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[ Abstract] Objective To investigate the changes in plasma and skin tissue metabolomes in mice after
cutaneous T-cell lymphoma (CTCL) , and to find differential metabolites associated with them.
Methods A total of 21 Balb/c female nude mice were randomly divided into control group and
experimental group. CTCL model was induced by HH cell (T cell Lymphoma ATCC CRL-2105).Plasma
and tumor tissue samples of cutaneous T-cell lymphoma mice were analyzed by untargeted metabolomics
method based on GC/MS and principal component analysis was performed. Results A total of 62
differential metabolites were identified, 13 of which were found in both plasma and tissue samples.
Combined with our previous metabolomics studies on LC/MS-based CTCL tumor-bearing mice plasma
and tumor tissue, 9 identical differential metabolisms were identified by GC/MS and LC/MS platforms.
The branched-chain amino acids and glucose were increased in plasma, glycerol-3-phosphate was increased

in plasma and tumor tissues, and o-phosphoethanolamine degraded by sphingosine-1-phosphate was
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increased in plasma. Conclusion

Sixty-two differential metabolites have improved the understanding of

CTCL metabolites and related pathways, which is helpful for the clinical diagnosis of CTCL.
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Control group was labeled by green circle, CTCL group was labeled by blue circle. A : Scores plot of PCA;B: Scores plot of PLS-DA;C: Scores
plot of OPLS-DA ;D : Permutation validation plots of PLS-DA : R2 labeled by green triangles and Q2 labeled by blue boxes.
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Tumor tissue group was labeled by yellow circle, and tumor tissue distal end group was labeled by blue circles. A : Scores plot of PCA; B: Scores

plots of PLS-DA; C: Scores plot of OPLS-DA; D: Permutation validation plots of PLLS-DA: R2 labeled by green triangles and Q2 labeled by blue

boxes.

4 CTCL/NR B 5 H B8 45 23 70 Bl /88 43 21 4% 3% 89 PCA (PLS-DA } OPLS-DA 43 #ff
Fig4 PCA,PLS-DA and OPLS-DA analysis of tumor tissue and tumor tissue distal end in CTCL mice
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F1 BEEGOMSHEHMEBAS CTCLA/MRMEHRBHHERRIGEY
Tab 1 Identification of differential metabolites among the plasma samples of mice in control group and CTCL group by GC/MS

1 HMDB00190 7.79 L-Lactic acid 960 Y
2 HMDBO00161 8.91 L-alanine 812 Y
3 HMDBO00357 10.54 3-Hydroxybutyric acid 943 N
4 HMDB00162 10.73 L-Prolinet 719 Y
5 HMDB00883 12.10 L-Valine 919 Y
6 HMDB00294 12.68 930 Y
7 HMDB00187 13.13 L-Serine 879 Y
8 HMDB00687 13.67 L-Leucine 930 Y
9 HMDB02142 13.72 Phosphoric acid 910 Y
10 HMDB00131 13.88 Glycerol 936 Y
11 HMDB00162 14.24 L-Proline2 698 Y
12 HMDB00172 14.25 L-Isoleucine 894 Y
13 HMDB00167 16.87 L-Threonine 919 Y
14 HMDB00159 22.44 L-Phenylalanine 860 Y
15 HMDBO00666 23.99 Heptanoic acid 443 N
16 HMDB00126 25.82 Glycerol 3-phosphate 666 N
17 HMDB29942 26.19 Arabinose 766 N
18 HMDB00806 27.01 Myristic acid 817 Y
19 HMDB00122 28.76 D-Glucose 925 Y
20 HMDBO00625 30.30 Gluconic acid 622 N
21 HMDB00220 30.83 Palmitic acid 952 Y
22 HMDB29942 31.29 Arabinose 676 N
23 HMDB00211 32.27 Myo-inositol 881 Y
24 HMDB00673 33.78 Linoleic acid 745 N
25 HMDB00207 33.87 Oleic acid 800 N
26 HMDB00929 34.19 L-Tryptophan 869 Y
27 HMDB00827 34.34 Stearic acid 947 Y
28 HMDB31074 40.06 Glycerol 1-hexadecanoate 874 Y
29 HMDB00067 47.56 Cholesterol 727 Y

“There was more than 1 derivatized product from amino acids and saccharides. The products derived from the same metabolites were

distinguished with number. Y: Validated by standard ; N : standard samples were not available.
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Tab 2

% H CTCL/MNR B &K M B AR EAR T RER P ESREHY

Identification of differential metabolites among tumor tissue samples and tumor tissue distal end samples

in CTCL mice by GC/MS

1 HMDB00123 6.55 Glycine 607 Y
2 HMDB00883 8.87 L-Valinel 946 Y
3 HMDBO00161 9.26 L-Alanine 920 Y
4 HMDB00687 10.82 L-Leucine 872 Y
5 HMDB00883 12.48 L-Valine2 909 Y
6 HMDB00187 13.67 L-Serine 925 Y
7 HMDB00687 14.08 L-Leucine 731 Y
8 HMDB00131 14.17 Glycerol 930 Y
9 HMDB00172 14.66 L-Isoleucine 760 Y
10 HMDB00123 14.97 Glycine 934 Y
11 HMDB00187 16.50 L-Serine 946 Y
12 HMDB00696 20.51 L-Methionine 765 Y
13 HMDB00267 20.53 Pyroglutamic acid 930 Y
14 HMDB00191 20.59 L-Aspartic acid 936 Y
15 HMDB00168 22.41 L-Asparagine 804 Y
16 HMDB00148 22.96 L-Glutamic acid 899 Y
17 HMDB00159 23.00 L-Phenylalanine 898 Y
18 HMDB00126 26.08 Glycerol 3-phosphate 927 N
19 HMDB00224 26.46 O-Phosphoethanolamine 890 Y
20 HMDB00094 27.28 Citric acid 735 Y
21 HMDB00446 27.94 N-Alpha-acetyllysine 740 N
22 HMDB00122 28.80 D-Glucose 843 Y
23 HMDB00182 29.36 L-Lysine 840 Y
24 HMDB00158 29.68 L-Tyrosine 908 Y
25 HMDB00289 30.84 Uric acid 912 N
26 HMDB00292 31.23 Xanthine 680 N
27 HMDB00211 32.47 Myo-inositol 927 Y
28 HMDB00673 34.82 Linoleic acid 904 N
29 HMDB00827 35.42 Stearic acid 936 Y
30 HMDB01043 37.45 Arachidonic acid 843 N
31 HMDB00944 41.76 Behenic acid 879 N
32 HMDB02003 44.60 Tetracosanoic acid 622 N
33 HMDB00067 48.50 Cholesterol 931 Y

“There was more than 1 derivatized product from amino acids and saccharides. The products derived from the same metabolites were

distinguished with number.Y : Validated by standard ; N : Standard samples were not available.
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Fig 6 Heatmap of metabolites in plasma samples of mice in control group and CTCL group
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Tab 3 ROC results for differential metabolites in plasma samples of mice in control group and CTCL group

L-Lactic acid® 7.79 0.907 0.069 0.692-0.990 73.33 100.00
L-Alanine 8.91 0.840 0.147 0.609-0.963 93.33 80.00
3-Hydroxybutyric* acid 10.54 0.947 0.049 0.746-0.998 86.67 100.00
L-Valine 12.10 0.800 0.103 0.563-0.943 80.00 80.00
Urea' 12.68 0.920 0.064 0.709-0.993 80.00 100.00
L-Serine 13.13 0.800 0.100 0.563-0.943 66.67 100.00
L-Leucine® 13.67 0.947 0.058 0.746—0.998 100.00 80.00
Phosphoric acid 13.72 0.853 0.088 0.625-0.969 80.00 100.00
Glycerol* 13.88 0.947 0.049 0.746—0.998 86.67 100.00
L-Proline 14.24 0.800 0.105 0.563—0.943 66.67 100.00
L-Isoleucine 14.25 0.827 0.103 0.594-0.957 60.00 100.00
L-Threonine® 16.87 0.933 0.058 0.728—-0.996 86.67 100.00
L-Phenylalanine* 22.44 0.933 0.067 0.728—-0.996 93.33 100.00
Heptanoic acid 23.99 0.867 0.083 0.641-0.975 73.33 100.00
Glycerol 3-phosphate® 25.82 0.947 0.048 0.746—0.998 86.67 100.00
Myristic acid® 27.01 1.000 0.000 0.832—1.000 100.00 100.00
D-Glucose 28.76 0.787 0.138 0.549-0.935 93.33 60.00
Gluconic acid 30.30 0.867 0.101 0.641-0.975 80.00 80.00
Palmitic acid 30.83 0.867 0.100 0.641-0.975 93.33 80.00
Myo-inositol* 3227 0.960 0.039 0.766—1.000 86.67 100.00
Linoleic acid 33.78 0.853 0.122 0.625-0.969 93.33 80.00
Oleic acid 33.87 0.720 0.183 0.478-0.894 100.00 60.00
L-Tryptophan 34.19 0.827 0.125 0.594-0.957 93.33 80.00
Stearic acid 34.34 0.813 0.098 0.578-0.950 66.67 100.00
Cholesterol 47.56 0.867 0.096 0.641-0.975 66.67 100.00
AUC>0.9.
100 100 ]
80 80
z | 7~ Glycerol g "L Phenylalanin
* - S
_____ L-Threonine - g-g;ll(l)t:}:ll‘l‘lg:e?lf;ﬂolamine
| e al oo
Glycerol 3-phosphate
ok’ . . . .
0 20 40 60 80 100

2I0 4IO 6IO 8I0 160 o
100-Specificity 100-Specificity

8 IMEMASCTCLAMNRMEHRRIMSAUC>09k B9 CTCLIINGR B 5 iR 28 4280 i 28 20 47 41 4 A

=2 R EWH ROC #B4 AUC> 0.9 B £ R R BT H ROC

Fig 8 The ROC of differential metabolites with Fig 9 The ROC of differential metabolites with

AUC > 0.9 in plasma samples of mice AUC >0.9 in CTCL mice of tumor tissue

in control group and CTCL group and tumor tissue distal end
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Tab 4 ROC results for potential biomarkers of tumor tissue group and tumor tissue distal end group in CTCL mice

L-Valine1?® 8.87 1.000 0.000 0.881—1.000 100.00 100.00
L-Alanine 9.26 0.861 0.072 0.682—0.960 92.31 75.00
L-Leucine1?® 10.82 0.913 0.062 0.749—-0.985 84.62 100.00
L-Serine?® 13.67 1.000 0.000 0.881—1.000 100.00 100.00
Glycerol” 14.17 1.000 0.000 0.881—1.000 100.00 100.00
L-Isoleucine® 14.66 1.000 0.000 0.881—1.000 100.00 100.00
Glycine 14.97 0.938 0.043 0.781-0.993 92.31 87.5
L-Methionine® 20.51 0.938 0.058 0.781—0.993 100.00 87.50
Pyroglutamic acid® 20.53 1.000 0.000 0.881—1.000 100.00 100.00
L—Aspartic acid® 20.59 0.928 0.063 0.768—0.991 84.62 100.00
L-Asparagine® 22.41 0.928 0.049 0.768—0.991 76.92 100.00
L-Glutamic acid® 22.96 0.933 0.046 0.775—0.992 84.62 93.75
L-Phenylalanine* 23.00 1.000 0.000 0.881—1.000 100.00 100.00
Glycerol 3-phosphate® 26.08 1.000 0.000 0.881—1.000 100.00 100.00
O-Phosphoethanolamine® 26.46 1.000 0.000 0.881—1.000 100.00 100.00
Citric acid® 27.28 0.918 0.056 0.755—0.987 100.00 81.25
N-Alpha-acetyllysine 27.94 0.870 0.072 0.693—0.965 100.00 75.00
D-Glucose 28.80 0.851 0.076 0.670—0.955 100.00 68.75
L-Lysine 29.36 0.856 0.072 0.676—0.958 92.31 75.00
L-Tyrosine 29.68 0.856 0.072 0.676—0.958 92.31 75.00
Uric acid® 30.84 1.000 0.000 0.881—1.000 100.00 100.00
Xanthine® 31.23 0.981 0.021 0.847—1.000 100.00 93.75
Myo-inositol* 32.47 0.976 0.023 0.839—1.000 92.31 93.75
Linoleic acid® 34.82 0.962 0.031 0.816—0.999 84.62 100.00
Stearic acid® 35.42 0.966 0.028 0.824—-0.999 92.31 93.75
Arachidonic acid® 37.45 0.933 0.068 0.775—0.992 92.31 100.00
Behenic acid® 41.76 1.000 0.000 0.881—1.000 100.00 100.00
Tetracosanoic acid® 44.60 1.000 0.000 0.881—1.000 100.00 100.00
Cholesterol® 48.50 0.938 0.054 0.781—0.993 92.31 93.75
*AUC>>0.9.
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