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Abstract

Key words

Background and Aims: The oncogene PIM1, encoding a constitutively active serine/threonine kinase,
is upregulated in various tumors and closely associated with tumorigenesis and progression. Our
previous studies have confirmed the oncogenic role of PIM1 in thyroid cancer, demonstrating its impact
on tumor development, progression, and prognosis. This study was conducted to investigate the
metabolic characteristics of papillary thyroid carcinoma (PTC) cells overexpressing PIM1 using
metabolomics analysis, providing a basis for further exploring how PIM1 regulates metabolic processes
in PTC.

Methods: A PIM1 overexpression plasmid was constructed, and a stably transfected PTC cell line
(BCPAP) was established. The overexpression of PIM1 was verified by qRT-PCR and Western blot.
Metabolomics analysis of PIM1-overexpressing BCPAP cells (PIM1-OE) and control cells transfected
with an empty vector (NC) was performed using liquid chromatography-mass spectrometry (LC-MS).
Differential metabolites and metabolic pathways were identified and screened through multivariate
statistical analysis and the KEGG database. Bioinformatics analysis was conducted to explore the
relationship between PIM1, associated metabolic pathways, and the prognosis of thyroid cancer patients.
Results: The mRNA and protein levels of PIM1 were significantly upregulated in the PIM1-OE BCPAP
cells (both P<0.05). Metabolomics analysis identified changes in 41 intracellular metabolites in
PIM1-OE cells, with 15 metabolites showing significant differences, including L-aspartic acid, succinic
acid, L-threonine, L-tryptophan, betaine, 2-dehydropantothenate, 3-indoleacetonitrile, D-octopine,
indole, N-acetylglutamic acid, creatine, pantothenic acid, uremic acid, N-acetyl-L-aspartic acid, and
hydroxyphosphono-pyruvic acid (all P<0.05). KEGG database analysis revealed significant alterations in
31 metabolic pathways, with 4 pathways—alanine, aspartate and glutamate metabolism; tryptophan
metabolism; glycine, serine, and threonine metabolism; and arginine and proline metabolism—being
notably affected, showing decreased activity (all P<0.05). Bioinformatics analysis indicated that high
PIMI1 expression and reduced activity in the glycine, serine, and threonine metabolic pathways were
associated with significantly decreased overall survival in thyroid cancer patients (both P<0.05).
Conclusion: PIM1 may influence multiple metabolic pathways by regulating the levels of various amino
acids, including aspartic acid, succinic acid, and tryptophan, thereby altering the metabolic state of PTC
and promoting its development and progression. Among these, changes in the glycine, serine, and
threonine metabolic pathways may be closely associated with patient prognosis.

Thyroid Neoplasms; Thyroid Cancer, Papillary; Metabolomics; PIM 1
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Figure 1 The lentiviral vector GV 141
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Table 1 Primer sequences

FEH izl
PIM1

Em5149 5'-CGA CAT CAA GGA CGA AAA C-3'

BRI 5149) 5'-CCA CAC ACC ATA TCA TAC AGC-3’
GAPDH

Em5149) 5'-CTG GGC TAC ACT GAG CAC C-3'

1514 5'-AAG TGG TCG TTG AGG GCA ATG-3'

1.83.2 Western blot  WCEE4H M i, 1 & 4 w5 R i
FIVEE 10 46 570 09 RIPA 28 b (Beyotime, H1[E)
2N, RMWAE4 CT, HIBUL A E R,
12 000 r/min, 10 min, KBR#FE A . A5 08 H
W B 1ok A BCA & (1 2 3K 8 & (Beyotime,
) Mg . A RE G AE A AT 38 PR AEAE 20 °C KA
W AR FRE B ORI SDS-PAGE B Jig i 47 H
UK, BRJE R BE RS T BT A &R RE L B8 % PVDF R
(100 V, 90 min) . A & 5% B AG 4 W5 ) TBST
bW, TEEIR N EM 2 h, LIF7 Ik AE R g
B o SRJE 8 H] TBST 28 il Uk % 3 I, B K 5 min.
A —BUE W B PIML BUAA (1:2 000 Hi B
Huabio, ET1609-57, [ ), Hi A2 B-actin HI &
(1:5 000 % B¢ ; Abconal, AC004, " [E), jif &
4 CTHERWE LK. FIMA iR H
ALY AR LAY I AE BT AR/ B IgG (1210 000 #i B
Beyotime, W), AW E 1 ho TBST ¥EU 3K,
FEUR S min, 7EBR LN ECLAXH S, % BioRAD %
R B A AT A A IR, 4500 il 2 Image )
A AT IR BE 53 BT o
1.4 RBTEFRIME XM &

a3 F% M4 0 40 I AR A (3 4 PIM1-OE 4 Jfd
PR, 3ENCAIIERE) 2 mL EPEH, MEFMIA L mL
CHEHE - HORAHW (2:2:1, viiv), e
%30 s; KEOERARARBARTZRS min, B
BOEEREM, MR LS E T 2 mL i AR
P, BT, 55 Hz4R¥% 2 min, EE ik
B2 ; 12 000 t/min 4 °C &S0 10 min, W F 5K
850 uL 2 2 mL B0, BB WA IO 28T
WETH AN A 300 uL &M 2 0.1%FA (1:9, viv) Bl Y
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Figure 2 The mRNA and protein expression levels of PIM1 in PIM1-OE and NC cells

A: qPCR Kl PIM1 B9 mRNA 7KF; B-C: Western blot £l

A: qPCR analysis of PIM1 mRNA

levels; B-C: Western blot analysis of PIM1 protein expression levels
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Wb, FEOHREKE B 4 AR (£2),
HphH ISR ESFBRIBE: L-RELAR .

RUEE SIS, 4R BREAEE Rl &
FESHEE S (E3B-C); LAk, OPLS-DA X £ #i
AT, AR B ERAEIE ., R TR T AR
R4 X 5 NC 41 A1 PIMI-OE 4 ([K13D)
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A: PCA scores plot; B: PLS-DA scores plot; C: Corresponding validation plot; D: OPLS-DA
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Table 2 Information of the 41 differential metabolites
£ 2R Al I H RT(min) VIP P

1 i C4H5N30 112.050 5 118.039 5 3.774 0.048

2 B C10H13N505 284.098 7 282.510 0 2.035 0.014

3 ENU C6H60 94.045 7 403.6140 1.768 0.023

4 S CSH11INO2 118.086 1 90.1113 3.423 0.002

5 L-73 3R C4HONO3 120.065 5 86.191 8 1.808 0.045

6 LR AR C6H11NO2 130.049 4 86.8117 3.399 0.023

7 JULR C4H9N302 132.076 9 94.429 1 11.210 0.000

8 3-M5|Ik L) CI10H8N2 156.120 8 774.290 0 1.547 0.008

9 N-o- LB R C8H16N203 188.070 6 394.129 0 7.048 0.015
10 LR C11HI2N202 205.097 8 394.129 0 4.131 0.017
11 IS C8H7N 118.065 6 394.535 5 1214 0.047
12 1—FH L C7HON20 137.071 1 136.106 0 3.288 0.021
13 4-F A SR F C8H802 136.049 2 826.318 0 1.413 0.014
14 19 [ C5H5N50 152.057 1 121.941 0 1.251 0.023
15 EHE IR C9H13NO3 184.096 7 148.479 0 1318 0.002
16 N1-ZBEIAS C9H21N30 188.175 3 74316 4 2.883 0.000
17 N-Z A AR C7H11NO5 190.071 3 172.397 0 1.050 0.000
18 WRHE CSHI1IN 86.096 9 192.875 0 5.643 0.008
19 N- it L- KA C6HINOS 158.045 3 134.479 5 1.028 0.004
20 1,5-Z8 C10H10N2 159.092 1 394.129 0 1.274 0.021
21 2-ZE C10HON 144.080 8 394.129 0 1.310 0.022
22 5-(2-F& L Hk) -4 JLgEm C6HINOS 143.040 4 519.394 5 1.737 0.016
23 -z R C6H1004 146.061 0 394.129 0 1.825 0.030
24 WL FE P AR C3H507P 184.985 9 740.283 0 1.104 0.002
25 D—3 Al i COH18N404 247.1417 127.4515 1.570 0.034
26 N-Z Bt —o-D-Z S 21 1-5R C8H16NO9P 284.053 3 92.609 3 1.151 0.003
27 Hr g C6H1406 181.0712 91.147 8 6.315 0.041
28 PRAZ T COHI12N206 243.060 3 169.429 5 5.117 0.041
29 HAEB AR C8H16N203 187.107 3 173.889 0 1.097 0.043
30 JiiEVINzR C10H12N404 251.076 4 295.515 5 1.140 0.010
31 LHENIE TR C5H1002 101.022 5 352.397 0 2.365 0.010
32 L- KA C4HTNO4 133.031 7 81.210 8 2.898 0.001
33 BRIAIR C4H604 117.017 3 98.626 1 5.883 0.007
34 JRIGHR C6H6N202 137.033 7 97.928 1 1.511 0.005
35 6—FH SLaAR s C6H6N4S 166.015 8 102.716 5 1.967 0.010
36 2 C9H17NO5 218.101 8 187.3220 4.196 0.010
37 FREIRILRLR COH1004 181.048 5 179.186 5 1.496 0.001
38 L-RAE AR C7H16N402 187.1179 102.829 5 1.151 0.009
39 WUH CI0H12N405 267.072 5 250.433 0 3.440 0.013
40 HEIGERS C10H12N406 283.066 5 274.900 0 2.435 0.006
41 X R — P RS R C8HI18N402 201.134 1 115771 5 5.121 0.018
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Figure 4 Box plots of 15 differential metabolites with significant differences
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W3t R (v3.32) 1 pheatmap 2 JF £ % 504 46
AT AR, R R (B 5A) o R 0 2
i 22 S A W AT SR BB o B (1 SB) ;. T
KEGG 1t i i # , F] FH Metaboanalyst ( http:/
www.Metaboanalyst.ca ) %0 #% B, #F 47 Qi 3@ %
gy M (1E15C) o S5 5 Rk BLH oA BT 22 5 15 %
ANAER . KREAARMA A RMNE (alanine,
aspartate and glutamate metabolism) , {4 2 fig X i
(tryptophan metabolism) , H &R . 22 & R Ml 75 & IR
R4 (glycine, serine and threonine metabolism) , 7
M M CoA & ML AU
biosynthesis ) 45 IU 4% {3 #%

(pantothenate and CoA

2.5 PIM1fnfEXRiHERS RRKBEEEETEN

XS

SN U NP AV 1 N2 W s L~ A7/ BT S
KEGG Compound 43 #7 & 42 38 %% , 75 2 4 35 M 2%
B 6A), iE—2 i it GEPIA B4 172 43 TCGA
B e b HUOIR R B E, Kaplan-Meier A5 77 fil] 28 5.
7, PIMI Y 755 28 3k BH 5 52 ) HH R B o A8 3 1 A
2% (P<0.05), )5 A4 0 W2 5 RuhE R
X HOIR B TS RS2 e, A5RBOR, HEmR . 4
SR RN I g R AR 34 AR S M B U A H IR R AR
N T A R T AV 1 7 e o ¢ S il 05 1
(¥ P<0.05), MHAZEMR . KE&ERMA AR,
O Z TR, 1Z TR A CoA & R AR I} 18 1% G B 3% 5%
Wi (¥ P>0.05) (151 6B).
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Figure 6 Correlation analysis of PIM1 and related metabolic pathways with the prognosis of thyroid cancer patients
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