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Abstract: Colon cancer (CC) is one of the most common malignant tumors worldwide. As

there are no effective biomarkers for the early diagnosis and intervention tracking, the inci-
dence of CC is increasing every year. Cholesterol is an important component of cell membrane,
and it has been shown to be associated with CC. Oxysterol is an oxidized derivative of choles-
terol, which plays an important role in many malignant tumors. In this study, liquid chromatog-
raphy-tandem mass spectrometry ( LC-MS/MS) was used to determine serum cholesterol and
ten oxysterol metabolites related to cholesterol in CC patients and healthy controls, and qualita-
tive and quantitative analyses were carried out. Raw data were processed and analyzed using
GraphPad Prism 8. 3. 0 and the MetaboAnalyst 5. 0 platform ( https:/ www. metaboanalyst. ca/
MetaboAnalyst/ModuleView.xhtml). To perform the independent sample ¢-test, it was necessa-
ry to ensure that all the sample data followed a normal distribution; therefore, the normal dis-
tribution test was performed in advance. The Mann-Whitney U test, which is a nonparametric
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test, was adopted for samples without a normal distribution. For the processed data, we used
the statistical analysis function module of the MetaboAnalyst 5.0 platform to perform partial
least-square discriminant analysis ( PLS-DA) and orthogonal partial least-square discriminant
analysis (OPLS-DA). Both PLS-DA and OPLS-DA are supervised discriminant analysis methods.
The OPLS-DA model is based on the PLS-DA model and eliminates variables that are unrelated
to the experiment. In both models, the samples from the two groups were well separated by the
score plot. In the PLS-DA model, the horizontal and vertical coordinates of the score plot repre-
sent the interpretation rates of the principal components of the model. The horizontal coordi-
nates show the differences between groups, and the vertical coordinates show the differences
within groups. In addition to the score plot in the PLS-DA model, another crucial factor is varia-
ble importance in the projection (VIP). When VIP>1, the compound makes an important con-
tribution to the model and is also used as a criterion for screening differential metabolites.
Based on 10-fold cross-validation ( CV) of the PLS-DA model, the performance of the model
was the best when the number of components was three. To avoid overfitting of the data, three
metabolic markers were selected by using not only the VIP values of metabolites of the PLS-DA
model, but also the optimal compositions and K-mean clusters. The three biomarkers were 43-
hydroxycholesterol (48-OHC), cholestane-38,5a«,68-triol (Triol), and cholesterol. A receiver
operating characteristic (ROC) curve was constructed. The area under the curve (AUC) was
generally between 0.5 and 1. 0. In the case of AUC>0. 5, the closer the AUC is to 1, the better
is the performance of the model. In this study, the area under the ROC curve constructed joint-
ly by the three metabolic markers was 0. 998, indicating that their combined ability to predict
CC was strong and that the diagnostic performance was excellent. In addition, to understand
the role of the three metabolic markers in the pathogenesis of CC, the genes associated with
the metabolic markers were identified using GeneCards ( https:/www.genecards.org/). Final-
ly, 110 genes were identified. Gene ontology ( GO) enrichment and Kyoto Encyclopedia of
Genes and Genomes ( KEGG) were used to analyze the biological processes, metabolic path-
ways, and possible roles in the body. GO enrichment showed that the three markers are mainly
distributed in the endoplasmic reticulum lumen and coated vesicles, and they are mainly
involved in biological processes such as cholesterol metabolism, transportation, and low-densi-
ty lipoprotein particle remodeling. Their molecular functions are cholesterol transfer activity and
low-density lipoprotein particle receptor binding. KEGG pathway analysis showed that biomark-
ers are enriched in steroid biosynthesis, PPAR ( peroxisome proliferator-activated receptor)
signaling pathways, and ABC ( ATP-binding cassette) transport pathways. The results of this
study are helpful to understand the role of cholesterol and oxysterol in the pathogenesis of CC
and to elucidate the pathogenesis of CC.

Key words: liquid chromatography-tandem mass spectrometry ( LC-MS/MS); colon cancer
(CC) ; oxysterol; metabolomics
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1.1 & H SR

AR EIEAEE F B A A% | Surveyor MS Pump
plus % 5132 % % Al Hypersil GOLD C18 4 ( 150 mm
x2.1 mm, 5 pm, Thermo Electron), TSQ Quan-
tum Access Max = & PUH AT %1 ( Thermo Fish-
er Scientific, 3¢[H ) ; G-560E i ez 1% X ( Scientif-
ic Industries, 3 [H ) ; 5804R &.0>#L ( Eppendorf , 7
[E); OA-SYS N-EVAPI11 % " {¥ ( Organomation
Associates , 3¢ [F ) ; 1 i /K ¥ #4 ( Fisher Scientific,
K H) ; Milli-Q #2li/K #4¢ (Millipore , 3E[H ) .

S A o (G RE 34 = 98% ), f 4 24-55 0k
JH[E B (24-OHC) | To-#5  IH [5 B ( 7a-OHC ) | 7-F
FEJH [ B (7-KC) | 25-#2 2 11 [ {E (25-OHC ) 4B8-F7%
SLAH [# % (48-OHC) (38, 5a, 68- = F2 3 iF [ B ( Tri-
ol) . 19-# JLJH [# F% ( 19-OHC ) ( Toronto Research
Chemicals, & K) ; 200~ 500 [ % ( 20-OHC ) |
20824k H & §% (228-OHC) | 58, 68-34 4 M [# fiz
(58,68) (Sigma-Aldrich, 35 [F ) ; Sa, 6a-FF & H
% (5a,60) (Tokyo Chemical Industry, H 4%) ; 27-
FLHL]H [E | (27-OHC) ( Tocris Bioscience , 92 [H ) ;
JIEL T P R SR B (T R, D s R TR S

8 R i 2l 4- T S BE ML WE | bk i R | L NE
=R 2,6- AT Hk-4-F BLOK 1y (BHT ) ( Sigma-
Aldrich, 3£ [H ) ; 2-H %E-6-fif 3£ K 2 i ( Bide Phar-
matech, F1[E) .
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WREA TR B % BB R 7 Fi e 25 — BE B, T &2
R PIGRFEAME B LR 1, BFSEW5 S i A
KARF BIRARIGE KRBT it . IMEAEAS

®1 MBEEEXHIERER

Table 1 Clinical information of serum samples

Type Gender (female/male) Age TC/(mmol/L) TG/(mmol/L) LDL-C/(mmol/L) HDL-C/(mmol/L)
HC group (n=29) 14/15 38.79+11.84 4.48+0.76 1.21+0.36 2.34+0.63 1.41£0.32
CC group (n=13) 8/5 63.15+8.16 5.19+0.98 1.51£0.91 2.83+0.58 1.35+0.41
P value <0.0001 0.0174 0.6048 0.0224 0.6137

HC: healthy control; CC: colon cancer; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein; HDL-C: high-

density lipoprotein.
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Table 2 Difference analysis of serum cholesterol and
oxysterols between CC and HC groups

Name P value (HC vs CC)
20a-Hydroxycholesterol (20a-OHC) 0.9311
24-Hydroxycholesterol (24-OHC) + 0.3724

22B-hydroxycholesterol (228-OHC)
25-Hydroxycholesterol (25-OHC) 0.3862

7a-Hydroxycholesterol (7a-OHC) 0.9358
7-Ketocholesterol (7-KC) 0.5186
27-Hydroxycholesterol (27-OHC) 0.2379
Cholestane-38,5«a,6B3-triol ( Triol ) 0.9358

Cholesterol-583,6B-epoxide (58,68) 0.1590
Cholesterol-5a , 6a-epoxide (5a,6a) 0.0506
4B-Hydroxycholesterol (48-OHC) 0.0153
Cholesterol <0.0001
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Fig. 1 Partial least square discriminant analysis (PLS-DA) and orthogonal partial least
square discriminant analysis (OPLS-DA) models of CC and HC groups
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Fig. 2 (a) Variable importance in the projection ( VIP) values and (b) optimal compositions of the PLS-DA model

* The optimal compositions of the PLS-DA model selected according to Q.
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Table 3 K-mean clusters of the metabolites

Name

K-mean cluster

20a-OHC
24-OHC+223-OHC
25-OHC
7a-OHC
7-KC
27-OHC
Triol

58,68
Sa,6a
4B-OHC
Cholesterol
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2.2 ROC HZIGIE

ROC & /&—F o025 4%, et T4t FH
PE/BAME e/ o S E L, IR 5E R O 3k Y
3 P A IbR LA 20 ROC MLk (ULIE 3) , HiZk
THF(AUC) T LRI Wiz o e as vk g, —

Sensitivity (True positive rate)

0.8
0.6 |
0.4

0.2

0.0 -|

Area under the curve (AUC) = 0.998
95% CI: 0.965-1

&3

0.0

1
0.

R o ey
2 0.4 0.6 0.8
1-Specificity (False positive rate)

EX & 48-OHC, Triol  AEEIEE4 #] ROC Bhzk
Fig. 3 Receiver operating characteristic (ROC) curve
with 48-OHC, Triol and cholesterol

CI. confidence interval.
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T B 3 E R R AR R BEAE W) & L PPAR
(b AR A A 1 B D VTG A2 AR ) A 538 5 F ABC
(ATP 456 &) iz (WK 4p) .

Steroid biosynthesis ()
b PPAR signaling pathway [
ABC transporters ®
Vitamin digestion and absorption °
Bile acid biosynthesis, cholesterol—
cholate/chenodeoxycholate Count
Lysosome e 50
Adipocytokine signaling pathway : ZOS 0
Steroid hormone biosynthesis @125
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60 ; IIO 1I5 2I0 2I5
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E 4 4B-OHC,.Triol fNAEEIEEHXERE M (a) GO E&EF(b) KEGG iE B
Fig. 4 (a) Gene ontology (GO) enrichment and (b) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways

of 43-OHC, Triol and cholesterol-related genes

BP: biological process; MF: molecular function; CCRC: cellular component related class; PPAR: peroxisome proliferator-activated

receptor; ABC. ATP-binding cassette.
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