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Determination of 20 serum amino acids in breast cancer patients and its significance in breast cancer screening

HE Yong-peng'?, ZHENG Xiao-dong®, XU Ling-1i>, LEI Hai-ke?, LIN Chang-hai’, FU Xiao-qin’, DENG Hao-yue', LI Qin-xi',
REN Qiu-yu'?, ZHU Juan’, GAN Lin""

1. Department of Biochemistry and Molecular Biology, College of Basic Medical Sciences, Southwest Medical University, Luzhou
646000, Sichuan, China

2. Chongqing Key Laboratory of Translational Research for Cancer Metastasis and Individualized Treatment, Chongqing

University Cancer Hospital/Chongqing Cancer Research Institute, Chongqing 400030, China

[ Abstract ]|  Objective To investigate the difference of serum amino acid levels between breast cancer patients and
normal volunteers, and explore its significance in breast cancer screening. Methods Totally 59 breast cancer patients (breast
cancer group) diagnosed by the Department of Pathology, Chongqing University Cancer Hospital from Apr. to Jun. 2019 were
recruited, and 53 normal healthy women were selected as control group. The levels of 20 amino acids in the sera of recruited
people were detected by high performance liquid chromatography-mass spectrometry (HPLC-MS). The differences of amino
acid levels were analyzed between breast cancer group and control group, between different molecular subtype groups of

breast cancer, and between early and advanced breast cancer groups. Receiver operating characteristic (ROC) curve was used
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to evaluate the effectiveness of different serum amino acids in breast cancer screening. Results The levels of alanine (Ala),
asparagine (Asn), citrulline (Cit), glutamic acid (Glu), histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys), ornithine
(Orn), phenylalanine (Phe), proline (Pro), threonine (Thr), tyrosine (Tyr) and valine (Val) were higher in the breast cancer
group than in the control group (all P<<0.05). The level of arginine (Arg) was lower in the breast cancer group than in the
control group (P=0.003). ROC curve analysis showed that of the 14 amino acids which were elevated in the sera of breast
cancer patients, Ala or Pro alone had better performance in screening breast cancer, and the area under curves (AUCs) were
both 0.75; Tle alone had the highest sensitivity, with the AUC of 0.79; Lys alone had the highest specificity, with the AUC of
0.94; and the combined detection of the 14 amino acids improved the performance of breast cancer screening, with the AUC
of 0.88, sensitivity of 0.69, and specificity of 0.94. The level of serum Val was higher in early breast cancer patients (TNM
stage | and Il ) than in advanced patients (TNM stage Il and IV ) (P=0.044), and there was no significant difference in the
levels of other 19 amino acids (all >0.05). No significant difference was found in the 20 amino acids between Luminal A
type, Luminal B type, triple-negative, and human epidermal growth factor receptor 2 (HER2) positive breast cancer groups
(all P>0.05). Conclusion The levels of 15 serum amino acids in breast cancer patients are different from those in normal

persons, which is helpful for breast cancer screening. The combination detection of 14 elevated serum amino acids in breast

cancer patients can improve the screening performance and may serve as potential biomarkers.

[ Key words ] breast neoplasms; serum; amino acids; screening; high performance liquid chromatography-mass

spectrometry; tumor biomarkers
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Fig1 Comparison of serum amino acid levels between control group and breast cancer group

‘P<<0.05, "P<<0.01. x*s. Ala: Alanine; Arg: Arginine; Asn: Asparagine; Asp: Aspartic acid; Cit: Citrulline; Gln: Glutamine; Glu:

Glutamic acid; His: Histidine; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Orn: Ornithine; Phe: Phenylalanine; Pro:

Proline; Ser: Serine; Thr: Threonine; Trp: Tryptophan; Tyr: Tyrosine; Val: Valine.
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Fig2 ROC curves of 14 elevated serum amino acids alone
and their combined detection for screening of breast cancer
ROC: Receiver operating characteristic; Ala: Alanine; Asn: Asparagine;
Cit: Citrulline; Glu: Glutamic acid; His: Histidine; Ile: Isoleucine;
Leu: Leucine; Lys: Lysine; Orn: Ornithine; Phe: Phenylalanine;
Pro: Proline; Thr: Threonine; Tyr: Tyrosine; Val: Valine.
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Tab 1 Screening performance of 14 elevated serum
amino acids alone and their combined detection for

breast cancer
Cut-off value/

Amino acid AUC Sensitivity Specificity

(umol*L ™"
Ala 0.75 509.92 0.59 0.82
Asn 0.68 72.17 0.67 0.67
Cit 0.64 26.52 0.77 0.52
Glu 0.70 328.79 0.56 0.76
His 0.64 121.89 0.49 0.82
Ile 0.74 77.46 0.82 0.70
Leu 0.67 193.25 0.41 091
Lys 0.62 263.72 0.31 0.94
Orn 0.66 154.83 0.67 0.64
Phe 0.68 119.78 0.56 0.79
Pro 0.75 169.28 0.67 0.85
Thr 0.66 128.36 0.67 0.67
Tyr 0.65 73.92 0.64 0.73
Val 0.71 286.53 0.49 0.88
14 amino acids 0.88 0.76" 0.69 0.94

*: Prediction probability. AUC: Area under curve; Ala:
Alanine; Asn: Asparagine; Cit: Citrulline; Glu: Glutamic acid;
His: Histidine; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; Orn:
Ornithine; Phe: Phenylalanine; Pro: Proline; Thr: Threonine;
Tyr: Tyrosine; Val: Valine.
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Tab 2  Levels of 20 serum amino acids in early (TNM stage I-1I) and advanced (TNM stage Il[-IV) breast cancer patients

(umol « L"), x+s

A;:;go Early n=26  Advanced n=33  tvalue P value A;Eilgo Early n=26 Advanced n=33 tvalue P value
Ala 537.72£158.74 563.12+116.31 —0.577 0.567 Lys 249.944+58.53 234.06£43.33 0974 0.336
Arg 48.56+13.70 45.954+21.69 0426 0.673 Met 28.35+5.04 27.96+4.31 0.261 0.796
Asn 75.28+13.19 75.74+9.84  —0.126  0.901 Orn 177.30+48.15 173.58+53.31  0.223 0.825
Asp 62.111+16.66 58.96+22.05 0.483  0.632 Phe 127.88+25.52 122.40+27.55 0.629 0.533
Cit 33.56%£10.77 3493£12.54 —0355 0.725 Pro 185.361+40.84 180.12£38.26 0.410 0.684
Gln 44473 £73.07 460.19£125.49 —0.442 0.661 Ser 211.994£40.32 203.75%£42.53  0.608 0.547
Glu 377.40+148.15 37529412229 0.048 0.962 Thr 137.80+30.12 141.67+30.25 —0.393 0.697
His 123.354£22.22 121.334£25.00 0.260  0.797 Trp 69.74£1422 67.12+14.33  0.563 0.577
Ile 101.97 :28.64 93.67£19.19 1.086 0.285 Tyr 78.29+14.67 76.08+17.38 0416 0.680
Leu 194.87+£32.73 178.46+42.89 1.289  0.205 Val 301.30+£31.02 268.33+57.53 2.086 0.044

Ala: Alanine; Arg: Arginine; Asn: Asparagine; Asp: Aspartic acid; Cit: Citrulline; GIn: Glutamine; Glu: Glutamic acid; His:
Histidine; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Orn: Ornithine; Phe: Phenylalanine; Pro: Proline; Ser: Serine;

Thr: Threonine; Trp: Tryptophan; Tyr: Tyrosine; Val: Valine.

£33 AEANFITEIIFEEEMBH 20 FHEEERKFELLE

Tab 3 Levels of 20 serum amino acids in breast cancer patients with different molecular subtypes

(umol * L"), X+
Amino acid Luminal An=16 Luminal B n=25 Triple-negative n=238 HER2 positive n=10 Fvalue P value

Ala 526.76+76.96 553.87+167.78 631.50+87.47 512.51+130.77 1.190 0.325
Arg 61.32+22.53 46.33118.85 39.72+4.06 41.13£16.86 2.491 0.076
Asn 71.91+11.31 7491+ 11.51 83.38+8.50 73.75+11.13 1.596 0.208
Asp 57.28+17.34 60.27+14.88 72.54+23.42 53.324+24.73 1.360 0.271
Cit 31.554+14.09 36.184+9.99 34.90+13.29 33.434+12.47 0.282 0.838
Gln 471.76 +:106.67 473.234+113.04 424.34+47.72 428.58 +130.65 0.572 0.637
Glu 335.70+148.10 370.79+127.39 472.55+111.33 346.10+120.67 1.770 0.171
His 119.374+19.68 118.77+22.12 137.98+22.55 117.98 28.37 1.313 0.286
Ile 94.93+22.78 99.37+£19.35 112.60+32.93 83.09+16.25 2.377 0.087
Leu 177.30£28.39 184.55+39.30 211.71+14.56 172.66+44.81 1.528 0.224
Lys 226.861+33.02 244.53+52.22 273.43+60.62 220.61142.32 1.829 0.160
Met 27.83+3.39 28.22+4.36 28.95+6.30 27.57+4.97 0.125 0.945
Orn 155.514+54.87 178.161+44.39 205.571+43.84 163.73+57.41 1.465 0.241
Phe 119.47£26.29 122.56+21.98 143.32+£33.27 118.19+£25.67 1.527 0.225
Pro 170.10£19.65 180.93+30.91 200.61 £48.37 181.07+54.54 0.775 0.516
Ser 191.79£27.15 216.17£34.99 221.41£50.40 194.58£51.63 1.180 0.331
Thr 136.20£19.66 137.90£30.24 152.13£32.06 137.80+37.02 0.449 0.720
Trp 66.96+5.74 68.661+17.53 77.41£8.81 61.37+14.10 1.823 0.161
Tyr 72.70£10.55 77.33+£15.41 85.50+17.17 73.57+20.26 0.970 0.418
Val 271.27+35.08 287.18+£49.53 295.80+45.18 271.53+£69.51 0.453 0.717

HER2: Human epidermal growth factor receptor 2; Ala: Alanine; Arg: Arginine; Asn: Asparagine; Asp: Aspartic acid; Cit:
Citrulline; Gln: Glutamine; Glu: Glutamic acid; His: Histidine; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Orn:

Ornithine; Phe: Phenylalanine; Pro: Proline; Ser: Serine; Thr: Threonine; Trp: Tryptophan; Tyr: Tyrosine; Val: Valine.
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