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Differential metabolites of bronchoalveolar lavage fluid from coal worker's pneumoconiosis
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ZHAO Yongmei®, HOU Bowen?, GAO Lini’, LI Qiangian’, LIU Xiaolu™?, LI Xinyu™? (1.a. School of
Public Health b. Hebei Key Laboratory of Occupational Health and Safety for Coal Industry, North
China University of Technology, Tangshan, Hebei 063210, China; 2. Occupational Disease Depart-
ment, Emergency General Hospital, Beijing 100028, China; 3. Key Laboratory of Pneumoconiosis
of National Health Commission, The First Hospital of Shanxi Medical University, Taiyuan, Shanxi
030001, China; 4. Respiratory Department, Beidaihe Rehabilitation Institute of Ministry of Emer-
gency Management, Qinghuangdao, Hebei 066199, China; 5. Department of Occupational Health,
Chaoyang District Center for Disease Control and Prevention, Beijing 100021, China)

Abstract:

[Background] It is a research hotspot to study the changes of metabolites and metabolic pathways
in the process of coal worker's pneumoconiosis (CWP) by metabonomics and to explore its
pathogenesis.

[Objective] To study the change of metabolites in bronchoalveolar lavage fluid (BALF) of patients
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with CWP and explore the metabolic regulation mechanism of the disease.

Patients with CWP who met the national diagnostic criteria according to Diagnosis of occupational pneumoconiosis (GBZ 70-
2015) and underwent massive whole lung lavage were selected as the case group, and patients with tracheostenosis who underwent
bronchoscopy were selected as the control group. BALF samples were collected from the cases and the controls. After filtering out large
particles and mucus, the supernatant was stored in a -80 °C refrigerator. The samples were detected and analyzed by liquid chromatog-
raphy-mass spectrometry after adding extraction solution, cold bath ultrasonication, and high-speed centrifugation, and the metabolic
profiles and related data of CWP patients were obtained. The differential metabolites related to the occurrence and development of
CWP were screened by multiple statistical analysis; furthermore, we searched the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database for potential metabolic pathways involved in the progression.

There was no significant difference in the general conditions of the subjects, such as weight, height, age, and length of service
among the stage | group, the stage Il group, the stage Il group, and the control group (P>0.05). When comparing the CWP stage | group
with the control group, 48 differential metabolites were screened out, among which 14 were up-regulated and 34 were down-regulated.
A total of 66 differential metabolites were screened out between the patients with CWP stage Il and the controls, 14 up-regulated and 52
down-regulated differential metabolites. Compared with the control group, 63 differential metabolites were screened out in the patients
with CWP stage Ill, including 11 up-regulated and 52 down-regulated differential metabolites. There were 36 differential metabolites
that may be related to the occurrence of CWP, among which 11 differential metabolites were up-regulated, and 25 were down-regulated.
Four significant differential metabolic pathways were identified through KEGG database query: linoleic acid metabolic pathway, alanine
metabolic pathway, sphingolipid metabolic pathway, and glycerophospholipid metabolic pathway.

The metabolomic study of BALF show that there are 36 different metabolites in the occurrence and development of CWP,
mainly associating with linoleic acid metabolism, alanine metabolism, sphingolipid metabolism, and glycerophospholipid metabolism
pathways.

coal worker's pneumoconiosis; non-targeted metabolomics; ultra high performance liquid chromatography-mass spectrometry;
bronchoalveolar lavage fluid; biomarker
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Table 1 Comparison of basic conditions of patients with coal worker's pneumoconiosis (x * s)

538 (Group) AZE(Number) B S (Height)/cm {REE(Weight)/kg EH8/% (Age/years) T i%/%E (Length of service/years)
SHA(Stage | ) 40 1714.7 7249.2 51%5.5 20%6.9
R Hf(Stage I1) 20 169+4.2 7149.5 5247.2 22494
£Hf(stagelll) 6 17445.2 7247.3 5048.9 1443.8
X3 H&(Control group ) 15 17243.0 7445.9 52+12.9 0
Ait(Total) 81 171+4.4 7248.5 5247.9 2047.8
F = 2214 0.249 0.153 2.233
P = 0.093 0.862 0.927 0.116

R2 BILMHEEREFREERILEK
Table 2 Comparison of confounding factors in patients with coal worker's pneumoconiosis
AR TR XA (Smoking) IRB(Drinking) %—Eﬂ:f:iﬁr;low BERART (Fatty liver) HEFRIF (Diabetes)
¥
PGP umber) i i /% iz /% s /% L
(Number) (Rate)/% (Number) (Rate)/% (Number) (Rate)/% (Number) (Rate)/% (Number) (Rate)/%

ZHA(Stage | ) 40 32 80.0 24 60.0 16 40.0 9 22,5 1 2.5
R H(Stage ) 20 17 85.0 13 65.0 7 35.0 6 30.0 1 5.0
£H(Stagelll) 6 5 83.3 5 83.3 0 0.0 1 16.6 0 0.0
*$8&(Control
group) 15 8 53.3 8 53.3 5 33.3 0 0.0 14 93.3
Ait(Total) 81 62 76.5 50 61.7 28 34.6 16 19.8 16 19.8
P(Fisher test) — 0.152 0.669 0.245 0.106 0.820
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Figure 1 PCA score scatter plots of six pairwise comparison groups
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2.4 EhRETHIES 53
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SRAEXARE SRR E RS, TERAM, ImER
O 42 FAEHRE, LB ESE D P<0.05,
RGBSR M 2 ATHY Impact E20.1 AATE, kY
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x3 BE5RILMERAERREIENESAEY
Table 3 Differential metabolites involved in the progression of coal worker's pneumoconiosis

FS EBRRBY A E—ERINEERTEEE , @ (32 E S ER/TRE
(No.) (Name of differential metabolite) (VIP for principal component 1) (FC) (Up/down)
1 SREL(Maleic acid) 1.40041 0.00104 0.00807 5.51828 a5

2 B E A FREM(Methyl normethazine) 1.75688 0.00042 0.00230 3.61244 ™

3 FESUEL (Arginine) 1.35166 0.00002 0.00016 6.26919 0

4 T ZE&EF(Succinic anhydride) 1.25968 0.00192 0.01255 2.48222 4

5 RE PR (Geranium acid) 1.46027 0.00009 0.00153 1.85953 4

6 BRE& (Heptanoic acid) 1.81152 0.00003 0.00029 2.50075 ™

7 7B (Propionic acid) 1.26750 0.00057 0.00532 2.44861 0

8 BEBRZ(L-glutamine) 1.60479 0.00021 0.00132 7.78634 a0

9 JREENZ (Hypoxanthine) 1.58614 0.00025 0.00150 9.37344 4

10 BB (IE+_4zE&, N-dodecanoic acid) 1.13086 0.00012 0.00085 2.87480 P

wWww.jeom.org


www.jeom.org

622 #445-5723L &% | Journal of Environmental and Occupational Medicine | 2024, 41(6)

48R3
Fs ERAEY R E—ETHINTERTEEE . EHXR LB/ TR
(No.) (Name of differential metabolite) (VIP for principal component 1) & 2 (FC) (Up/down)
11 FLE&(Lactic acid) 1.42624 0.01230 0.03927 3.30720 N
12 N-ZBf-B-FRER(N-acetyl-beta-alanine) 1.32984 0.01500 0.046 46 0.19801 &
13 A& (Inositol) 1.81792 0.00012 0.00085 0.11214 {7
14 FRBRM(Tartaric acid) 1.63250 0.00572 0.02034 0.08076 &
15 IRIA4EE(Amber semialdehyde) 1.66273 0.00378 0.01442 0.20003 N2
16 B2 IREZ (Oxypurinol) 1.82793 0.01615 0.04952 0.02514 &
17 N-Z EL & HERZ-1-B4 B4R (N-acetylglucosamine-1-phosphate) 1.40650 0.00000 0.00000 0.08104 N
18 5°-EFER(5"-cytidine) 1.24679 0.00005 0.00037 0.11998 &
19 2-BRIEEL H &BR (2-furanoyl glycine) 1.97247 0.00001 0.00010 0.06633 N2
20 2 5 = (Maltotriose) 1.19447 0.02422 0.04962 0.34647 ¢
21 FRE5 - BBAER (Uridine 5'-monophosphate) 1.64157 0.00008 0.00055 0.11600 3
22 £ 5F A #&(Maltopentaose) 1.66759 0.00454 0.01677 0.02841 &
23 #IERITIZR (Dinoprost) 1.72522 0.01585 0.04866 0.006 66 15
24 v-JEFRER (y-linolenic acid) 1.27925 0.00478 0.01751 0.21718 &
25 4-ZREXR PR (4-isopropylbenzoic acid) 1.78694 0.00000 0.00001 0.23125 N7
26 FREZ (Allantoin) 1.76667 0.01954 0.04812 0.04550 &
27 2 HFIOHE(Maltotetraose) 1.67001 0.00187 0.00807 0.02125 ¢
28 3-FAESH (3-methoxyguanosine) 1.64786 0.02005 0.04939 0.12004 &
29 Fit BR 41,22 35 (Demethoxyturmeric) 1.53832 0.00002 0.00017 0.22426 N2
30 2 5F7\##(Maltohexaose) 1.54048 0.00413 0.01553 0.08016 b
31 Z E2REREFRES (Ethanolamine phosphate) 1.86761 0.01828 0.04643 0.10649 NP
32 WEAEER (R +/ \I52E&, Trans-octadecanoic acid) 1.43154 0.00004 0.00032 0.25630 N
33 Z+ZH7\ % E& (Docosahexaenoic acid) 1.10933 0.00579 0.02571 0.27682 N2
34 FE#E(Sucrose) 1.19697 0.01462 0.04544 0.07678 $
35 HBR(Nucleotide) 1.35448 0.00027 0.00163 0.06868 3
36 L (Benzoic acid) 1.77132 0.00001 0.00011 0.24621 &
[F 14 Q HRFAMESE R BN A PSRN, *: MRREE, L RR TR,
[Note] #: Q is number of false positive results/number of presumed positive results. *: I means up, and |, means down.
x4 ERAEBERERINESKEY
Table 4 Differential metabolites enriched by differential metabolic pathways
RIHBER EEDHPE(P value of RO Himpactfa EEERAHY
(Metabolic pathway) enrichment analysis) (Impact value of topology analysis) (Enrichment of differential metabolites)
$4B51X381 (Sphingolipid metabolism) AT 0.15308 EESTER Em%ﬁﬁﬁ? O-FE& 2 B2A% (Sphingosine, sphingosine,
O-ethanolamine phosphate)
L 3mES X34 (Linoleic acid THER. =+ 2/ NJ&ER. v-TLRFFRER (Linoleic acid, docosahexaenoic
metabolism) CC0LESS Conb2 acid acid, y-linolenic acid)
H H#ERS X1 (Glycerophospholipid TEERRBHR,. H HERERABM. 2 B2RRIAEEARS (Phosphatidylcholine, glycerin
metabolism) LRLAERE, 2 phosphatidylcholine, Ethanolamine phosphate)
S (Alanine metabolism) 0.013977 0.44065 RTINS AE . A EEAR. L-A S B2 (Succinic acid, L-glutamine acid, L-glutamic

acid )

3 i1ig

AR R, HFEH 36 S5 TALMERA
S RREIENERASY HP, 1A LRAER
R, 25 AT RERA Y, Hikd 4 FERAK
BhER, BRI hERCE. $HisH. RRERAEME
HEBREHERR. EETESNHBRNEREHY

B y-IERER. ZERBERE. ek, —1+ s
R, H, SR EEILMBERESRERK
=, M Y- T RFER . —+ ZHNIGERFN £ B R B ER S =
RFERT,

AR AR Z TR IRIFTIAE, BetS NG 4HA
AT HEHAMTE, EARARFR, ETLMEE
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ARARBREEERTNRAMS2A S, Ge
ZMET EE AR AR DT A MR REE A
RBIR AL AT PR 2 TN, TELT (AR BY R R 4T 28 4R AR
h, AR B R EA S ENIE R, HAEH =4/ o-fF
TX —F&( a-ketoglutarate, o-KG) BETE BUE B HE XV
{EFEEE &%) 1(sirolimus target complex 1, mTORC1) ,
{EHRRIRIE, IH LT AR PR RE HRIPERR,
EAFMBRAEARRIFEE BNRERES XBIER.
AHALNFELENEOAEREEZD, IEREEH
FAHALRFPNIREBEALEUAR/INGINEEZRE,
Hamanaka F"XJ R 2B KBRS Fr B0 BT AL 4T 4 AR
528 aBEEIE A0V Ak LT E AR 1T B 2 ATEL
B, IR A KR i & K E F-B(transform-
ing growth factor-B, TGF-B) 1% S A AR 4T AR =
TREERNEEZRF, SERREREBIENIRMM
SIEERPALR T, L, AR ERRFPAIUS
MEIEm-5 KRR AL SERREEEFETENRES
ERZRERIBMESR ", ARENEG RIRHE
L

ZEERRIATREE X B REEL C B2 h%, R A REE
MY RIS A R AL 7, & —FIAERSAE BRI A R
MR o Chen EVSTIE T A EEMABR RN
BAFHNMRLI, SIEEARBL, ETALMES
CIZREAREEAET FEREE T, R T4y —
MABTEEMITED. TR T LMERAERBIESR,
Z B2 PRI TRTE I Bl PR R AT A AT 4E4BRR P AR R mRNA
RREEBNRIK, FSMMTEARF ca™E5
iX, it U73122 3 2-APB #1 | PLC/InsP3 15 S @B,
R N KB R T 4E AR T, IR AL & B,

T+ TEANBER AR 105,17S- TR E T+ Tk
#%-42,72,11E,132,15E,192- /G ERBE IS BB S ff B & Y
RIERNAARIMNEBURTRER, AT St ErE
KB PREIRSEE F-a. B4RRE Y ZR-18 I TGF-B1 H4A
A FOKE, R E MR IRA AT EE, 21 [E A FhAY(E
|IMEHRIE, P ERE-BIRRE N, INHI T4
{EFE",

KRR HIEHEZ @R, B om0
BRESS5EICMERNEAELRE, KRERS L
SR E RO EE M HAPIFTER
HomiEAHERE I MREEETBEN SRS
Ri5T, 208 1| B A AR SIE T AL S,

B EMINEE, SBERRAE LR,
KRR ELIANEEE R TP RAREEMIL

BRI RIAIKFEFHF, Kottmann F @ 2 MTAHLF 41k
BEMARPHRHEN, AMIABREEEAS,
BIRE RN HI (R LA AT 4 RR TGF-B BUE, /MR
TEERKREF p/SRAUEBEIEEE LR &y 1%
SIERIE FAVAR LT EARRIETE, BrE SRR 4
BYE R TR, TR B SR 4L RIR T HERR, LN,
FERAVIE S PIRE S A REEESERAEE X, L&
RABENRRLET LA D LA AET AR AR IR (1
BEE, (e T2 AR INE L, Mz 2T e B B T
TR BRAT 4 (A2 BI\ES o] d ) e AL EZ 3R mh Y
ESERASHMIBLAEMIIE, MFIARRE, B
ERPLAT IR, RILHMAA LT, RN, TRER
MR TR-6 BIKF AN ER T LB ENERIE
R B2%74, INRIBINBE FAAEN S E, P EAE
IR R R BB,

KRR EERIM T —EHMARK LI v-TE
FRER. IRIFEE. N-CBE-B-RRER. T _REFFER
R LUK 588 U TSHER OIS AUET@ R, Rl B
RANXERFYTEENMA. REFHLFELE
T EAMEMAE RN, MTIAREERMEDIF AP
MEIER BREMFRIEREAIESS 7RI 2MMIA
E R R EHAEN PRV RERAES-1 BEBSINHIFHAELR
LrefEfits, 1-BEREENAMBEER S SMAR
AR RHIG, EREERFEARRBHR, FH—%
BUE™ HACHM A EhE R R TLRRR R
MFIRNEREREARIES, FERLHITERAR
R E—T DT

22 LR, AR R IIET LA EE R, BRERR.
AMEBRERE, T+ TG ZEERREERES.
AE2RERANRT, TS SERAELRIENA
EhERRA H hBAE UhE. IWhERUEhER. s
BB AR RERSHER. HAhiLRERR. IRINEE.
EEORSFERAIYER T LMAE R ERIETH
TERNAIE S-SRI, BRTFISHITAREME
HFENRTHEMBERLD, BEARERETE, M
THREIRE, TAMR AR EMERF AR, Rt
AR EHARE T EE ek P RSB E
Fo AIMARFEINES YA BB AT REIF N
BEEYIREY), BN TR TR, MRREL
R RIS T R TR iR S E M AR,

BE
(1] E38, A5, T9E, 5 BB RN LIRS THHS D). BHER
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