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Materials and chemicals

All reagents were HPLC-grade. Methanol (MeOH), acetonitrile (ACN) and
isopropyl alcohol (IPA) were purchased from Merck (Germany). Dichloromethane
(DCM) was purchased from Spectrum Chemical Mfg. Corp. (USA). Ultrapure water
(18.2 MQ-cm, TOC = 6 ppb) was obtained from a Milli-Q system (Millipore, USA).

Ammonium acetate (AmAc, > = 98%) was purchased from Sigma-Aldrich
(USA). Lipid standards of  phosphatidylcholine  (PC)  (19:0/19:0),
phosphatidylethanolamine (PE) (17:0/17:0), lyso-phospatidylcholines (LPC) (19:0),
sphingomyelin (SM)(d18:1/12:0), triacylglycerol (TAG) (15:0/15:0/15:0), ceramide
(CER) (d18:1/17:0), palmitic acid (FFA C16:0)-d3 and stearic acid (FFA C18:0)-d3
were purchased from Avanti Polar Lipids (USA) or Sigma-Aldrich (USA), and used

as internal standards.

Serum preparation

To extract lipids, each 50 pL of serum was successively added with 450 pL of
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prepared methanol (containing internal standards of 0.856 uM of PC 19:0/19:0, 0.435
uM of PE 17:0/17:0, 0.517 uM of LPC19:0, 0.215 uM of SM d18:1/12:0, 0.653 uM
of TAG 15:0/15:0/15:0, 0.569 uM of CER d18:1/17:0, 2.144 uM of FFA C16:0-d3,
and 1.933 uM of FFA C18:0-d3), 500 pL of chloroform and 200 pL of Milli-Q water.
I min of vortex was performed after each addition, and 5 min of standing was
conducted after the last vortex. Subsequently, the mixture was centrifuged at 12,000 g
for 10 min at 4 °C to form a two-phase system. The lower layer was then transferred,
and divided into two aliquot (200 pL for each analysis mode) after the
re-centrifugation (15,000 g, 10 °C, 10 min). Samples were lyophilized for store
(-80 °C) and reconstituted before analysis.
Quality control (QC) samples were prepared by pooling equal aliquot of each

serum sample, followed by lipid extraction as real samples.

Profiling of lipids by LC-MS analysis

Non-targeted lipidomics analysis was performed using an ACQUITY ultra
performance liquid chromatography (UPLC) system (Waters, USA) coupled with an
tripleTOF™ 5600 plus mass spectrometer (AB Sciex, USA), complying with the
method described in our previous report with minor modifications'.

Briefly, an ACQUITY UPLC BEH C8 column (2.1 x 100 mm, 1.7 pm) (Waters,
USA) was used for chromatographic separation with column temperature controlled at
55 °C. The mobile phases were A (ACN:H20 = 6:4, 10 mM ammonium acetate) and
B (IPA:ACN = 9:1, 10 mM ammonium acetate), respectively. The gradient elution
started with 32% B for 1.5 min, followed by a linearly increase to 85% B from 1.5 to
15.5 min. The mobile phase B was further increased to 97% in 0.1 min, and kept for

2.4 min from 15.6 to 18 min. Finally, mobile phase B was decreased to 32% in the



next 0.1 min, and equilibrated for 1.9 min until the next injection. Then, the elution
was maintained for 20 min for each injection with a flow rate of 0.26 mL/min. The
sample tray temperature was controlled at 10 °C, and the sample injection volume was
5 uL.

For MS analysis, TOF MS full scan for lipid profiling and information-dependent
acquisition (IDA) for MS/MS data were performed simultaneously. When
electrospray (ESI) was performed in the positive ion mode, the major parameters were
set as follows: ion source gas 1 (Gasl), 50 psi; ion source gas 2 (Gas2), 50 psi; curtain
gas (CUR), 35 psistemperature (TEM), 500 °C; ion spray voltage floating (ISVF),
5500 V; declustering potential (DP), 100V; collision energy (CE) 35 V; collision
energy spread (CES), = 15 V; mass range of full scan, 400-1,200; mass range of IDA,
100-1,200. In the negative mode, the parameters were set as follows: ion source gas 1
(Gasl), 55 psi; ion source gas 2 (Gas2), 55 psi; curtain gas (CUR), 35 psi; temperature
(TEM): 600 °C; ion spray voltage floating (ISVF), -4500 V; declustering potential
(DP), -100V; collision energy (CE), -45 V; collision energy spread (CES), + 20 V;
mass range of full scan, 90-1,000; mass range of IDA, 90-1,000. For the acquisition of
MS/MS information, ions with top 10 intensity were subjected to the high resolution

IDA.

Quality evaluation for lipidomics data

To monitor the robustness of lipid profiling, quality control (QC) samples were
inserted into the analysis batch in each set of 10 real samples. All real samples were
analyzed in random order. Then, the quality of acquired data was evaluated by
analyzing the analytical characteristics of QCs. The score plots of unsupervised

principal component analysis (PCA) show that the deviation of QCs was within 2



times of standard deviation (SD), demonstrating the statistical acceptance of acquired
data (Figure S1A and C). Specifically, the distributions of %RSD for metabolites
reveal that in the positive mode, 100% of sum of number had a %RSD of less than
30% (Figure S1B). While the result was 97.65% for negative responses (Figure S1D).
The evaluation of analytical characteristics ensured the satisfactory stability and
reproducibility of present lipidomics study, and the high quality of acquired data.

To reduce the error, lipids with a %RSD in QCs higher than 30% were discarded

from the dataset.
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Figure S1. Quality evaluation for lipidomics data. For QC samples, (A) and (C) are
PCA score plots for positive and negative mode, respectively. (B) and (D) present the

distribution of %RSD for metabolites.
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Figure S2. PCA score plots based on origin all features (A) and 38 pre-defined

individual features (B; Table S1). Non-HCC (black A), HCC (red o).
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Figure S3. Graphic presentation of the non-overlapping ratio (NOR). (A)—(C) are

three NOR cases.
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Figure S4. Typical characteristics of LPC 18:1 and FFA 20:5. (A) and (C) are the
extracted ion chromatograms of LPC 18:1 for the discovery and validation sets,
respectively. (B) and (D) are the MS/MS spectra of LPC 18:1 for the discovery and
validation sets, respectively. (E) and (G) are the extracted ion chromatograms of FFA
20:5 for the discovery and validation sets, respectively. (F) and (H) are the MS/MS
spectra of FFA 20:5 for the discovery and validation sets, respectively.



Table S1. Pre-defined individual features based on static analysis.

Metabolites Mode " tr C8 M8 C10 MI10 C12 MI12 Cl4 M14 Cle6 MI16 C18 MI18 C20 M20
(min) Average SD Average SD Average SD Average SD Average SD Average SD  Average SD Average SD  Average SD Average SD  Average SD Average SD Average SD Average SD
FFA 18:0 Neg 283.2642  2.66 5.01 0.83 5.73 090 4.96 0.82 577 1.29 5.19 0.50 4.73 0.77 4.92 0.54 5.16 0.43 4.59 0.53 4.00 0.59 5.40 0.64 477 0.63 5.20 0.56  4.57 0.66
FFA 18:1 Neg 281.2486 2.16 4.27 1.46 9.01 236 5.69 1.88 9.34 3.81 5.96 1.35 5.82 2.06 4.70 1.33 6.34 1.70 4.55 .17  3.27 1.15 5.66 1.35 3.85 .36 5.17 1.17 422 247
FFA 18:2 Neg 279.2329 1.80 5.72 1.30 9.25 1.94  7.50 1.80  10.09 3.66 7.21 1.53 6.75 2.08 6.27 1.54  7.79 1.90 5.28 1.21 4.09 1.28 6.61 1.34 428 1.28 5.53 1.13 4.49 1.40
FFA 20:4 Neg 303.2329 1.74 3.00 036 295 0.48 3.19 0.33 3.12 0.59 3.63 0.43 2.02 1.00 2.78 0.53 2.43 0.79 2.85 040  2.18 0.61 3.12 024 223 0.55 3.02 0.43 2.42 0.58
FFA 20:5 Neg 301.2173  1.51 0.31 0.08 0.40 0.08 0.41 0.17  0.40 0.20 0.29 0.09 0.36 0.09 0.38 0.08 0.51 0.13 0.23 0.08 0.15 0.13 0.14 0.04  0.06 0.03 0.10 0.03 0.11 0.06
FFA 22:6 Neg 327.2329 1.60 1.47 0.44 1.70 032 216 0.78 1.89 0.66 1.63 0.50 1.46 0.57 1.43 0.39 1.53 0.34 1.20 0.38 0.78 0.40 1.19 0.31 0.52 0.17  0.73 0.13 0.62 0.22
PI138:3 Neg 887.5655 6.43 1.27 0.61 1.80 0.73 1.17 0.37 1.73 0.35 0.66 0.41 2.10 0.52 1.57 0.63 1.51 0.69 1.19 0.50  0.96 0.36 1.08 0.57 0.82 020 049 0.18 0.73 0.25
PI138:4 Neg 885.5498 6.15 2048 527 1346 3.02 1996 491 1794 258 2197 8.12 24.01 4.03 23.88 7.31 19.96 498 2457 840 21.94 3.01 26.71 497 2346 443 2474 6.80 2198 3.96
LPC 16:0 Pos 496.3398 1.71 4171 487 37.87 4.15 4091 397 38.27 6.07 36.62 442 40.89 8.15 36.56 3.63 38.84 579 3598 4.65 43.10 620  39.12 352 4858 7.78 31.83 3.67 4585 6.97
LPC 18:1 Pos 522.3554 1.81 8.64 1.37 10.02 0.64  7.88 1.56 8.70 2.01 5.03 1.07  12.17 3.02 6.03 .52 9.92 2.25 6.20 1.66  9.54 2.66 726 229 11.61 130 4.83 0.80 899  2.06
LPC 20:3-isomer2  Pos 546.3554 1.67 0.89 0.32 1.04 0.12  0.90 036  0.59 0.24 0.28 0.14 1.02 0.43 0.81 0.45 0.92 0.21 0.71 0.41 0.84 0.38 0.67 0.41 1.01 0.15 0.32 0.17  0.57 0.21
LPC 20:4 Pos 544.3398 1.53 8.86 1.49 7.23 0.87 9.16 2.74 545 1.68 12.06 2.47 8.76 3.49 10.55 2.61 9.47 2.71 12.55 2.77  10.77 3.41 13.58 232 1428 335 1390 226 11.00 2.87
LPC 22:6 Pos 568.3398 1.47 1.56 0.45 2.23 0.16 1.67 0.46 1.57 0.60 1.43 035 2.73 1.00 1.63 045  2.60 0.63 1.70 0.53 2.26 0.66 1.50 039 2.5 0.59 1.32 0.35 1.56 0.54
PC 34:2 Pos 758.5695 6.84  29.73 8.64 4454 819 2437 595 5276 1238 1747 6.62 91.01 2598 2899 925 6476 2594 2354 720 4773 1828 27.09 862 50.57 3.66 17.85 435 4501 7.07
PC 36:2 Pos 786.6008 7.71 19.56 6.04 2371 510 17.79 396 26.64 5.48 9.92 430 4794 1599 1952 6.84 3298 1562 16.16 570 21.74 1038 17.29 745 21.60 2.12 994 231  19.88 3.24
PC 36:3 Pos 784.5851 7.00 6.33 1.26 9.90 1.99 526 092 10.17 3.05 2.01 0.82 18.22 5.92 4.75 2.08 12.80 6.53 3.86 1.57  6.82 4.13 3.93 1.86  7.39 1.35 1.96 0.66  6.41 2.56
PC 36:4-2 Pos 782.5695 6.79 9.10 227 11.05 1.20 9.80 1.93  12.81 1.53 14.13 523 2086 4.24 1470 536 16.76 3.41 18.29 340 18.75 228  21.14 434 21.63 6.00 2005 343 2135 4.69
PC 36:5-2 Pos 780.5538  6.20 0.55 0.25 0.85 0.16  0.54 0.19  0.89 0.40 0.29 0.13 2.25 0.83 0.81 0.39 1.88 0.97 0.54 0.18 0.76 0.65 0.40 0.19  0.58 0.17  0.27 0.07  0.68 0.24
PC 38:3 Pos 812.6164 8.00 1.07 0.45 1.51 0.40 1.16 0.35 1.24 0.25 0.50 0.32 1.52 0.30 1.24 0.53 1.05 0.35 1.01 040  0.79 0.32 0.95 0.55 0.66 0.10  0.38 0.14  0.58 0.11
PC 38:4 Pos 810.6008 7.66 11.38  2.92 9.16 1.74 1293  3.25 9.48 0.82 1897 8.09 1552 296 19.43  8.07 12.63 3.05 2438 583 1432 235 2887 794 15115 444 2695 421 1677 3.92
SM 34:1;2 Pos 703.5749  6.46 1578 3.84 1221 214 15.16 285 1830 4.63 16.01 593 25.86 579 2199 6.28 19.85 3.78 19.25 645 18.24 3.06 2082 585 1848 288 1899 578 18.60 3.36
SM 34:2;2 Pos 701.5592 5.68 1.43 0.35 1.44 0.31 1.35 0.30 1.80 0.48 1.46 0.52  2.00 0.36 1.90 0.60 1.60 0.29 1.63 0.60 1.45 0.25 1.63 0.47 1.35 0.25 1.46 0.45 1.32 0.24
SM 36:1;2 Pos 731.6062 7.39 0.70 0.24 1.62 042  0.69 020 2.74 1.37 1.08 042  3.07 1.31 1.34 0.72 1.65 0.44 1.23 0.61 1.72 0.70 1.28 0.49 1.33 0.17 1.56 0.88 1.40 0.21
SM 42:1;2 Pos 815.7001 9.85 7.64  2.00 5.84 1.28 7.50 1.45 6.05 0.83 7.65 2.48 6.89 1.60 9.89 2.73 7.28 1.74 8.61 2.01 8.16 1.13 949 241 8.36 1.71 8.41 1.88 7.88 1.72
SM 42:2;2-isomerl  Pos 813.6844 9.07 9.61 2.66 1241 259 8.87 1.62  13.26 1.57 8.58 3.56 1796 227 11.12 3.58 1442 3.81 10.34  3.38  12.09 2.12 10.77 392 12.14 2.11 8.87 239 11.19  2.77
SM 42:2;2-isomer2  Pos 813.6844 9.30 1.99 0.56 1.91 0.47 1.93 0.43 2.09 0.37 2.08 0.70  2.07 0.41 2.72 0.86  2.13 0.51 2.11 0.74  2.03 0.32 2.00 0.57 1.88 0.38 1.81 0.45 1.79 0.46
SM 42:3;2 Pos 811.6688 8.43 3.77 1.10 6.28 146  3.53 0.70  6.90 1.02 3.39 1.36 8.74 1.77 4.65 1.51 6.81 1.78 3.93 1.28 5.52 0.93 4.31 1.47 555 1.07  3.63 099 5.10 1.53
TAG 50:1 Pos 850.7858 12.87 412 2.02 225 0.75  2.66 1.44 1.66 0.86 0.93 044 214 1.01 1.69 1.19 1.26 0.44 1.85 1.20 1.32 0.56 2.06 0.83 1.65 0.73 1.19 040  2.01 2.42
TAG 52:2 Pos 876.8014 12.92 10.01 4.29 7.39  2.08 6.73 330 5.76 2.96 2.62 1.67  7.02 3.00 4.13 2.54 381 1.50 5.34 3.07 432 1.82 7.88 391 5.96 2.33 4.18 1.58 5.18 5.65
TAG 52:3 Pos 874.7858 12.58 17.29  6.58 9.74 3.19 1253 551 7.94 3.94 5.80 397  9.38 5.36 8.62 448 5.60 1.45 1123 624  6.49 2.69 1711  6.54  9.13 435 1022 342 8.34 7.86
TAG 54:2 Pos 904.8327 13.29  0.87 0.28 0.68 0.17  0.59 029  0.64 0.48 0.23 0.10  0.95 0.72 0.38 026  0.41 0.20 0.42 030  0.40 0.23 0.44 020 049 0.28 0.25 0.07  0.50 0.59
TAG 54:3 Pos 902.8171 12.97  3.28 1.01 2.96 0.65 2.19 1.02  2.62 1.39 0.75 0.31 3.85 2.49 1.37 0.93 1.78 0.86 1.57 1.10 1.61 0.85 1.95 0.89 2.23 0.97 1.03 0.32 1.74 1.55
TAG 54:4 Pos 900.8014 12.64 5.74 1.99 435 1.02  3.77 1.92  3.73 1.74 0.99 042 549 4.30 2.41 1.85  2.59 0.98 2.62 1.97 237 1.05 3.33 1.58 3.47 1.55 1.67 0.56 239 1.54
TAG 54:7-isomer2  Pos 894.7545 11.70  2.07 1.07 0.91 0.33 2.02 096  0.80 0.28 1.18 0.88 1.41 1.08 1.87 0.89 1.08 0.19 1.41 0.67 047 0.33 1.36 0.73 0.36 0.17  0.79 0.31 0.54 0.32
TAG 56:7 Pos 922.7858 12.26 754 2098 3.76 1.16  6.93 2.25 3.72 1.33 3.34 1.79  5.15 3.03 4.75 1.95 3.56 0.57 4.98 234 250 0.93 5.61 2.05  2.57 0.95 3.11 1.00  2.54 1.12
TAG 56:8 Pos 920.7701 11.92  7.25 2.63 2.84 1.05 7.38 2.48 3.04 1.17 4.85 2.51 4.58 3.53 622 234 332 0.40 599 245 1.96 1.02 6.27  2.16 1.59 0.88 3.38 1.18 1.81 0.93
TAG 56:9 Pos 918.7545 11.48 0.84 0.35 0.53 0.14  0.81 032  0.56 0.23 0.37 0.17 1.04 1.04 0.69 0.33 0.67 0.18 0.50 0.28 0.26 0.19 0.46 0.21 0.17 0.07  0.27 0.08 0.26 0.16
TAG 58:10 Pos 944.7701 11.60  0.90 0.26 0.71 0.17  0.94 030 0.86 0.29 0.74 0.19 1.42 1.27 0.89 027  0.87 0.16 0.77 034 045 0.19 0.78 0.21 0.35 0.13 0.65 0.14  0.52 0.15

These metabolites were selected from the first process of noise filtering (i.e., static analysis).

FFA, free fatty acids; LPC, lyso-phosphatidylcholine; PC, phosphatidylcholine; PI, phosphatidylinositol; SM, sphingomyelin; TAG, triacylglycerol



Table S2. The change of degree in six networks.

Lipids DN-1 DN-2 DN-3 DN-4 DN-5 DN-6 Sum
FFA 20:5 1 4 25 33 16 8 87
TAG 56:9 2 4 4 33 5 6 54
TAG 54:7-isomer2 2 4 5 29 2 6 48
TAG 58:10 11 4 4 27 6 10 62
FFA 22:6 1 7 7 25 13 3 56
PC 36:5-isomer2 2 22 2 24 1 7 58
FFA 18:1 0 22 7 20 0 0 49
PC 36:4-isomer2 9 11 2 20 2 1 45
TAG 56:8 5 3 4 20 5 1 38
FFA 18:2 0 25 10 19 0 0 54
PI 38:4 15 8 1 19 0 2 45
PC 38:4 5 13 3 18 1 2 42
PC 36:3 4 6 1 17 3 2 33
TAG 52:2 8 2 11 15 8 4 48
TAG 56:7 7 5 4 14 6 4 40
LPC 16:0 4 7 0 13 2 3 29
SM 34:2;2 10 9 2 13 2 2 38
SM 42:1;2 5 5 3 13 1 3 30
TAG 50:1 8 3 6 13 6 3 39
SM 34:1;2 26 6 3 12 0 2 49
LPC 18:1 7 5 2 12 4 8 38
LPC 20:4 11 4 1 12 5 7 40
PI 38:3 4 7 3 12 3 3 32
TAG 52:3 7 1 7 11 8 2 36
FFA 18:0 4 17 14 11 3 1 50
PC 36:2 4 9 1 10 2 1 27
SM 42:2;2-isomer1 7 8 2 10 0 1 28
TAG 54:3 6 2 11 10 8 5 42
TAG 54:4 6 0 8 10 9 7 40
TAG 54:2 3 1 12 10 3 2 31
LPC 22:6 22 8 2 9 2 6 49
PC 38:3 14 7 5 9 8 2 45
SM 42:2;2-isomer2 4 13 1 9 4 2 33
PC 34:2 5 8 1 8 3 1 26
SM 42:3;2 5 8 2 7 0 1 23
LPC 20:3-isomer2 25 3 0 6 2 23 59
FFA 20:4 4 25 2 5 1 4 41
SM 36:1;2 13 0 8 4 0 1 26




Table S3. The statistical results of 15 ratios selected by both dynamic concentration and topological structure analyses

p value
Lipids 1 Lipids 2 Cl16 vs. C18 vs. C20 vs. M14 vs. M14 vs. M14 vs.
M16 MI18 M20 MI16 M18 M20

LPC 22:6 FFA 20:5 7.52E-04 3.60E-06 2.83E-01 7.60E-03 4.51E-04 1.05E-02

LPC 18:1 FFA 20:5 6.39E-04 3.68E-04 1.52E-02 9.05E-03 4.09E-03 1.29E-02

LPC20:4 FFA 20:5 2.55E-02 1.22E-03 7.70E-01 6.29E-03 2.35E-03 1.49E-02

LPC 16:0 FFA 20:5 7.25E-03 6.91E-04 4.57E-02 1.59E-02 3.01E-03 7.84E-03

PC 34:2 FFA 20:5 1.45E-03 7.43E-04 4.28E-03 4.17E-02 1.13E-02 2.43E-02

LPC 20:3-isomer2 FFA 20:5 1.81E-02 4.52E-04 4.15E-02 7.96E-03 4.35E-03 1.96E-02

PC 36:3 FFA 20:5 1.12E-03 2.82E-03 2.62E-03 8.32E-02 2.70E-02 5.12E-02

FFA 20:5 TAG 54:3 4.58E-02 1.01E-02 4.27E-01 1.45E-02 4.38E-03 1.64E-02

FFA 20:5 TAG 52:2 1.46E-01 5.33E-02 5.20E-01 7.13E-03 2.00E-03 6.72E-03

FFA 20:5 TAG 52:3 4.65E-01 5.32E-01 4.68E-02 7.75E-03 1.49E-03 4.76E-03

FFA 20:5 TAG 54:4 7.22E-02 2.21E-02 4.60E-01 1.38E-02 3.81E-03 1.44E-02

FFA 20:5 TAG 50:1 2.06E-01 5.04E-02 8.99E-01 7.60E-03 2.00E-03 5.35E-03

FFA 20:5 TAG 54:7-isomer2  1.44E-01 3.79E-02 3.91E-02 6.71E-02 2.51E-03 1.10E-02

FFA 20:5 TAG 54:2 4.25E-02 1.27E-02 7.29E-01 1.23E-02 4.03E-03 1.69E-02

FFA 20:5 TAG 56:7 8.89E-01 9.85E-01 2.18E-01 1.76E-02 1.26E-03 5.23E-03

Reference
1 Hoene, M. et al. The lipid profile of brown adipose tissue is sex-specific in mice. Biochim. Biophys. Acta Mol. Cell Biol. Lipids 1841, 1563-1570,

(2014).



