in lung fibroblasts[J]. Exp Lung Res,
2022,48(1):35-51.

[22] ZHANG Z K,ZHOU Y,CAO J,et al. Rosmarinic acid a-
meliorates septic-associated mortality and lung injury in
mice via GRP78/IREla/JNK pathway[]J]. ] Pharm Phar-
macol,2021,73(7) :916-921.

[23] HE J,XU M,CHEN Y.et al. Grp78 regulates NLRP3 in-
flammasome and participates in Sjogren’s syndrome[]].
Int Immunopharmacol,2024,24(10):112815.

[24] JH3%& X0 ¥ 5K 5 55, 7 A LT ICE 38 25 A F &8 L v 11-
6 . HMGBL.BMP-7 /K F- 15 J5 1F )™ 5 R B U #9) 56 &%
(1], E bR B B 2 423, 2022, 43(18) : 2228-2231.

[25] JIANG J,ZHANG N,SONG H,et al. Oridonin alleviates
the inhibitory effect of lipopolysaccharide on the prolifer-
ation and osteogenic potential of periodontal ligament
stem cells by inhibiting endoplasmic reticulum stress and
NF-kB/NLRP3 inflammasome signaling [J]. BMC Oral
Health,2023,23(1):137.

[26] LAM T Y W,NGUYEN N,PEH H Y.et al. ISM1 pro-
tects lung homeostasis via cell-surface GRP78-mediated
alveolar macrophage apoptosis[J]. Proc Natl Acad Sci U
S A,2022,119(4) :e2019161119.

(e f B #1.2024-11-05 &8 B #1:2025-03-09)



