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Research of tissue metabolomics in papillary thyroid carcinoma based on
HPLC/Q-TOF-MS

DU Yang®, ZOU Lianhong®, FAN Peizhi* (a. Department of Breast and Thyroid Surgery; b. Hunan Provincial Key Laboratory of Acute
and Critical Metabolomics, The First Affiliated Hospital of Hunan Normal University & Hunan Provincial People's Hospital, Changsha
410002, Hunan, China)

[Abstract] Objective: To explore the metabolic differences between papillary thyroid carcinoma (PTC) tissues and adjacent tissues
using tissue metabolomics methods, and to search for potential biomarkers of PTC as well as to explore the pathogenesis and treatment
strategies for PTC. Methods: Collected cancer and para-cancerous tissue specim ens from 40 patients with PTC who had undergone
breast surgery at D epartm ent of Breast and Thyroid Surgery of H unan Provincial People's H ospital from O ctober 2018 to February
2020. Using the HPLC-MS technology platform, multi-dimensional statistical analysis of differential metabolites in PTC tissues and
adjacent tissues was performed to find abnormal metabolic pathways related to PTC. Results: PCA, PLS-DA, OPLS-DA analyses
showed that the metabolic profiles of cancer tissues and adjacent tissues were significantly different. OPLS-Loading plot analysis
screened 76 potential differential metabolites (VIP>1, FC>2, and P<0.05). Among them, 33 metabolites such as Leucyl-phenylalanine,
2-Oxomelatonin and Vanillactic acid were up-regulated in PTC tissues; 43 metabolites such as 3-glucoside, glycerophospholipid,
phosphatidylcholine and lactose were down-regulated in PTC tissues. 13 abnormal metabolic pathways related to differential
metabolites that may be involved in the pathophysiological process of PTC metabolism were found, such as: cysteine and methionine
metabolism, glycerophospholipid metabolism, pyrimidine metabolism, galactose metabolism and alanine, aspartic acid and glutamic
acid metabolism, citric acid cycle and so on. There were five types of differential metabolites with an area under the ROC curve greater
than 0.9, namely pimelic acid, solerol, suberic acid, Alpha-Lactose and L-Serine. Conclusion: The galactose metabolism and amino

acid metabolism in PTC tissues have changed, and Warburg effect exists in cells of PTC tissues. Pimelic acid, solerol, suberic acid,
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Alpha-Lactose and L-Serine can be used to distinguish PTC from normal people.
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- 20 °C## E 30 min; 4 °CHLIE 20> 10 min, HL 200 pl
) _EJE R BEN T N AT [ LC-MS #EFE /N
1.4 HPLC-MS 5 #1

PL HPLC-MS {E A AU 4 B A I~ &, BF 7
PTC 5% 55 4 2R AR 22 3¢, 76 55 1E A 4 B 1 X
BN S TR =TI G 1 N S T S S
AcclainmTMRSLC120-C18 34+ (100 mmx2.1 mm) ,
FEIRAREFLE 40 °C, BEFE R 3 pulo JRBIAH A N 0.1% (K
TR BO WL/ 7K (E 2 mmol/L FIRRED , I B 4 0.1%
EFAHO /7K, B FE L E 2% B #74E 0~2 min,
50% B 74 2~12 min, 90% B ¥ 4% 10~30 min, 98% B

are



+ 1266 -

HR [ MR AR iR T 4k A, 2020, 27(11)
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WfiH# (alanine, aspartate and glutamate metabolism) .
RIEHI(glyoxylate and dicarboxylate metabolism) «ff
IR 4 W) A A (arginine biosynthesis) « F7 15 B2 7§ P8
OB R R AR W @ B (pyruvate
] 118 R /0N (R Al s ) AR 3 38 B2 A 5 i

(citrate cycle)
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1] ]
1=0.154 ROX[2]=0.115  Ellipse:Hotelling’s T2 (95%) ]=0.179 R2X[2}=0.151  Eliipse:Hotelling’s T2 (95%) JF0.133 R2X[2]=0.111  EllipseHotelling's T2 (95%)

200 permutations components 1]
0583 RIX[2=0311  BlipseiHotelling's T2 (95%)

g | — 5 2 ., . R PP i % == ol 4
: ‘y 10 s o o
0.3 o =10l /) ey | s} 03 1 5! = o3I A
HoL . A it Nt o, =
02 : g &y if a oo | ot 02 [
01 ¥ § -10 :;,: -.-! -0.5 . o 1’6 DY ry 3 0.(1] 5
o) . =20 . 10 e 25 Ll L 4 L
£ e 30 2 -w d 02
202002 04 05 08 L0 0 15 - I R 0 . -
200 permutations componeats - ]0 g B2 020 02 04 06 08 10 R 1 20270 02 04 06 08 10

10,0884 R2X[] H 1zx Empwﬂmung T2 95%)

200 permutations components

10,0904 RIX[2]-0.105  Ellipse Hotelling’s T2 (95%) 200 permutations components

A, B: The scatter plots analyzed by PCA; C, E, G, I: PLS-DA (Figure 1C, E) and OPLS-DA (Figure 1G, I) showed that the metabolism
of PTC tissues was different from that of adjacent tissues; D, F, H, G: The scatter plots of OPLS-DA analysis of PTC adjacent (green

dots) and cancer tissues (blue squares) groups more clearly showed the metabolic differences between the two groups. Use permutation
test to test the reliability of the model
1 PCA.PLS-DA F1OPLS-DA 534 75 3£ i#4T % st 3 #TIR A
Fig.1 PCA, PLS-DA and OPLS-DA analysis methods were used for multivariate analysis and identification

F1 ERBETFENATPTCALMEZHLNERTMERE(FT10)

Tab.1 Differential metabolites in PTC tissues and adjacent tissues in positive and negative ion mode (Top10)

No. Name FC log,(FC) P VIP HMDB ID ESI+
1 Leucyl-phenylalanine 8.2149 3.0382  8.84E-07  1.73439 HMDB0013243 M +H
2 2-Oxomelatonin 7.5819 2.9226 1.10E-05 1.6916 HMDBO0060721 M +H
3 Vanillactic acid 7.4366 2.8947  2.39E-07 1.65857 HMDBO0000913 M+H
4 Aspartylphenylalanine 7.0347 2.8145  2.95E-08 1.72915 HMDBO0000706 M+H
5 2-Methylcitric acid 6.0081 2.5869 1.18E-07  1.47845 HMDB0000379 M-H
6  Undecanedioic acid 4.8098 2.266 1.18E-06  1.78611 HMDB0000888 M+H
7  Homo-L-arginine 43018 2.1049  0.0057553 1.52689 HMDBO0000670 M+H
8  Tetrahydroaldosterone-3-glucuronide 4.093 2.0332 2.06E-08  1.68811 HMDBO0010357 M +H
9  Glycylproline 3.914 1.9687  6.83E-06  1.28339 HMDB0000721 M +H
10  5,6-Dihydrouridine 3.4822 1.8 0.0033371  1.3649 HMDBO0000497 M+H

24 AYirEH
1£ PTC 5% 55 4L 231 76 Fh 22 e MEAR U M v,
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*J% L- 22 5 W 55 1 b 2 S PEAR I 4 ] DLSR X 4 PTC
HZ\ 59 55 H 2R, B 3 B, B IR I L 3 1R
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5 Fh 2= T AR P HE AT I B A A A5 B A T E R L G
K 4R, R2 A AREE K E SR,
3 %W i

AR F HPLC-MS £ A% 40 4] PTC B2 1198
ol SR 55 21 2 AR #E BE 34T T 0 M, PCAL
OPLS-DA 73 #r 45 R 35132 B3, Jes 20 2R R 55 2 L AR

WS B B A B2 2 57, 4 OPLS—Loading plot 73 #7
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FUBEAT LA SR X 4» PTC 4H4 ) E R H 2, H T A
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X5 R e EARWIA . BANEAI R EEE
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FERE R, DR Rt — 2D Wk 7C SURE A A FIR iR 10 1
HFRELE .

AR S X PTC 55 55 L S AT 22 7 PR AC
YRS, S B PTC R (Y B8 i B AEL Bk 1- B k- H- ik -3-
PR RE ol S5 55 22 R IR DT 1R & R S LT B . IR
O REL 6L 1 - K- o -3 B TG ARG P 5 11 1 3ok 8 1 A
I B R R (K T 011 CR T 0.1 5 U5 B H- 3 e g
RUE R 5 PTC ALK el % o

3.0 ® ©)
(©)

25

2.048

-log(p)

15t} @0

1.0< @7

ol ®
03 o ® L 4
)

I() 0.05 0.10 0.15 0.20 0.25 0.30
Pathway impact
Pathway analysis based on “Kyoto Encyclopedia of Genes and
Genomes” (KEGG).The color and size of each circle is based on
p-values (yellow: higher P-values and red: lower P-values) and
pathway impact values (the larger the circle the higher the
impact score)calculated from the topological analysis,
respectively. Pathways were considered significantly enriched if
P <0.05, impact 0.1 and number of metabolite hits in the
pathway >1
2 RIFBEBEIIER

Fig.2 Results of pathway analysis of metabolomics data

Pimelic acid Solerol Suberic acid a-lactose L-serine
1.0{pme————7 1.0 2 o 1.0 = 1.0 1
208 b § b T Y [ - 208 - (| |. &S
Z 06 Z 0. il £ 06 | B og ‘ B
= 5 55 = i 1 = = || (W
Z 04 f Z 0.4 7 0.4 [| ot
=] = =
2 03 g 302 % 302 : i
0 — v e [ L e s Ol———
0020406081.0 0020406081.0 0020406081.0 00204060810 00204060810
1-Specificity 1-Specificity 1-Specificity 1-Specificity 1-Specificity

ROC curve of pimelic acid, Solerol, suberic acid, a-lactose, L-serine. The ROC curve on the left is basedon non-target metabolomics

data. The abscissa in the ROC curve graph represents specificity, and the ordinate represents sensitivity. The histogram on the right

reflects the statistically significant changes in the concentration of biomarkers and metabolites between PTC cancer tissue and adjacent

tissues (P <0.05). The yellow histogram in the figure represents the concentration of PTC cancer tissue, the blue histogram represents

the concentration of adjacent tissues
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Fig.3 ROC curve analysis of the ability of five metabolites to diagnose PTC cancer tissues and adjacent tissues
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Fig.4 Diagram of galactose metabolism and glycine, serine,

and threonine metabolism pathways involved in five
different metabolites of pimelic acid, solerol, suberic acid,

a-lactose, L-serine

The metabolism of serine and glycine is de novo produced by
glycolysis through oxidation of the intermediate product
3-phosphoglycerate. Serine and glycine are also transported into the
cell, and sarcosine and threonine can also enter the cell to be
converted into glycine. The dashed arrows indicate multiple
biochemical steps. The double arrow indicates a reversible step.
Abbreviations: PHGDH: phosphate dehydrogenase, GLDC: glycine
decarboxylase, SHMT: serine hydroxymethyltransferase,
GNMT: glycine-N-methyltransferase, THF: tetrahydrofolate,
Me-THF: methyltetrahydrofolate
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Tab.2 Alist of information about the relevant generation pathways

No. Metabolic pathway

Total Expected Hits Raw P Impact Hm adjus FDR  Database

Galactose metabolism 27 0.07

2 Glycine, serine and threonine metabolism 33 0.07

1 2.15E-01 0.32 1.00E+00 1.00E+00 KEGG
1 2.15E-01 0.29 1.00E+00 1.00E+00 KEGG
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