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Metabolomic screening for diagnostic biomarkers of drug-induced
chronic liver injury related cirrhosis
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Abstract: About 15%-20% of drug-induced liver injury (DILI) will progress to chronic manifestation
(CH-DILI), which sometimes advances rapidly to liver cirrhosis (LC-DILI) within 0.5-1 year with deteriorative
clinical prognosis. Therefore, it is important to find a non-invasive diagnosis for early detection of liver cirrhosis.
In this study, the metabolomic profiles revealed significant differences in the metabolites from the plasma of
LC-DILI versus CH-DILI. We found 35 differential metabolites through principal component analysis (PCA) and
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orthogonal partial least squares discriminant analysis (OPLS-DA). Through pathway enrichment analysis, some
up-regulated metabolic pathways reflected impaired liver functions such as bile acid, lipid synthesis and decompo-
sition during cirrhosis. Five biomarkers were found to exhibit effective diagnosis value (AUC > 0.6), including
phosphatidylcholine, lysoPC (18:1 (92)), creatine, taurochenodeoxycholic acid and taurocholic acid. Furthermore,
we found that the relative content ratio between phosphatidylcholine and lysoPC (18:1 (92)) had a better distin-
guishing ability (AUC = 0.867). The relative content ratio also had the feature to reduce systematic errors of
sample processing and instrument detection, therefore having a greater value for clinical application.
Key words: drug-induced liver injury; chronicity; liver cirrhosis; metabolomics; diagnosis; biomarker
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Table 1 Clinical characteristics of chronic drug-induced liver injury (CH-DILI) and liver cirrhosis-drug-induced liver injury (LC-DILI)

groups. “The positive rate of autoantibodies, which including antinuclear antibody, smooth muscle antibody, antimitochondrial antibodies,

anti-parietal cell antibody; P value: CH-DILI vs LC-DILI

Characteristics Total (n = 49) CH-DILI (n = 34) LC-DILI (n = 15) P value
Median age (Yr, P25, P75) 51 (41, 58) 48 (38, 57) 56 (49, 61) 0.190
Female (n) 41 29 12 0.970
ALT/U-L* (P25, P75) 278.0 (106.5, 802.3) 296.0 (134.0, 834.0) 203.0 (58.0, 586.0) 0.340
AST/U-L* (P25, P75) 280.0 (100.5, 606.0) 302.5 (103.8, 790.3) 197.0 (94.5, 507.5) 0.570
ALP/U-L* (P25, P75) 173.0 (120.0, 323.0) 195.0 (125.2, 332.7) 123.0 (94.0, 402.0) 0.330
TBil/umol - L (P25, P75) 12.90 (9.30, 19.45) 10.0 (8.3, 16.9) 21.9 (14.7,54.9) 0.001
DBil/umo-L* (P25, P75) 4.2(3.2,10.2) 3.8(2.8,5.6) 10.3 (4.6, 37.6) 0.001
ChE/U-L™* (P25, P75) 6 310.0 (4 592.5, 7 644.0) 6867.0 (5951.8, 8 262.5) 4 553.0 (2 469.0, 5 088.0) 0.000
Cr/umol - L* (P25, P75) 64.0 (58.0, 71.0) 61.5 (57.5, 70.3) 67.0 (60.0, 71.0) 0.168
IgA/g- L (P25, P75) 2.4 (1.8,3.1) 2.1(1.6,2.7) 3.2(2.2,4.4) 0.008
1gG/g-L* (P25, P75) 13.1(11.3,16.1) 12.7 (10.7, 15.7) 13.7 (11.8, 16.9) 0.269
IgM/g-L* (P25, P75) 1.3(0.8,1.8) 1.2(0.8,1.7) 1.4 (0.7, 1.9) 0.736
INR/IU (P25, P75) 0.9 (0.9, 1.0) 0.9 (0.9,0.9) 1.0 (0.9,1.1) 0.005
Autoantibody” (%) 49.0 50.0 46.7 0.920
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Figure 1 Metabolomic analysis of chronic drug-induced liver injury. A, B: PCA score plots of different groups in ESI* mode or ESI

mode; C, D: OPLS-DA scores plot and S-plot of plasma metabolic profiles using the date from significantly changed metabolites among
CH-DILI group vs LC-DILI group; E: Cloud plot showing metabolite features (represented by bubbles) whose level vary significantly
between CH-DILI and LC-DILI serum (P<0.05, fold change >1.5). The fold change is used as radius scale of each bubble. Darker color of

the bubble indicates lower P-value
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Figure 2

Metabolic pathway analysis. A: Schematic diagram of the disturbed metabolic pathway related to CH-DILI and LC-DILI.

Pathway a indicated pentose and glucuronate interconversions; Pathway b indicated primary bile acid biosynthesis; Pathway ¢ indicated

glycerophospholipid metabolism; Pathway d indicated porphyrin metabolism; Pathway e indicated arginine and proline metabolism;

Pathway f indicated tryptophan metabolism; B: Correlation coefficient network diagram of metabolic pathways; C: Differential metabolic

pathways of bile acids and lipids
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Table 2 Identification biomarkers for CH/LC DILI pathway. FC: Fold change
AMass ) ) . CH-DILI vs LC-DILI
No.  Mass ts/min  Formula Metabolite Metabolic pathway _—
(ppm) FC P
1 4493141 290 6.88 C,H,NO,; Chenodeoxycholic acid glycine conjugate  Primary bile acid biosynthesis 02987 0.0142
2 194.0427 518 0.99 CiH,0, Pectic acid Pentose and glucuronate interconversions  0.1327  0.030 3
3 8335935 6.61 16.97 C,Hy,NOP Phosphatidylcholine Glycerophospholipid metabolism 2.306 8 0.0000
4 4992968 230 8.44 C,H,NO.S Taurochenodeoxycholic acid Primary bile acid biosynthesis 03285 0.0145
5 194.0427 520 1.03 CiH,0, 3-Dehydro-L-gulonate Pentose and glucuronate interconversions  0.1323  0.029 2
6 5153012 7.94 854 C,H,NO,P LysoPC (18:1(92)) Glycerophospholipid metabolism 04378 0.0145
7 465.309 323  6.57 C,H,NO, Glycocholic acid Primary bile acid biosynthesis 02681  0.0225
8 194.0427 622 098 C,H,0, D-Glucuronic acid Pentose and glucuronate interconversions  0.1421  0.0312
9 5152917 1.74 853 C,H,NO,S Taurocholic acid Primary bile acid biosynthesis 04532 0.0164
10 562.258 270 5.21 C,H4,N,0, Protoporphyrin IX Porphyrin metabolism 0.0655  0.0007
11 131.0695 3.06 143 C,H,N,0, Creatine Arginine and proline metabolism 0.1642  0.0056
12 173.0800 12.75 4.88 CH;N,O, 2-Oxoarginine Arginine and proline metabolism 0.10183 0.0214
13 532.307 9.38 8.49 C,,H,0,S 5b-Cyprinol sulfate Primary bile acid biosynthesis 0.406 16 0.0314
14 1259987 279 1.09 CH,O,S 2-Hydroxyethanesulfonate Taurine and hypotaurine metabolism 0.3592 0.0348
15 166.0477 0.61 1.05 C,H,O; D-Xylonate Pentose and glucuronate interconversions  0.37923 0.0155
16 196.0583 256 1.03 CH,,0O, L-Galactonate Ascorbate and aldarate metabolism 0.45294 0.008 1
17 182.0579 055 111 C4H,0, 3-Methoxy-4-hydroxyphenylglycolaldehyde Tyrosine metabolism 0.42427 0.0296
18 1340579 150 111 CH,0O, Deoxyribose Pentose phosphate pathway 0.429 0.0102
19 182.058 0.55 111 CH,0, 3-(4-Hydroxyphenyl) lactic acid Ubiquinone and other terpenoid-quinone 0.43929 0.0248
biosynthesis
20 360.1937 582 807 C,H,O;  Aldosterone Steroid hormone biosynthesis 0.24139 0.0446
21 162.0351 310 1.21 CH,0,S 1,2-Dihydroxy-3-keto-5-methylthiopentene Cysteine and methionine metabolism 042019 0.0335
22 128.0586 1498 4.28 C,H,N,0, Dihydrothymine Pyrimidine metabolism 0.16469 0.009 1
23 184.0233 463 3.09 C,HN,O, 5-Hydroxyisourate Purine metabolism 0.21089 0.0351
24 2540573 1493 3.64 C,H,N,OS 5-L-Glutamyl-taurine Taurine and hypotaurine metabolism 0.32379 0.0463
25 810.6139 14.88 17.04 C,Hg,0O,P PA(24:0/20:3 (82,11Z,14Z)) Glycerophospholipid metabolism 24303  0.000 01
26 166.063 0.61 129 C,H,0, Homovanillin Tyrosine metabolism 0.44687 0.0119
27 466.3117 193 6.72 C,H,O,S Cholesterol sulfate Steroid hormone biosynthesis 0.2515 0.0419
28 759.5778 526 10.78 C,Hg,NO,P PE (15:0/22:1 (132)) Glycerophospholipid metabolism 2.0165 0.0008
29 5153012 336 854 C,H,NO,P LysoPC (18:4(6Z,92,12Z,157)) Glycerophospholipid metabolism 0.43775 0.0144
30 4933168 794 853 C,H,NO,P LysoPC (16:1 (92)/0:0) Glycerophospholipid metabolism 0.45562 0.0172
31 5033012 7.14 834 C,H,NO,P LysoPE (20:3 (5Z,8Z,112)/0:0) Glycerophospholipid metabolism 0.45119 0.0331
32 481.3168 238 6.27 C,H,NO,P LysoPC (15:0) Glycerophospholipid metabolism 0.10968 0.0312
33 310.1933 348 531 C,H,0O, Menaquinol Ubiquinone and other terpenoid-quinone ~ 0.18124 0.028 7
biosynthesis
34 7825826 0.37 2223 C,H,,O,P PA(18:3(9Z,12Z,15Z)/24:0) Glycerophospholipid metabolism 0.46219 0.0211
35 159.0684 095 4.43 C, H/NO Indoleacetaldehyde Tryptophan metabolism 0.1795 0.0475
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Figure 3  Analysis of related metabolites in pathway. A: Clustered heat map analysis of differential metabolites in CH-DILI and LC-DILI,

the colors represent the contents in each of differentially expressed; B: Histogram of metabolites content; C: The ROC curve of potential
metabolites biomarkers associated with CH-DILI and LC-DILI (AUC > 0.6); D: AUC of the metabolites peak area ratio; E: AUC of the

relative ratio of the phospholipid metabolites area
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