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Abstract: Objective To investigate the differential metabolites of lymph node metastasis in pancreatic
ductal carcinoma (PDAC) and provide new ideas for the pathogenesis, early diagnosis and treatment of
metastatic pancreatic cancer. Methods Forty serum specimens of patients with pancreatic ductal carcinoma
were collected and divided into lymph node metastasis group (18 cases) and non-metastasis group (22 cases).
Thirty-one serum specimens were also collected from the healthy control group. Liquid chromatography-
tandem mass spectrometry was used to analyze the differential metabolites and metabolic pathways between
patients with PDAC and healthy controls as well as between lymph node metastasis and non-metastasis
groups. Results Principal component analysis and partial least squares-discriminant analysis revealed
statistically significant differences in metabolites and metabolic pathways between patients with PDAC
and the healthy controls and between lymph node metastasis and non-metastasis groups. The differences in
profiles were also statistically significant. Seventy-six different metabolites and 11 metabolic pathways were
screened between patients with PDAC and the healthy controls, among which phenylalanine metabolism
and histidine metabolism were the two most influential metabolic pathways. Four different metabolites were
screened between lymph node metastasis and non-metastasis groups, and the expression of ethopropazine and
phenylalanine were upregulated but the expression of tetrahydrodeoxycorticosterone and oxprenolol were
downregulated. Conclusion Metabolites are significantly altered in the lymph node metastasis group of
patients with PDAC compared with the non-metastasis group. Ethopropazine, phenylalanine, tetrahydrodeoxy
corticosterone, and oxprenolol are potential biomarkers of lymph node metastasis in patients with PDAC.
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Table 1 Comparison of clinical information between
lymph node metastasis and non- metastasis groups of
patients with pancreatic ductal adenocarcinoma (7(%))

Patients with Patients without

Parameter lymph node  lymphnode x> P
metastasis metastasis

Gender
Male 10(55.6) 6(27.3)  3.300 0.069
Female 8(44.4) 16(72.7)

Age(years)
<60 3(16.7) 13(59.1)  5.762 0.016
=60 15(83.3) 9(40.9)

Pathological staging
Poorly differentiated 5(27.8) 5(22.7)  0.135 0.714
Moderate to well 13(72.2) 17(77.3)
differentiated

Organ metastasis
Yes 18(100) 0(0) 36 O
No 0(0) 22(100)
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The red dots represent upregulated metabolites, and the blue dots represent downregulated metabolites; the x-axis corresponds to log2 (fold change),

and the y-axis corresponds to -log10 (P-value).
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Figure 1 Volcano plots of differential metabolites in PDAC and healthy control groups(A, B), lymph node metastasis and

non-metastasis groups(C, D) under positive and negative ions
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A, B: the metabolite profiles of the PDAC and healthy control groups in PCA mode with
positive and negative ions; C, D: the metabolic profiles of both groups in PLS-DA mode.
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Figure 2 Scatterplot of multivariate statistical analysis of pancreatic ductal

adenocarcinoma and healthy control groups
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Table 2 Screening for differential metabolic pathways and associated metabolites

Related metabolic pathways

—log(P) Impact

Related differential metabolites

Phenylalanine metabolism 12.224  0.61 L-phenylalanine, phenylalanine, phenylacetic acid, L-tyrosine
Arginine and proline metabolism 10.535 0.13 Hydroxyproline, L-proline, pyruvate
Sphingolipid metabolism 8.728  0.15 Sphingosine
Glycerophospholipid metabolism 7.063  0.09 Phosphocholine, sn-glycerol 3-phosphate
Histidine metabolism 6.713  0.22 L-histidine, N(pi)-methyl-L-histidine
Phenylalanine, tyrosine and tryptophan biosynthesis ~ 6.586  1.00 Phenylalanine, L-phenylalanine, L-tyrosine
Tyrosine metabolism 6.457  0.14 L-tyrosine, pyruvate
Lysine degradation 4.880 0.15 4-trimethylammonium butyrate, L-2-aminoadipate 6-semialdehyde
Pyruvate metabolism 2.081 0.20 Pyruvate
Glycolysis/Gluconeogenesis 2.081 0.10 Pyruvate
Pentose and glucuronate interconversions 1.554  0.14 B-D-Glucuronide
Note: Impact is the path influence value.
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The histogram on the right reflects the biomarker concentration between PDAC and healthy control groups, where each black point represents each

sample. The red histogram represents the concentration in the PDAC group, and the green histogram represents the concentration in the healthy

control group.
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Figure 3 The top five differential metabolites between PDAC and healthy control groups
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Figure 4 Differential metabolites between lymph node metastasis and non-metastasis groups of pancreatic cancer
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Table 3 Comparison of ROC diagnostic efficacy of differential metabolites for lymph node metastasis in pancreatic cancer

Differential metabolites AUC Sensitivity  Specificity  Positive likelihood ratio Negative likelihood ratio
Phenylalanine 0.780 65.0% 86.4% 4.76 0.41
Ethopropazine 0.798 77.7% 81.8% 4.27 0.27
Tetrahydrodeoxycorticosterone 0.753 88.8% 77.3% 3.91 0.14
Oxprenolol 0.742 55.5% 90.9% 6.11 0.48
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