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Abstract: Objective To explore the expression and clinical significance of lipocalin-2 (LCN-2) and its
receptor, neutrophil gelatinase-associated lipocalin receptor (NGALR), in peripheral blood of patients with sepsis
complicating acute respiratory distress syndrome (ARDS). Methods Nighty-eight patients with sepsis complicating
ARDS who were admitted to the hospital from January 2020 to January 2022 were selected and divided into mild
group (30 cases), moderate group (42 cases) and severe group (26 cases) according to the severity of the disease. In
addition, 82 patients with sepsis alone admitted to the hospital and 74 healthy individuals undergoing health
examinations during the same period were selected as the sepsis alone group and the control group, respectively. The
levels of LCN-2 and NGALR in peripheral blood were determined by enzyme-linked immunosorbent assay. The
correlation between levels of LCN-2 and NGALR in peripheral blood and oxygenation index (OI) was analyzed in
patients with sepsis complicating ARDS via Pearson method. During the 21-day follow-up, the survival of patients
with sepsis complicating ARDS was observed. The univariate analysis was used to determine the factors affecting
the death of patients with sepsis complicating ARDS, and these potential predicting factors were further verified via
multivariable Logistic regression analysis. In addition, the receiver operating curve was performed to analyze the
value of peripheral blood LCN-2 and NGALR levels in predicting death of patients with sepsis complicating ARDS.
Results The levels of LCN-2 and NGALR in peripheral blood of patients with sepsis complicating ARDS and
patients with sepsis alone were higher than those of healthy individuals (P < 0.05), and they were even higher in
patients with sepsis complicating ARDS than those in patients with sepsis alone (P < 0.05). The levels of LCN-2 and
NGALR in peripheral blood of patients in the moderate group and severe group were higher than those of patients in
the mild group (P < 0.05), and they were even higher in patients in the severe group than those in patients in the
moderate group (P < 0.05). Pearson correlation analysis showed that the levels of LCN-2 (» = -0.390, P < 0.05) and
NGALR (r = -0.487, P < 0.05) in peripheral blood of patients with sepsis complicating ARDS were negatively
correlated with OI. There was no significant difference in gender composition, age, underlying diseases, mechanical
ventilation, white blood cell count (WBC), or procalcitonin (PCT), fasting blood glucose (FBG), triglyceride (TG),
tumor necrosis factor alpha (TNF-a), creatinine (Cr), uric acid (UA), and total cholesterol (TC) levels between the
death cases and the surviving patients (P > 0.05). The proportion of multiple organ failure and the levels of C-
reactive protein (CRP), LCN-2 and NGALR in the death cases were higher than those in the surviving patients (P <
0.05), whereas the OI of the death cases was lower than that of the surviving patients (P < 0.05). The multivariable
Logistic regresswn analysis showed that multiple organ failure [OR 4.112 (95% CI: 1.246, 13.569) ], OI < 300
mmHg [OR =-3.473 (95% CI: 1.053, 11.459) ], and high levels of LCN-2 [OR 8.362 (95% CI: 1.183, 12. 882) ]
and NGALR [OAR =4.031 (95% CI: 1.222, 13.301) ] were risk factors for death in patients with sepsis complicating
ARDS (P < 0.05). ROC analysis exhibited that the optimal cut-off points of peripheral blood LCN-2 and NGALR
levels for predicting the death of patients with sepsis complicating ARDS were 66.92 ng/mL and 63.38 ng/mL, with
the sensitivities being 84.37% (95% CI: 0.672, 0947) and 81.25% (95% CI: 0.636, 0.928), the specificities being
78.79% (95% CI: 0.670, 0.879) and 77.27% (95% CI: 0.653, 0.867), and the areas under the ROC curves (AUCs)
being 0.851 (95% CI: 0.765, 0.915) and 0.818 (95% CI: 0.727, 0.888). The specificity and AUC of the combination
of the two indicators for predicting the death of patients with sepsis complicating ARDS were 96.97% (95% CI:
0.895, 0.996) and 0.925 (95% CI: 0.853, 0.968), respectively. Conclusions The levels of LCN-2 and NGALR are
abnormally elevated in peripheral blood of patients with sepsis complicating ARDS. Thus, they can be established as
sensitive indicators for predicting the death of patients with sepsis complicating ARDS.
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il 32 18/14 58.33+9.76 11 14 7 9 12
TG 2H 66 34/32 56.49 +9.12 16 20 12 5 19
X/ 1 0.194 0.915 0.105 7.432 0.756
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eS| 316.39 + 45.47 8.28 + 1.06 15.48 + 3.06 3.63 +0.60 8.06 + 1.32 2.15+033

X/ 1 8.306 0.784 4.417 1.066 1.213 1.192

P 0.000 0.435 0.000 0.289 0.228 0.236

A TNEo/gl $x) Gllpmoll ¥ ) UNGumoll, $x5) TG/ mmollL 3 5)LON-2ngiml, 3x9) NGALR/ngil 3 =5)
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R 18.37 +3.01 133.41 +13.26 7.19 £ 1.08 4.41+0.65 59.77 +11.84 53.46 +9.19

X t1H 1.287 1.400 0.760 1.418 4.150 5.142
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T Q5 HRULEL, P<0.05; Q5 Saliifedidl L, P<0.05,
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(r=-0.390 F11-0.487 , 3 P =0.000) ., WLIKI 1.2,
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P 0.000 0.000

i O5REANE, P<0.05; Q5P EHHE, P<0.05,
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< 300 mmHg= 1) . CRP (S M {F ) \ LCN=2 ( B 52
{E) \NGALR CBCEIAE ) /E Ry H A2 5, S AL T (7=
0,72= DIE R G, 472 &K Logistic [B1H 43 H7
(FIATKUER =0.05, B BR bR HEH 2=0.10) , 45 5

TR BT S [OR=4.112(95% CI: 1.246,13.569)] .
0I< 300 mmHg [OR=-3.473 (95% CI: 1.053, 11.459)].
LCN=2 [0 R=3.904 (95% CI: 1.183, 12.882)] . NGALR
[OR=4.031(95% CI: 1.222, 13.301)] & I 35 4t 4 If
ARDS BE LT WL N E (P<0.05), L34,
2.6 4SMEIMLCN-2 % NGALR K EFMIMREES
FH ARDS 2ERXTHMNE

ROC 25 3 7R, AMJE il LCN-2 & NGALR
JEAE 23 5 K 84.37% (95% CI: 0.672, 0947) | 81.25%
(95% CI:0.636,0.928) , ¢ 55 1 43 il 4 78.79% (95%
CI:0.670,0.879) .77.27%(95% C1:0.653,0.867 ) , [ £k
T 2 (area under the curve, AUC) 4351 & 0.851(95%
CI:0.765,0.915) .0.818 (95% CI:0.727,0.888) , P ¥
1B A BURME R S M L AUC 43 9K 78.12% (95% CI:
0.600, 0.907) . 96.97% (95% CI: 0.895, 0.996) . 0.925
(95% CI1:0.853,0.968). W35 F1E 3.

R4 REESIARDS BHEIETHILEZE Logistic @39 S5

[ b S, Wald 2 P ok %l
TR ol
LCN-2 1.362 0.471 8.362 0.000 3.904 1.183 12.882
NGALR 1.394 0.423 10.860 0.000 4.031 1.222 13.301
ZAE 1.414 0.491 8.293 0.000 4.112 1.246 13.569
OI <300 mmHg 1.245 0.518 5.777 0.003 -3.473 1.053 11.459
%5 4MNEMILCN-2 % NGALRKEFMAREE & FH ARDS BE LT HISBES T
_ o RN/ 95% CI RS/ 95% CI 95% CI
kD e % TRR RR % TRR RR AL TRR BR
LCN-2 66.92 ng/mL 84.37 0.672 0.947 78.79 0.670 0.879 0.851 0.765 0.915
NGALR 63.38 ng/mL. 81.25 0.636 0.928 77.27 0.653 0.867 0.818 0.727 0.888
G - 78.12 0.600 0.907 96.97 0.895 0.996 0.925 0.853 0.968
of 3 itig
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FARE 5 & R VI . LON=-2 2L 1 (N 7%
YE I HE A0, RT A Ay 98 i 5 i R ok 9 S8 255 0 1 DF
il W E 2 AR B WFFE K B, LON-2 7E 1 s 4
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THESIRIT T EZHIT, R F e T XS B &
TR RAEM . SR, AW B PR, S B sE R
A — 5 1 JRy B

gi bk, B B AE A JF ARDS & 3 A JE i
LCN=2 . NGALR 7K V- ¥ 5 Fh & , il R AG: I 4 J] i
LCN-2 . NGALR 7K°F-, T4 Ay Tt il Jie 2 5 45 9 ARDS
BB BET I URAE A

2 % X #

[1] HU Q H, HAO C P, TANG S J. From sepsis to acute respiratory
distress syndrome (ARDS): emerging preventive strategies based
on molecular and genetic researches[J]. Biosci Rep, 2020, 40(5):
BSR20200830.

FRULN] . e RPAE £85I A I 30 2355 M R G PR R B B8 4
Hr[0). FRE 25951k, 2020, 20(20): 3383-3385.

X 44k, 2k, B, 55 . Logistic [ JARERL () £ 7 KA P —F X
24T e BE AT A I ARDS 19 5012 W B 52 0. IR 22 A4k,
2021, 22(1): 46-50.

SON E, CHO W H, JANG J H, et al. Neutrophil gelatinase-

(2]

(3]

(4]
associated lipocalin as a prognostic biomarker of severe acute
respiratory distress syndrome[J]. Sci Rep, 2022, 12(1): 7909.

BERGQUIST M, SAMUELSSON L, LARSSON A, et al
TNFR1, TNFR2, neutrophil gelatinase-associated lipocalin and

[5]

heparin binding protein in identifying sepsis and predicting
outcome in an intensive care cohort[J]. Sci Rep, 2020, 10(1):
15350.
[6] QIU Z L, YAN B Q, ZHAO R, et al. Combination of hepcidin
with neutrophil gelatinase-associated lipocalin for prediction of
the development of sepsis-induced acute kidney injury[J]. Clin
Chim Acta, 2021, 523: 38-44.
WSO . NI S A SR S AR AR D], T /N L
Be2%, 2014, 21(8): 473-477.
o R Blh2x S BE W 22, v E 50 Y I e 2 2 PR v S ik
FRAE LR G2 . o [ R B AR/ B MR v A2 IR T IR
(2018)[J]. " 2%k, 2018, 38(9): 741-756.
R A SV A VPR AE T B VPRI
LRGN HUNIE 5 B (AUT)[]. FPAREE 2L, 2016, 96(6):
404-424.

(7]

(8]

(]

+ 31 -



EBREAE 93245

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ZHANG Q H, WANG Y, QU D H, et al. Role of HDAC6
inhibition in sepsis-induced acute respiratory distress syndrome
(review)[J]. Exp Ther Med, 2021, 21(5): 422.

AL DUHAILIB Z, FAROOQI M, PITICARU J, et al. The role of
eosinophils in sepsis and acute respiratory distress syndrome: a
scoping review[J]. Can J Anaesth, 2021, 68(5): 715-726.
AURIEMMA C L, ZHUO H J, DELUCCHI K, et al. Acute
respiratory distress syndrome-attributable mortality in critically
ill patients with sepsis[J]. Intensive Care Med, 2020, 46(6): 1222-
1231.

AQRAWI L A, JENSEN J L, FROMREIDE 8, et al. Expression
of NGAL-specific cells and mRNA levels correlate with
inflammation in the salivary gland, and its overexpression in the
saliva, of patients with primary Sjogren's syndrome[J].
Autoimmunity, 2020, 53(6): 333-343.

GUARDADO S, OJEDA-JUAREZ D, KAUL M, et al
Comprehensive review of lipocalin 2-mediated effects in lung
inflammation[J]. Am J Physiol Lung Cell Mol Physiol, 2021,
321(4): L726-L733.

SRR, TROKUR, R, 45 BR b Pl 4 e B e AR O R Bt iz
A S AENEE RIG SR SN (0], R TR R
F47E, 2022, 32(4): 389-393.

HOU X Z, LIU C, LIAN H W, et al. The value of neutrophil
gelatinase-associated lipocalin and citrullinated alpha enolase
peptide-1 antibody in diagnosis, classification, and prognosis for
patients with sepsis[J]. Medicine (Baltimore), 2020, 99(34):
€21893.

WU Y, YU C, ZHOU Y, et al. Risk stratification and prognostic
value of serum neutrophil gelatinase-associated lipocalin
(sSNGAL) in sepsis patients[J]. Acta Biochim Pol, 2022, 69(1):
113-117.

ZHANG C F, WANG H J, TONG Z H, et al. The diagnostic and

32

prognostic values of serum and urinary kidney injury molecule-1
and neutrophil gelatinase-associated lipocalin in sepsis induced
acute renal injury patients[J]. Eur Rev Med Pharmacol Sci, 2020,
24(10): 5604-5617.

[19] PEIYY, ZHOU G P, WANG P F, et al. Serum cystatin C, kidney
injury molecule-1, neutrophil gelatinase-associated lipocalin,
klotho and fibroblast growth factor-23 in the early prediction of
acute kidney injury associated with sepsis in a Chinese
emergency cohort study[J]. Eur J Med Res, 2022, 27(1): 39.

[20] WANG X D, ZHANG C H, ZOU N, et al. Lipocalin-2 silencing
suppresses inflammation and oxidative stress of acute respiratory
distress syndrome by ferroptosis via inhibition of MAPK/ERK
pathway in neonatal mice[J]. Bioengineered, 2022, 13(1):
508-520.

[21] VEFENE, & 0L, 5KAE, 45 LW NGAL 4 Fetuin A X IkA#AE 8 ¥
28 RAET- I B ET]. T SuRBEF, 2022, 42(3): 240-245.

[22] KUMFU 8, SIRI-ANGKUL N, CHATTIPAKORN S C, et al.
Silencing of lipocalin-2 improves cardiomyocyte viability under
iron overload conditions via decreasing mitochondrial
dysfunction and apoptosis[J]. J Cell Physiol, 2021, 236(7): 5108-
5120.

[23] 250, 25l BRI . COPD & RIS LCN-1, LCN-2
RIXAKF- SRR X Bl B9, 2020, 20(2): 217-221.

R Sl )

A5 AR DRI, PRIRAE, IAEST . PRFRAE G T A eI
JBZEA AR A SN LR Pz 43 11 -2 S H Sz R ity ek B Holf R
). R EBRE RS, 2022, 32(20): 26-32.

Cite this article as: ZHAO Y F', CHEN Z H’, GU W L'
Expression and clinical significance of lipocalin-2 and its receptor
in peripheral blood of patients with sepsis complicating ARDSI[J].
China Journal of Modern Medicine, 2022, 32(20): 26-32.



