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Abstract

Cystic fibrosis (CF) is a hereditary disease characterized by pulmonary complications and system-
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ic involvement. In recent years, advancements in the comprehension of CF, along with the evolu-
tion of genetic testing methodologies, have facilitated increased diagnoses in pediatric popula-
tions. However, various aspects including the disease’s etiology, diagnostic approaches, therapeu-
tic interventions, and prognostic factors remain subjects of ongoing research. The field of meta-
bolomics presents a robust and systematic approach to comprehensively identify and quantify
metabolites within biological samples. This capability allows for a comprehensive assessment of
metabolite abundance, rendering it an invaluable tool in conducting research pertaining to cystic
fibrosis. The present article provides a comprehensive overview of the advancements in metabo-
lomics application for pediatric CF patients, with a specific focus on the characterization of meta-
bolites, chronic inflammation, etiology, and acute exacerbation in children with CF.
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1. 518

Ptk A 44k (cystic fibrosis, CF)& — i Ye R Fatth s, T Subd BEVE A 4R LS AL S 5 K+
(cystic fibrosis transmembrane conductance regulator, CFTR) )3 X 5 A5 S04 ff 2 1 i % S8 5 5 A Rk
AEERSG, BET S RN TR s, R SEEUE 2 EAE. HiE. BRI . B
B IRE A s, IR PR IE B . IR TIRE A A, IR . AL, B KR
BRERG AT DR S2 A5 (1] [2], HE CF B e BRI PIGE R 5, Horh SCBLELS2 % (33/71, 46.5%) Al
AEY IK(67/71, 94.4%) 5 A L]

W IRE 4Bk 94 N E K 162,428 NiEH CF [4]. CF fESI ARG ER, fERMREANTEH
CF RIAZF fem[5] [6], SRIMNLETR E LA CIAT IR =4, Soprit Fi bbb B CF iR EEh
1/153,825~1/110,127 [7]. HA —WitsefliihmH E CF A% 218 1/6400, Filit CF B #H I RERET 2 TN
[3]o BEA&EFRIFIZIR NI HE & BRI I AR B R Je, B2 R 00 B Lge Wik . AR %
SE RGN T — NP R AT, AT AR IR AR AR AR R AR A, SR AL ARSI A T
AR TR, A B TR I AR bR A I B AROCHLH, I JUEAE CF RS RITIZ N A . B
SEAERAR AL 2EAE CF L P (1 N BT T idk

2. KiffE

AT 222 i B 4 T AR e A B0 VE IR A B A AR Ve A AR R 7 7 B H < 1.5 kDa FACHE™
W, BEZk. "R &R, BOKCEY. AHR. 4R 28, EVEAIChLIYSE8] [9] [10], H
TR E RS RNAL DNA R A B KN TR0 590, R 2 g Heph 2H 24 it
T AT AT SO AT AN FE[11], R E RS SR Y AR AT A R IR AR BRI L R L A
R RENANE,  RENS AR R I [A] B iy 2E P A A SR AR AZ 1 [12] [13]. BEA LRI,
B2y, EOAURASE . MUEMA ALY, T UL it DR R B R R ie 12, 1 R
RAMEAR S @R RE A R HERE[14] [15] [16].
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AR ZH 57 23 ks DN A 45 e AU A P B 1) QB AL 25 AR U 2 AT P PR W A 5 20 D L ) A Y A
%, WiERES TIUER € MR, J5& B T AR wt 7e[11] [17] [18] [19], AR 2= Fr FH 4
VbR A £ ELOFE PRI M M35« B R 7K T A 7 R R 74 B8 (exhaled breath
condensate, EBC). A& iyl ¥t (bronchoalveolar lavage fluid, BALF). MER. 7Tk e3840 21 J HiR
HUP) DA B A P9 41 i S FLER EUAI[20] [21] [22]. AR 25 H I E AR & 646 i1 (mass spectroscopy, MS)
LR I 15925 (nuclear magnetic resonance, NMR)25[23] [24] [25], i 320 Nk €t - 53 (liquid
chromatography-mass spectroscopy, LC/MS)FI=AH (41l - i1 (gas chromatography-mass spectrometry, GC/MS)
[26], MS ZHITHERACIIAY:, 11 NMR 2 M TAR4E QI >, ARFR oy Aok si[27], H
RATS AW B BRI & 2R [28] [29] 0 A didad B 7 sGHAT RIS 7= 4 17 K EE A R a5, X et
B E 2 P A e AT 2 B Gt, ) 2GR DL e B B 07 SR U AR
=, MBS0 (principal component analysis, PCA) 2 i 52 F H & 5 N A I, i fe /> — e
J 59053 Hr (partial least squares discrimination analysis, PLS-DA) i1 1EAZ PLS-DA (orthogonal partial least squares
discrimination analysis, O-PLS-DA) & i F () 5 B 7732, P 18 5 F T %558 AR VbR SRS [RIRE i 2H 2 R (1)
7257 [30]o AERR AR 2 = AR T R B R RN B AR A, 3 R B er LA . i R B I )L R 2 A
A B BE SRR 5 AR DG EHE 2 v 0 b o S g A7 T BC AR [31] [32] [33], feJa AT AU I8 % 3 b 22
I A A P o R Y B L (1]

3. Riff4AZEJLE CF PN
3.1. CF & 54F CF BEMX A%

CF B LKL R T CF MM IEMER I, CF R s . VA T ARG I, B3R E AR A
ZIFRE[34] [35], WhisWi LAFAE— @R AE, ZRERIL CF B LRHEMEAE P9 K A br &8, W Hrgh
CF )2 Wt f2 5 HoAt 5o AH 25

Joseloff &5 N\ [1714F 2014 445 F M =y B0RUAH (/5 R o 3 6 31 491 CF 1 31 1 9E CF &)L M #EAT
G2 W R, 7E 459 PRI =Pk, 45 92 Fi7E CF FIdE CF L2 MfFATE R % 5, 53k CF &L
AL, CF LI 3-BE TR, FEEAmR. 2-333 TR, 3-MiMRE 4 i A HEREE . MM H IR .
PR REAHRR 2L IR R A A I R R KRR, —RIAKPER . HERRB CF & )LATREfAIELebifAT)
R B AR IE Y R Ak B P S5

Wisniewski %5 A [36]7E 2020 £ NER T —F-IHZFE 0T CF LI, AN 80 4 i) L N AE
CF . CFAE-F N CF TR, XA M RAE AT & o HER AR 2 W R, PR
TR MRBEER CF B LIEREEE S SR IR ERAC AN B SIS S iR 2 LR AR T oA, MR . KA
. WSS (EERR. TWARERE AN 5-FR L0k LR TE W I LRI TE M — F NS #E  CF JLE
FILPEAK, A-MEPE IR IERII R A2 R IA I N .

Esther Jr.55 \[18]7F 2019 X} 46 44 CF 4 Hi JLZE A 16 444 CF X HEZH L BALF 4T 7 R4
U AN b, WSO CF s R RFEAE TR s A SORE bR S I, IR AT
Y1 P R BB R VIR 2 BT, RSV AR TR RN 28 AU AT e A CF A8 2 TR M V6 97 [37] -

Scholte %5 A\ [38]7E 2019 4l %€ 33 44 CF JLE FIASHA Ji [R5 6 M i 1) 16 443 CF i35 BALF H
H—RFIIRFT, W7 RBULE AL BALF R MR g p i+ BOoRgn s Al 24, (B CF B K AE 5K
HEM B AR TR AR CF s, HWE 5 RAEMIC. MABE AR nE. B,
HHBERE 5 JOREAE O, ARVLEZRIAR T 5 1 BT 4 R JER G IR (1 A DG

John B. O’Connor % \[19]7F 2022 43 2 4 24 45 43 BT 77 138 A BRI AR A 2 . S A 2 4 50
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FfLAE, WARA

MFR SRR CF EJL BALF “UEMAEMAMRA AL MM E KR, 5IF CF B ML, CF
B8 BALF BAT 2 iR I EE IR . L-FF BRI S-SR AR L O I PR - ish e Al LA %
HBENE, AL 2R AR A BEALAR R 7 JSAE TR CF ANE CF A dh O HERA S TL 81.1%, [FIN &L CF &
5 BB T R - 08V I B MR RAR G . A=l L-FR AR R S-4eU Ak AN I ik PR il o

3.2. CF BESERENNBAFHR

T CFTR N RA 5| 7RIS TR, BT M 70 SECCSE N0
WEAAERR, £FEIERRIIRERERT,  [RIRG A (0 W P B S8 <0, (S0 X A B E VA S B, AT 3 B
TEPER Gy, TEMBMEEGLN CF S I ™ E R E R A S R, BRI SR 5 R 5, D T Rkt
XA R 2 ARG, SO AR BRI R ST ) R MR R AR R TR B R IE AT, A
FIL-8. IL-1. IL-17. MIBIRTER T o BOBTBOR B AR, i, FHEA- kg, B
it % S At 2 200 B TS A SR R AR A'E Y, 2 33 CF AT 11 i 3508 48 i S IO % A 98 S I R 4 [39] [40]
RIS 7E T0 03 i BRI DL R, RE R RIAE CF R i R RR AP AE R [41]

Wolak % A\ [42]7F 2009 4Eif it "H-NMR Xt 11 4 AN[A] K AEFEFE ) CF )L BALF HHATARIZH 2201,
AT T 50R1 20 20k BB LAy R SORE RN s 28RS 4L, F 7R R W s 2R S I B L BALF Wb B 5
REEMEIERR . FURRERAIEN, w7 REMIL N 2 R R E BN 7 M aRiy: &R, AR, =
SRR - RRIR. WA FERIONER, ROy 7 — 7T Ag 3R 5 47 OPLS #7,
RESCILA [A] K 58 22 X 47 o

Esther Jr.5% A\ [18]7E 2014 4E{i FHEE ] MS J735 73 i K3, BALF 1 338 AMRFAIEUE 508 vh MR L 58 i
K, WA TR B, K2 HAREY 5w b i i v 50 58, IFREHER X 5 15 2% i 4L RIIE 28
4, HApr2RuEr=ysk 8 TR ZHE. & 5 AEEE R A O AR .

John B. O’Connor % \[19]7F 2022 4 & B 50 MR ZH RS 1 40 M vh HOR o ok 40 i B 43 A
Kb dom, HAPEEERS QAT ORI o LR R ARG, R Yl A R I PR e
PR 7R S B 4 3

3.3. CF &R RN BAEHR

P R YL CF Ml it — AR [43], 2 CF B 3T I8 A sh gt 474 R BRI =R A, (Rt
e CF BRI IR G R I 48 8 AN QI 2 B ARG AR S WSk Rk B B AE RGBT A R R A=
SHVDLEL I [44] [45]. WAL A 45 A 2. FERA %, ReRs Rl @RV « Q4L 22 AR A IR
FHIEZ BB R Z, e ARG BRI A AR ) S Hopi AR R i 25 L), AN 5 B R TR 5k, SEBURS 297
[46].

Robroeks %5 A\ [47]7E 2010 4EXf 48 44 CF &)L 5 57 & BExt I8 ) EBC f) VOCs #HAT A M il - k4T
IS 1S 7B, BAX 4> CF B A B M e fe, W7 K BB I I 1 i) 14 F VOCs AT LA 100% iE-fif
iy 65 530) A A P R 5 R BE A I PR ) L

John B. O’Connor %5 A\ [19]7E 2022 4F3did 2 41 2 4 53 b 7732 I N 2 BE 1R 5 50 4 B 7 fr 2 EAH O,
T H T el A R IR PR B RS AR A G o N P A 8 M R AH DG 3 #4887 1 CF RIFE CF 2 TR AH S
ORI 4, AFEES CF iR, A A BRE A AR G i . SR . BEEK R AN 00 Bk, Xt
WML 19 MBI ZRFE S AEOE, (FG 8 FrH Mg, 6 Mg, 2 MMk, 3 Fhltik .
[F N L-ER 2R S-EU ) 5 IR A B TR IR A . BEBRBIA T3 2R KA 2 UM OC, 51648 CF i i A48 47 3K
[ P
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ML, SR

Hahn % A [48]7E 2020 4 AR UL A AL 40T — 4 CF f8LZE 12 /- H sty 14 R, DI
AR RGHA R A 1 (R0 B SR B 02, REATF IS5 T 466 FVRIRIER AL (R, R R4
T TR AL L2 — B L BN L, 7796097 B 6 P 285 FL 5 LA P AR 65 7 241
WL TR S0 580 LA 41 R 7 X P 0 3 OB A S B ORI, T LTS €
B 9 B 5 T 2 AV A

3.4. CF BERMEMERNBEZHR

TE CF AR LA, SVt o 28 i A2 AR ™ B B2 2 it D e I e 1 B RH A0 12 238 iy L B e IR 3%
AL 30 T m T gD il s R DN, E A v I8 TR S i A v, R T B A A AR )
KT CF &)L PENG RN, FHA ST 15i[49] -

Theresa A. Laguna % A [50]7E 2015 4 A = ] (1) <0RH €63 5 ik AR 1 5t 15 2 4 1 25 44 CF L
AN N TE U 0 A PR AR e A R LSRR ARG Dh e £t , AR CF B3 2k b CF Ak in s 1 4E
YibrEY, WHFiSkE e 398 AR, AN E MR RR(IKENERY) . A (nd- ZBEIRTY) . SRR (n-
CBEEREIR) BRK AW (H 5 ) A S [ i (B B ) 45 5 A A 5L RO, FLRAE X7 Sk n = 35140
Il R AR 2 B e

Montuschi, P.% A\[51] [52]xfF2E€ 1 CF. A fasE CF &1 EBC AT/ %W 7T, FIH PLS-DA
BRSSP AR, FEXP B BEATRAIE, B 5T BT A AR AL X A AR e Y CF AR e Y CF B3 I HERA %
ik 95%, T LFRER. LB, 2-TAREA R S R MR E CF &3 i i A

Zang, X.55A[53] [54]MFH e RO - s 7 FR 22 itk o0 i 1 IR AR E 1) CFL SR E I CF.
SPEINERE I CF AR I E AT CF S AL EBC FEAH AR, W5 RIS EaE 1
SV n = A EA R SRR I K R A RRE AL, SN E R EF AR AR EET S, RARIFRER
FRMFRE R CF B A IE AT LE B B s, WSPEmERT R S E 2 T R&EH, e
HEvemEINHERE L. SRoER CF BEMIL, TR, SRR IR S F A o 23
BEEAIG o R AR 35 AR R A T R AT 30 6 A0 A R I, T R A 08 2% 2 2 P o 8 R S I = i S 7 L
ARG AR, AERRRCEE B e SR N E AR E CF g 2 Ak A T W38 Mk, i #2157 oPLS-DA
B DLX S E 8 L5880 CF )L, BB RuEriZely 84.6%, 24 In=E wi #i E fifaE CF
1) oPLS-DA BRI 7RG N 90.5%. 4-FZFER CREBRMAERZIR N LUK S INEY CF B 55
SEM CF FER X 0 TT ok, #ERIR N 84.6%. FFLIRAER R AN INE /T CF & F M 5508 CF
FERHTIX 4, HERIZEN 90.5% . FLER B A & S TI RIKE A A 2k il oo 2 S OB AR i hn B . s
TN B AR By A, AR AN S o B AR T RRE 380 R (0 S R AER ZEAE 81.3%~93.9%
28], AUCE N 0.8~0.9, )L EE B3 (1 oM I S A T 0 2 ik o 28 ) ) At 7 e

4. RE

BEE DT ROR S, 2N CF BILgas Bk, i CF B JLKIERAA ariZiiE s, Bt
CF LM BRI B iBkal, CF B LR A4, AR B CF & LA A IR B ALK A BT
AFE, Hoa vl Ee S CF LRI MAATEHER) 2T . IR RS s S EH
WA AL AR A o (AR ™1, RE 06 LR B A IR 18] FE AT A = M0 AR Ak, RIS &5 & S A A 5
EAMAFEL A, WA A4 7 AR LA AR S IR AR AR . KL CF R AR L &
RIARAERS . JLILE, FAMSARAZNA T CF LA MR, 8IS, 81k 5O
L S WEARHIIRIAZ AL, D9 CF L2 I TRl A R iy S s i B gk . (5 H AT A d1 T CF &
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JUR BRSBTS CF AR AR, RN BE CF ) UEERA 5 EANE LR (2 A

RLA

mARRIL, AR I A5 CF A SSHT 7T AR 3 [ CF LRI AR T .

&5k

(1]
[]

(3]

(4]

[5]
(6]
[7]

(8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

Dickinson, K.M. and Collaco, J.M. (2021) Cystic Fibrosis. Pediatrics in Review, 42, 55-67.
https://doi.org/10.1542/pir.2019-0212

Graeber, S.Y. and Mall, M.A. (2023) The Future of Cystic Fibrosis Treatment: From Disease Mechanisms to Novel
Therapeutic Approaches. The Lancet (London, England), 402, 1185-1198.
https://doi.org/10.1016/S0140-6736(23)01608-2

Guo, X, Liu, K., Liu, Y., et al. (2018) Clinical and Genetic Characteristics of Cystic Fibrosis in CHINESE Patients: A
Systemic Review of Reported Cases. Orphanet Journal of Rare Diseases, 13, Article No. 224.
https://doi.org/10.1186/s13023-018-0968-2

Guo, J., Garratt, A. and Hill, A. (2022) Worldwide Rates of Diagnosis and Effective Treatment for Cystic Fibrosis.
Journal of Cystic Fibrosis: Official Journal of the European Cystic Fibrosis Society, 21, 456-462.
https://doi.org/10.1016/j.jcf.2022.01.009

O’Sullivan, B.P. and Freedman, S.D. (2009) Cystic Fibrosis. The Lancet (London, England), 373, 1891-1904.
https://doi.org/10.1016/S0140-6736(09)60327-5

Sanders, D.B. and Fink A.K. (2016) Background and Epidemiology. Pediatric Clinics of North America, 63, 567-584.
https://doi.org/10.1016/j.pcl.2016.04.001

Ni, Q., Chen, X., Zhang, P., et al. (2022) Systematic Estimation of Cystic Fibrosis Prevalence in Chinese and Genetic
Spectrum Comparison to Caucasians. Orphanet Journal of Rare Diseases, 17, Article No. 129.
https://doi.org/10.1186/513023-022-02279-9

Clayton, T.A., Lindon, J.C., Cloarec, O., et al. (2006) Pharmaco-Metabonomic Phenotyping and Personalized Drug
Treatment. Nature, 440, 1073-1077. https://doi.org/10.1038/nature04648

Nicholson, J.K. and Lindon, J.C. (2008) Systems Biology: Metabonomics. Nature, 455, 1054-1056.
https://doi.org/10.1038/4551054a

Arakaki, A.K., Skolnick, J. and McDonald, J.F. (2008) Marker Metabolites Can Be Therapeutic Targets as Well. Na-
ture, 456, 443. https://doi.org/10.1038/456443c

Stringer, K.A., McKay, R.T., Karnovsky, A, et al. (2016) Metabolomics and Its Application to Acute Lung Diseases.
Frontiers in Immunology, 7, Article 44. https://doi.org/10.3389/fimmu.2016.00044

Wishart, D.S. (2005) Metabolomics: The Principles and Potential Applications to Transplantation. American Journal of
Transplantation, 5, 2814-2820. https://doi.org/10.1111/j.1600-6143.2005.01119.x

Wishart, D.S. (2010) Computational Approaches to Metabolomics. Methods in Molecular Biology (Clifton, NJ), 593,
283-313. https://doi.org/10.1007/978-1-60327-194-3 14

Pinu, F.R., Beale, D.J., Paten, A.M., et al. (2019) Systems Biology and Multi-Omics Integration: Viewpoints from the
Metabolomics Research Community. Metabolites, 9, Article 76. https://doi.org/10.3390/metabo9040076

Heckendorf, C., Blum, B.C., Lin, W., et al. (2023) Integration of Metabolomic and Proteomic Data to Uncover Ac-
tionable Metabolic Pathways. Methods in Molecular Biology (Clifton, NJ), 2660, 137-148.
https://doi.org/10.1007/978-1-0716-3163-8 10

Chetty, A. and Blekhman, R. (2024) Multi-Omic Approaches for Host-Microbiome Data Integration. Gut Microbes, 16,
Acrticle 2297860. https://doi.org/10.1080/19490976.2023.2297860

Joseloff, E., Sha, W., Bell, S.C., et al. (2014) Serum Metabolomics Indicate Altered Cellular Energy Metabolism in
Children with Cystic Fibrosis. Pediatric Pulmonology, 49, 463-472. https://doi.org/10.1002/ppul.22859

Esther Jr., C.R., Coakley, R.D., Henderson, A.G., et al. (2015) Metabolomic Evaluation of Neutrophilic Airway In-
flammation in Cystic Fibrosis. Chest, 148, 507-515. https://doi.org/10.1378/chest.14-1800

O’Connor, J.B., Mottlowitz, M., Kruk, M.E., et al. (2022) Network Analysis to Identify Multi-Omic Correlations in the
Lower Airways of Children with Cystic Fibrosis. Frontiers in Cellular and Infection Microbiology, 12, Article 805170.
https://doi.org/10.3389/fcimb.2022.805170

Beckonert, O., Keun, H.C., Ebbels, T.M., et al. (2007) Metabolic Profiling, Metabolomic and Metabonomic Proce-
dures for NMR Spectroscopy of Urine, Plasma, Serum and Tissue Extracts. Nature Protocols, 2, 2692-2703.
https://doi.org/10.1038/nprot.2007.376

Griffin, J.L. and Kauppinen, R.A. (2007) Tumour Metabolomics in Animal Models of Human Cancer. Journal of Prote-

DOI: 10.12677/acm.2024.142591 4272 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142591
https://doi.org/10.1542/pir.2019-0212
https://doi.org/10.1016/S0140-6736(23)01608-2
https://doi.org/10.1186/s13023-018-0968-2
https://doi.org/10.1016/j.jcf.2022.01.009
https://doi.org/10.1016/S0140-6736(09)60327-5
https://doi.org/10.1016/j.pcl.2016.04.001
https://doi.org/10.1186/s13023-022-02279-9
https://doi.org/10.1038/nature04648
https://doi.org/10.1038/4551054a
https://doi.org/10.1038/456443c
https://doi.org/10.3389/fimmu.2016.00044
https://doi.org/10.1111/j.1600-6143.2005.01119.x
https://doi.org/10.1007/978-1-60327-194-3_14
https://doi.org/10.3390/metabo9040076
https://doi.org/10.1007/978-1-0716-3163-8_10
https://doi.org/10.1080/19490976.2023.2297860
https://doi.org/10.1002/ppul.22859
https://doi.org/10.1378/chest.14-1800
https://doi.org/10.3389/fcimb.2022.805170
https://doi.org/10.1038/nprot.2007.376

A, AR

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]

[35]
[36]

[37]

[38]

[39]
[40]

[41]

[42]

ome Research, 6, 498-505. https://doi.org/10.1021/pr060464h

Mena-Bravo, A. and Luque de Castro, M.D. (2014) Sweat: A Sample with Limited Present Applications and Promising
Future in Metabolomics. Journal of Pharmaceutical and Biomedical Analysis, 90, 139-147.
https://doi.org/10.1016/j.jpba.2013.10.048

Serkova, N.J., Standiford, T.J. and Stringer, K.A. (2011) The Emerging Field of Quantitative Blood Metabolomics for
Biomarker Discovery in Critical llinesses. American Journal of Respiratory and Critical Care Medicine, 184, 647-655.
https://doi.org/10.1164/rccm.201103-0474Cl

Alonso, A., Marsal, S. and Julia A. (2015) Analytical Methods in Untargeted Metabolomics: State of the Art in 2015.
Frontiers in Bioengineering and Biotechnology, 3, Article 23. https://doi.org/10.3389/fbioe.2015.00023

Sas, K.M., Karnovsky, A., Michailidis, G., et al. (2015) Metabolomics and Diabetes: Analytical and Computational
Approaches. Diabetes, 64, 718-732. https://doi.org/10.2337/db14-0509

More, T., RoyChoudhury, S., Gollapalli, K., et al. (2015) Metabolomics and Its Integration with Systems Biology: PSI
2014 Conference Panel Discussion Report. Journal of Proteomics, 127, 73-79.
https://doi.org/10.1016/j.jprot.2015.04.024

Markley, J.L., Bruschweiler, R., Edison, A.S., et al. (2017) The Future of NMR-Based Metabolomics. Current Opinion
in Biotechnology, 43, 34-40. https://doi.org/10.1016/j.copbio.2016.08.001

Basov, N.V., Rogachev, A.D., Aleshkova, M.A., et al. (2024) Global LC-MS/MS Targeted Metabolomics Using a
Combination of HILIC and RP LC Separation Modes on an Organic Monolithic Column Based on 1-Vinyl-1,2,4-Triazole.
Talanta, 267, Article 125168. https://doi.org/10.1016/j.talanta.2023.125168

Bansal, N., Kumar, M. and Gupta, A. (2024) Richer than Previously Probed: An Application of 'H NMR Reveals One
Hundred Metabolites Using Only Fifty Microliter Serum. Biophysical Chemistry, 305, Article 107153.
https://doi.org/10.1016/j.bpc.2023.107153

Bjerrum, J.T. (2015) Metabonomics: Analytical Techniques and Associated Chemometrics at a Glance. In: Bjerrum, J.,
Ed., Methods in Molecular Biology (Clifton, NJ), VVol. 1277, Humana Press, New York, 1-14.
https://doi.org/10.1007/978-1-4939-2377-9_1

Zamboni, N., Saghatelian, A. and Patti, G.J. (2015) Defining the Metabolome: Size, Flux, and Regulation. Molecular
Cell, 58, 699-706. https://doi.org/10.1016/j.molcel.2015.04.021

Yurekten, O., Payne, T., Tejera, N., et al. (2024) MetaboL.ights: Open Data Repository for Metabolomics. Nucleic Ac-
ids Research, 52, D640-D646. https://doi.org/10.1093/nar/gkad1045

Wishart, D.S., Kruger, R., Sivakumaran, A., et al. (2024) PathBank 2.0—The Pathway Database for Model Organism
Metabolomics. Nucleic Acids Research, 52, D654-D662. https://doi.org/10.1093/nar/gkad1041

HHAREE o ) LREE G WP 2R, PR EE 2y ) LR G 2 VIR SR AR SR A D W VB, [ SRR 2R G907 I R
B s o0, hE JLE R4S M 50T T XL R0 St A LRHIR IR 2 &, 2022, 37(22):
1681-1687.

Hfe. EANELF 4[] T ESEA)LREEE, 2023, 38(3): 204-209.

Wisniewski, B.L., Shrestha, C.L., Zhang, S., et al. (2020) Metabolomics Profiling of Tobacco Exposure in Children

with Cystic Fibrosis. Journal of Cystic Fibrosis: Official Journal of the European Cystic Fibrosis Society, 19, 791-800.
https://doi.org/10.1016/j.jcf.2020.05.003

Esther Jr., C.R., Muhlebach, M.S., Ehre, C., et al. (2019) Mucus Accumulation in the Lungs Precedes Structural Changes
and Infection in Children with Cystic Fibrosis. Science Translational Medicine, 11.
https://doi.org/10.1126/scitransimed.aav3488

Scholte, B.J., Horati, H., Veltman, M., et al. (2019) Oxidative Stress and Abnormal Bioactive Lipids in Early Cystic
Fibrosis Lung Disease. Journal of Cystic Fibrosis: Official Journal of the European Cystic Fibrosis Society, 18, 781-789.
https://doi.org/10.1016/j.jcf.2019.04.011

Zemanick, E.T., Sagel, S.D. and Harris, J.K. (2011) The Airway Microbiome in Cystic Fibrosis and Implications for
Treatment. Current Opinion in Pediatrics, 23, 319-324. https://doi.org/10.1097/MOP.0b013e32834604f2

Elizur, A., Cannon, C.L. and Ferkol, T.W. (2008) Airway Inflammation in Cystic Fibrosis. Chest, 133, 489-495.
https://doi.org/10.1378/chest.07-1631

Lepissier, A., Addy, C., Hayes, K., et al. (2022) Inflammation Biomarkers in Sputum for Clinical Trials in Cystic Fi-
brosis: Current Understanding and Gaps in Knowledge. Journal of Cystic Fibrosis: Official Journal of the European
Cystic Fibrosis Society, 21, 691-706. https://doi.org/10.1016/j.jcf.2021.10.009

Wolak, J.E., Esther Jr., C.R., and O’Connell, T.M. (2009) Metabolomic Analysis of Bronchoalveolar Lavage Fluid
from Cystic Fibrosis Patients. Biomarkers: Biochemical Indicators of Exposure, Response, and Susceptibility to Chem-
icals, 14, 55-60. https://doi.org/10.1080/13547500802688194

DOI: 10.12677/acm.2024.142591 4273 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142591
https://doi.org/10.1021/pr060464h
https://doi.org/10.1016/j.jpba.2013.10.048
https://doi.org/10.1164/rccm.201103-0474CI
https://doi.org/10.3389/fbioe.2015.00023
https://doi.org/10.2337/db14-0509
https://doi.org/10.1016/j.jprot.2015.04.024
https://doi.org/10.1016/j.copbio.2016.08.001
https://doi.org/10.1016/j.talanta.2023.125168
https://doi.org/10.1016/j.bpc.2023.107153
https://doi.org/10.1007/978-1-4939-2377-9_1
https://doi.org/10.1016/j.molcel.2015.04.021
https://doi.org/10.1093/nar/gkad1045
https://doi.org/10.1093/nar/gkad1041
https://doi.org/10.1016/j.jcf.2020.05.003
https://doi.org/10.1126/scitranslmed.aav3488
https://doi.org/10.1016/j.jcf.2019.04.011
https://doi.org/10.1097/MOP.0b013e32834604f2
https://doi.org/10.1378/chest.07-1631
https://doi.org/10.1016/j.jcf.2021.10.009
https://doi.org/10.1080/13547500802688194

A, AR

[43]

[44]

[45]

[46]
[47]

[48]

[49]
[50]

[51]

[52]

(53]

[54]

Nichols, D., Chmiel, J. and Berger, M. (2008) Chronic Inflammation in the Cystic Fibrosis Lung: Alterations in Inter-
and Intracellular Signaling. Clinical Reviews in Allergy & Immunology, 34, 146-162.
https://doi.org/10.1007/s12016-007-8039-9

Twomey, K.B., Alston, M., An, S.Q., et al. (2013) Microbiota and Metabolite Profiling Reveal Specific Alterations in
Bacterial Community Structure and Environment in the Cystic Fibrosis Airway During Exacerbation. PLOS ONE, 8,
€82432. https://doi.org/10.1371/journal.pone.0082432

Hu, Y. and Coates, A. (2012) Nonmultiplying Bacteria Are Profoundly Tolerant to Antibiotics. In: Coates, A., Ed., An-
tibiotic Resistance. Handbook of Experimental Pharmacology, Vol. 211, Springer, Berlin, Heidelberg, 99-119.
https://doi.org/10.1007/978-3-642-28951-4_7

Quinn, R.A., Phelan, V.V., Whiteson, K.L., et al. (2016) Microbial, Host and Xenobiotic Diversity in the Cystic Fibro-
sis Sputum Metabolome. The ISME Journal, 10, 1483-1498. https://doi.org/10.1038/ismej.2015.207

Robroeks, C.M., Van Berkel, J.J., Dallinga, J.W., et al. (2010) Metabolomics of Volatile Organic Compounds in Cystic
Fibrosis Patients and Controls. Pediatric Research, 68, 75-80. https://doi.org/10.1203/PDR.0b013e3181df4ea0

Hahn, A., Whiteson, K., Davis, T.J., et al. (2020) Longitudinal Associations of the Cystic Fibrosis Airway Microbiome
and Volatile Metabolites: A Case Study. Frontiers in Cellular and Infection Microbiology, 10, Article 174.
https://doi.org/10.3389/fcimb.2020.00174

Bhatt, J.M. (2013) Treatment of Pulmonary Exacerbations in Cystic Fibrosis. European Respiratory Review: An Offi-
cial Journal of the European Respiratory Society, 22, 205-216. https://doi.org/10.1183/09059180.00006512

Laguna, T.A., Reilly, C.S., Williams, C.B., et al. (2015) Metabolomics Analysis Identifies Novel Plasma Biomarkers
of Cystic Fibrosis Pulmonary Exacerbation. Pediatric Pulmonology, 50, 869-877. https://doi.org/10.1002/ppul.23225

Montuschi, P., Paris, D., Melck, D., et al. (2012) NMR Spectroscopy Metabolomic Profiling of Exhaled Breath Con-
densate in Patients with Stable and Unstable Cystic Fibrosis. Thorax, 67, 222-228.
https://doi.org/10.1136/thoraxjnl-2011-200072

Montuschi, P., Paris, D., Montella, S., et al. (2014) Nuclear Magnetic Resonance-Based Metabolomics Discriminates
Primary Ciliary Dyskinesia from Cystic Fibrosis. American Journal of Respiratory and Critical Care Medicine, 190,
229-233. https://doi.org/10.1164/rccm.201402-0249LE

Zang, X., Monge, M.E., McCarty, N.A., et al. (2017) Feasibility of Early Detection of Cystic Fibrosis Acute Pulmo-
nary Exacerbations by Exhaled Breath Condensate Metabolomics: A Pilot Study. Journal of Proteome Research, 16,
550-558. https://doi.org/10.1021/acs.jproteome.6b00675

Zang, X., Monge, M.E., Gaul, D.A,, et al. (2020) Early Detection of Cystic Fibrosis Acute Pulmonary Exacerbations
by Exhaled Breath Condensate Metabolomics. Journal of Proteome Research, 19, 144-152.
https://doi.org/10.1021/acs.jproteome.9b00443

DOI: 10.12677/acm.2024.142591 4274 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142591
https://doi.org/10.1007/s12016-007-8039-9
https://doi.org/10.1371/journal.pone.0082432
https://doi.org/10.1007/978-3-642-28951-4_7
https://doi.org/10.1038/ismej.2015.207
https://doi.org/10.1203/PDR.0b013e3181df4ea0
https://doi.org/10.3389/fcimb.2020.00174
https://doi.org/10.1183/09059180.00006512
https://doi.org/10.1002/ppul.23225
https://doi.org/10.1136/thoraxjnl-2011-200072
https://doi.org/10.1164/rccm.201402-0249LE
https://doi.org/10.1021/acs.jproteome.6b00675
https://doi.org/10.1021/acs.jproteome.9b00443

	代谢组学在儿童囊性纤维化中的应用进展
	摘  要
	关键词
	Progress in Application of Metabolomics in Childhood Cystic Fibrosis
	Abstract
	Keywords
	1. 引言
	2. 代谢组学
	3. 代谢组学在儿童CF中的应用
	3.1. CF患者与非CF患者的代谢组学研究
	3.2. CF患者气道炎症的代谢组学研究
	3.3. CF患者肺部慢性感染的代谢组学研究
	3.4. CF患者急性加重期的代谢组学研究

	4. 展望
	参考文献

