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The plasma metabolite levels in patients with colorectal cancer*
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Abstract: Objective To explore the changes in plasma metabolite levels in patients with colorectal cancer
(CRC) and to screen for potential tumor biomarkers. Methods Blood samples of 166 patients admitted to the
Department of General Surgery of the First Affiliated Hospital of Jinzhou Medical University from September
2018 to August 2019 were selected and divided into the experimental group (120 cases) and the control group (46
cases). Liquid chromatography-tandem mass spectrometry (LC-MS / MS) was used to detect 23 amino acids and
26 acylcarnitines in plasma, and the differences in changes before and after surgery were compared among CRC
patients and normal controls as well as CRC patients with different tumor stages. Results Alanine (Ala), arginine
(Arg), citrulline (Cit), glutamine (Gln), methionine (Met), ornithine (Orn), proline (Pro), threonine (Thr), tyrosine
(Tvr), succinylcarnitine (C4DC), decanoylcarnitine (C10), and tetracosanoylcarnitine (C24) in the plasma of the
experimental group were all higher than those in the control group (P < 0.05). There was a statistically significant
difference in C4DC in plasma of patients with stage I, I, IIT and IV of CRC (P < 0.05). The levels of Ala, Cit, Gln,
Pro, C10, and C24 were lower than those before surgery (P < 0.05), while the levels of Orn and Thr were higher than
those before surgery (P < 0.05). Conclusions Plasma metabolites such as Ala, Cit, Orn, Pro, C4DC, and C10 in
colorectal cancer patients are of important significance in the diagnosis of colorectal cancer.
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45 B R B e WA B M 2 —, R4
BRI N LR R AL 8 4 7, FET- S8 3 0 "
LIS EL R ) 5 AF LR AT R0 3K 90%, BRI AN 2]
10%. HI, 45 B i P30 W A Uy 2 ™
S Bt s B2 W AR, MELL T Em A
REROTHE , L5 52 Wil i o b IR AR 4R R 2 B0 O R

TR 2 SR AR T M R R . I
R RATR S BESSRE /Ny TR BHT AR o Bl X
IR RIRANIGE, I EIERR . NN SRR 45T g
TEGTERR S C AL e BRRIE R, =
PR A ) A 1 5 S PR ) S 28 Bl )

ABIE ST A 45 B FE TR S L3R = Ak
R S A BRAI KPR 22 57, IRFTAS B A I
S L Bl A T AT 4 B 2 e A
YiksER, IR ARG 7 S Bk A o

1 ARSI

— g B A

VEHL 2018 4F 9 H—2019 4F 8 A fEf N ER} K2
Bt 25— P g 33 MBI BE 1Y 166 191 538 AR AR
W H A Ry S A 120 I FIGT BR 2 46 ], T2 5 1
62 f7l, k58 B ; e 32 ~ 89 %, ¥ (65.29 +
1040) %, XF B4 551k 21 ], Lok 25 4 4F 1%
36 ~ 88 %, V1 (63.13+1245) %, S5 HmwEIGIR
A3 W 35 B e R A 22 DL 4 5 /WL Es B i v
Bt o AN AR - ORGBEAG A RIS W R 25 B
QIS 18 ~ 90 % s OF AT AL Z HAGTINRIRTT 5
@I ERA AR ISR ; O AR FRA RN,
S 5 @ABER SRS W2, B S R B B oL
B WA i, HEBRARHE « OHABIRAI IR 5 @
KBS T SR R QM EAE RS EN ; @m
WAL . BT B GO B it B
FHEREANE R . WAFR I, 2554 E
S (P>0.05), HA AT

1.2 FHik

12,1 A% [ AB SCIEX A #] API 3200MD [
OIMEAL, B A B ERR R AAt LC20A AN (%Y, &
Grgs il FBR USSR FH S5 6] AB SCIEX A R 43 Hr k4
v1.6.0, ZdE WAL BER LAY A Chemo views #X1:,
Tl £ B4 B T TR 1E B T FL S 25 TR (EST+ ),

1.2.2 &7 FEE Thermo Fisher 2 F] LGN 463

1.1

7K, 26 Sigma—Aldrich A &) IE TEEM ZBEGR, F A
(DI SE ), 12 Fha SR (A1 2 AR ( NSK-A ) Al
8 A M bR (NSK-B) 4 H 2% [El Cambridge Isotope
JIGE, Bim Rl (quality control, QC ) FrifE ity H
f#[E Chromsystems 23 7 o
123 HAkSE  AZAETRESESAG TR
M mEEACH 7% (DBS) i8R REMFE, FiF
DBS MAEPRAFT 4°C K264
124 Ak HHTILa R DBS 184t 1)
FR AR 3 mm AR (MRS T 321 4200 ), A4
FLET 96 Lty i, RALINAS AR ICK H EE,
BT MRS IR % 20 mine FFLARE LALLL
1 500 r/min £5.0> 2 min, K FJEFER RS- ORI
1 B g I TR E R . RS REAR BB L 3 B
42 1AL, A In 2 A AKE A 2 A s KE R
QC AW, ¥ Lk A QC IFMAE R N, R N
R, THEEBIREARTE 65°C 41T 60wl ZBEA
FNETEE (1 ¢ 9) IRAWATAE 20 min, FTEM
WEHE N, RPN BIRIRT, S e MR TR REA
ERRAE 100 w1 30 0 RV W b DA 2R A7 AR 4 2
38T
1.3 RiFAZFHH

i1t 3E E AB SCIEX 22 7] API 3200MD i /3%
AT B SR O AT , 1 E IE T F B2 i
B Fiafr, BUGBITITEA 20wl BEAR, L 50%+50%
WG, HEAT M B U . VE B AR LA 0.2 ml/min
¥ i, B S5 7€ 0.08 min N [ F] 0.01 ml/min Jf 4 £
1.50 min, 2 J5 7£ 0.01 min N % T} %] 0.2 ml/min
Jf 4 FF 0.5 min, 25 1 W % B R N 45k,
B URARIE 2 o 35 B/ 5 B b (psi)
(1 psi=6.895 kPa ), BB AR IBH 20 psi, BB
PRI LRREAE 350°C , ARG — ERIC T A( LC-MS/
MS) SBT3 I Aok FHEEE 4948 (precursor ion,
Prec ). W% F 2% (neutral loss, NL ) M £ Jz W W il
( multiple reaction monitor, MRM ) 3 PR,
1.4 Hitr=zrEE
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2.1 WAMPKEKFELLE

PN IR (Ala) KGR (Arg ) JRZERR (Cit ),
HAWmERE (Gln), HEZER (Met), S2 R (Om),
&R (Pro). F& MR (Thr), BREFR (Tvr), T
P JE B (C4DC ). ZEREIEPIHK (C10) Ko — -+ PUpk
KRR (C24) HufR, SR FEA t K%, 2R B 5T
SR (P <0.05), SCIR B AT i R AL
Wie (Asn), KITAER (Asp). EBER (Cvs), &
AR (Glu), &M (Glv). LB (Hev).
HAM (His), AR (Leu), BHAMR (Lvs), &
N (Phe ), SR (Pip), &R (Trp). N

BEFE AL (C3). TEEIEAGE (C4). 2T BERE A
(C4-OH ), WA (Val), B A (CO). LmEH
PIBK (C2). SemEEERAE (C5). 565 SO 2 P ik
(C5-OH) X BEFEATE ( CSDC) M B SE A A% (S
1), CBEEAR (C6). FRHIEEA (C8). HH:BE
SR (C12), WEEBILAM (C14), HREE
ML BR (C14-OH ). P HRE ML AHK (C14DC),
PRI IR (C16). FEERMmEEE A FK (C16-0H ).
PRI IE A (C16 : 1-OH ), -+ /\BRBESE A Ak
(C18), —THkMEEFIEAAL (C20), - kI A A%
(C22), ZFo/SBREBEIE AT (C26) K A 55 i ot 5
WK (C14 - 1) g, ZR ISR (P>0.05),
Wk 1,

F1 FWAMEREWAPEERE  (pmol/l, xxs)
205 n Ala Arg Asn Asp Cit Cvs Gln
MR 46 146.685+51.362  5.643+3.394  68.463£23.749 24494 £8.760 24.674+9.084  1.345:0.730  8.003 +4.134
SIEAH 120 164927 £52.247  7.537+4.096 6757722757 27.722+12.542 29.089+10.738  1.492+0.734  9.485+3.987
(18 2.023 2912 -0.236 1.654 2.582 1.229 2257
P{E 0.045 0.004 0.814 0.099 0.010 0.220 0.025
H5) Glu Glv Hev His Leu Lvs Met
SIBZH 176.900 +55.727 191458 +61.584  8.622+0.826  66.775+55.929  99.656 +30.560 127.119+76.229  15.833 +4.429
SO 177338 58360 206929 +73.143 87910952  67.813+40.126  102.481 £33.215 151.880+78.904  17.671 +5.598
t{8 0.046 1.329 1.110 0.146 0.527 1.930 1.998
PE 0.963 0.185 0.268 0.884 0.598 0.055 0.047
ZH 5 Orn Phe Pip Pro Ser Thr Trp
PR 12790 +4.915  46.817+£21.731 242.953 £+94.378 405.181 +199.432 47969 + 13.417  22.603+7.927  40.823 + 10.193
ST 15494 £6.857 42474 £13.106  275.573 = 129.372 464.549 + 174.898 51.815+16.636  26.172£9.063  44.640 = 11.889
1l 2.527 ~1.760 1.613 2.020 1.402 2.462 1.922
PH 0.012 0.080 0.108 0.045 0.163 0.015 0.056
bl C3 C4 C4-OH Tvr Val Co 2
Xif B2 1.446 + 0.504 0.161 = 0.069 0.042+0.024  54.830 16219 143.245+36.039 26.072+8.309  14.200 5.335
FIeLH 1.486 + 0.675 0.181 + 0.081 0.046+0.030  61.322+16.636 136.524 +33.414 28.125+10.619  13.275+5.672
td 0.378 1.56 0.746 2.266 -1.212 1.227 -1.008
P1A 0.706 0.120 0.456 0.025 0.227 0.221 0.314
215 c4DC (05 C5-OH C5DC C5: 1 C6 c8
Xif HR 4 0.221 = 0.099 0.113 £ 0.055 0.127 = 0.043 0.069 = 0.051 0.026 = 0.015 0.082 + 0.033 0.095 + 0.059
S 0.291 0.171 0.116 = 0.062 0.142 +0.071 0.075 = 0.045 0.030 = 0.025 0.087 +0.050 0.117 £0.097
({8 3.684 0.296 1.895 0.713 0.958 0.616 1.477
P{E 0.000 0.768 0.061 0.476 0.339 0.539 0.141

.37.
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S

2051 C10 C12 Cl4 C14-OH C14DC C16 C16-OH
pogitetel 0.082 + 0.051 0.062 + 0.030 0.055 £ 0.021 0.022 £ 0.010 0.026 +0.012 0.858 +0.295 0.025 +0.014
SCIGZH 0.108 + 0.084 0.068 + 0.036 0.063 + 0.035 0.023 £ 0.014 0.024 £ 0.015 0.909 + 0.380 0.023 £ 0.013
tH 2.377 1.128 1.827 0.653 -1.041 0.852 -1.030
P1E 0.019 0.260 0.070 0.514 0.299 0.395 0.304

ZH 5 Cl16: 1-OH C18 C20 C22 C24 C26 Cl4: 1

X REZH 0.034 +0.013 0.421 £ 0.161 0.019 £ 0.010 0.040 + 0.017 0.022 +0.012 0.024 + 0.009 0.082 + 0.047
SIS 0.035 +£0.017 0.459 +0.177 0.020 + 0.010 0.044 + 0.021 0.028 +0.013 0.025 £ 0.011 0.079 £ 0.046
t{E 0.470 1.306 0.804 1.300 2.657 0.739 -0.394
P1{E 0.639 0.193 0.422 0.195 0.008 0.461 0.694

22 A REIGEKD L EFRESE M REREKE
2%

S H M BE oW L B (i FEEE >, B
b 5 S N B4, MR ), 45 R
149114 6], 4F6% 53 ~ 81 %, F4Y (66.79+8.74) %
g5 H e B E T 50 ], 4Fik 43 ~ 86 %, 3y
(64.96+9.74) %, 45 H Wi B3 T 40 4], 4R %

x2 AREIEKSREERREERE MR G KF R

46 ~ 89 %, T (64.63+10.16) % . Z5HmlE ¥
VI 15 6, 44 51 ~ 82 %, ¥4 (702+897) %,
NGl R CENE R R B e d s 2 =3 e v e
B (P>0.05), AlEJim AR NES Bl L C4DC K
P, ZRAGI R (P <0.05); 1 Ala, Arg,
Cit. Gln. Met. Om. Pro. Thr. Tvr. C10 f C24 /K ¥
Fegs, 25 TsiEE X (P>0.05), W 2,

( wmol/L, X+s5)

it n Ala Arg Cit Gln Met Orn

11 14 164.484 + 40.252 6.176 = 2.330 30.468 +9.145 10.464 +2.905 18.711 £ 6.019 14.922 +4.332
1T # 50 167.348 + 55.789 6.992 + 4.405 28.688 + 8.524 9.655 + 3.833 16.892 + 4.862 15.133 +5.236
11§:4] 40 166.621 + 54.157 8.167 +4.322 31.966 + 14.226 9.068 + 3.795 17.321 +5.431 14.881 + 6.093
Vi 15 149.742 + 47.040 7.091 £3.513 25.471 + 8.881 10.436 + 6.139 20.231 +7.563 15.934 + 6.912
F1E 0.323 1.486 0.02 0.876 0.206 0.425
P 0.570 0.223 0.887 0.349 0.650 0.514
3 Pro Thr Tvr C4DC C10 C24

I 473.424 + 147.125 27.483 + 6.962 65.204 + 15.734 0.309 = 0.219 0.115 = 0.070 0.029 = 0.017
1T # 467.875 + 133.380 23.569 + 7.503 60.739 + 15.848 0.242 + 0.146 0.094 + 0.081 0.026 = 0.013
11§:4] 502.134 + 244.446 26.777 + 8.684 63.879 + 14.283 0.295 +0.143 0.106 % 0.069 0.026 = 0.013
Vi 463.825 + 187.388 27.442 £ 10.244 52.943 + 23.767 0.344 = 0.180 0.147 £ 0.131 0.033 £0.017
F1E 1.093 1.667 1.708 4.728 0.213 2.368

P 0.296 0.197 0.191 0.030 0.645 0.124
2.3 FHEHMEBEFANGEMERGWAKFILER Tvr J CADC 88, 227 TGeit4m 3 (P >0.05), AR

B E RIS AR)E Ala, Cit, Gln, Om,
Pro, Thr, C10 }z C24 MY ELEE, LRCXTREA
t RS, ZRAGIFE X (P <0.05); i Arg, Met,

J& Ala. Cit. Gln. Pro. C10. C24 /K F % A B B A%
(P <0.05); i Orn. Thr K FEHBAFTTFE (P <0.05).
W3,
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R3 SLEHREEEFAUBEMERGEWAFELE (2=119, pmol/L, Xx+s)
5[] Ala Arg Cit Gln Met Orn
ARAT 162.667 + 48.421 7.213 £ 4.031 29.846 + 11.121 9.687 + 4.185 17.237 +5.233 14.944 + 5.323
N 134.346 + 42.861 7.545 + 8.766 19.948 + 11.222 8.212 +4.257 18.242 + 6.125 23.321 £27.223
1 5.294 -0.414 6.991 2619 -1.480 3212
P1E 0.000 0.680 0.000 0.010 0.142 0.002
sy 8] Pro Thr Tvr C4DC C10 24
Nl 479.133 + 190.451 25.501 + 8.103 61.548 + 14.586 0.263 £0.143 0.104 £ 0.077 0.027 £0.013
VN 353.314 + 134.323 28.170 + 11.436 64.390 + 20.070 0.238 £0.138 0.063 + 0.050 0.023 £0.012
¢ {8 6.160 -2.341 -1.26 1.955 5.133 2579
Py 0.000 0.021 0.210 0.053 0.000 0.011
3 g FEI R R Y], VBRI HEis S

45 B T AL R Gt R UL R 2 — v,
HARpm Ry Nk A, FRale e SR, &
FERRAE N AR R SEA AL, S 5RN 2R AR
KR EARAL, AT HP T LC-MS/MS A i 2% £ 15
YIRS, b HO® A5 ] FH 145 B e i 7 0
B,

AR LR R gs ALK ) Ala, Arg,
Cit. Gln. Met. Orn. Pro. Thr. Tvr. C4DC. C10.
C24 BN IR TH i, 5 MIYAGE 45 " WF 58 45 L AR —
. H Gln KPR NISHIUMI 45 ™ [ BIF5E 45
RA—F Gln BHUARFE WAL IR, W
MR AR IR 2 25 . TODOROVA 45 ™ IAh,
#MFE Gln BEAEHIH IGF-1 76 1Y PI-3K/Akt {558 1,
T 30 (2 e A B R SE K I A4 A3 B ) T 200
M. Gln WJZ MR Ay, BRAg4gssrm 2 dtne
", fEEH WARBURG! 4285452, Ihvyss 40 o
BRIVl 4R 70 A A L o B SR IR AR SR L e i
£l Warburg . BT Warburg RO, MRl pe AR
PN ERFR AN REVE A = SRBRTAIR, 178 ALT EH F 24
AR A I I Ala, IKEDA %5 " BIgE kKK, 45150
TR FIE Y Ala 7P A BRZH 5

WAL, WE4ES H R B AT R ARG T ARG YT
&, RS TFARXTBRFE W, RJF4 1 ETRES
JER AT ER IR A AY . ARTIGLER BN, ARJF Ala,
Gln, Cit, Pro, C10, C24 /K ARATFEAK, 1M Om,
Thr KFEARFT TR HEM Ala, Gln, Cit & Pro {{iff
WK - B R I A8 Al Es T B R R T2 R 2 Bk v gge ) &%
W, I Ala, Gln, Cit, Pro, C10 & C24 545 5 %

AEEPES R, MA SF T K R R . R Y
MIHFREERR, KW Val, 5- 40 -L- RS
S NRE, M Tve BTV, (EMRE SRR HAT A, iE
T B — 5T

RS2 I8 A X AN [ DR 43 0 485 T P s S A %) 2%
RUIAT g, DhiE—2B s e S5 e EFe
KR, RER T, T8, M AV, €
RIL CADC K PARAA 22 57, AR B2 5%
HIRAYAMA % " W58 R, REIE Bk R~
KT 58 RE 43 A AH M. QIU 4 ™ il 45 B
[ SR B A 5 A E R TCAR DG . A iR R
B, S [) I PR 20 30 e 8 0 AR K S AR A A 22
S T ARSI 45 R T R AR I AR S A
L MRACHPIR AR 4 . SN AREAE) 2
Ml RAEE 2R A, Bk, 45 EE ™
EREEIEA S MK YIACEARSE, 577 i — 25

e 5 PR s R 5 A S TR AR SRR I R 45
I —FPEEY T, ROR SR RIE TR B - &
FRARIE R Rl . 4 SRRt ek g D e e A AR i &
A, el UM RS A BB, SBunkh
PR T 56 PR A A . PRI 2 A BT AR A - D
PIBEAE N B R R — 204, R BE R R A4k
RARNIEIT AL, $EAEREE 5 @ RBEIEY 40H Ak
TiF 25 CoA HMERE CoA A A8 5 25 . TR IR B 1) 22
AR 43 VA R F R A R A AS i 2 (CPT2) (19 R i,
HF RS TP & A . LU % " HF5gdis, 15
kL R BAE I PR g T2 E 2 5, PRI R 2
WA 6 R, MR A B A7 25 5% . WILLIAMS
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X2 E s REA SRR 1R, DA SR AN R B B
(T, ~ T,) HRFEME . RS I i k3 8 a2 12
i 7 R S A A B A e S R e B i ™

g5 LR, ARSLEREEIRR] Ala, Arg. Cit, Gln,
Met. Orn. Pro. Thr. Tvr. C4DC. C10 M C24 #£
45 H i R min v B HESEMAE, Ala. Cit,
Om. Pro, C4DC } C10 7E45 H s 5 W2 W h B
T E N, TR RARTE D, X2 E e
WIS Wi s BRI PRAFF A — 25 B
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