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Variation of 24 plasma amino acid metabolite levels in patients with gastric cancer
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[Abstract] Objective To study whether plasma amino acid metabolites in patients with gastric cancer can be used
as biomarkers for the diagnosis of gastric cancer. Methods The levels of 24 kinds of plasma amino acids were detected by
ultra-high-performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS), and were compared between
patients with gastric cancer and normal controls, between patients with different stages of gastric cancer, and between gastric
cancer patients before and after operation. Results The levels of 18 kinds of plasma amino acids including alanine (Ala),
glycine (Gly) and glutamic acid (Glu) in gastric cancer patients were significantly lower than those in the normal controls,
while the levels of valine (Val), arginine (Arg) and serine (Ser) were significantly higher than those in the normal controls (all
P<0.05); there were no significant differences in symmetric dimethylarginine (SDMA), kynurenine (Kyn) or hippuric acid
(HA) levels between the two groups (P>>0.05). The plasma level of Arg in patients with [ll-IVstage of gastric cancer was
significantly higher than that in the I - Il stage, while the plasma glutamine (Gln), Glu, methionine (Met) and phenylalanine
(Phe) levels were significantly lower than those in the I - Il stage (all P<<0.05). The levels of plasma leucine (Leu), Arg and
citrulline (Cit) in patients after operation were significantly lower than those before operation, while the plasma Gln, lysine
(Lys), Glu and Phe levels were significantly higher than those before operation (all #<<0.05). Conclusion Amino acids
metabolites in plasma of patients with gastric cancer such as Gln and Arg play important roles in the early prediction of gastric

cancer.
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Fig1 Representative UHPLC-MS/MS chromatograms of 24 kinds of amino acids and three internal standards

A: Multiple reaction monitoring (MRM) of blank plasma samples added with amino acid standards; B: MRM of human plasma.

UHPLC-MS/MS: Ultra-high-performance liquid chromatography tandem mass spectrometry; Asp: L-aspartic acid; Ser: L-serine; Cys:

L-cystine; Gly: L-glycine; Lys: L-lysine; Gln: L-glutamine; Thr: L-threonine; AMA: Aminomalonic acid; Glu: L-glutamic acid; L-ala-ds:

L-alanine-d;; Ala: L-alanine; Cit: L-citrulline; pGlu: L-pyroglutamic acid; His: L-histidine; Arg: L-arginine; Val: L-valine; SDMA:

Symmetric dimethylarginine; L-met-d,: L-methionine-d,; Met: L-methionine; Tyr: L-tyrosine; Ile: L-isoleucine; Kyn: L-kynurenine;

Leu: L-leucine; HA: L-hippuric acid; L-phe-ds: L-phenylalanine-ds; Phe: L-phenylalanine; Trp: L-tryptophan
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Tab1 Comparison of plasma amino acid metabolite
levels between gastric cancer patients and NCs

pe/(ugemL "), Xts

Metabolite NC n=50 Gastric cancer n=104
pGlu 50.70+10.87 13.26+28.59"
Ala 38.96+18.43 6.61+3.95
Gly 10.76 £3.71 1.5240.65"
Thr 8.12+3.16 1.1040.45"
Val 5.26+1.09 11.32+2.74"
Ile 9.89+4.90 3.12+1.17
Leu 19.49+6.64 4.81+1.68
Gln 54.834+97.18 2.87+1.56"
Lys 34.35+23.29 2.394+1.51
Glu 6.89+5.85 0.34+0.48"
Met 12.20+25.93 1.1040.35"
His 2.61+0.89 0.361+0.14"
Phe 16.99+4.68 3.96+0.99°
Arg 6.6742.00 8.30+3.48"
Cit 3.46+1.00 0.27+0.24"
Tyr 5.94+2.95 0.74+0.22"
Asp 2.71+523 0.48+0.27"
Ser 0.75+0.40 6.70+3.41"
AMA 10.32431.61 0.5540.40"
Cys 0.3440.25 0.25+0.23"
SDMA 0.14+0.08 0.13+0.10
Kyn 0.4440.27 0.3740.14
HA 0.54+0.63 0.2940.40
Trp 13.36+3.81 3.16+1.03

NC: Normal control; pGlu: L-pyroglutamic acid; Ala:
L-alanine; Gly: L-glycine; Thr: L-threonine; Val: L-valine; Ile:
L-isoleucine; Leu: L-leucine; Gln: L-glutamine; Lys: L-lysine;
Glu: L-glutamic acid; Met: L-methionine; His: L-histidine;
Phe: L-phenylalanine; Arg: L-arginine; Cit: L-citrulline;
Tyr: L-tyrosine; Asp: L-aspartic acid; Ser: L-serine; AMA:
Aminomalonic acid; Cys: L-cystine; SDMA: Symmetric
dimethylarginine; Kyn: L-kynurenine; HA: L-hippuric acid,
Trp: L-tryptophan. "P<<0.05 vs NC group
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Tab 2 Comparison of plasma amino acid metabolite
levels between patients with different stages of
gastric cancer

pe/(ugemL "), x*s

Metabolite Stage I -1 n=45 Stage M-IV n=59
pGlu 10.95+6.07 12.274+9.36
Ala 6.78+4.03 6.61£3.93
Gly 1.40+0.59 1.60£0.69
Thr 1. 6040.42 1.1340.49
Val 10.64+2.06 10.38+2.32
Tle 3.24+1.11 3.00£1.19
Leu 4.95+1.27 4.70+1.09
Gln 3.15+1.80 251+1.16"
Lys 230+1.52 2424151
Glu 0.80+£0.20 0.30£0.15"
Met 1.16+0.42 1.06+0.27"
His 0.33+0.13 0.38+£0.15
Phe 434+1.11 335+1.28
Arg 8.56+1.72 10.86+1.73
Cit 0.25+0.16 0.30£0.30
Tyr 0.74+0.19 0.74£0.26
Asp 0.4540.26 0.4940.29
Ser 6.70+3.70 7.40+3.10
AMA 0.53+£0.26 0.57+0.49
Cys 0.21£0.22 0.28+0.24
SDMA 0.13%0.07 0.1340.11
Kyn 0.39+0.13 0.360.14
HA 0.23+0.22 0.33+0.50
Trp 3.41£1.17 2.98+0.90

pGlu: L-pyroglutamic acid; Ala: L-alanine; Gly:
L-glycine; Thr: L-threonine; Val: L-valine; Ile: L-isoleucine;
Leu: L-leucine; Gln: L-glutamine; Lys: L-lysine; Glu: L-glutamic
acid; Met: L-methionine; His: L-histidine; Phe: L-phenylalanine;
Arg: L-arginine; Cit: L-citrulline; Tyr: L-tyrosine; Asp:
L-aspartic acid; Ser: L-serine; AMA: Aminomalonic acid;
Cys: L-cystine; SDMA: Symmetric dimethylarginine; Kyn:
L-kynurenine; HA: L-hippuric acid; Trp: L-tryptophan. "P<<0.05
vsstage [ -11



e 66 o

BOEERFER 20184E 1 A, 5539 %

®3 BEEEAE. REmEIEBRREHMATFLILR
Tab 3 Comparison of plasma amino acid metabolite
levels between pre-operation and post-operation of
gastric cancer patients

py/(ugemL ), n=18,Xx=+s

Metabolite Pre-operation Post-operation
pGlu 11.26+2.50 12.29+2.73
Ala 8.49+2.34 5.75+2.49
Gly 2.1040.38 1.5840.58
Thr 1.2640.46 0.97+0.35
Val 5.2940.89 5.4541.09
Ile 2.5540.77 3.11%1.67
Leu 4.83+1.21 4.56+0.84"
Gln 3.26+1.37 4.71+1.60"
Lys 1.78+0.38 235+133"
Glu 0.33+0.27 0.89+1.11"
Met 1.15+0.35 1.12+0.38
His 0.39+0.11 0.35+0.12
Phe 3.84+0.45 479+1.18
Arg 10.72+2.53 7.63+1.54
Cit 0.5240.24 0.27+0.13"
Tyr 0.89+0.18 0.8140.16
Asp 0.58+0.19 0.620.22
Ser 7.1740.57 7.64+0.38
AMA 0.63+0.21 0.56+0.15
Cys 0.59+0.24 0.3940.34
SDMA 0.09+0.00 0.1340.07
Kyn 0.324+0.09 0.3940.11
HA 0.2410.24 0.41+0.42
Trp 2.80+0.77 2.9840.49

pGlu: L-pyroglutamic acid; Ala: L-alanine; Gly: L-glycine;
Thr: L-threonine; Val: L-valine; Ile: L-isoleucine; Leu:
L-leucine; Gln: L-glutamine; Lys: L-lysine; Glu: L-glutamic
acid; Met: L-methionine; His: L-histidine; Phe: L-phenylalanine;
Arg: L-arginine; Cit: L-citrulline; Tyr: L-tyrosine; Asp:
L-aspartic acid; Ser: L-serine; AMA: Aminomalonic acid;
Cys: L-cystine; SDMA: Symmetric dimethylarginine; Kyn:
L-kynurenine; HA: L-hippuric acid; Trp: L-tryptophan. "P<<0.05

Vs pre-operation
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