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[ Abstract ] Background and objective Cisplatin acquired resistance is a vital problem in the chemotherapy of non-
small cell lung cancer, which needs to be further addressed. In recent years, obtaining drug resistant cells from cell cultiva-
tion and serving for metabolomics research to find differential metabolites and get potential biomarkers, is a good reference
for clinical research and cancer treatment. This study aimed to obtain metabolite information related to cisplatin resistance
through metabolomics analysis. Methods Metabolites were extracted from AS49 cells and cisplatin resistant A549/DDP cells,
and ultraperformance liquid chromatography coupled with time of flight mass spectrometry was used to perform metabolomic
analysis of endogenous molecules of the two cells and obtain metabolic differences. Results Through data analysis, 40 metabo-
lites were identified as differential metabolites, mainly involving phospholipids, fatty acids, amino acids and metabolites related
to energy metabolism. Conclusion The drug resistance of AS49/DDP cells may be caused by the changes of cell membrane
structure and related metabolic pathways.
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JE R ARG EA 7 LA E i B R LAROIR AT A
= B RTMR AR R AR AL R AT 5 s
BFEMM . PRSI H L T T, (H R TR
PRSI PR PRBERE D R T MR ZE SR, XA
R S AR NS Ve S R NL=i5% - 2 ST )
i A A A AR A X 5, Sl A A 1 22
SR TR IR SR S, n] DA RO e G A
e S GEEIL, B2 — AR IR IR
AWFFE LANSCLCH HUUEAARAT P it 245 4 iy i
FE TR S BORAR 7 - KA T A BTEE (ultraperformance
liquid chromatography coupled with time of flight mass
spectrometry, UPLC-TOE-MS ) " ﬁ%%fﬁlﬁﬁﬂ%ﬁﬂ%ﬂ‘
BT, %P ) G SR U A T A B R A, R
5 ZXNSCLCIIUE i 24 240 /it -5 SEUE 4 A iy P IR /N
R ZES, 4R R 2 PR AR S AP A 2RI, RS
TEAERR Y, DA 25 E BRI ARG P iR 2%

1 HRERE%

L1 {428 517 Triple-TOF™ S600+% — T PUZLF €47
BFEI T3 (S2EAB SCIEXAH]) . M SURAH RS (HA
Shimadzu/AH] ) : LC-30ADE AR (4% . SIL-30ACH 3
HEFERR . SPD-M20ARGZ . CTO-20ACH: AR . 25 cm®4l
MukEFRm. ( SE[E Coming/AF] ) o FRZFIMYE ( SEEGibeoZy
7] ) . DMEM ( Dulbecco's modified eagle medium ) ks
FRW (E[EHyclone/Aw] ) ; WEE, LM (HPLCZ, %
EITEDIAAH] )

1.2 4AjEskIE A NSCLCEHIAS49FINTAN A AR it 24 4 it
AS49/DDPIl [ H ERF2EBE b AL

1.3 s AS49. AS49/DDPHHMIEITE37 °C. 5%CO,[1 5%
T, WREAE K F 15 109% M6 4 L5 D MEM (= B s 75 5L
o YRGS TS em BRI, AT TR FRG
By, K25 TR B 43 I F A

1.4 RO BOSECE R BIR4iiE, H1 mLik#k
FRZE vk (PBS) G E2i , fIALS mLIKHIBES, i
3min, FITAMML, W AHIEEE R T 1S mLE LA,
A3 mL= G HE. 1.5 mLHBEAI2.7 mLKEK, HiE
5 min, 4 °CF6,000 rpmE.[>10 min, 435K E FEHPE
FERTF)ZAEREE T TR0, BETHRET, &
T-20 *CUKF H OR-AF H R FE 73T

1.5 JRAHARE

L5.1 FRTESF WAIAHA: 0.1%HR-Ai5 O ; Wah

AHB: 0.1%HfR-/K; {Gi%tk: Waters Acquity UPLCBEH
Amide (2.1 mmx100 mm, 1.7 ym ) ; FJR: 45°C; k.

0.4 mL/min; FPEFEAR: SuL; VRBIFEEESN: Omin, 1%;

0.1 min, 1%; 7 min, 70%; 7.5 min, 1%; 10 min, 1%;

10.01 min, &1k,

1.5.2 fgtE&AF FAAHA: 95%ZNE-7K (10 mmol/LZ
fR%E:, pH9) ; WishAB: S%ZNE-7K (10 mmol/LZ PR
#, pH9) ; fi%{¥. Waters Acquity UPLCBEH Amide
(2.1 mmx100 mm, 1.7 ym ) ; #Eif: 45°C; Ji: 0.4
mL/min; JEFEARL: S uls PEBBRE N : Omin, 1%; 4
min, 46.5%; 10min, 70%; 10.5min, 1%; 14 min, 1%;

14.01 min, &},

1.6 FUl sk S 8acs B 7. RS s IR
(ESL) , IEfE 7 IS HE (ISEV) @ -4,500
V; SENINIVSIRE (TEM) : 550 °C; ZE4b<(Gasl):

55 psi; HHI (Gas2) . SSpsi; AR (CUR) . 35
psi; fEfEHLE (DP) « 90 V; Rff#AE (CE) . 35, —%%
JUiE B B 543 4HVEEl . 100 Da-1,200 Da; IDARE B L {F
L 100 cpsi8 MR mIEEA T BRI, TR T
JuFE: 50 Da-1,000 Da; i KA BT %K /F 1 Analyst TF 1.7
software ( AB SCIEX, Foster City, CA )

L7 GEiter ot

1.7.1 B Bikb 3 UPLC-QTOF-MSRAE 11 5t i £ A1
FMarkerView# {4 ( AB SCIEX/AH], [ ) #EfTI5H
S, VRRC . XSS DEMERAERIALE . BARPIRINT : R
JE G FUSEUE S ARG, B T SO E, 1EiR
A ( peak finding ) Z¥EF:: /MR BTE ( minimum
retention time ) 0.01 min, & KAF:EBHE ( maximum
retention time ) 10 minB{ 14 min, /NG 955
( minimum spectral peak width ) 30 ppm, f/M¥:Fg i [A] 5&
J# ( minimum RT peak width ) 5 scans, MEJfEI{H (noise
threshold ) 100, WEXF5F (alignment ) SE0ERE . (R EIHT
[4] 7525 (retention time tolerance ) 0.1 min, JJifaf [LAZE
('mass tolerance ) 10 ppm, JEME: ( filering ) SEEPE. Z
BRTED T20 M AEAS R BRI, e UG 4K 8,000, Z84ib
PRI BRI B0, WAk 3R R A 1 £ B I ]

m/25E(E B, B REGURE, 7 AR A

ANAFTEIZ W | A A AH ARG I 5 /)N DA ST AS BRI IE
T RTE80% LA b [ ZHAEA b Hy B, O X o4
“80%” I R, FESEA T T AR A A — AL R, B2 RN
Bl IR AL TR 2
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2o MRAEOPLS-DARERY R i Y VIPIH A Tt 1%, A2 i
> IO iz L B A XA 5Tk, () X VIP> LOR £
W T AR B G4, P<O.0SHIR I g A 22 51X
WG, T ERSEE
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2.1 JR AT IR A S0 0 R e RO A (1% 5 43
JEEEE Y ( UPLC-QTOE-MS ) %FA549. A549/DDP4H
ML AT 1R oA, AR R RS, Eh
AS49F1AS49/DDPAN g AF A A FAR A A ™ P 5 85 -3
Kl st XT b, ARITCIE SRR PRS2 2 A AR A
2, P4 A EI%7E0.5 min-1.5 min . 2 min-S minfR%
WEARL, (RS — LB ()9 B A E ] B 25 5%

2.2 AS49f1AS49/DDPL YIS OPLS-DAM T A% 4LAS49
F1AS49/DDPAN i 2 8] i 22 A EH 1 &L, >R FHHOPLS-DA
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AS549/DDP A FIAE R AE A 2 Z IR A B Y
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PR (E2A) , A&3NERS, HUES
B HR?X=0.752 . R*Y=0.998F1Q*=0.967; itk t:ft:
WD ([E2B) WESDEMS, HUAESE0 58
R’X=0.928 . R*Y=0.999F1Q*=0.943, 1}i ] E2AFIE 2B
R RS PRI SO A LR, 18 G T ] AR RRAS49
AS549/DDPZH 2 il 2 (5] A A G 25 S5 R & IR A4 22 1) 14 26 S
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M B AR 89 )2 LA e AS49-55 AS49 /DD P Htd (1) A1 E AR 4
R Z Z (B RE5E 440 T, 1a I 9 2 4 2 1] d 2 25
o EI2CHIE2DREE RS b W Fh 240 i A A 22 Fh 22 AR
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2.3 AS49F1AS49/DDPY 2 [A] 2 S S E  FEAS49
F1AS49/DDPHY M 5 A% M 20 241 B R i A9 S-plot B (
2) AR A T B Y B R B, U)X
FEAIGN 4 B s, B e i 22 AR
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Tab 1 Summary of the differential non-polar metabolites
between A549 and A549/DDP cells

No. RT (min) m/z Identification

1 8.35 677.49 PC (14:0/14:0)

2 10.06 691.54 PC (0-14:0/16:0)

3 8.44 703.51 PC(14:0/16:1)

4 9.38 705.52 PC (14:0/16:0)

5 11.16 719.58 PCO-32:0

6 9.48 731.54 PC(32:1)

7 11.55 761.59 PC34:0

8 10.54 759.57 PC34:1

9 11.25 771.61 PCO-36:2

10 2.58 495.33 LysoPC (16:0)

1" 248 522.23 LysoPC (18:1)

12 11.38 701.53 PE (P-18:1/16:0)

13 9.81 715.51 PE (34:2)/PE (18:1/16:1)
14 10.82 717.53 PE (34:1)/PE (16:0/18:1)
15 10.87 743.55 PE 36:2/PE (18:1/18:1)
16 11.86 771.57 PE 38:2/PE (20:1/18:1)
17 10.82 767.54 PE (38:4)

18 10.37 789.54 PS (36:1)

19 9.45 791.56 PS (36:0)

20 9.46 702.56 SM 34:1;2

21 10.99 732.61 SM 36:0; 2

22 12.77 786.66 SM 40:1; 2

23 11.73 810.66 SM 42:3; 2

24 12.67 812.67 SM 42:2; 2

25 10.99 732.61 SM 36:0;2

26 9.28 862.56 P136:2/P1(18:1/18:1)
27 9.26 886.55 P138:4/PI (20:4/18:0)
28 9.68 888.57 P138:3/PI1(20:3/18:0)
29 10.57 890.59 P138:2/PI (20:2/18:0)

PC, PC, LysoPC, PE, PS, SM and PI stands for phosphatidylcholine,
lysophosphatidylcholine, phosphatidyl ethanolamine,
phosphatidylserine, sphingomyelin and phosphatidylinositol
respectively.
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Fig 1 The original spectrum of (A) non-polar metabolite profile and (B) polar metabolite profile of A549 and A549/DDP cells

(X-axis stands for time, Y-axis stands for intensity)
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Fig 2 OPLS-DA results and S-plot results of non-polar metabolite (A, C) and polar metabolite (B, D) of A549 and A549/DDP cells

% 2 A5494B5A549/DDPA AR IE R I E R EELER
Tab 2 Summary of the differential polar metabolites between
A549 cells and A549/DDP cells

No.  RT (min) m/z Identification VIP
1 3.20 104.10 Choline 7.88
2 4.30 133.03 Aspartic acid 7.40
3 4.10 155.06 L-histidine 6.53
4 2.70 174.04 N-acetyl-L-aspartic acid 7.70
5 2.60 192.02 Citric acid 16.08
6 3.12 203.11 Acetylcarnitine 11.99
7 2.70 21713 Propionylcarnitine 9.99
8 1.04 219.11 Pantothenic acid 7.84
9 2.50 24516  2-Methylbutyroylcarnitine 3.72
10 4.40 307.08 Glutathione 13.91
1 5.40 612.15 Oxidized glutathione 12.38

HBEREZE Sy, AL WA INGE ( phosphatidyl cholines,
PC) . WREME22 % ( phosphatidylserine, PS) | f/ig
it Z. =% ( phosphatidylethanolamine, PE ) | #iAREEAIL
fiZ ( phosphatidylinositol, PT ) FI&H#BERSE ( sphingomyelin,
SM) , TR R IR 22 A A A LRl 25k, S
il ambFneRl s etk 2= AR b F ARG . KA
RIRILR . HETR . FPBTIR . AREBRN . 12k . i)

TUFNAA AL RIS e H K
3 Whig

i 11 UPLC-QTOF-MSHI 4N ML At 4l =98 ke, X
AS49 5 1T 25 240 1 AS49/DDPEF 14535 S AR HLER
X O 2L 440 B P PN /N A A T b, T RO
ST T 29N A MR AR A 22 S W LA R LU A A
R 259,

SRR, R B2 B IR 25 A TEAS49
FAS49/DDPAII P AAAE B 2 5, FLAHEPC. PS,
PE. PIFISM. B JEAL) A4 LB o 2 45 F i SR
B T A TAN N S AN AL Y L Ag e A, X LA S
DL P Re AT SR VE . T AS [) ) 240 i %
DRESEAS b A LA IL AT 2540 e, ol 5 20 ffa s o
LB IRLLSGER 4310 50 F- 45 F4 B o5 il B A 5C

WEREOUT 2 20 b 254 SRR X sk
PR M & eIk, H B2 2 — R A D,
MALST 25— LA R RR T . BRI, 290 A s b
T2 I DN 20 S 1 A g A B S AR T 24 40
WHEA AR TR, X AR sAs T 20 A ) 3 5l
PEBIEVE. G5H . Mg TR B B S AR T, 2
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