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[ Abstract]  Chronic lung diseases (CLD) include chronic obstructive pulmonary disease, asthma, and idiopathic
pulmonary fibrosis. Studies have shown that CLD are closely related to disorders in lipid metabolism. Therefore, lipids, as
biomarkers of CLD, may be of great value in the diagnosis, prevention, and monitoring of disease treatment. This review
discusses lipidomics from four major aspects: the technical methods of lipidomics, the selection of clinical samples for
lipidomics, the discovery of biomarkers for CLD, and the differentiation of traditional Chinese medicine syndromes
from CLD.
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Figure 1 Analytical strategies based lipidomics
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Table 1 Summary of key findings on biomarkers for chronic lung disease

o

Number

PRI

Disease

RS

Biomarker

Reference

15 14 R ZE P M

Chronic obstructive pulmonary disease

T 118 1 BE ZE P it
Stable COPD

SV E
Acute exacerbation of COPD

PRI IE

Phlegm-heat congesting lung

PR BELIIE
Phlegm-damp obstructing lung

I i
Asthma

PI(36:6) (AUC = 0.95)
P1(38.:4)/C16:1 CE(AUC = 1)
PI1(36:2)/C16:1 CE(AUC = 0.98)
C16:1 CE/C19:0 CE(AUC = 0.98)
ePC(38:2)/C16:1 CE(AUC = 0.97)
LPC(18.0)/C20:3 CE(AUC = 0.95)
LPC(16:1)/C16:1 CE(AUC = 0.94)
PC(32:0)/C16:1 CE(AUC = 0.94)
PC(34.3)/Cl16:1 CE(AUC = 0.94)
PC(38:1)/Cl16:1 CE(AUC = 0.94)
PC(40:4)/ePC(38:2) (AUC = 0.94)
TG .LPE PE-O .PC .CE FA .PC-O
vs SCOPD .

SM TG ,PC ,PC-O DG ,PE-O Cer
vs SCOPD;
PC-0.TG .CE DG, .LPC PE-O
vs SCOPD .

PC-O.DG .LPE LPC-O ,SM TG ,Cer PG .LPC .SM

PE(38.1) (AUC = 0. 746);
PE(18:1p/22:6) (AUC = 0.731);
PE(20:0/181) (AUC =0.71)
PI(16:0/20.4) (AUC = 0.723)
TG(17:0/18:1/18.1) (AUC = 0.714)
SM(d18:1/18:1) (AUC = 0.731)
Cer(d16:0/27:2) (AUC = 0.69)
LPC(22:4) (AUC = 0.689)
PG(44.0) (AUC = 0.675)

TG(16:0/16:0/18:1) (AUC = 0.661)

PA(15:1/20.4) (AUC = 0.9239) ;
PA(15:1/22:2) (AUC = 0.9236) ;
PA(16:1/22:2) (AUC = 0.9370) ;
PA(17:0/22:4) (AUC = 0.8261);
PA(17:1/22.2) (AUC = 0.887)
LPC(14:1/0:0) (AUC = 0. 8688)
PC(18:0/22.6) (AUC = 0.8083)
PE(18:1/18:2) (AUC = 0.8217)
PG(12:0/20.3) (AUC = 0.8457) ;
PG(13:0/0.0) (AUC = 0.9667) ;
PG(19:0/22:0) (AUC = 0.95);
PG(19:1/20.0) (AUC = 0.8217) ;
PG(P-18:0/18:4) (AUC = 0.8848)
PI(16:0/18:2) (AUC = 0.8087) ;
PI(18:1/18:1) (AUC = 0. 8283)
PS(18:3/22:4) (AUC = 0.8761)
PC(18:1p/18:2) (AUC = 0.687) ;
PC(16:0/18:1) (AUC = 0.685) ;
PC(18:0/22.5) (AUC = 0.677);
PC(18:0e/20:4) (AUC = 0.676) ;
PC(18:1p/20:3) (AUC = 0.675) ;
PC(40.4) (AUC = 0.664) ;
PC(32:1(AUC = 0.655);
PC(18.1/22.5) (AUC = 0.641)

[17]

[58]

[60]
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Number Disease Biomarker Reference
SM(d18:2/24.1) (AUC = 0.923)
TG(10.0/18.:2/18.2) (AUC = 0.92);
. TG(16:1/16:1/17.1) (AUC = 0.911);
3 A%}T;T;a TG(18:0/18.0/22.6) (AUC = 0.929); [61]
TG(18:1/18.:2/22.5) (AUC = 0.902);
TG(18:1/18:2/23.1) (AUC = 0.946) ;
TG(18:1/18:2/24.1) (AUC = 0.964)
4 ERnaz4 PE(47:10) (AUC= 0.928) [62]
Severe asthma PS(40:2) (AUC= 0.923)
5 ] 5] DG A B T 2R 906 855 — 1 - W B2 ( Sphingosine-1-phosphate ) (AUC = 0.705) ; 63]
Aspirin exacerbated respiratory disease 4% I ( Sphingosine ) (AUC = 0. 816)
StE(16:1) (AUC = 1) [10]
(E,E)-3,7,11-Trimethyl-2, 6, 10-dodecatrienyl dodecanoate( AUC = 1)
DG(0-16:0/18:1) (AUC = 1)
3-Deoxyvitamin D3(AUC = 1)
TG(18:4/20:3/22.0) [iso6] (AUC = 1)
DG(18:0/18:2/0.0) [is02] (AUC = 1)
TG(53.7) (AUC = 0.656) ;
. R PEITFAE TG(54:2) (AUC = 0.92);
Idiopathic pulmonary fibrosis TG(14:0/18:0/14:0) (AUC = 0.835); [64]

TG(16.1(9Z)/18.0/20.0) (AUC = 0.97)
PC(36:3) (AUC = 0.94);
PC(15:0/15:0) (AUC = 0.973)
PC(14:0/22.0) (AUC = 0.646) ;
PC(15:0/22.0) (AUC = 0.623);
PC(14.:0/22.1(13Z) ) (AUC = 0.752);
PC(14:0/18:1(9Z)) (AUC = 0.661)

ZIugeit s Hr il RoC i & 8L, 78 TG . PC PE i
JUTBR (fatty acid, FA) ¢ 1 BCPCKE 4 37 i % 5 15t JIE
i ( lyso-phosphatidylcholine with alkyl substituents,
LPC-0 ), ¥ I # M5 Bt & B M ( lyso-
phosphatidylethanolamine , LPE ) %55 i 28 51 1, 15 4~
BB o RE WS 4T X 43 SCOPD 5 it FE A |21 MR
J 53T RERSHE T IX 43 SCOPD 5 AECOPD, P41 45
W1,

X TN Jiang 0 X 28 Bl HEZ 1A A 33
Bz R (18 FIEREE, 15 FlHh EE) M 3 k47 T
PRI 253 BT, B e FH K — oKk P s - PP L T
fisk ( methyl-tert-butylether, MTBE ) {4 £ $& B IfiL 2% FE A<
FRE B 4, Z 5, 5T UHPLC-Orbitrap MS X
FE S 2E AT JE B8 ) i B e o M. R, 4
LipidSearch {4 1E 11 2 AT 4R A5 BB 6 2847
SV GE o> B, 45 R R B, B AR Mt & B g
( phosphatidyl PE ). # B f5
( sphingomyelin, SM) | [ H i ( diacylglycerol,DG)
= IEH I (triacylglycerol, TG ) | #1 Z8 k B#z ( ceramide ,

ethanolamine ,

Cer) S5 B2 I 284k i 2 b PE(38:1) \PE(18:
1p/22:6) SM(d18:1/18:1) % 10 Fhf§ BT/ 15
Wity 25 VA OG , T BE B X012 Wity 28 3 Rk B 3 1) 2
YitrEY ., PE(18:1p/22.6) PE(20.0/18:1) .PE
(38:1) . =M H i (triacylglycerol, TG) TG (16:0/16;
0/18:1) Fl SM(d18:1/18: 1) /K2R fk 55 5 95 /™
FRRE S EAHOC, % B ME UL BE ( phosphatidylinositol ,
PI)PI (16:0/20:4) . TG (17:0/18:1/18:1) . Cer
(d16:0/27:2) LPC(22.:4) PG(44.0) K FAE 4k
W i 1 7™ B R 3 A BRORH G, L AUC {7 0.6 LI
(£ 1), Wang R 1) i 5 20 27 5 W o A7
T 20 1l fik FE 23 R0 24 (512 Mg HR 3 1) I REAR
ST H MBI Y 5 W 1 O R, XTI
FH B I it 2% v g B0 4, PRIk, 2 SR o G 3
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B4 51553 0. 928 F10. 923,

%tF IPF, Yan %10 75 A5 5t 41 2 5F 7 v i 28
W (25% R \40% H AT 35% 7K ) $ BN 3R FE AR
Y AR T EB . AE g 4 B P, Acquity
UPLCTM BEH C18 €& 3%+ 4y [# 2 4H, 10 mmol/L &
PR B 7K IR 10 mmol/ L ZFR4% 2 SE R BRIR TR (2
B HREE=1:1, v, TR IR NEEER =1
: 1000) A shAH, | UHPLC-Q TOF MS X #i 4k
PRAAE S AT AR 1) 43 B, S5 R R, O B
( stigmasteryl ester,StE) (16:1) DG (18:0/18:2) %
6 FHR 43 1T R AR 2 B IPF % v 7 A=
Yibr ), 2 AUCHSET 1, W3R 1, Z50R %
W1 mL W 555 R 3% B IR A IR A,
OASIS [E A1 # BUH: , ;| UHPLC-Q-Exactive MS 7£
SRR X IS T A I T R AT R R o AT
3%k ACQUITY UPLC TM C18 A%, IR K ( F iR
:K=1:1000,v/v) FIH R IEHER (PR « LN
=1:1000,v/v) , 255845 TG(53:7) \TG(54:2) %
11 AR R AT ReAE N AR 12 B IPF 0% T 78
AEYbREY, Kt 6 MR AUC 7£ 0.9 D L,
HARWE 1,

4 BERAFATRSAE CLD HEIEERHHR
Hh R IE AR TR AR LA R A B 2
BB, 55 T B9 DR i 5 A, AR
PRIESO MBI BTG, R R BT A iy B AR
PR BEE R BT 2 M O R 2 A



138 o M A PR 75 2024 4E 7 A5 34 #4557 ] Chin J Comp Med, July 2024, Vol. 34, No. 7

R, B, B 5 2 MR A A v I I A% R W i
K, AR AR v | U B H I A R R T Bk
W, TE—SBRFSE R | IR 2 2t gl v T2 B CLD
AR AN ) o B RE ik, i Jo 4 2 AT LA 3 7 1 i B
SeMERY IR R AR W AR G0 ) B A < E T 22 1E) Y %
U0 B R EAR TR AR AR T . coPD
SIS, B DL FE GRS FE IR R
PR T BEL A | 9% 5 w75 S5 IE, AR e 0T LA R
SN [ W N ) W s AN L = s AN = g ]
FEAEUE' AT 2 38 1o G I 4 2 AR K g IR A
COPD JIF fi H B 52 mi 1k 47 88 R A 52, 50 W & 0
AECOPD ¥ $4 Z fifi F 11998 12 BHJiti 1 £ 2 14 P4 g Jox
R 225 IR0 E T 6 ZEHIZE FlIE | 10 285 1B BH
PR S bR i R, T RS S AR T4l
=5 B UE AR AR AT B T 1%, FF R oAt CLD JiF 2%
PRI BUAR B 241 A0 9T, T8 P B IR B 5 21
RGO  CLD i A Y IR S5 AC 5% R
ZE 5 FARARIUE R () 4 B Sy, v LAk BE CLD
AR A 2 WAL | o T A IR AR TR AR o 42 R AR 3R
1L R A S5 20 27 %oF F IS GIE A i 0T 5% 388 Ak TR R By
B ez FOA I S 50 58 R RIS IE

5 HFRARE

R BTA S AE 45 48 FA5 5 e = 5 T B A
Y1 X, HAE AR AR IC Y T CLD 2 fn 2
PIIFROTAN AT BBt E B2 F oY . R B 424 B
g 4 T b R AR R 48 1 i B AR 3, W] LA oy B o
AV R FEEARTFB, HAT, #@ o Jg i
MR B RUE S — S F AL IR R B B IR % 5
CLD W& K& A , (A2 HE 25 N T I R 2 Wi ik
A VF L0 T ZLRYe, 0 B ATEY CLD A A AS 5
AP FTREAR AR /DN, B = 2 PP O AR 5T 560 UE A o
bS5 R B R ITA A R | AR 75 K i ST 2 25K
W5 Z AW &, RGBT o 72, DA
W30 o Bl RS AL E R AE PR i (5 .
RIS, 76 2R ok B A 5 v, A7 B2 36 F 25 52 19 i o AR
IR T I S 2 1 G, B A ) R 2 R T b i
Y53 D AT TR ) R I DA S B T
g A bric Y CLD I RiZ W,

S 3k

[ 1] WANG C, XU ]J, YANG L, et al. Prevalence and risk factors of
chronic obstructive pulmonary disease in China ( the China

Pulmonary Health[ CPH Jstudy) : a national cross-sectional study

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[J]. Lancet, 2018, 391(10131): 1706-1717.

i, SRR, BRSO, AF. 1R PR ZE R il i 1 2 S
BRI WAL T Lt R (], P ESER S A R,
2022, 30(5) : 692-697.

LI J, ZHANG L Y, YONG W X, et al. Progress in the
evaluation for chronic obstructive pulmonary disease using a
rodent model [ J]. Acta Lab Anim Sci Sin, 2022, 30(5) : 692—
697.

VOGELMEIER C F, CRINER G J, MARTINEZ F J, et al.
Global strategy for the diagnosis, management, and prevention of
chronic obstructive lung disease 2017 report. GOLD executive
summary [ J]. Am J Respir Crit Care Med, 2017, 195(5) ; 557
-582.

MANNINO D M, GAGNON R C, PETTY T L, et al.
Obstructive lung disease and low lung function in adults in the
United States: data from the National Health and Nutrition
Examination Survey, 1988-1994 [J]. Arch Intern Med, 2000,
160(11) : 1683-1689.

JOHNS D P, WALTERS J A, WALTERS E H. Diagnosis and
early detection of COPD using spirometry [ J]. J Thorac Dis,
2014, 6(11) . 1557-1569.

BATEMAN E D, HURD S S, BARNES P J, et al. Global
strategy for asthma management and prevention: GINA executive
summary [ J]. Eur Respir J, 2008, 31(1); 143-178.
ALMESHARI M A, STOCKLEY J, SAPEY E. The diagnosis of
asthma. Can physiological tests of small airways function help?
[J]. Chron Respir Dis, 2021, 18 14799731211053332.
TROGER, HH BRSO B i — 18 1 B 5 1 A s T S |
Wiy | P52k L P i o s PR AR A O X LR (7). I PR A
Z&i, 2018, 23(7): 1306-1310.

DAI X H, HAO Y Q. Comparative study of clinical features of
ACO, asthma and COPD [J]. J Clin Pulm Med, 2018, 23(7) .
1306-1310.

AL, WUTHE, AROCAR. S8 0 i — 1 P L 28 14 i 2
EEMGITHUIR [1]. e Mg 2, 2019, 5(12) .
958-960.

CHENG M Z, GUY T, SONG Y L. Current status of treatment
of bronchial asthma-COPD overlap [ J]. Chin J Tuberc Respir
Dis, 2019, 5(12) : 958-960.

YAN F, WEN Z, WANG R, et al. Identification of the lipid
biomarkers from plasma in idiopathic pulmonary fibrosis by
Lipidomics [ J]. BMC Pulm Med, 2017, 17(1) ; 174.

KANG Y P, LEE S B, LEE J M, et al. Metabolic profiling
regarding pathogenesis of idiopathic pulmonary fibrosis [ J]. J
Proteome Res, 2016, 15(5); 1717-1724.

WLLIg, e, ER R R LT 4 A A W bs W n BIF 5T

BERE [T]. v 0 A I B 2R, 2019, 18(2) : 204
-208.
YANG H J, DONG Z X, WANG Y. Research progress in the

biomarkers for idiopathic pulmonary fibrosis [ J].
Crit Care Med, 2019, 18(2): 204-208.
bk, HRCT X4 P il ] 5 27 Ak A 14 26 59032 W A0 (L s R F

Chin J Respir



o P A PR A 275 2024 4E 7 A% 34 455 7 ] Chin J Comp Med, July 2024, Vol. 34, No. 7

139

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

78 [J]. FBPPIRIE, 2019, 26(2) ; 41-42, 45.

MA L. Clinical study of differential diagnosis value of HRCT on
idiopathic pulmonary interstitial fibrosis [ J]. J Rare Uncommon
Dis, 2019, 26(2): 41-42, 45.

WK, A, aRmiAT, 45, ALMbR YA A S i 21 4
eI IRE (1], BT ERI RS %4, 2020, 40(7):
1062-1065.

FANY B, HER L, ZOU L], et al. Clinical value of biomarkers
in diagnosis and treatment of idiopathic pulmonary fibrosis [J]. J
South Med Univ, 2020, 40(7) : 1062-1065.

STOCKLEY R A, HALPIN D M G, CELLI B R, et al. Chronic
obstructive pulmonary disease biomarkers and their interpretation
[J]. Am J Respir Crit Care Med, 2019, 199 (10):. 1195
-1204.

DENNIS E A. Lipidomics joins the omics evolution [ J].
Natl Acad Sci U S A, 2009, 106(7) : 2089-2090.

LIU D, MEISTER M, ZHANG S, et al. Identification of lipid

Proc

biomarker from serum in patients with chronic obstructive
pulmonary disease [ J]. Respir Res, 2020, 21(1): 242.

LIU X, XU G. Recent advances in using mass spectrometry for
mitochondrial metabolomics and lipidomics-A review [ J]. Anal
Chim Acta, 2018, 1037 3-12.

LEE C W, LEE D, LEE E M, et al. Lipidomic profiles
disturbed by the Internet gaming disorder in young Korean males
[J]. J Chromatogr B Analyt Technol Biomed Life Sci, 2019,
1114/1115; 119-124.

EUMJ Y, LEE G B, YI S S, et al. Lipid alterations in the
skeletal muscle tissues of mice after weight regain by feeding a
high-fat diet using nanoflow ultrahigh performance liquid
chromatography-tandem mass spectrometry [ J]. J Chromatogr B
Analyt Technol Biomed Life Sci, 2020, 1141 122022.

XU T, HU C, XUAN Q, et al. Recent advances in analytical
strategies for mass spectrometry-based lipidomics [ J]. Anal
Chim Acta, 2020, 1137 156-169.

ZHOU J, YIN Y. Strategies for large-scale targeted metabolomics
quantification by liquid chromatography-mass spectrometry [ J].
Analyst, 2016, 141(23): 6362-6373.
ZHU X, CHEN Y, SUBRAMANIAN R. Comparison of
information-dependent acquisition, SWATH, and MS ( All)
techniques in metabolite identification study employing ultrahigh-
performance liquid chromatography-quadrupole time-of-flight mass
spectrometry [ J]. Anal Chem, 2014, 86(2) . 1202-1209.
SCHLOTTERBECK J, CHATTERJEE M, GAWAZ M, et al.
Comprehensive MS/MS profiling by UHPLC-ESI-QTOF-MS/MS
using SWATH data-independent acquisition for the study of
platelet lipidomes in coronary artery disease [ J]. Anal Chim
Acta, 2019, 1046. 1-15.

LIU X, ZHANG H, SI Y, et al. High-coverage lipidomics
analysis reveals biomarkers for diagnosis of acute exacerbation of
chronic obstructive pulmonary disease [ J]. J Chromatogr B

Analyt Technol Biomed Life Sci, 2022, 1201/1202. 123278.
RAINVILLE P D, STUMPF C L., SHOCKCOR J P, et al. Novel

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

application of reversed-phase UPLC-0aTOF-MS for lipid analysis
in complex biological mixtures: a new tool for lipidomics [J]. J
Proteome Res, 2007, 6(2) : 552-558.

MASSEY K A, NICOLAOU A. Lipidomics
polyunsaturated fatty acids [ J]. Free Radic Biol Med, 2013, 59
(100) : 45-55.

WANG Y, ARMANDO A M, QUEHENBERGER O, et al.

of oxidized

Comprehensive  ultra-performance  liquid ~ chromatographic

separation and mass spectrometric analysis of eicosanoid
metabolites in human samples [ J]. J Chromatogr A, 2014,
1359 60-69.

GALLIEN S, BOURMAUD A, KIM S Y, et al. Technical
considerations for large-scale parallel reaction monitoring analysis
[J]. J Proteomics, 2014, 100; 147-159.

BOURMAUD A, GALLIEN S, DOMON B. Parallel reaction
monitoring using  quadrupole-Orbitrap  mass
Principle and applications [ J]. Proteomics, 2016, 16(15/16) .
2146-2159.

TAGUE E D, WOODALL B M, HARP J R, et al. Expanding

spectrometer ;

lipidomics ~ coverage: effective ultra  performance liquid
chromatography-high resolution mass spectrometer methods for
detection and quantitation of cardiolipin, phosphatidylglycerol,
and lysyl-phosphatidylglycerol [ J]. Metabolomics, 2019, 15
(4):53.

NAVAS-IGLESIAS N,

CUADROS-RODRIGUEZ L.

CARRASCO-PANCORBO A

)

From lipids analysis towards
lipidomics, a new challenge for the analytical chemistry of the
21st century. Part II; Analytical lipidomics [ J]. Trends Anal
Chem, 2008, 28(4) : 393-403.

YU Z, KASTENMULLER G, HE Y, et al. Differences between
human plasma and serum metabolite profiles [ J]. PLoS One,
2011, 6(7) : €21230.

LIU X, HOENE M, WANG X, et al. Serum or plasma, what is
the difference? Investigations to facilitate the sample material
selection decision making process for metabolomics studies and
beyond [J]. Anal Chim Acta, 2018, 1037 293-300.

BURLA B, ARITA M, ARITA M, et al. MS-based lipidomics of
human blood plasma: a community-initiated position paper to
develop accepted guidelines [J]. J Lipid Res, 2018, 59(10) .
2001-2017.

BOWDEN J A, HECKERT A, ULMER C Z, et al. Harmonizing
lipidomics; NIST interlaboratory comparison exercise for
lipidomics using SRM 1950-Metabolites in Frozen Human Plasma
[J]. J Lipid Res, 2017, 58(12) : 2275-2288.

BEGUM H, LI B, SHUI G, et al. Discovering and validating
between-subject variations in plasma lipids in healthy subjects
[J]. Sci Rep, 2016, 6: 19139.

SAW W Y, TANTOSO E, BEGUM H, et al. Establishing
multiple omics baselines for three Southeast Asian populations in
the Singapore Integrative Omics Study [ J]. Nat Commun, 2017,
8(1): 653.

HAMMOND V J, O’ DONNELL V B. Esterified eicosanoids:



140

P R ARk

2024 457 A% 34 55 7 Chin ] Comp Med, July 2024, Vol. 34,No. 7

[40]

[41]

[42]

[43]

[44]

[45]

[48]

[49]

generation, characterization and function [ J]. Biochim Biophys
Acta, 2012, 1818(10) : 2403-2412.

DOROW J, BECKER S, KORTZ L,
investigation of polyunsaturated fatty acids and eicosanoids in
by
Biopreserv Biobank, 2016, 14 (2). 107

et al. Preanalytical

human  plasma liquid  chromatography-tandem  mass
spectrometry [ J].
-113.

ONO Y, KURANO M, OHKAWA R, et al. Sphingosine 1-
phosphate release from platelets during clot formation: close
correlation between platelet count and serum sphingosine 1-
phosphate concentration [ J]. Lipids Health Dis, 2013, 12 20.
COLAS R A, SHINOHARA M, DALLI J, et al. Identification
and signature profiles for pro-resolving and inflammatory lipid
mediators in human tissue [ J]. Am J Physiol Cell Physiol,
2014, 307(1) : C39-C54.

WHEELOCK C E, GOSS V M, BALGOMA D,

Application of omics technologies to biomarker discovery in

Eur Respir J, 2013, 42(3) .

et al.

inflammatory lung diseases [ J].
802-825.

WARD R, WOLTMANN G, WARDLAW A J, et al. Between-
observer repeatability of sputum differential cell counts. Influence
of cell viability and squamous cell contamination [ J]. Clin Exp
Allergy, 1999, 29(2) . 248-252.

PIZZICHINI E, PIZZICHINI M M, EFTHIMIADIS A, et al.
Indices of airway inflammation in induced sputum; reproducibility
and validity of cell and fluid-phase measurements [ J]. Am J
Respir Crit Care Med, 1996, 154(2 Pt 1) ; 308-317.
VLACHOS-MAYER H, LEIGH R, SHARON R F, et al.
Success and safety of sputum induction in the clinical setting
[J]. Eur Respir J, 2000, 16(5) : 997-1000.

FAHY J V, BOUSHEY H A, LAZARUS S C, et al. Safety and
reproducibility of sputum induction in asthmatic subjects in a
multicenter study [J]. Am J Respir Crit Care Med, 2001, 163
(6): 1470-1475.

WARK P A, SIMPSON J L, HENSLEY M J, et al. Safety of
sputum induction with isotonic saline in adults with acute severe
asthma [J]. Clin Exp Allergy, 2001, 31(11): 1745-1753.
DJUKANOVIC R, STERK P J, FAHY J V, et al. Standardised
methodology of sputum induction and processing [ J]. Eur Respir
J Suppl, 2002, 37 1s—2s.

SIMPSON ] L, WOOD L G, GIBSON P G. Inflammatory
mediators in exhaled breath, induced sputum and saliva [ J].
Clin Exp Allergy, 2005, 35(9) . 1180-1185.

KHARITONOV S A, BARNES P J.
pulmonary disease [ J]. Am J Respir Crit Care Med, 2001, 163
(7): 1693-1722.

KHARITONOV S A, BARNES P ].

Exhaled markers of

Biomarkers of some
pulmonary diseases in exhaled breath [ J]. Biomarkers, 2002, 7
(1):1-32.

LUNDSTROM S L, BALGOMA D, WHEELOCK A M, et al.
Lipid mediator profiling in pulmonary disease [ J]. Curr Pharm

Biotechnol, 2011, 12(7): 1026-1052.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

KELLY C A, KOTRE C J, WARD C, et al.
distribution of bronchoalveolar lavage fluid as assessed by digital
subtraction radiography [J]. Thorax, 1987, 42(8) . 624-628.
HASLAM P L, BAUGHMAN R P. Report of ERS Task Force:
guidelines
standardization of BAL [ J]. Eur Respir J, 1999, 14(2) ; 245-
248.

BARNES P J, CHOWDHURY B, KHARITONOV S A, et al.

Anatomical

for measurement of acellular components and

Pulmonary biomarkers in chronic obstructive pulmonary disease
[J]. Am J Respir Crit Care Med, 2006, 174(1): 6-14.
SERBAN K A, PRATTE K A, BOWLER R P. Protein
biomarkers for COPD outcomes [ J]. Chest, 2021, 159 (6) .
2244-2253.

JIANG T, DAI L, LI P, et al. Lipid metabolism and
identification of biomarkers in asthma by lipidomic analysis [ J].
Biochim Biophys Acta Mol Cell Biol Lipids, 2021, 1866
(2): 158853.

WANG S, TANG K, LU Y, et al. Revealing the role of
glycerophospholipid metabolism in asthma
lipidomics [J]. Clin Chim Acta, 2021, 513, 34-42.

WEE. BT Ay 1 i N i AR AR S Bk (D]
M FBIIE, 2019.

YANG M. Screening of asthma lipid biomarkers based on

through plasma

lipidomics [ D]. Zhengzhou: Zhengzhou University, 2019.
RS, UNTE VR AT 1Y BALB/ ¢ /) RUEE MG EL il 41 2115
FREAESMT [D]. FBM . IR, 2019.

LI W F. Lipomics analysis of lung tissue in BALB/c mouse
asthma model induced by ovalbumin [ D ]. Zhengzhou;
Zhengzhou University, 2019.

ety WA, ThIE, 4%, HHRE BE i LB (K AR
LSRR ST [J]. ZHSMR (B, 2023,
50(5): 683-691.

ZHENG H M, WEN Y J, HAN X, et al. Characterization of
plasma lipidomics and potential biomarkers in children with
severe asthma [ J]. Fudan Univ ] Med Sci, 2023, 50(5) : 683—
691.

TRINH H K, KIM S C, CHO K, et al. Exploration of the
Sphingosine-1-phosphate and

sphingolipid metabolite

as novel biomarkers for Aspirin-exacerbated
respiratory disease [ J]. Sci Rep, 2016, 6; 36599.

HGHR, TLAARE, XUk, 45, JE TR BT = ORISR I 3
75 % e A PEET ALK SR RIBLE [J]. PR BB 23T
55047, 2022, 22(10) ; 1175-1180.

CAI X J, JIANG B H, LIU S, et al. Mechanism of Danbei yifei

sphingosine ,

decoction on idiopathic pulmonary fibrosis rats based on lipidomic
technology [ J]. Eval Anal Drug Use Hosp China, 2022, 22
(10) : 1175-1180.

PETRACHE I, PETRUSCA D N, BOWLER R P, et al.
Involvement of ceramide in cell death responses in the pulmonary
circulation [ J]. Proc Am Thorac Soc, 2011, 8(6) : 492-496.
ENGELMANN B. Plasmalogens: targets for oxidants and major

lipophilic antioxidants [ J]. Biochem Soc Trans, 2004, 32 ( Pt



rp [ A PR a2 s 2024 4E 7 H A 34 555 7 Chin J Comp Med, July 2024, Vol. 34 ,No. 7 141

[68]

[69]

[70]

[71]

1): 147-150.

LIU T, KANAOKA Y, BARRETT N A, et al. Aspirin-
exacerbated respiratory disease involves a cysteinyl leukotriene-
driven IL-33-mediated mast cell activation pathway [J]. J
Immunol, 2015, 195(8) : 3537-3545.

LAIDLAW T M, BOYCE J A. Aspirin-exacerbated respiratory
disease—new prime suspects [ J]. N Engl J] Med, 2016, 374
(5) . 484-488.

Ve, RER, #6, % RNE LRFZESOMELRK
SR ML AR 25 (7], R SEse s 4k, 2020, 28
(4) . 486-493.

TANG X L, XU G L, DONG W, et al. Serum metabolomics
study of cardiac hypertrophy in an isoproterenol-induced rat model
[J]. Acta Lab Anim Sci Sin, 2020, 28(4) : 486-493.
HIRK, T, (M, 5. SRS E IR i
fFgEikE [J]. sPAerP B2, 2018, 33(3) : 1018-1020.
DONG Z F, CHEN Y, REN J, et al. Research progress on the
omics of traditional Chinese medicine syndrome of polycystic
ovarian syndrome [J]. China J Tradit Chin Med Pharm, 2018,
33(3): 1018-1020.

T, WITCS, fUfd, SF. R BT O B R AT AT o
R B R B IR R [T]. AR RR - R 2
AL, 2022, 24(6) : 2487-2494.

DONG Y, HU Y H, HE J, et al. Application of lipidomics in
the study of cardiovascular and cerebrovascular diseases and its

enlightenment to the research of traditional Chinese medicine

[72]

[73]

[74]

[75]

[J]. Mod Tradit Chin Med Mater Med World Sci Technol,
2022, 24(6) . 2487-2494.

R, B, MOP. T BOIR S 588 BT 2 G PR
[J]. théehpEgizek, 2019, 34(1): 129-131.

LI S H, HUANG M H, LIN P. Discussion on the relationship
between traditional Chinese medicine state and lipidomics [ J].
China J Tradit Chin Med Pharm, 2019, 34(1). 129-131.
BEE BRE, KPR RYERLIEVE GO T ELYT i
(2011 fi0) [J]. APEEZRE, 2012, 58(1) : 80-84.

LIJS, LISY, YU X Q. Guidelines on chinese medicine for
chronic obstructive pulmonary disease (2011 Edition) [J]. J
Tradit Chin Med, 2012, 58(1) : 80-84.

XIESE, wREE, RN, 55, SRIBBHIAL COPD K RUBAL Y
Mg BACGH =07 [J]. P E SRl 244, 2023, 31
(1):51-63.

LIU S M, QIANG Z, WU S L, et al. Establishment and
metabolomics analysis of a rat model of chronic obstructive
pulmonary disease with phlegm-dampness syndrome [ J]. Acta
Lab Anim Sci Sin, 2023, 31(1): 51-63.

KRB, BET BRI = B O T BRI A RIF 5T AR
[J]. EEZui, 2014, 55(8) : 650-653.

ZHU L X. Research ideas of TCM syndroms of coronary heart
disease based on comparative lipidomics [ J]. J Tradit Chin

Med, 2014, 55(8) : 650-653.

(%5 H#3)2023-07-09



