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Purpose: Lymph node metastasis is one of the important prognostic factors of colorectal
cancer, and an important index of individualized treatment. The purpose of this study is to
use metabonomics to identify potential molecular markers of lymph node metastasis in
colorectal cancer (CRC).

Patients and Methods: Peripheral blood samples of 223 CRC patients were collected. The
metabolic levels of amino acids and carnitine in peripheral blood of CRC patients, with and
without lymph node metastasis, were analyzed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS).

Results: The results show that there were significant differences in the levels of serum
amino acids and carnitine between lymph node metastatic patients and lymph node non-
metastatic patients. The diagnostic model that was constructed by 9 types of serum metabo-
lites has a high diagnostic ability.

Conclusion: LC-MS/MS is a detection method that has a broad application in predicting
CRC prognosis, individualized treatment, and in studying the mechanism of lymph node
metastasis.

Keywords: colorectal cancer, lymph node metastasis, metabonomics, amino acid, liquid

chromatography-mass spectrometry

Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors, ranking third
worldwide. In China, CRC morbidity and mortality are higher than the world average.'
Some studies have shown that in the next few decades, CRC morbidity in China will
further increase.” The main route of cancer metastasis is through the lymph nodes
(lymphatic metastasis), as most patients with advanced CRC will have metastatic
lymph nodes that are also one of the important factors for CRC prognosis. The five-
year survival rate (FYSR) of patients without lymph node metastases or distant metas-
tases is approximatively 90%, but for metastatic CRC patients, this rate is reduced to
approximatively 15%.> Although CRC early screening and treatment technologies have
been continuously improving, the mortality rate remains high.* One of the reasons for the
rising mortality rate is metastasis. Unfortunately, the mechanisms of metastasis are still
unclear. Therefore, developing a sensitive detection method that can be used to screen
lymph node metastasis at an early stage, would be of great significance in setting up

individualized treatment plans and in improving patients’ prognosis.
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Metabonomics is a new research approach that is used
to measure the levels of small molecular substances in
biological systems to investigate the effects of cellular
metabolisms in the occurrence and development of
diseases.” Amino acids (AA) and carnitine are important
metabolites in metabonomics and have recently attracted
the attention of an increasing number of medical research-
ers. Amino acids are one of the important substances in
protein synthesis and play important roles in the mainte-
nance of cell morphology and function. Carnitine is a type
of amino acid-like substance, that is mainly consumed
through diet and that has a variety of biological functions.
However, compared with normal people, AA and carnitine
metabolisms are dysregulated in cancer.

In this study, the concentrations of amino acids and
carnitine in peripheral blood were analyzed using multi-
variate statistics, with the aim of investigating the meta-
bolic changes of patients with lymph node metastasis and
identify these hydrophilic compounds. As far as we know,
this is the first metabonomic report that studied CRC
lymph node metastasis via investigating the changes of
amino acids and carnitine concentrations.

Materials and Methods

Chemicals

Liquid chromatographic (LC) grade acetonitrile, pure water,
and methanol were purchased from Thermo Fisher, USA.
N-butanol and acetyl chloride were purchased from Sigma-
Aldrich, USA. The isotope internal standard 12 amino acids
(NSK-A) and the 8 carnitine internal standards (NSK-B)
were obtained from Cambridge Isotope laboratories, USA.
The Quality Control (QC) standard was purchased from
Chromsystems, Germany. The two internal standards were
fully mixed with ImL methanol and diluted 100times to
obtain working solutions, that were stored in a refrigerator
at 4°C.

Sample Collection

During the 2018-2020 period, the samples from 223 CRC
patients were collected. Venous blood was collected in the
early morning from each fasting patient and stored in lithium
vacuum vessel containing heparin. The vessels were well
shaken, and temporarily stored at 4°C, prior sending them
to the laboratory within 30 minutes. The study was approved
by the Ethics Committee of the first affiliated Hospital of
Jinzhou Medical University (Liaoning, China), and all
patients provided written informed consent. This study was

conducted in accordance with the Declaration of Helsinki.
The study inclusion criteria were: (1) pathological diagnosis
of CRC; (2) age 18 to 90 years old; and (3) did not receive
other anti-tumor therapies before operation. The study exclu-
sion criteria were: (1) other tumors (primary tumors); (2)
patients who received radiotherapy, chemotherapy, or tar-
geted treatments; (3) patients with severe metabolic system
diseases; and (4) patients with blood system diseases.

Sample Preparation and LC-MS/MS
Analysis

Unless otherwise specified, all operations were carried out
at room temperature. Firstly, the blood sample was pre-
pared by dried blood spot (DBS) testing. The blood spot
diameter was no less than 8mm to ensure that the paper
was fully permeated and pollution-free. All DBS samples
were stored at —80°C. Secondly, punch holes in DBS paper
were made using a punch, and a 3mm paper tray with
a diameter of about 3.2 microliters of human blood was
obtained. The paper tray was placed in a 96-well filter
plate to prepare amino acids and carnitine. A 100pL of
working fluid was added to each hole, followed by shaking
at low speed for 20 minutes, then centrifugation at 15001/
min for 2 minutes, and the new filtrate was added into the
new 96-well plate. Next, to ensure the accuracy of the
experiment, four blank holes were randomly set in each
orifice plate, and two high and low concentration QC
solutions were added, respectively. The filtrate and QC
solution were dried under the condition of pure nitrogen
at 50°C. Finally, the dried samples of each orifice plate
were used to derive 20 minutes with 60uL acetyl chloride/
n-butanol (1:9) mixture at 65°C. After obtention of the
derivative solution, this latter was dried under the condi-
tion of pure nitrogen at 50°C. A 100uL of 80% acetonitrile
aqueous solution was added to each well plate, to fully
dissolve and use it for liquid chromatography-tandem
mass spectrometry (LC-MS/MS).

The mass spectrometer SCIEXAPI3200MD (ABSCIEX,
USA) was used for direct injection mass spectrometry ana-
lysis. The instrument was operated under the condition of
positive ion electrospray ion source. During each operation,
20uL of the samples were injected and an 80% acetonitrile
solution was added for gradient elution. The traffic was
initially set to 0.2mL/min, gradually decreased to 0.01mL/
min within 0.08min and maintained for 1.5min, and then the
traffic increased again to 0.2mL/min and maintained at
0.5min within 0.0lmin. The ion source spray voltage was
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set to 4.5kV, the ion source gas pressure was set to 35psi
(pounds per square inch), the barrier gas pressure was set to
20psi, and the auxiliary gas temperature was kept at 35°C.

Data Preprocessing and Analysis

The Analystv1.6.0 (ABSCIEX, USA) software was used
for system control and data acquisition. The
ChmeoView2.0.2 (AB Sciex, USA) preprocessed the data
and quantitatively analyzed the metabolites. According to
different isotope standards, the corresponding metabolic
indexes were obtained.

The data were imported into the SPSS25.0 (IBM) for
standardization, and the metabolites were screened by the
Mann—Whitney U-test and Stepwise discriminant analysis.
The standardized data were imported into the SIMCA-P 14
(Umetrics, Umea, Sweden) software for principal component
analysis (PCA), partial least squares discriminant analysis
(PLS-DA), and orthogonal partial least squares discriminant
analysis (OPLS-DA). An oval region is shown in the model
integral diagram, and that defined the 95% confidence inter-
val of the model variables. The model quality is described by
R*X or R?Y and Q> Q? indicates the model predictability.
R”X or R?Y indicates the model fit. To ensure that the data
were not over-fitted, a permutation analysis (200 times) was
carried out in SIMCA-P to verify the PLS-DA model. The
metabolites with variable importance in the projection (VIP)
of >1, were screened by SIMCA-P, and the metabolites
satisfying a VIP >1 and a Mann—Whitney U-test p <0.05,
were regarded as distinguishing metabolites. On this basis,
a diagnostic model was constructed using metabolites satis-
fying stepwise discriminant analysis p <0.05.

Results

A total of 223 patients were enrolled in this study and their
clinical characteristics, according to lymph node metastasis,
are shown in Table 1. There were no differences in age
(P=0.416, t-test) and gender (P=0.561, 4 test) between the
two groups. According to the TNM staging method that was
jointly developed by the Union for International Cancer
Control (UICC) and the American Joint Committee on
Cancer (AJCC), the patients were divided into clinical stages.

Multivariate Statistical Analysis of
Metastatic Group and Non-Metastatic
Group

The LC-MS/MS-based metabonomics method was used to
analyze the peripheral blood metabolic group of CRC

Table | Clinical Characteristics of the CRC Patients

Lymph Node Lymph Node Non-

Metastasis Group | Metastasis Group

No. of subject 60 163
Age in years
Mean 57.1 61.3
Range 32-86 32-83
Gender(male/ 39/21 99/64
female)
TNM stage
[ 13
1l 149
1] 53
\% 7 |

patients. First, a principal component analysis was per-
formed on the CRC standardized metabonomic data, with
and without lymph node metastasis. Figure 1A (2PCs,
R?*X= 0.22, Q?=0.0758) shows that most of the metastatic
(black dots) and non-metastatic (red dots) groups are scat-
tered in different areas, and that most of the samples are
within 95% confidence interval. Therefore, all samples
were included in the following analysis to maximize the
amount of information. In addition, we also carried out
PLS-DA analysis of the data, such as in Figure 1B (2PCs,
R*X=0.206 Q’=0.469), and found that there was
a significant separation between the metastatic and the
non-metastatic groups. After 200-times permutation test
(Figure 1C), it was determined that the PLS-DA model is
not random or overfitted, indicating that the model is
reliable for explaining and predicting variation. To identify
the metabolic differences between the metastatic and non-
metastatic groups, the OPLS-DA method was used to
analyze the two groups’ data (Figure 1D) (2PCs,
R*X=0.206 Q>=0.48). It showed that the difference
between the metastatic (black dots) and non-metastatic
(red dots) groups can be distinguished, which is of certain
significance for identifying potential biomarkers and mole-
cular mechanisms of metastatic CRC.

To better understand differences of metabolites between
the metastatic and non-metastatic groups, a VIP of >1 was
used to screen the metabolites. As shown in Table 2, a total of
25 metabolites were obtained, and there were significant
differences between the two groups. Using the Mann—
Whitney U-test to analyze the two groups’ data, we found
that there was a significant statistical difference in the con-

centration of most metabolites. Meanwhile, the average
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Figure | Metabolic comparison between lymph node metastatic CRC group and lymph node non-metastatic CRC group. (A) PCA score map of lymph node metastatic
CRC and lymph node non-metastatic CRC. The black dots represent the metastatic group (n=60) and the red dots represent the non-metastatic group (n=163); (B) PLS-DA
score map of lymph node metastasis CRC and lymph node non-metastasis CRC. (C) Statistical verification of the corresponding PLS-DA model using permutation test (200
times). R? is to explain the variance, and Q? is the predictive ability of the model. (D) OPLS-DA score map of lymph node metastatic CRC and lymph node non-metastatic

CRC.

Abbreviations: CRC, colorectal cancer; PCA, principal component analysis; PLS-DA, partial least squares discriminant analysis; OPLS-DA, orthogonal partial least squares

discriminant analysis.

concentration of these metabolites in the metastatic group
was higher than that in the non-metastatic group. Finally,
using stepwise discriminant analysis, 9 metabolites of leu-
cine, free carnitine, methylmalonylcarnitine, isovalerylcarni-
tine, glutarylcarnitine, tiglylcarnitine, hexanoylcarnitine,
dodecanoylcarnitine, and behenic carnitine, were obtained
under the conditions of VIP>1 and p < 0.05. To prove the
OPLS-DA model,
a diagnostic model using the 9 metabolites and expressed
them with operating characteristic (ROC).
According to the ROC that was constructed by SPSS, the
area under the curve (AUC) was 0.947 (Figure 2), which
indicates that the model has a strong ability to distinguish

accuracy of the we constructed

receiver

lymph node metastasis.

Meanwhile, according to the sample collection method
described above, a total of 40 patients’ samples were col-
lected to verify the accuracy of the OPLS-DA model. Table 3
shows the clinical characteristics of the patients in the ver-
ification group. There were no differences in age (P=2.252,

t-test) and gender (P=0.519, y* test) between the two groups.
Using SPSS to establish ROC (Figure 3), we determined an
AUC of 0.833, which showed that the model ability is good.

Discussion

Colorectal cancer incidence and mortality remain high
worldwide." Although enteroscopy and tumor markers
can help clinicians diagnose colorectal cancer, the early
detection of lymph node metastasis is difficult. The emer-
gence of metabonomics can effectively solve this problem.
Cancer, as a metabolic disease,’ is often caused by genetic
mutations that can cause metabolic changes in small mole-
cules, leading to metabolic disorders. Cancer development
can be effectively evaluated by the concentration of free
amino acids in peripheral blood. Studies have shown that
metabonomics can be used for early diagnoses of breast,
colorectal, and liver cancers, but also for other related
diseases.” '° Moreover, metabonomics have also a strong

ability to recognize cancer metastases.'' '
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Table 2 Metabolites Between Lymph Node Metastasis Group and Lymph Node Non-Metastasis Group
Metabolite Lymph Node Metastasis Group Lymph Node Non-Metastasis Group | P VIP
(umol/L) (umol/L)
Alanine (Ala) 180.02(144.11,200.86) 144.60(122.35,175.96) <0.001 | 1.08
Arginine (Arg) 10.76(7.56,12.95) 7.47(5.15,10.87) <0.001 | 0.85
Asparagine (Asn) 74.30(62.36,87.63) 56.70(48.59,70.49) <0.001 | 1.32
Aspartic acid (Asp) 29.18(22.46,37.22) 25.05(19.08,32.08) 0.001 0.85
Citrulline (Cit) 27.30(22.46,37.22) 25.66(21.39,30.86) 0.297 | 0.75
Cysteine (Cys) 1.41(1.01,2.11) 1.31(0.80,1.84) 0.175 | 0.98
Glutamine (GIn) 9.67(7.09,12.62) 9.27(6.82,11.71) 0317 | 0.51
Glutamic acid (Glu) 162.58(135.13,188.64) 152.91(131.70,176.96) 0.229 | 0.56
Glycine (Gly) 192.04(162.94,250.45) 182.14(159.15,217.47) 0.075 | 0.12
Homocysteine (Hcy) 8.68(8.22,9.58) 8.65(8.03,9.29) 0.248 0.12
Histidine (His) 77.30(61.75,88.96) 63.90(44.45,77.67) <0.001 | 0.94
Leucine (Leu) 108.30(94.24,123.72) 88.89(73.01,104.23) <0.001 | 1.42
Lysine (Lys) 181.95(136.51,226.14) 150.01(94.38,201.41) 0.004 | 0.72
Methionine (Met) 18.15(15.86,20.91) 15.17(12.69,17.61) 0.000 1.23
Ornithine (Orn) 16.39(12.67,21.03) 14.51(11.90,17.74) 0.017 | 0.95
Phenylalanine (Phe) 45.13(38.12,54.58) 38.63(32.87,45.26) <0.001 | 0.98
Piperamide (Pip) 271.14(207.73,) 252.27(198.16,310.64) 0.214 | 046
Proline (Pro) 430.83(314.82,567.39) 374.55(316.89,461.87) 0.031 0.83
Serine (Ser) 54.29(47.10,64.75) 48.54(40.58,57.89) 0.001 0.84
Threonine (Thr) 29.55(24.86,37.29) 22.87(18.39,27.61) <0.001 | 1.26
Tryptophan (Trp) 48.22(40.65,56.03) 40.50(35.19,46.63) <0.001 | I.21
Tyrosine (Tyr) 58.33(45.48,70.37) 52.83(42.19,64.48) 0.057 1.02
Valine (Val) 141.34(121.07,159.19) 129.55(108.46,147.98) 0.10 1.02
Free carnitine(CO0) 31.51(24.58,38.51) 23.96(20.80,28.10) <0.001 | 1.34
Acetylcarnitine(C2) 15.17(11.71,18.73) 11.65(9.49,14.30) <0.001 | I.18
Propionylcarnitine(C3) 1.64(1.13,2.15) 1.25(0.96,1.68) <0.001 | 1.02
Butyrylcarnitine(C4) 0.20(0.14,0.26) 0.14(0.12,0.18) <0.001 | 1.24
3-hydroxy(OH)butyryl carnitine(C4-OH) 0.06(0.04,0.08) 0.04(0.03,0.05) <0.001 | 1.23
Methylmalonylcarnitine (C4DC) 0.36(0.25,0.44) 0.23(0.18,0.31) <0.001 | 1.44
Isovalerylcarnitine(C5) 0.12(0.10,0.16) 0.09(0.07,0.11) <0.001 | I.18
3-hydroxy(OH)isovaleryl carnitine(C5-OH) | 0.13(0.10,0.18) 0.11(0.09,0.14) <0.001 | 0.89
Glutarylcarnitine(C5DC) 0.11(0.08,0.18) 0.07(0.05,0.11) <0.001 | I.10
Tiglylcarnitine (C5:1) 0.03(0.02,0.04) 0.02(0.01,0.03) <0.001 | I.18
(Continued)
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Table 2 (Continued).

Metabolite Lymph Node Metastasis Group | Lymph Node Non-Metastasis Group | P VIP
(umol/L) (nmol/L)

Hexanoylcarnitine(Cé) 0.09(0.06,0.13) 0.07(0.05,0.09) <0.001 | I.21
Adipylcarnitine(C6DC) 0.41(0.23,0.60) 0.30(0.19,0.40) <0.001 | 0.54
Octanoylcarnitine(C8) 0.13(0.08,0.18) 0.08(0.06,0.11) <0.00!1 | I.19
Decanoylcarnitine(C10) 0.10(0.07,0.17) 0.07(0.05,0.11) <0.001 | I.21
Dodecanoylcarnitine(C12) 0.08(0.06,0.11) 0.05(0.04,0.07) <0.001 | I.51
Myristoylcarnitine (C14) 0.07(0.05,0.08) 0.05(0.04,0.06) <0.00!1 | 1.04
3-hydroxy(OH)myristoyl carnitine(C140OH) | 0.02(0.02,0.04) 0.02(0.01,0.02) 0.002 .11
Tetradecanoyldiacylcarnitine (C14DC) 0.02(0.02,0.03) 0.02(0.01,0.03) 0.38 0.47
Myristoleylcarnitine(C14:1) 0.10(0.07,0.14) 0.07(0.04,0.08) <0.00!1 | 0.78
Palmitoylcarnitine (C16) 0.93(0.68,1.19) 0.78(0.61,0.96) 0.006 0.80
3-hydroxy(OH)palmitoyl carnitine(CI60OH) | 0.03(0.02,0.04) 0.02(0.01,0.03) <0.001 | I.13
3-hydroxy(OH)palmitoleyl Carnitine 0.04(0.03,0.05) 0.03(0.02,0.04) 0.002 0.49
(Cl6:10H)

Octadecanoylcarnitine(C18) 0.48(0.40,0.60) 0.42(0.34,0.52) 0.005 0.88
Arachidic carnitine(C20) 0.02(0.01,0.03) 0.02(0.01,0.02) 0.55 0.87
Behenic carnitine(C22) 0.05(0.03,0.07) 0.03(0.02,0.05) <0.001 | I.17
Tetracosanoic carnitine(C24) 0.04(0.03,0.04) 0.02(0.02,0.03) <0.001 | 0.95
Hexacosanoic carnitine(C26) 0.03(0.02,0.04) 0.02(0.02,0.03) <0.001 | 0.77

Notes: Data are Median (2nd quartile, 3rd quartile); P value is the result of Mann—Whitney U-test; VIP, the variable importance in the projection.

In this study, we used LC-MS/MS to analyze the meta-
bolic levels of amino acid and carnitine in peripheral blood
of CRC patients, with and without lymph node metastasis.
In this study, a total of 50 metabolites were analyzed, and
there were 25 significant metabolic differences between
the two groups. Finally, the diagnostic model that was
constructed by 9 selected metabolites, had an excellent
diagnostic ability. It is well known that lymph node metas-
tasis is related to CRC prognosis, and therefore, this study
focused on analyzing the metabolites’ differences between
the lymph node metastatic group and the lymph node non-
metastatic group, to find potential molecular markers that
can be used in the future studies on the mechanism of
CRC metastasis.

Methionine, as an essential amino acid in the human
body, can only be supplied by food. After methionine enters
the human body, S-Adenosyl Methionine (SAMe) is formed
under the action of methionine adenosine transferase (MAT).
SAMe can provide active methyl groups for the methylation
of histone, phosphate, DNA, RNA, and other proteins, form-
ing a variety of active substances and participating in human
metabolism. SAMe has a strong hepatoprotective effect, as it
increases glutathione content, and reduces inflammatory
responses and liver injury.'* DNA methylation is closely
related to tumor development and its status requires active
methyl that are provided by SAMe. Some studies have found
that there are widespread defects in the DNA methylation of
malignant tumors, and that SAMe participates in DNA
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Figure 2 ROC analysis between lymph node metastatic and lymph node non-
metastatic CRC sample.
Abbreviations: ROC, receiver operating characteristic; CRC, colorectal cancer.

methylation through the catalytic activity of DNA methyl-
transferase. Moreover, abnormal DNA methylation has been
shown to be one of the markers of lung cancer."” It has also
been found that SAMe can inhibit the proliferation of
CRC,“”17 breast,18 gatstric,19 and liver cancer cells,20 and
promote the apoptosis of cancer cells. Meanwhile,
Nakamura et al found that CRC aberrant methylation was
closely related to lymph node metastasis.”'

We found that the methionine concentration in the meta-
static group was significantly higher than that in the non-

metastatic group. According to the methionine metabolic

Table 3 Clinical
Verification Group

Characteristics of the CRC Patients in

Lymph Node Lymph Node Non-
Metastasis Group | Metastasis Group
No. of subject 20 20
Age in years
Mean 60 66
Range 37-74 49-89
Gender (male/ 11/9 13/7
female)
TNM stage
| 2
1l 18
1] 16
v 4

100% - Specificity%

Figure 3 ROC analysis between lymph node metastatic CRC and lymph node non-
metastatic CRC sample in verification group.
Abbreviations: ROC, receiver operating characteristic; CRC, colorectal cancer.

pathway in the human body, choline can be oxidized into
betaine, that provides methyl for homocysteine, and form
methionine and N, N-Dimethylglycine Ethyl Ester (DMG).
Due to the limitation of the experimental methods, we could
not directly observe the concentration of choline in peripheral
blood, but we can speculate that the concentration of choline
will also increase significantly. Choline is not only a necessary
nutrient for the cell membrane phospholipid metabolism but is
also an important methyl donor. Studies had shown that cho-
line plays a key role in tissue malignant transformation®® and
in the production of methylamine. This later is often consid-
ered non-toxic for the human body, however, some studies had
found that the accumulation of methylamine in rats can induce
the occurrence of liver cancer.” The liver is the main organ of
CRC metastasis. The liver is the main organ of CRC metas-
tasis and when methylamine accumulates in the human body,
it indicates that the liver’s metabolic level has been dysregu-
lated during CRC development. Although methionine is not
the amino acid that is used as a diagnostic model, there is also
a significant difference in its metabolic level between the two
groups. Therefore, methionine can be used as a potential
molecular marker for CRC lymph node metastasis, but its
mechanism needs to be further explored.

Cancer is a metabolic disease and the local metabolism
of cancer patients is dysregulated compared to that of
healthy people. The proliferation of cancer cells requires
large amounts of glucose and protein and the PI3K/Akt/
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mTOR signaling pathway plays an important in these
processes. Its activation can promote protein production,
cancer cell proliferation, and inhibit cancer cell apoptosis,
which consequently promotes cancer occurrence and
development.”* Extracellular signals can induce the phos-
phatidylinositol 3-kinase (PI3K) through tyrosine kinase
receptor phosphorylation and Akt activation, that promote
the activity of mammalian target of rapamycin (mTOR) to
regulate protein synthesis and cell proliferation.®®
Branched chain amino acids can be used as cellular signal
molecules to activate the mTOR pathway.?®*” Among the
3 branched chain amino acids, leucine has the strongest
ability to activate the mTOR pathway and promote protein
synthesis in various tissues.”®?’ Leucine can also promote
insulin production by islet B cells, which promotes the
activation of the mTOR pathway. Xiao et al** observed
a significant decrease in the proliferation ability of breast
cancer cells in the absence of leucine, in vivo, and in vitro.
Liu et al,>! also observed similar results in a mouse model
of pancreatic cancer. Therefore, the elevated level of leu-
cine plays an important role in the development of CRC.
In this study, we found that the concentration of leucine in
the metastatic group was higher than that in the non-
metastatic group, confirming the conclusions of Xiao
et al and Liu et al who demonstrated that leucine can
promote the proliferation and metastasis of tumor cells.
However, other scholars found the opposite result. Viana
et al*? and others showed that the tumor weight of mice in
the tumor group that was fed with a leucine-rich diet, was
significantly lower than that in the blank group. Vaughan

1?3 reached a similar conclusion. The difference in the

eta
experimental results may be due to different types of
tumors and research methods.

Carnitine is a type of amino acid that is mostly found in
human muscles. Mitochondrial fatty acid f-oxidation is the
main energy supply pathway of the human body. However,
fatty acids cannot freely pass through the mitochondrial
membrane, and requires carnitine to enter the mitochondria
and participates in oxidation and energy supply. In this
process, carnitine is dehydrated and esterified, with corre-
sponding fatty acids, by the acyltransferase to form acyl
carnitine. Carnitine and acyl carnitine play important roles
in the cellular distribution of energy and in ensuring the
transport of fatty acids from the mitochondrial membrane to
the metabolic oxidation site. In recent years, researchers are

paying increasing attention to the clinical value of carnitine.

In addition, there are significant changes in carnitine and
acylcarnitine levels in the peripheral blood of many cancer
patients.**>® In esophageal squamous cell carcinoma, a study
found that the level of plasma L-carnitine in cancer patients was
significantly increased compared with the healthy group, while
the levels of acylcarnitine, such as C8 and undecanoylcarnitine,
significantly decreased.*® Carnitine and acylcarnitine are essen-
tial for the cytoplasmic entry of long-chain fatty acids into the
mitochondria. Since acylcarnitine is produced by carnitine
through acetyl-CoA, acylcarnitine low levels may indicate
a decrease in acetyl-CoA activity and B-oxidation in patients
with esophageal squamous cell carcinoma. Malaguarnera et al**
found that carnitine level was significantly decreased in periph-
eral blood of patients with gastrointestinal malignant tumors and
cachexia. The authors compared the total carnitine, free carnitine,
long-chain acetyl camnitine, and short-chain acetyl carnitine, in
peripheral blood of healthy subjects and patients with malignant
digestive tract tumors, malignant non-digestive tract tumors, and
non-malignant tumors. Finally, it was found that the level of all
carnitine was significantly decreased in malignant digestive tract
tumors. This may be due to the decrease of the eating ability and
the disorder of carnitine metabolism in patients with cachexia.
Furthermore, it was also observed that the levels of palmitic acid,
myristic acid, and carnitine in peripheral blood of patients with
CRC, were lower than those of healthy subjects.*®

In the tumor microenvironment of cancer patients, even if
there is plenty of oxygen, cancer cells still provide energy for
themselves in the form of glycolysis, an event that is called the
Warburg effect, and that can be regarded as the main marker of
cancer.>”® In this study, the levels of free carnitine, methyl-
malonylcarnitine and other carnitines, in the lymph node
metastatic group, were significantly higher than those in the
non-metastatic group. Among them, succinyl carnitine comes
from succinyl coenzyme A in the TCA cycle, and which
indicates that, in the non-tumor part of the body, the sugar
aerobic oxidation pathway is activated to meet its own energy
needs. Therefore, the increase in the level of carnitine indicates
that other routes of energy supply are more active. It is well
known that most patients enter a state of cachexia in the late
stage of cancer, in which the metabolic pathway is dysregu-
lated. At this time, a variety of active ways of energy supply
will consume a large amount of patients’ energy supply sub-
stances, which may be a potential sign of cachexia. However,
this inference needs further research to be proved.

As far as we know, this is the first study that analyzed the
metabolic differences between lymph node and non-lymph
node metastatic CRCs, through investigating the peripheral

submit your manuscript

10294

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

blood changes in amino acids and carnitine. However, addi-

tional clinical data are needed to analyze and prove the med-

ical value of the identified metabolites in CRC development

and metastasis.
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