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Abstract: Multicellular tumor spheroids (MCTS) can simulate the structure and metabolic characteristics of
tumors in vivo, which is of great significance to study the metabolic phenotype of tumor cells and the mechanism
of drug intervention. In this study, esophageal cancer MCTS were constructed, and MCTS frozen sections were
prepared after treated with different formulations of paclitaxel (PTX) including common PTX injection, PTX
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liposome and albumin bound PTX. MCTS mass spectrometry imaging analysis method was established by using
air flow assisted desorption electrospray ionization mass spectrometry imaging (AFADESI-MSI). The visualization
of the permeation and enrichment process of PTX in MCTs after PTX treatment was realized, and the spatially
resolved metabolomics of PTX injection group was studied. The results showed that the permeation and enrichment
behavior of PTX in MCTs model were related to the formulations. The changes of endogenous metabolites in MCTs
of esophageal cancer after treated with PTX injection had temporal and spatial characteristics. The metabolic
changes of MCTS during the initial 0—4 hours were dominated by the down-regulation of middle-high polarity
metabolites and some lipids in the central region of MCTS, while the metabolic changes of MCTS during 8-72
hours were mainly up-regulated by lipid metabolites in the peripheral region of MCTS. The combination of in vivo
tumor-associated MCTs model with label free, highly sensitive and high coverage mass spectrometry imaging
technology provided a new method and strategy for the study of pharmacometabolomics.
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Figure 1 Representative metabolites MS image of multicellular tumor spheroids (MCTS) in air flow assisted desorption electrospray

ionization mass spectrometry imaging (AFADESI MS) system
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Figure 2 The MS images of [M+Na] " of paclitaxel penetrating and enriching in MCTS. ALB: Paclitaxel for injection (albumin bound);

LPS: Paclitaxel liposome for injection; INJ: Common paclitaxel injection
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Figure 3  Statistical analysis based on positive/negative ion mode AFADESI-MSI data from MCTS before or after treated by paclitaxel
injection (INJ) for 48 h. A, E: PCA score plot; B, F: PLS-DA score plot; C, G: Permutation test of the PLS-DA model; D, H: Volcano plot.
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Figure 4 Heatmap of top 40 polar metabolites (A) and top 80 lipid metabolites (B) in MCTS during treating with INJ. ADP: Adenosine
diphosphate; AMP: Adenosine monophosphate; ATP: Adenosine triphosphate; GDP: Guanosine diphosphate; GSH: Glutathione; GSSG:
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Figure 6 Representative distribution change of metabolites in MCTS after treated by INJ
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TEHEFRAR I IR IR 2 — M 5N PR AR L, R 5
{10 55 o A 2 ] 23 A R AE BE I B 2. o IX AT R bl T IR R
I 10 S AR G A 51T 1Y, X o B G A EH R R
55 D5 51 2 1), 18] I R R P e B R, E SRR
SE R AR T AR IR R 1T R A B I AN g AR SRS

SRS REI 1S UG 45 R IR T SR AZBEAE MCTS
(75 3% AV E SRR T 5 7 B oG, INT K A2 1 UL
T B ASATLE, AT LB B5E T MCTS H R IE 253, [H
TE45 24 J5 INT AR FE () MCTS U] 1 b A DL B 30 22 511 24
VIisidE I BOE B 4, TE4R 205 24 h /2 A TS B AT,
BEJEmE A T %, LPSZH/EH 8 h/5, MCTS Ul i Hh 254
S R Z59 53 A 5 INT AL EE 2 hisf R 24, — 5 R R B
TG AR R R AZ B o T B R R PENT, F BAES
2y J5 12 h -4 MCTS H 29 (1) 5 5 /NJE BBl 3 B . LPS
AL EE MCTS (1Y) Fr R 20 2 B (% T B 5 771
4, FEAA N 25 W AR Bl S E T R %% 1) S8 A2 B
TR 1 254 B LGRS R0 7 B G0 %, U6 B SR AZ R IR
IR A H) ) T e 8 L ) A2 P 7 AR AR T Bl W A N 2 Ak
B AEST ge Ak, BT AR A R BRAT Y A DL 3 Bl B
JU T A AR, AR I S A i R P MCTS Hh 4 i 5%
B2, 3 i LPS 20 MCTS A1 464 i 5 75 B AR T 7
. AR LT INT 1A LPS 2 AR 3 (1) MCTS H A2 B 4y
FITE 12 h 124 h A2 A7 IE B A, ALB 4 MCTS U 52
B TR NIF S E 4R, 452560 h /e A IS R A
ALB #1757 F 7 345 1) Gp60- 75 £ (1 -SPARC & [
S, A R T 254 3 Sl 1A R A e 5 7 R
AL R L

AW IC N A BE LS 24 )5 AT DL 51 S 2 i T S5 41
A, — S AN N AL 5 R RE R , (EAR A A A
N2 G IR RN AR, X2 55 S
FEH P B A1 A AR AN R AL B O, H R R A2 2 T
HeLa 40 A2 BE 45 29T 70, 2 b BRI KB 4 6~
72 b2 BN IR iR 2 A T oA PR 2 5
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JEIT E] K 2% o

AW 58I T AFADESI-MSI [ )it 1% i 4% 1€ 151 40 2
WF IR IAE SRAZBELS 2 5 MCTS FR AN [H] 28R AR 4
R T AR A BLAT I [A) R0 25 T4 AAF 72 INT ZH A0 38 ) 1
4h AW, K ZH0h m AR B3 N, B
(1) 5 T R A5 45 S v AT DU 215X B[R] IND 40 PTX IR
HHBIEREA MCTS T 46 4, 1 B PTX ¥ 240 i 25 74
VB 3288 B ., 511X S AR 7K P PO BRI . X2
RN A2 B AT LR 5 2 MCTS A g AR AT b s
SR AR 0 DR, B IR AR R R G IR B = AAR
R A 7 R SR A 25 T X A G ATP K Vi A T4
PUEAZBE A0 M B3 1%, I3 FE GSH BRI A AR . 7
AR EEVE S FE 1~ 2 h (R 45 b v DL ) GSH /K
SR IS, A B Ik (GSSH) KPPk 52 &,
WA X — W s B TR .

AW T R B MCTS 20 F X 38 g 7 18 2
R REMEZE NI E5LEMER, FHEER
RN TS 258~ 72 h, LN BB 4 5%
A3BIEMCTS FHH T R AR Wi R & H il g < H il %
JiE R L Ath B 5 ) 4R 4, A IR R B, 7E LT BT A IR
W 2 P 2H 23 o I I R 4 T (FASN) ) 26 32 R 7 35 1%
i, T 7E VF 2 SR 1R 28 M o Hh AT B B e,
S 4b, REBG 5 2 1 A TR HEL AR A 9 5 1 v 1 S B g, L
AR AE 2 Tl 40 B A i b B, nT LA [F AR
PRI -~ A0 928 5 DR 4 B 2 19 40 ras SE 2. AR 2 B 2R R
(1) b R R AH [R] s (8] B, 2% B Mg 254 Jo 5 38, A5 AH
KRR IX—IR 0] 58 5 5 55 452 1§ (LPL) %518
FEREN I 32 1k R )06 BAAE 48 nA 5%, WA 7 AR A
A7 RO 253 72 A IR ARG T B B A PO 1 2 A1
KW FILBIR T HMBET PR EE LIRS
T 247 44 fif 38 G AR OC, AR A 7T H 0 52 21 S A8L ) g Joi 4H
AR . MCTS H i K 1) IR AU T i 24 240 e 1) A A7
Ay e B AR, A OGAR S B E MCTS 41 i 1
£ o 38 B [X BV R, A XTI 24 40 B AR R PTX B & I
AU HIF PR IT 7 Bt S %,

FHOGHE S MR ] DUE H, YRR A8 4 5
Ui f g 1 B A O, JF B W REH T HR 2R MCTS 41
LS I AR . ARIX iR DG I R A [ 770 B SR AZ B 2 ()
HAMFE, 75— DRI IX LA () 7ENED
FREDITE T, T SRR 230

gi BT id, ARBES S T & A T MCTS 1)
AFADESI-MSI 73 #1771, S A2 B 1 ot 5% pl A5 25 R BoR
LA BEA R TR MCTS 1 7535 3 1 & SEFE A
[, S 1 AT ) 22 e Jo i R AR AU 4H 22 A 8 Kk
LT ERAZEE 51 RS MCTS HR AR 1728 4k 2L AT BE & 1

(] A 2% (8] 45 i, MCTS A 20 A1 1) 23 1) 22 5 1 5
A X S5 AR AN AL RFAE AR 5% o ASHIT T 78 70K BL 1
Ji i A& 5 MCTS BRI A 25 & B R IL %, iR
WA AW FU SR AL 1T A 7 T SR, 0 T A i e AR
IR 3R v R 25 BT R R B A SO
TEAER FAE -

& ST il /N1 5 ST B AR SR St B 0 T i 3L
PIRG S s P 5K 00 93 S e vk B R B SCHE s XI5 %
B 20 #7205 5 SR B S 6 St s B AW 4 5T AR
BORSR SRS Ry 5K E 3 1 TSR 4R v RSB BG H IR -
BT A 3 5087 Bt A e S R S

FEHSE: AT oh
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