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B E: RAR SR AEE - B I Rk (ultra-high-performance liquid chromatography-mass
spectrometry, UHPLC-MS/MS) #J3E ¥e @ AR 5 7 Bk b AT Rt F A e X, &4 %50
ity kb B g B 3t BE 40, 1% 49 Luminal A $U A% 5% (luminal advanced breast cancer, Luminal
ABC) vk 48 W | &} 25 20 e SR 20 % S P AR i AA £ 5, A K 2 RE A (variable importance in
projection, VIP) >1, P<0.05 #= £ 7+ 4% 4« (fold change, FC) >1.2 2 <0.833 #7 /£ i it £ F Kt 4,
%7 B 0 AR 4 8 i e A B 3k KA W 2% 447 (weighted gene co-expression network analysis,
WGCNA) kg 5atthAak ey bk A A3, WHA R 5 A WA F A 4 F (kyoto encyclopedia of
genes and genomes, KEGG) il 38547 Fe X 4 52 'E &£ 541 (metabolite set enrichment analysis,
MSEA) 2 3] 5 @i 25 48 % 09 X 4R B R Ae A F T dk, R 2w, 252 0 583 ARt 4, k%
Tk AR E T kB 54 AP £ F R, @it WOGCNA 24t M th 8 Ak ik Mk, AP H G E MR
(MEturquoise) 5wk #a % A| fit 25 & A & F A X (r=0.46, P<0.05), &4 179 # XK, LA
22N REERM M E A EF R, A RR AR R AT 16 A2 F LR, IEmfeFRF 6 AL X T
W A3 PR R A 5 £ F R B A AR 6 AR R e A 4 F4E A (P<0.05) . Bk, Luminal
ABC & iF R KT L RAFALERFZF, 246 WGCNA R 59k 4 5 i 25 48 % 69 2 5 Kkt
#, VAR Luminal ABC vk 4 8 A i 25 % & 6 AT 7 8 3 32 BE 208 3 o AR 38
XK W4 Luminal B SUIRIE; kA0 A 625 JE 32 @A 4157 AeAs IR B bk ik 4% o5 A7
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Study on palbociclib resistance biomarkers for luminal

advanced breast cancer based on untargeted metabolomics
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Abstract: Employed a non-targeted metabolomics approach using ultra-high-performance liquid chro-
matography-tandem mass spectrometry (UHPLC-MS/MS) to detect and identify metabolite abundance.

Multivariate statistical methods were applied to compare metabolic profile trends among healthy controls,
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Luminal ABC palbociclib-resistant patients, and palbociclib-sensitive patients. Differential metabolites were
screened based on a variable importance in projection (VIP) >1, P<0.05, and fold change (FC) >1.2 or <0.833.
The identified metabolites were subjected to weighted gene co-expression network analysis (WGCNA ) to
determine co-expression modules associated with drug resistance. Kyoto encyclopedia of genes and genomes

(KEGG) pathway analysis and metabolite set enrichment analysis (MSEA ) were performed to identify key
metabolic pathways and biological functions related to drug resistance. The results showed that a total of 583
metabolites were identified, and 54 differential metabolites were screened based on the criteria. WGCNA
analysis constructed eight co-expression modules, among which the turquoise module (MEturquoise) was
significantly correlated with the palbociclib-resistant phenotype (#=0.46, P<0.05). This module contained
179 key metabolites, including 22 overlapping differential metabolites, such as arginine and phenylalanine

(16 significantly upregulated) and choline and octanoic acid (6 significantly downregulated). The overall
metabolites within the module exhibited similar metabolic functions and biological roles as the differential
metabolites (P£<0.05). In conclusion, the serum metabolic levels of Luminal ABC patients significantly
differed from those of healthy individuals. By integrating WGCNA, palbociclib resistance-related differen-
tial metabolites were identified, providing data support and research evidence for understanding metabolic
dysregulation in Luminal ABC patients with palbociclib resistance.
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FR-IIRGEEVETAR, 7T EW, 2w AY)
PRAEBRR T R T R A RO = A e 416
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man Coulter A &) ) ; 18 52 I8 % {X ( 3£ E Scientific
Industries 4] ) ; E2XBL.O W45 0L (32 E Labconco
A FED) ;s AUW220D B, F R ( H 4 Shimadzu 24
Al); BIERTE (RESE=99.9%, fE Sigma
AF) MABERZE(RE D EH=999%, & F
Sigma A7) o
1.2 lERNEARSARER

A W53t 43 3 4, B Luminal ABC UK ## 75 Fl
it 25 46 (palbociclib resistance, PR) . £ &% 4H (pal-
bociclib sensitivity, PS) 5 & fE % #& £4H (healthy
controls, HC) , 3£ 50 A, #5k BTLIH 4 MEERL . H
FRTR 25 AU L0 AT 20 & 3 (B Luminal
ABCH), i & B & BT 2021 4£ 10 A & 2023 4
12 A# MU ¥, A BFFE Luminal ABC 35 4 AR
#: O Fif=18; @ HZETRMER N —LIGT
FR; @ minFHBAWME SN ILMAFE, Wi, il
XA 2 R GE o AR AR S AR S N T A AR HE A DR
TR 21, 7256 12 FAEE 24 FPPAE B E 0L,
512 AT —RER IR HERARF S atniniE:
O mHERBREE; @ NBREAXRE (E
) o fFEXT B . ToSE B  ToFL R AR R
975 5 A fE R LR o
1.3 IERERRESLE
L3.1 BARFEARSE

REZRESBERETHWEMESR, BAETEHE
Z, — %M Z. 7 (ethylenediaminetetraacetic acid,
EDTA) B HiBER LB W b4, fl8 R mE
8~10 )5, FiE T #HE 15~20 min, HAEBER
DML, LL 2 000 r/min #£ 4 °CF B0 15 min L3
M¥EDE, ¥ ERMESBE, 47% 200 pL ZHH
BOE D, HRETE 80 °C TG 8200, ALk
Hrf 30 i fe e A B AT 20 ] Luminal ABC 44
L FH YT 55048 PR B B W 42
1.3.2 wiFAARATLAE

BB RAFZE —80 °C 1 200 pL MIEFEAS, JH7E 4
°C vk EFe4rmitk. A 4 fEHIRZE -80 °C WHEE,
FEAIRBE 5 min )7, HEEA T BAE —80 °C vkFE P
F 6 h, RASEREBEHRILEITM FREY. R
Pl 12 000 r/min #£ 4 °CF &L 15 min, /NOEGE B
BRIIFFEBEZFHNELE . RUTEFMA 200 pL
P ZE —80 °C AFAM U 80% HBKEW, 7£ 4 °C
THEAEALE S min )5, RIZYREE 5 min LIESE &,
T LA 12 000 r/min 7E 4 °C F &0 15 min, IR

BW, STRRE LEBREIH KA LERE
4 CTEEBLWKREETER. &5, 100 pL 80%
HEKEREE TR, £33 12 000 t/min 7£
4 °CTE.0 15 min, B EERHFRAR RS, £
4 CTHREULE S BRI, 1Ah, 550 & i
HHA S uL, 28 ERRBOE R, HFH &R
¥HEZAR (quality control, QC),
14 BiESRIESH
S 5 B A AR R W A8 WA €23 (Exion-
LC™ AD, SCIEX, £ ) SR PYHRAT €ATET H 5T 15
(TripeTOF™ 5600, SCIEX, £H) .
1.4.1 &E54F
£A384E % FH Kinetex EVO C18 100A (100 mmx
2.1 mm, 2.6 pm), WA A AERIE 0.1% R
KW, WA B R4 0.1% FRRZIBER .
BIE B R BBV, REBER A RSB
90% (0 min) — & FH 4% 70% (1 min) — &K FH 4
¥ 30% (15 min) — A& 5% (20 min) — E&H
¥ 90% (20.1 min) — 4% 90% (21 min) ,
KW : 25 °C, WM 0.4 mL/min, #EEE R 5 pl,
1.4.2 RiELH
TR 4307 R BT M R B, BT IR
FHBZEHEETR, AR A ARAEEFS5HE
FRMERS TR, IS FEHER: m/iz 70~
1 000, AEtERE R A LR EA B ER: (30£15)/
(=30+£15) V, B BT AW E: m/z 30~1 000, &
A HER 5 500/—4 500 V, BSFIRIERE N 550 °C,
F LR GSL. HBIMASR GS2 AEKFKE S 45
>k 55, 55 #0135 psio
L5 HEAEAL T
2~ HF 3% {6 F§ MS-DIAL (version 4.9.2) 4k {4 Xt
T 46 T 1% B0 4 B AT 0 4R B, 0 X 5 DA B H — 1k %8
i b DA D S T o AR PR R IR 22, 0 U AE A R
(version 4.3.0), pca Fl ropls & FF £0 X} £ 38 ¥ 17
Gt oart. Giit# 5 R A T-test WE AR K;
LA VIP>1, P<0.05 #l FC>1.2 5% FC<0.833 >} 1t #f
Y B 3% R ST M AR #E, ComplexHeatmap 72 J7
2.2 AR A B K L B A 22 B3R R AR R A
MetaboAnalyst #& F 41, 32 Bl KEGG 43 # #1 MSEA
BEBRWERRBYIIEER; WGCNA BF 4
R AR B e 3R 3 R 4 SR SR I 4 3R AR B 1B AT
HRAL ST, ggplot2 i circlize B )F 1 FH T/t 45
Farisk
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2.1 RS E5EAOS I FIGERIFE
RFRILH 50 LB 5E, AFE 20 ZLHLWERE
Luminal ABC &3 M 30 &R A TEBEZVH K

TG FIEYT ) Luminal ABC &, 13 fIRIAHZE
fi#, XU ERE E SN PS 4, 7 & BETEFF IR VR A PG A
IRYT)E 12 5 24 AW IERHA R, 123897 BRE0s
7 1R INIAE R SR RERRRE, XEREEN
PR 4. fTAS 5D G FRAFE L2 L,

&1 Z5FA0O%&MEKEFE

Table 1 Demographic and clinical characteristics of participants
I ARAFAE E=23l HC (n=30) PS (n=13) PR (n=7) P1H
B rhf % 56 57 57
1 i 42-70 46~75 46~72 0754
CEA/(pg-L™) 21.1+4.4 22.4+3.6 0.435
e Lt o <14% 7(53.8) 3(42.9)
Ki-67 £kt (5LE /%) >14% 6(46.2) 4(57.1) <0001
N B 11(84.6) 6(85.7)
PRECKE (Lt /%) BRI 2(15.4) 1(14.3) <0.001
It 531 v 13 7
Y | b o TI~T3 13 (100) 3(42.9)
T Hht (it /%) T4 0(0) 4(57.1) <0.001
i NI~N2 9(69.2) 2(28.6)
N & (fiE /%) N3 4(308) 5(71.4) <0.001
e gl | L1l o <1 10 (76.9) 1(14.3)
AR (4L /%) >1 3(23.0) 6(85.7) <0.001
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2.2.1 4% # (principal component analysis,
PCA)

PCA 5372 A F It 4 it i i T M B B =0 iR
MorEk, AUME > HBARKESR, A 1 Fix,
7E B 55 38 B0, B8 1F B F A = (electrospray ionization
positive mode, ESI+) FlHL Bf &5 B BB 1 B8 T &

(electrospray ionization negative mode, ESI-)
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Fig. 1 PCA score plots of the QC, HC and Luminal ABC group

2.2.2 EXARZA=F A A 547 (orthogonal partial
least squares discriminant analysis, OPLS-DA)
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Fig.2 OPLS-DA score plots of the HC and Luminal ABC group
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2.2.3 &A= F F ) 5 H (partial least squares
discriminant a nalysis, PLS-DA)

AHELF OPLS-DA #i I B 4 53 25 53 ¥, PLS-DA
PR % F A I B AN KRR, B E S
HIF 5 Luminal ABC # PS, PR 5 HC 42 [E] &9
% RFRKIKSH. INE 4 Bi7R, 7 ESI+ (R2X=0.516,
R?Y=0.828, 0?=0.618) 11 ESI- (R2X=0.544, R?Y=0.842,
0%=0.763) ¥ F HC, PS 1 PR 3 41 [0 ¥ AL 1 . 4>
H, BHEEPHAZ MUBEA RS, U LEgRE
B, AR e X BB WRAATE A BUR AT S A 2
FREZEFRRBIER, THTHEBEZIT
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Fig.5 Distribution of metabolite volcano plot
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Table 2 Significantly enriched pathways

T T N T T
W £ 70 i%ﬁ‘fégig 8.333 0.012
KRR IR 14 L;'%?%ﬁsmﬁ 6430 0.001
72%%@% iﬁj{gﬁﬁ;ﬂ 4 KNER 4.167 0.004
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Table 3 Differential metabolites associated with the palbociclib resistance phenotype

2SR AR 7 m/z BT FC Py VIP
JRAF CoH 5N,06 245.20 [M+H]* 1.50 <0.001 1.41

IS CsH;sNO, 122.18 [M+H]* 1.81 <0.001 1.44

LT C4H;N;0 114.15 [M+H]* 1.77 <0.001 1.44
ENIERNA CoH;NO, 166.10 [M+H] * 1.41 <0.001 1.44
SRR C11HyoN,0; 229.30 [M+H] * 0.75 <0.001 1.42
3- SR CoH 0INO; 306.12 [M-H] "~ 2.57 <0.001 1.44
N- e i K& e CsHgN;0, 175.24 [M+H]* 3.03 <0.001 1.43
S- BtY -L- EHARR Cy5sH2oNgOsS 400.34 [M+H] * 2.28 <0.001 1.42
12- FRHE R C1,H,404 217.10 [M+H]* 1.33 <0.001 1.42
PP S2 ) CyoH300, 303.13 [M+H]* 472 <0.001 1.40

F T CsH4N,40, 151.10 [M-H]~ 0.72 <0.001 1.12
TR CeHgO, 191.25 [M-H]~ 0.22 <0.001 1.06

L- K& CeHuN4O, 175.10 [M+H] * 278 <0.001 1.43

e R PR CyHyisNO, 386.34 [M+H]* 0.45 0.036 1.18
TR CgHy60, 143.10 [M-H] "~ 2.88 <0.001 1.37
ILAFEE TR CyH 5040 44237 [M+H] * 1.94 <0.001 1.19
WA -5"- Wi TR CyoH14N,4O;,P, 427.10 [M-H]~ 0.03 <0.001 1.42
L- /2 e AL B C,H,sNO; 162.13 [M+H]* 1.69 <0.001 1.43
N-a- Bt SR C;H4,N,0; 175.13 [M+H] " 1.62 <0.001 1.16
B -5 ZHRR CyoH16N5O4P3 522.10 [M-H]~ 1.53 <0.001 2.04
O- fifl AT A B C,sHyoNO, 428.01 [M+H] * 0.65 0.026 1.03
R R B T e Ci3H37NO, 298.04 [M-H] 1.71 0.002 1.35

#: FC>1.2 29 i, FC<0.833 AT,
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