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Abstract: Colorectal cancer (CRC) is a highly prevalent form of cancer on a global scale. In 2022,
global statistics indicated that more than 1.9 million new colorectal cancer cases and 930 000 deaths
occurred worldwide. Its incidence and mortality rates rank third and second among malignant
tumours, respectively. The development of colorectal cancer is the result of multiple complex
molecular mechanisms, given the highly heterogeneous and complex nature of the disease. Long non-

coding RNA (LncRNA) is a class of functional RNA molecules that are characterised by a length of
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more than 200 nucleotides and an absence of protein-coding potential. LncRNA is extensively present
in the human genome and plays a pivotal role in cancer development by regulating the proliferation,
invasion, metastasis, and metabolic reprogramming of tumour cells. Long intergenic non-coding RNA
1063 (LINC01063) is an LncRNA that is highly expressed in colorectal cancer, but its mechanism of
action has not yet been fully elucidated. Single-cell metabolomics has been demonstrated to reveal
metabolic and phenotypic diversity among cells, thereby providing a more comprehensive
understanding of cellular phenotypes when compared to genomics and transcriptomics. In this study,
the effect of LINC01063 on the metabolism of DLD-1 colorectal cancer cells was investigated using
intact living-cell electro-launching ionization mass spectrometry. Single-cell metabolomics was
performed on 1 397 and 1 946 DLD-1 cells with LINC01063 expression interfered with. A total of
1 254 metabolite-associated ions were detected in the two cell types, with 1 163 and 960 ions detected
in the two cell types, respectively. The dimensionality reduction analysis of single-cell metabolic data
enabled the differentiation of DLD-1 cells before and after LINC01063 gene interference, and the
metabolic pathways obtained from population cells were compared with those from singe cells for
analysis. Among them, 15 pathways were identified in both analysis methods, and the single-cell
analysis additionally identified 12 unique metabolic pathways, such as glycerophospholipid
metabolism and nicotinate and nicotinamide metabolism. This finding indicated that single-cell
metabolic analysis has the potential to unveil metabolic features that are not discernible in population
cells. The investigation revealed that interference with the LINC01063 gene primarily affected amino
acid and lipid metabolism pathways in DLD-1 cells, as determined by single-cell metabolomics. A
combination of mass spectrometry-based single-cell metabolic technology and rigorous research
methods was utilized to investigate metabolic changes in colorectal cancer cells before and after
LINCO01063 interference. The present study has utilized a comprehensive single-cell metabolomics
analysis to elucidate the mechanism by which LINC01063 exerts its effect on colorectal cancer cells,
and can provide a valuable reference for future research in this field.

Key words: single-cell metabolomics; mass spectrometry; long non-coding RNA; LINC01063;

colorectal cancer; gene interference
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Fig. 1 Schematic diagram of intact living-cell

electro-launching ionization mass spectrometry
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Fig. 2 Demonstration of LINC01063 gene interference effect

1 80%, /x T I&l 2¢, 2d. iR S5 A F ], DLD-1
4 LINCO1063 J& [F 40 g 7 2 s T iy 2,
A FH T 5 252 B0 AR 3 20 7 1 o 1 A
22 BRI AFKEN

ILCEI-MS 1] [m] B S 350 5 248 Jifd % £k 43 HORI G
i 8 UL i A, ELA R S B R v A A
A5, BB AT RIOK A M AR S M AR B P AR
G I FH % F2E 11 5 T B P S T R
E LINCO01063 K& X 4 Hif /= 40 i b i A4, LA
9 I\ BAL 4T i £ B % 58 DLD-1 41 ig £ LINC01063
BT S A S A . 1 Sy 40 i )
B4, B JSTE A0 B 45 K N T 8 b R P 3 T AR
o ARBFFELIIE R PC 34:1(m/z 760.585 1£0.004)
bR UE, F T A0 A I B i . S, FEANIE
N 5%10° cells/mL, ZSF5HH4 2.07 MPa [U2:1FT,
PEAf ILCEI-MS H7 A K6 0 4% 15133 &1 9 550%., i
JUT A 355 0 B0 R SE Bk v 5 SR TR 3, S 4
SRR B 51 A5, B M 0 4 i T
Ko HE . A ] ILCEL-MS 2545 820 Jfd 1 4835
&, 3 BRI T 1397, 1 946 4 DLD-1 NegCtrl 4
Jfi F1 DLD-1 shLINCO1063 4l Jfd, 45 41 Jfd 23 51 46

TE] 1163, 960 4~ 1% 1 ¥y A0 5 B+, FLAG I %)
1254 MR B 1. DL EFgT 4 S i,
ILCEI-MS £ A BA I B 43 i 2 A4 5 4 )

e o

FEHe /] o
N
}100 a
£ 50
o
2
5
~ I T T T T 1
0 2 4 6 8 10
Time/min
X
> 100 b
£ 50
o
2
3
2
0 2 4 6 8 10
Time/min

B3 #AILCEI-MS RBHEEFRE (a) K
m/z 760.585 1 FIRENE F it B (b)
Fig. 3 Total ion chromatogram obtained using
ILCEI-MS (a) and extracted ion chromatogram with
m/z 760.585 1 (b)



el ERBMESE. FET AR AR ST LncRNA LINCO1063 X 4% 11 98 40 i i) 52 i AL il 795

2.3 EETFH 34 H DLD-1 AR ST EI 2L

Sk T A Ak S DR B A S A AR g 1 25 5
AR5 R TG Wi B AR 2t 2% > 3 UMAP, $6F
FREHFE SUE BT A I HE TR IS . S5 R R,
KL T4 AT (9 DLD-1 40 i 5 P08 B 40 s 5
Xif BB 2 AR LG, PR T 4 41 DLD-1 40 g 5 4% i %
A AR, R T 4,

Groups
6 F

o 3r NegCtrl

=

g 0

5

sl shLINC01063 NegCtrl
shLINC01063
—4 0 4
Umapall 1

B4 BERETFHAERMEET ST
UMAP BESHER
Fig. 4 Results of UMAP cluster analysis of

metabolites in cells before and after gene interference
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Table 1 Comparative study of the analysis of metabolic pathways in population cells versus single cells

i %

DLD-1 shLINC01063 vs. DLD-1 NegCtrl

Metabolic pathway

Arginine biosynthesis
Arginine and proline metabolism
Taurine and hypotaurine metabolism
Alanine, aspartate and glutamate metabolism
Glycerophospholipid metabolism
Nicotinate and nicotinamide metabolism
Glycine, serine and threonine metabolism
Nitrogen metabolism

Valine, leucine and isoleucine biosynthesis
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Linoleic acid metabolism
Phosphonate and phosphinate metabolism
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f-Alanine metabolism
One carbon pool by folate
Lysine degradation
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis
Cysteine and methionine metabolism
Pyrimidine metabolism
Arachidonic acid metabolism
Fatty acid biosynthesis
D-Amino acid metabolism
Glutathione metabolism
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Butanoate metabolism
Histidine metabolism
Purine metabolism
Porphyrin metabolism
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Primary bile acid biosynthesis
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Fig. 5 Results of the metabolic pathway analysis
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