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Serum metabolic profiling of targeted bile acids reveals potentially novel biomarkers for primary biliary cholangitis and autoimmune hepatitis
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Abstract
BACKGROUND
Primary biliary cholangitis (PBC) and autoimmune hepatitis (AIH) are two unexplained immune diseases. The golden standard for diagnosis of these diseases requires a liver biopsy. Liver biopsy is not widely accepted by patients because of its invasive nature, and atypical liver histology can confuse diagnosis. In view of the lack of effective diagnostic markers for PBC and AIH, combined with the increasingly mature metabolomics technologies, including full-contour metabolomics and target.

AIM
To determine non-invasive, reliable, and sensitive biochemical markers for the differential diagnosis of PBC and AIH.

METHODS
Serum samples from 54 patients with PBC, 26 patients with AIH and 30 healthy controls were analyzed by Ultra-high performance liquid chromatography-tandem mass spectrometry serum metabolomics. The metabolites and metabolic pathways were identified, and the metabolic changes, metabolic pathways and inter-group differences between PBC and AIH were analyzed. Fifteen kinds of target metabolites of bile acids (BAs) were quantitatively analyzed by SRM, and the differential metabolites related to the diagnosis of PBC were screened by receiver operating characteristic curve analysis.

RESULTS
We found the changes in the levels of amino acids, BAs, organic acids, phospholipids, choline, sugar, and sugar alcohols in patients with PBC and AIH. Furthermore, the SRM assay of BAs revealed the increased levels of chenodeoxycholic acid, lithocholic acid (LCA), taurolithocholic acid (TLCA), and LCA + TLCA in the PBC group compared with those in the AIH group. The levels of BAs may be used as biomarkers to differentiate PBC from AIH diseases. The levels of glycochenodeoxycholic acid, glycochenodeoxycholic sulfate, and taurodeoxycholic acid were gradually elevated with the increase of Child-Pugh class, which was correlated with the severity of disease. 

CONCLUSION
The results demonstrated that the levels of BAs could serve as potential biomarkers for the early diagnosis and assessment of the severity of PBC and AIH.
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Core Tip: Using full-contour metabolomics and SRM, to determine non-invasive, reliable, and sensitive biochemical markers for the differential diagnosis of primary biliary cholangitis (PBC) and autoimmune hepatitis (AIH). We revealed the increased levels of chenodeoxycholic acid, lithocholic acid (LCA), taurolithocholic acid (TLCA), and LCA + TLCA in the PBC group compared with those in the AIH group. The levels of glycochenodeoxycholic acid, glycochenodeoxycholic sulfate, and taurodeoxycholic acid were gradually elevated with the increase of Child-Pugh class, which was correlated with the severity of disease. The levels of BAs could serve as potential biomarkers for the early diagnosis and assessment of the severity of PBC and AIH.

INTRODUCTION
Primary biliary cholangitis (PBC) and autoimmune hepatitis (AIH) are two unexplained immune diseases[1]. Although advanced methods have been presented for diagnosing PBC and AIH, 5%-10% of PBC patients have anti-mitochondrial antibody-negative, and missed diagnosis or misdiagnosis mainly occurs in clinical practice[2]. For some patients with anti-mitochondrial antibody-positive, rather than significant changes in hepatic histology and function, long-term follow-up revealed that these patients eventually developed to PBC. Thus, early diagnosis of these patients is a clinical challenge. Clinical manifestations of AIH may have similarities to other autoimmune liver diseases, such as drug-induced hepatitis, alcoholic liver disease, inherited metabolic disorders, and hepatitis C virus infection, such as regardless of the cause of liver disease, patients may present with fatigue, abdominal distention, skin and sclera yellow staining, laboratory test show liver dysfunction. Because of the complexity and difficulty of diagnosing, leading to the delayed diagnosis of several AIH patients. Liver biopsy remains the golden standard for the diagnosis of autoimmune liver diseases, while it is an invasive, painful, and costly method that is associated with the possibility of sampling error and variability in interpretation. Therefore, identification of novel and accurate noninvasive biomarkers for the diagnosis and assessment of severity is of great importance.
As one of the emerging ‘omics’ platforms, metabolomics enables the qualitative and quantitative analyses of metabolites in complex biological samples[3]. As products of cellular adjustment processes, metabolites are regarded as the ultimate readouts that reflect genetic or environmental changes in biological systems[4,5] High-throughput metabolic profiling has been successfully used for the identification of novel diagnostic molecules and disease-related pathways, as well as development of new therapeutic targets for some diseases (e.g., cancer, non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, and PBC)[6-10]. Thus, it is essential to identify specific metabolomic markers, and to establish a diagnostic model for AIH or PBC.
In the present study, we aimed to identify serum biomarkers for the differential diagnosis of PBC and AIH using ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS). UPLC-QTOF-MS is a newly developed technique that provides rapid and efficient access to detailed information pertaining to the nature of specific components within complex multicomponent mixtures. Compared with traditional high-performance liquid chromatography (HPLC), UPLC possesses the advantages of ultra-high resolution, high-speed scanning, and high sensitivity. Furthermore, bile acids (BAs) are crucial for the diagnosis, follow-up, and prognosis of liver and intestinal disorders, as well as diseases affecting BA metabolism. We applied a targeted metabolomic approach to quantify and compare 15 BA metabolites in PBC/AIH patients with those in healthy controls (HCs). The findings of the present study may reveal potentially novel biomarkers for the diagnosis of PBC and AIH. This study also aimed to compare metabolic profiles between PBC/AIH patients and HCs.

MATERIALS AND METHODS
Patients and study design
A total of 54 PBC and 26 AIH patients who were admitted to the First Hospital of Jilin University (Changchun, China) between May 2009 and November 2013 were respectively recruited in the present study. The study protocol was carefully reviewed and approved by the Institutional Review Board of The First Hospital of Jilin University. All the eligible patients and HCs signed the written informed consent form prior to enrollment. Patients with AIH were diagnosed according to the revised criteria presented by the International Autoimmune Hepatitis Group in 1999[11]. Patients with PBC were diagnosed according to the criteria released by the American Association for the Study of Liver Diseases[12]. Patients taking medication or supplements, or those with gallstones or other factors that might cause cholestatic liver diseases were excluded. In both groups, patients with primary sclerosing cholangitis (PSC), overlap syndromes (e.g., PBC and AIH or AIH and PSC), hepatitis virus infection, human immunodeficiency virus co-infection, hepatocellular carcinoma, or diabetes were excluded. In total, 30 HCs who were admitted to our hospital for physical check-ups were enrolled. These HCs exhibited normal liver functions and had no evidence of disease. No statistically significant differences were found in age and gender among the PBC, AIH, and control groups (Table 1, P > 0.05).
Blood samples at the fasting state were collected from the eligible PBC patients, AIH patients, and HCs, in which 1 mL of serum was collected and stored at -80 °C for subsequent metabolic profiling. Participants’ baseline characteristics are summarized in Table 1.

Reagents 
HPLC-grade acetonitrile was purchase from Merck Inc. (Kenilworth, NJ, United States). HPLC-grade formic acid was obtained from Sigma-Aldrich (St. Louis, MO, United States). These two reagents were used for the preparation of mobile phases in HPLC. Milli-Q water was used, and obtained by filtering distilled water through a Milli-Q system (Millipore, Bedford, MA, United States). The chemical standards for the validation of molecular structure were obtained from Sigma-Aldrich. 

Sample preparation and serum metabolic profiling 
In the present study, 100 μL of each serum sample was mixed with 400 μL of cold acetonitrile for protein precipitation, followed by centrifugation at 14000 g for 10 min at 4 °C. Then, 400 μL of the supernatant was subsequently collected and lyophilized, and the residue was resolved in 100 μL of 20% acetonitrile. Equal aliquot of each serum sample was pooled together and mixed thoroughly by vortex for 1 min, which was used as the quality control (QC) sample. A QC sample was prepared after preparation of 10 real samples, and QC samples served to assess the repeatability of sample pretreatment and to monitor the stability of the UPLC-QTOF-MS system at the sequence analysis. 
The UPLC-QTOF-MS approach was employed to perform serum metabolic profiling of samples obtained from PBC patients, AIH patients, and HCs, as previously described[13]. In brief, 5 μL of the reconstituted solution was carefully injected into the ACQUITY-UPLC system (Waters Corp., Milford, MA, United States) for separation using chromatography. Then, MS signals were acquired via the QTOF-MS system (Micromass, Manchester, United Kingdom), which was equipped with an electrospray source operating in both positive and negative ion modes. During the acquisition of MS signals, the m/z scan was set to a range of 100-1000[14]. Then, the AC18 column (2.1 mm × 100 mm, 1.7 μm), which was purchased from Waters Corp., was used for the separation of small molecular compounds at an elution speed of 0.35 mL/min. The gradient was set to 95% formic acid (0.1%, V/V), and maintained for 1 min. Subsequently, elution strength linearly increased to 100% acetonitrile for 22 min, and was kept for 3 min. The total duration was 30 min, which included equilibration for 1 min. 

Analysis of BAs 
All samples prepared with GCA-d5 as the internal standard and blood samples were resolved in 100 μL of 25% ACN aqueous solution. The LC-MS parameters were as follows: 20 μL of the reconstituted solution was carefully injected into an ACQUITY UPLC C8 column with a particle size of 1.7 μm (Waters Corp.), and the SRM signals were obtained using an Agilent 6460 Triple Quadruple MS system (Agilent Technologies, Inc., Chicago, IL, United States), which was equipped with an electrospray source operating in the negative ion mode. The column was eluted with 10 mmol/L NH4HCO3 (solution A) and acetonitrile (solution B) in a linear gradient, in which the initial gradient was set to 75% solution A. Subsequently, after 9.0 min of elution, the strength was linearly elevated to 90% solution B, which lasted for 4 min. Then, this was returned to the initial gradient after 13.5 min of elution. Along with an equilibration of 1.5 min, the total running time was approximately 15 min. The following MS parameters were set in this study: Gas flow rate, 8 L/min; gas temperature, 350 °C; sheath gas temperature, 400 °C; nebulizer gas pressure, 40 psi; capillary voltage, 3500 V; sheath gas flow rate, 8 L/min; nozzle voltage, 400 V. The precursor and product ion pairs were acquired as follows: Cholic acid (CA) (407.5→407.5), glycocholic acid (GCA) (464.2→74.1), taurocholic acid (TCA) (514.2→80.1), ursodeoxycholic acid (UDCA) (391.4→391.4), glycoursodeoxycholic acid (GUDCA) (448.3→74.1), tauroursodeoxycholic acid (TUDCA) (498.3→80.1), chenodeoxycholic acid (CDCA) (391.4→391.4), glycochenodeoxycholic acid (GCDCA) (448.3→74.1), tauroursodeoxycholic acid (TCDCA) (498.2→80.1), glycochenodeoxycholic sulfate (GCDCS) (528.3→448.3), deoxycholic acid (DCA) (391.2→391.2), glycodeoxycholic acid (GDCA) (448.2→74.1), taurodeoxycholic acid (TDCA) (498.3→80.2), lithocholic acid (LCA) (375.3→375.3), taurolithocholic acid (TLCA) (482.1→80.1), and GCA-d5 (469.2→74.1).

Bioinformatics and statistical analyses 
The raw data were imported into Databridge (MassHunter Quantitative Analysis software; Agilent Technologies, Inc.), followed by the peak extraction and alignment on the obtained NetCDF ﬁles using XCMS 18.0 software. The alignment parameters were set as follows: The retention time window was 7, the full width at half maximum was 14, and the remaining parameters were set as default. Subsequently, the peaks with the paired m/z, as well as their corresponding peak intensities and retention time were exported into the Excel software. Prior to univariate and multivariate logistic regression analyses, each peak area was initially normalized to the total peak area. In the multivariate logistic regression analysis, the principal component analysis (PCA) in combination with the partial least squares-discriminant analysis (PLS-DA) was conducted by SIMCA-P 11.0 software (Umetrics AB, Umea, Sweden) using the prepared data. After scaling for PCA to unit variance, the data provided an overview of the repeatability of the QC samples. Additionally, the data were Pareto scaled for PLS-DA to assess the performance of the classification models, and to identify variables for the corresponding model. 
In the univariate analysis, data were statistically analyzed by SPSS 18.0 software (IBM, Armonk, NY, United States). The biochemical data and the concentrations of BAs were log-transformed to approximately normalize their distributions. P < 0.05 was considered statistically significant. Nonparametric statistical analysis was conducted using GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego, CA, United States) for making comparison between two groups.

RESULTS
Patients’ baseline clinical characteristics
Patients’ baseline clinical characteristics are summarized in Table 1. Previous epidemiological studies have demonstrated that women were more frequently affected by PBC and AIH than men. Consistently, the incidence rates of PBC and AIH were higher in women than in men in our study. Furthermore, to avoid the influences of drugs on the metabolomics analysis, no patient had received any treatment, including traditional Chinese medicine. The mean age of patients with PBC and AIH, and HCs was 56 (range, 38-73), 54.6 (range, 17-75), and 54.9 (range, 30-76) years old, respectively. There were no significant differences in age, parity, and gender among patients with PBC and AIH, and HCs (P > 0.05). Besides, 10 cases from the PBC group and 14 cases from the AIH group were newly diagnosed by biopsy. Other cases from the PBC group were diagnosed by M2-positive, and other cases from the AIH group were diagnosed by pathological scores (> 12).
There were 26 cases of Child-Pugh class A, 19 cases of Child-Pugh class B, and 9 cases of Child-Pugh class C in PBC patients. There were 17 Child-Pugh grade A and 9 Child-Pugh grade B patients with AIH. The levels of globulin, transaminases, and specific autoantibodies in the sera are presented in Table 2. 

Serum metabolic profiling
A total of 110 serum samples obtained from 54 patients with PBC, 26 patients with AIH, and 30 HCs were analyzed using UPLC-QTOF-MS in both positive and negative ion modes. As shown in Supplementary Figures 1 and 2, a typical base peak chromatogram was detected by MS in positive and negative ion modes, respectively. After the peaks were aligned, 1133 peaks of positive ions and 963 peaks of negative ions were identified using MassLynx and the same acquisition method. The data were transformed into SIMCA-P11 software for PCA. Plots of the PCA scores in positive and negative ion modes are illustrated in Figure 1A, Figure 2A, Figure 3A, Figure 4A, Figure 5A and Figure 6A. Distinct clustering was observed between PBC patients and HCs, and between AIH patients and HCs. No distinct clustering was found between PBC patients and AIH patients. The QC samples were tightly clustered (Figure 1A, Figure 2A, Figure 3A, Figure 4A, Figure 5A and Figure 6A), ensuring the repeatability of the information[13].

Identification of serum metabolites specific to PBC and AIH
To find out the differentially expressed metabolites, P-values (P < 0.05) in the t-test were combined with variable importance in the projection (VIP) values in the PLS-DA model. The PLS-DA score charts are shown in Figure 1B, Figure 2B, Figure 3B, Figure 4B, Figure 5B and Figure 6B. We also conduct sorting verification on the model to check whether the model is "over-fitting". The results are shown in Figure 1C, Figure 2C, Figure 3C, Figure 4C, Figure 5C and Figure 6C. As can be seen from the sorting test figure, Figure 1C, Figure 2C, Figure 5C and Figure 6C, there is no "over-fitting" in these models. Figure 3C and Figure 4C show that the two models are "overfitted". We only established the discriminant analysis model of multivariate analysis between PBC/Control and AIH/Control, but failed to establish the discriminant analysis model of PBC/AIH. The PBC and AIH samples of the two groups overlaps on the PCA score plot (as shown in Figure 3A and Figure 6A), and the supervised PLS-DA (as shown in Figure 3B and Figure 6B) still failed to distinguish them significantly, indicating that there was little difference in metabolic profile between the two groups of different autoimmune liver diseases. 
The METLIN metabolomics database (http://metlin.scripps.edu/) was used to facilitate metabolite annotation through MS analysis. The data of differentially expressed are presented in Tables 3 and 4. Fold-change (FC) was used to indicate changes in potential PBC- and AIH-specific biomarkers, and the chosen FC values were > 2 and < 0.5. 

Identification of serum metabolites specific to PBC
As presented in Table 3 the levels of 17 of 26 potential biomarkers identified were elevated in the serum samples of patients with PBC, while the levels of 9 of these 26 potential biomarkers were reduced in the serum samples of patients with PBC compared with those in HCs. Among these biomarkers, the levels of TDCA, GUDCA, tetracosahexaenoic acid, bilirubin, sphinganine, phytosphingosine, L-phenylalanine, L-proline, TCA, LysoPC [18:3 (6Z, 9Z, 12Z)], TUDCA, GCA, LysoPE [0:0/18:4 (6Z, 9Z, 12Z, 15Z)], LysoPE [20:3 (11Z, 14Z, 17Z)/0:0], L-urobilinogen, L-urobilin, and DCA significantly increased in patients with PBC compared with those in HCs (P < 0.5). The levels of 12-ketodeoxycholic acid, α-ketoisovaleric acid, pyroglutamic acid, lactic acid, hypoxanthine, LysoPE [0:0/20:2 (11Z, 14Z)], ketoleucine, LysoPE [0:0/22:4 (7Z, 10Z, 13Z, 16Z)], and MG [0:0/18:4 (6Z, 9Z, 12Z, 15Z)/0:0] in patients with PBC were significantly reduced compared with those in HCs.

Identification of serum metabolites specific to AIH
As shown in Table 4. The levels of 17 of 25 potential biomarkers identified were elevated in the serum samples of the patients with AIH, while the levels of 8 of these 25 potential biomarkers were reduced in the serum samples of patients with AIH compared with those in HCs. Among these biomarkers, the levels of TDCA, GUDCA, L-Urobilin, sphinganine, phytosphingosine, I-Urobilin, bilirubin, stearamide, kynurenine, L-threonine, L-phenylalanine, urea, TCA, LysoPC [18:3 (6Z, 9Z, 12Z)], TDCA, GCA, and LysoPE [20:3 (11Z, 14Z, 17Z)/0:0] significantly increased in patients with AIH compared with those in HCs. The levels of 12-ketodeoxycholic acid, uric acid, pyroglutamic acid, LysoPE [0:0/20:2 (11Z, 14Z)], lactic acid, pyroglutamic acid, hypoxanthine, CPA (16:0/0:0), and MG [0:0/18:4 (6Z, 9Z, 12Z, 15Z)/0:0] significantly decreased in patients with AIH compared with those in HCs. 

Quantification of targeted BAs specific to PBC and AIH
Recently, BAs have been shown to be potentially more effective biomarkers for PBC and AIH. Regarding the most abundant BAs in humans, the following 15 BAs were selected: CA, GCA, TCA, UDCA, GUDCA, TUDCA, CDCA, GCDCA, TCDCA, GCDCS, DCA, GDCA, TDCA, LCA, and TLCA. The levels of these 15 BAs were measured using the UPLC-QTOF-MS. The levels of all BAs in the disease group were higher than those in the control group, and the levels of glycine-bound cholic acid and tauro-bound cholic acid were elevated, shown in Supplementary Table 1.
Furthermore, the levels of BAs in patients with PBC and AIH were compared with the corresponding levels in HCs, show in Table 5. It was revealed that the levels of BAs were elevated in patients with PBC and AIH. The levels of CDCA, LCA, TLCA, and LCA + TLCA in PBC patients were higher than those in AIH patients, in which a significant difference was found in the levels of CDCA and LCA (P < 0.05; for TLCA, P = 0.0767).The differences in the levels of CDCA, LCA, and LCA + TLCA among the three groups were statistically show in Figure 7. The levels of CDCA, LCA, and LCA + TLCA significantly increased in PBC patients compared with those in AIH patients (P < 0.05). Moreover, the CDCA-to-CA ratio decreased in PBC and AIH patients compared with that in HCs.
The receiver operating characteristic curve analysis of BAs with differences between the PBC and AIH groups showed that the area under the curve values of CDCA, LCA, and TLCA were greater than 0.7, and sensitivity was higher than 70%, indicating a high sensitivity, while a low specificity was noted in identification of patients with PBC and AIH (Figure 8 and Table 6). Compared with sensitivity and specificity of the traditional biochemical indicators, such as alanine transaminase, aspartate transaminase, gamma glutamyl transpeptidase, alkaline phosphatase, total bilirubin, direct bilirubin, and total bile acid, sensitivity and specificity of CDCA, LCA and TLCA were higher than the traditional markers of liver injury, which are of great significance for clinical diagnosis and can be further verified by enlarging the sample size. Thus, BAs can be potentially considered as markers for the diagnosis of PBC and AIH.

DISCUSSION
In the present study, we established a diagnostic model for PBC and AIH using the UPLC-QTOF-MS. Besides, VIP values from PLS-DA were calculated to describe a quantitative estimation of the discriminatory power of each individual feature. We found changes in the levels of amino acids, BAs, organic acids, phospholipids, sugar, and sugar alcohols in patients with PBC and AIH, and in HCs. These substances are mainly involved in lipid metabolism, BA metabolism, and bilirubin metabolism, which are related to metabolic functions of the liver and inflammatory reactions. These compound classes are also associated with key hepatic metabolic pathways. Importantly, our findings are consistent with those reported previously; for instance, BAs have been identified as a significant factor contributing to PBC[14-16]. When liver injury occurs, intrahepatic clearance rate of BAs decreases and serum BA level increases. BAs have long been used as markers of liver dysfunction. In recent studies, elevated serum levels of BAs have been found to be closely associated with liver diseases[17-21].
The levels of lysophosphatidylcholine (LPC) and lysophosphatidylethanolamine (LPE) significantly changed in patients with PBC and AIH. To date, no study has used lysophospholipids in the diagnosis of PBC and AIH. Lysophospholipids are biologically active lipids that are involved in a variety of important processes, including cell proliferation, cell migration, angiogenesis, and inflammation[22]. Our results also provided important clues to further explore the pathogenesis of PBC and AIH.
A discriminatory diagnostic model of PBC/AIH could not be established using the UPLC/MS/MS, suggesting that the changes of terminal metabolites in serum samples of patients with PBC and AIH were no special differences. Failure in the establishment of a discriminatory diagnostic model of PBC/AIH could be related to the sample size. Therefore, BAs were quantitatively analyzed according to the differences found between PBC/control and AIH/control groups.
BA is the general term used for a class of bisexual molecules produced by the metabolism of cholesterol. The liver has an effective clearance effect on BAs, and BAs are kept at low levels, confirming the low levels of BAs in the human peripheral blood plasma. In the human liver, cholesterol is metabolized into primary BAs, including CA and CDCA, and then into the intestine, followed by into the corresponding secondary show in Figure 9.
The results of our targeted metabolomic study of BAs showed that the levels of BAs increased in patients with PBC and AIH compared with those in HCs, and the levels of CDCA, LCA, and LCA + TLCA in PBC patients were significantly higher than those in AIH patients. It is noteworthy that CA and CDCA, the two major human BAs, are synthesized from cholesterol in a series of reactions catalyzed by enzymes located in the endoplasmic reticulum, mitochondria, cytosol, and peroxisomes, suggesting that there were significant differences in the levels of BAs in PBC patients, providing clues for the future study on the pathogenesis of PBC. In autoimmune liver diseases, the dysfunction of BA metabolism occurs after liver injury, which may be related to bile stasis after liver injury, especially in PBC, which is more drastic, and is related to the pathogenesis of PBC. After bile duct obstruction and sclerosis, BAs cannot be transported and metabolized normally. Patients may present with jaundice and itchy skin.
Therefore, determination of the levels of BAs in plasma can reflect the synthesis, ingestion, and secretion of hepatocytes. Abnormalities in the levels of BAs not only reflect the extent of liver damage, but also indirectly indicate the conditions of blood-bile barrier in the liver.
To our knowledge, this is the first study that used serum metabolic profiling for diagnosing patients with PBC and AIH.
LCA is an endogenous compound associated with hepatic toxicity during cholestasis. A previous study[23] revealed that LCA induced disruption of phospholipid/ sphingolipid homeostasis through the transforming growth factor-β signaling pathway and serum LPC could be a biomarker for biliary injury.
The hepatic level of LCA was reported to elevate in patients with cholestatic liver disease[24,25]. This result is consistent with our finding, in which the levels of CDCA, LCA, TLCA, and LCA + TLCA were higher in PBC patients than those in AIH patients. 
Previous studies[26,27] indicated that the activation of cytochrome P450 is correlated with Farnesoid X receptor (FXR). Mammalian FXR, which is a transcription regulatory factor in bile salt synthesis, is activated by BAs, such as CDCA or LCA[28,29]. The derangements of lipid metabolism are weakened in FXR-null mice compared with those in wild-type mice after LCA exposure[30,31]. As a cholestatic liver disease, the high levels of BAs may induce FXR gene transcription in PBC patients. Therefore, we hypothesized that these pathways may lead to LCA poisoning in PBC patients, and LCA metabolic pathway plays an important role in the incidence of PBC. Lian et al[14] used the untargeted metabolomic method of UPLC-MS, and clarified the relationship between LCA level and PBC incidence, as well as the relationship between LCA level and the incidence of lipid metabolism disorders. Our study also revealed the abnormal levels of LPC and LPE in PBC patients.
However, the retention of hydrophobic BAs in pathophysiological conditions, such as cholestatic diseases, plays an important role in liver injury by inducing apoptosis or necrosis of hepatocytes[32]. The retention and accumulation of hydrophobic Bas (e.g., CDCA and DCA)inside hepatocytes during cholestasis have long been implicated as a major cause of liver dysfunction[32].
The hydrophobicity of BAs is an important determinant of the toxicity and protection of BAs. Under normal conditions, the levels of BAs undergoing further biotransformations to dianionic glucuronidated or sulfated derivatives are negligible, although they may become important in cholestasis[33].
Several mechanisms may be involved in the cytotoxicity associated with the most hydrophobic BAs in cholestatic liver diseases[32]. BAs could disrupt cell membranes through their detergent action on lipid components[34] and promote the generation of reactive oxygen species that, in turn, oxidatively modify lipids, proteins, and nucleic acids, and eventually cause hepatocyte apoptosis[35]. 
As shown in Figure 9 CDCA/LCA/TLCA are all related to the decomposition and hydrolysis of bacteria in the intestine. CDCA is decomposed into LCA through bacteria in the intestine, and then, synthesizes TLCA through the intestinal bacteria. Intestinal bacteria may play a key role in this process. Therefore, we can hypothesize that dysfunction of intestinal bacteria may increase the incidence of autoimmune liver diseases, including PBC. Lv et al[36] and Zheng et al[37] found that the interaction of intestinal microflora with metabolism and immunity is crucial for the occurrence or development of PBC.
The Child-Pugh scoring system was used to classify PBC and AIH patients according to their Child-Pugh scores, show in Supplementary Table 2 and the levels of BAs in these patients with Child-Pugh scores were statistically show in Table 7. It was found that the levels of GCA, TCA, GCDCA, GCDCS, TDCA, and tauro-conjugated BAs were gradually elevated with the increase of Child-Pugh scores. The levels of BAs in PBC patients with Child-Pugh class C were significantly different from those in PBC patients with Child-Pugh class A (P < 0.05). The levels of BAs in AIH patients with Child-Pugh class B were significantly different from those in PBC patients with Child-Pugh class A (P < 0.05). The levels of GCA, GCDCS, and TDCA significantly differed in PBC and AIH patients with Child-Pugh class B (Figure 10). These BAs are all conjugated BAs, suggesting that the levels of conjugated BAs are elevated in patients with severe liver injury. The determination of BA level can not only reflect liver damage, but also indicate the degree of liver damage, which is similar to the results of our previous study on drug-induced liver injury (DILI)[38]. The increase in the levels of GCA, TCA, TUDCA, GCDCA, GCDCS, and TDCA was corresponded to a higher degree of DILI. Tang et al[15] used UPLC/Q-TOF-MS to analyze the metabolic groups of blood and urine in 32 pairs of PBC patients and HCs. It was found that the BA level increased with the PBC progression, while the higher accuracy of our findings was confirmed. Elevated levels of BAs are correlated with severity of a variety of diseases. BAs can be used as a factor to judge the severity of the disease and as a basis for the diagnosis of the disease. It is necessary to further expand the sample size for research.

CONCLUSION
A discriminatory diagnostic model for PBC and AIH using UPLC-QTOF-MS was established. Besides, differential metabolomics analysis was conducted using the PLS-DA model to screen the differentially expressed substances in the different groups. The changes in the levels of BAs, LPC, LPE, bilirubin, and phytosphingosine in PBC and AIH patients and HCs were compared. 
The levels of CDCA, LCA, TLCA, and LCA + TLCA significantly increased in the PBC group compared with those in the AIH group. These results suggested that the levels of BAs can be used as a marker to differentiate PBC from AIH, and the results may be advantageous to study the pathogenesis of PBC/AIH in the future.
In conclusion, this study revealed that in patients with PBC and AIH, there were significant differences in serum levels of BAs. However, due to the existence of some limitations (i.e., the small sample size, the lack of staging methods for PBC and AIH, and phenotypic information), further study with a larger sample size is required to eliminate the above-mentioned limitations and to confirm the findings.

ARTICLE HIGHLIGHTS
Research background
Primary biliary cholangitis (PBC) and autoimmune hepatitis (AIH) are two unexplained immune diseases. It is difficult to identify and Liver biopsy should be done.

Research motivation
Avoid liver perforation and relieve the pain of patient, to improve the diagnostic rate of PBC and AIH.

Research objectives
To determine non-invasive, reliable, and sensitive biochemical markers for the differential diagnosis of PBC and AIH.

Research methods
Metabolomics technologies, including full-contour metabolomics and target.

Research results
We revealed the increased levels of chenodeoxycholic acid, lithocholic acid (LCA), taurolithocholic acid (TLCA), and LCA + TLCA in the PBC group compared with those in the AIH group. The levels of glycochenodeoxycholic acid, glycochenodeoxycholic sulfate, and taurodeoxycholic acid were gradually elevated with the increase of Child-Pugh class, which was correlated with the severity of disease.

Research conclusions
The levels of bile acids could serve as potential biomarkers for the early diagnosis and assessment of the severity of PBC and AIH.

Research perspectives
It is necessary to further expand the sample size for research and search for the mechanism for the changes.
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Figure Legends
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Figure 1 Multivariate statistical analysis on serum profiling data in positive ions between primary biliary cholangitis and control. A: Plots of principal component analysis (PCA) in positive ion mode. (1) Primary biliary cholangitis (PBC); (2) Control; and (3) Quality control (QC); B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a positive model of serum from patients with PBC, autoimmune hepatitis and healthy controls. (1) PBC; (2) Control; and (3) QC; C: Validation plot of the original PLS-DA with a positive model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot.
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Figure 2 Multivariate statistical analysis on serum profiling data in positive ions between autoimmune hepatitis and control. A: Plots of principal component analysis in positive ion mode. (1) Autoimmune hepatitis (AIH); (2) Control; and (3) Quality control (QC); B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a positive model of serum from patients with primary biliary cholangitis (PBC), AIH and healthy controls. (1) PBC; (2) Control; and (3) QC; C: Validation plot of the original PLS-DA with a positive model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot.
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Figure 3 Multivariate statistical analysis on serum profiling data in positive ions between primary biliary cholangitis and autoimmune hepatitis. A: Plots of principal component analysis in positive ion mode. (1) Autoimmune hepatitis (AIH); (2) Primary biliary cholangitis (PBC); and (3) Quality control; B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a positive model of serum from patients with PBC, AIH and healthy controls. (1) PBC; and (2) AIH; C: Validation plot of the original PLS-DA with a positive model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot.
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Figure 4 Multivariate statistical analysis on serum profiling data in negative ions between primary biliary cholangitis and control. A: Plots of principal component analysis in negative ion mode. (1) Primary biliary cholangitis (PBC); (2) Control; and (3) Quality control (QC); B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a negative model of serum from patients with PBC, autoimmune hepatitis and healthy controls. (1) PBC; (2) Control; and (3) QC; C: Validation plot of the original PLS-DA with a negative model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot.
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Figure 5 Multivariate statistical analysis on serum profiling data in negative ions between autoimmune hepatitis and control. A: Plots of principal component analysis in negative ion mode. (1) Autoimmune hepatitis (AIH); (2) Control; and (3) Quality control (QC); B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a negative model of serum from patients with Primary biliary cholangitis, AIH and healthy controls. (1) Autoimmune hepatitis (AIH); (2) Control; and (3) QC; C: Validation plot of the original PLS-DA with a negative model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot.
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Figure 6 Multivariate statistical analysis on serum profiling data in negative ions between primary biliary cholangitis and autoimmune hepatitis. A: Plots of principal component analysis in negative ion mode. (1) Autoimmune hepatitis (AIH); (2) Primary biliary cholangitis (PBC); and (3) Quality control; B: Scatter plots of partial least squares-discriminant analysis (PLS-DA) with a negative model of serum from patients with PBC, AIH and healthy controls. (1) AIH; and (2) PBC; C: Validation plot of the original PLS-DA with a negative model, strongly indicating that the original model is valid and shows signs of overfitting. The permutation test was repeated 200 times in the cross-validation plot. 
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Figure 7 Comparative analysis of alterations in serum bile acid levels in patients in the mild and severe injury groups, and in healthy controls. A: Chenodeoxycholic acid; B: Lithocholic acid (LCA); C: Taurolithocholic acid (TLCA); D: LCA + TLCA; aP < 0.05; bP < 0.0001; NS: Not significant. 
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Figure 8 Receiver operating characteristic curve analysis. A: Lithocholic acid (LCA), sum of LCA and taurolithocholic acid, chenodeoxycholic acid; B: Common clinical biochemical indicators.
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Figure 9 Cholesterol host cell metabolism. CA: Cholic acid; CDCA: Chenodeoxycholic acid; DCA: Deoxycholic acid; TCA: Taurocholic acid; GCA: Glycocholic acid; TDCA: Taurodeoxycholic acid; GDCA: Glycodeoxycholic acid; TCDCA: Taurochenodeoxycholic acid; TLCA: Taurolithocholic acid; TUDCA: Tauroursodeoxycholic acid.


[image: ]
Figure 10 Bile acid levels are expressed in log10 concentrations. Statistically significant differences in bile acid concentrations between controls and patients were determined by the rank sums Mann-Whitney test. Primary biliary cholangitis (PBC)-A vs control, aP < 0.05; PBC-B vs control, bP < 0.05; PBC-C vs control, cP < 0.05; autoimmune hepatitis (AIH)-A vs control, dP < 0.05; AIH-B vs control, eP < 0.05; PBC-A vs PBC-B, fP < 0.05; PBC-A vs PBC-C, gP < 0.05; AIH-A vs AIH-B, hP < 0.05; PBC-A vs AIH-A. A: Glycocholic acid; B: Taurocholic acid; C: Glycochenodeoxycholic acid; D: Glycochenodeoxycholic sulfate; E: Taurodeoxycholic acid; F: Tauroconjugted bile acid. GCDCA: Glycochenodeoxycholic acid; GCDCS: Glycochenodeoxycholic sulfate; TDCA: Taurodeoxycholic acid; GCA: Glycocholic acid; TCA: Taurocholic acid.


Table 1 Characteristics of enrolled population in the metabolic profiling study
	Clinical parameters
	PBC (n = 54)
	AIH (n = 26)
	Control (n = 30)
	P value (PBC vs control)
	P value (AIH vs control)
	P value (PBC vs AIH)

	Age (mean, range) (yr), n
	56 (38-73)
	54.6 (17-75)
	54.9(34-70)
	0.922
	0.805
	0.890

	Sex (Male/Female), n
	7/47
	3/23
	4/26
	-
	-
	-

	AST (U/L) median, range
	113.3 (14-1300)
	168.8 (23-961)
	23.3 (7-38)
	< 0.001
	< 0.001
	0.423

	ALT (U/L) median, range
	95.9 (12-734)
	153.3 (10-780)
	19.0 (7-39)
	< 0.001
	< 0.001
	0.125

	ALP (U/L) median, range
	292.4 (55-953)
	240.1 (46-795)
	73.6 (32-116)
	< 0.001
	< 0.001
	0.123

	γ-GT (U/L) median, range
	299.4 (32-1631)
	245.2 (26-957)
	21.1 (9-77)
	< 0.001
	< 0.001
	0.377

	TBA (μmol/L) median, range
	60.0 (2.7-295.7)
	126.0 (1.1-1335)
	-
	-
	-
	0.696

	TBiL (μmol/L) median, range
	65.5 (5.6-825.8)
	89.1 (6.5-543.9)
	10.9 (6.3-19.5)
	< 0.001
	< 0.001
	0.481

	DBIL (μmol/L) median range
	35.9 (2.4-407.4)
	52.9 (2.1-300.8)
	3.3 (0.4-6)
	< 0.001
	< 0.001
	0.648

	Liver cirrhosis (%)
	65 (35/54)
	62 (16/26)
	-
	-
	-
	-

	Liver biopsy (%)
	18 (10/54)
	53 (14/26)
	-
	-
	-
	-

	Positive of AMA (%)
	81 (44/54)
	0 (0/26)
	-
	-
	-
	-

	Positive of ANA (%)
	61 (33/54)
	100 (26/26)
	-
	-
	-
	-


PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis; AST: Aspartatetransaminase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transpeptidase; TBiL: Totalbilirubin; DBiL: Direct bilirubin; TBA: Total bile acid; AMA: Anti-mitochondrial antibody; ANA: Anti-nuclear antibody. All data are presented as median and range. Statistically significant differences between controls and patients were determined by the rank sums Mann-Whitney.

Table 2 Characteristics of classified enrolled population according to Child-Pugh in the metabolic profiling study
	Clinical parameters
	PBC-A (n = 26)
	PBC-B (n = 19)
	PBC-C (n = 9)
	AIH-A (n = 17)
	AIH-B (n = 9)

	Age (mean, range) (yr), n
	54 (38, 68)
	57.11 (40, 73)
	59.33 (51, 67)
	52.35 (17, 75)
	59.11 (36, 73)

	Sex (Male/Female), n
	6/20
	3/16
	0/9
	2/15
	1/8

	AST (U/L) median, range
	62.77 (20, 210)
	182.62 (14, 1300)
	113.27 (35, 235)
	122.28 (23, 961)
	256.78 (64, 472)

	ALT (U/L) median, range
	74.18 (15, 293)
	130.32 (12, 734)
	84.51 (17, 236)
	100.54 (10, 780)
	253.11 (103, 598)

	ALP (U/L) median, range
	276.41 (75, 53)
	352.73 (79, 913)
	211.43 (55, 483)
	230.33 (57, 795)
	258.78 (46, 738)

	γ-GT (U/L) median, range
	380.18 (40, 631)
	281.77 (40, 744)
	103.49 (32, 235)
	166.46 (26, 654)
	393.89 (73, 957)

	TBA (μmol/L) median, range
	31.04 (2.9, 09.3)
	75.16 (2.7, 295.7)
	127.37 (23.4, 267.5)
	116.46 (1, 1335)
	144.29 (15, 379)

	TBiL (μmol/L) median, range
	19.7 (5.6, 48.8)
	81.0 (11.3, 306.5)
	181.62 (17.7, 825.8)
	48.33 (6.5, 229.5)
	166.23 (50.0, 543.9)

	DBIL (μmol/L) median, range
	9.18 (2.4, 32.0)
	48.3 (4.1, 207.9)
	99.71 (6.6, 407.4)
	27.40 (2.1, 139.3)
	101.24 (30.6, 300.8)

	Liver cirrhosis (%)
	0.38 (10/26)
	0.84 (16/19)
	1 (9/9)
	0.47 (8/17)
	0.33 (3/9)

	Liver biopsy (%)
	0.35 (9/26)
	0.05 (1/19)
	0 (0/9)
	0.64 (11/17)
	0.33 (3/9)

	Positive of AMA (%)
	80 (21/26)
	80 (15/19)
	89 (8/9)
	0 (0/17)
	0 (0/9)

	Positive of ANA (%)
	73 (19/26)
	52 (10/19)
	44 (4/9)
	100 (17/17)
	100 (9/9)


PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis; AST: Aspartatetransaminase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transpeptidase; TBiL: Totalbilirubin; DBiL: Direct bilirubin; TBA: Total bile acid; AMA: Anti-mitochondrial antibody; ANA: Anti-nuclear antibody. All data are presented as median and range. Statistically significant differences between controls and patients were determined by the rank sums Mann-Whitney.

Table 3 Potential serum biomarkers for primary biliary cirrhosis compared to healthy control in positive and negative ions model
	Name
	VIP
	MZ
	Time
	PBC/control

	
	
	
	
	t-test
	Fold change (P/C)

	ESI+
	
	
	
	
	

	Taurodeoxycholic acid
	1.747 
	500.3033 
	10.598 
	0.001 
	8.146 

	Glycodeoxycholate
	2.175 
	450.3207 
	12.146 
	0.000 
	4.558 

	Tetracosahexaenoic acid
	1.100 
	357.2786 
	9.333 
	0.045 
	3.490 

	Bilirubin
	1.511 
	585.2701 
	10.218 
	0.006 
	3.334 

	Sphinganine
	1.953 
	302.3052 
	12.792 
	0.000 
	3.285 

	Phytosphingosine
	2.482 
	318.2999 
	10.734 
	0.000 
	3.039 

	L-Phenylalanine
	1.690 
	166.0860 
	2.037 
	0.002 
	0.372 

	L-Proline
	1.194 
	116.0706 
	0.725 
	0.030 
	0.180 

	12-Ketodeoxycholic acid
	1.573 
	391.2842 
	15.210 
	0.004 
	-0.324 

	ESI-
	
	
	
	
	

	Taurocholic acid
	1.493 
	514.2805 
	9.146 
	0.000 
	6.634 

	LysoPC [18:3(6Z, 9Z, 12Z)]
	1.184 
	516.3064 
	13.057 
	0.001 
	5.263 

	Tauroursodeoxycholic acid
	1.843 
	498.2861 
	10.456 
	0.000 
	4.627 

	Glycocholic Acid
	1.866 
	464.2988 
	9.957 
	0.000 
	3.644 

	LysoPE [0:0/18:4 (6Z, 9Z, 12Z, 15Z)]
	1.316 
	472.2430 
	9.798 
	0.000 
	3.274 

	LysoPE [20:3 (11Z, 14Z, 17Z)/0:0]
	1.882 
	500.2947 
	10.456 
	0.000 
	3.225 

	L-Urobilinogen
	1.027 
	595.3478 
	11.784 
	0.003 
	3.202 

	L-Urobilin
	1.032 
	593.3315 
	11.665 
	0.003 
	2.411 

	Deoxycholic acid
	1.032 
	391.2833 
	11.641 
	0.003 
	2.121 

	α-ketoisovaleric acid
	1.040 
	115.0399 
	1.831 
	0.003 
	-0.348 

	Pyroglutamic acid
	1.252 
	128.0350 
	0.931 
	0.000 
	-0.392 

	Lactic acid
	1.548 
	89.0242 
	0.938 
	0.000 
	-0.402 

	Hypoxanthine
	1.384 
	135.0308 
	0.886 
	0.000 
	-0.431 

	LysoPE [0:0/20:2 (11Z, 14Z)]
	1.335 
	504.3072 
	14.333 
	0.000 
	-0.453 

	Ketoleucine
	1.392 
	129.0555 
	4.110 
	0.000 
	-0.486 

	LysoPE [0:0/22:4 (7Z, 10Z, 13Z, 16Z)]
	1.333 
	528.2850 
	13.617 
	0.000 
	-0.544 

	MG [0:0/18:4 (6Z, 9Z, 12Z, 15Z)/0:0]
	2.060 
	349.2373 
	8.969 
	0.000 
	-2.181 


PBC: Primary biliary cirrhosis; VIP: Variable importance in the projection.

Table 4 Potential serum biomarkers for autoimmune hepatitis compared to healthy control
	Name
	VIP
	MZ
	Time
	AIH/control

	
	
	
	
	t-test
	Fold change (A/C)

	ESI+
	
	
	
	
	

	Taurodeoxycholic acid
	1.900 
	500.3033 
	10.598 
	0.000 
	8.791 

	Glycodeoxycholate
	1.912 
	450.3207 
	12.146 
	0.000 
	5.217 

	L-Urobilin
	1.442 
	595.3484 
	7.835 
	0.007 
	5.164 

	Sphinganine
	2.308 
	302.3052 
	12.792 
	0.000 
	4.509 

	Phytosphingosine
	2.344 
	318.2999 
	10.734 
	0.000 
	4.118 

	I-Urobilin
	1.454 
	591.3169 
	7.628 
	0.006 
	3.661 

	Bilirubin
	1.876 
	585.2701 
	10.218 
	0.000 
	3.578 

	Kynurenine
	2.279 
	209.0919 
	1.944 
	0.000 
	0.592 

	L-Threonine
	1.446 
	120.0655 
	0.708 
	0.007 
	0.386 

	L-Phenylalanine
	1.551 
	166.0860 
	2.037 
	0.004 
	0.262 

	Urea
	1.160 
	61.0395 
	0.730 
	0.032 
	0.113 

	12-Ketodeoxycholic acid
	1.125 
	391.2842 
	15.210 
	0.037 
	-0.270 

	Uric acid
	1.208 
	169.0354 
	1.035 
	0.025 
	-0.265 

	Pyroglutamic acid
	2.489 
	130.0499 
	1.029 
	0.000 
	-0.517 

	ESI-
	
	
	
	
	

	Taurocholic acid
	1.605 
	514.281 
	9.146 
	0.000 
	7.368 

	LysoPC [18:3 (6Z, 9Z, 12Z)]
	1.454 
	516.306 
	13.057 
	0.000 
	6.614 

	Tauroursodeoxycholic acid
	1.807 
	498.286 
	10.456 
	0.000 
	5.151 

	Glycocholic Acid
	1.961 
	464.299 
	9.957 
	0.000 
	3.946 

	LysoPE [20:3 (11Z, 14Z, 17Z)/0:0]
	1.807 
	500.295 
	10.456 
	0.000 
	3.670 

	LysoPE [0:0/20:2 (11Z, 14Z)]
	1.234 
	504.307 
	14.333 
	0.001 
	-0.471 

	Lactic acid
	1.489 
	89.024 
	0.938 
	0.000 
	-0.489 

	Hypoxanthine
	1.380 
	135.031 
	0.886 
	0.000 
	-0.562 

	CPA (16:0/0:0)
	1.629 
	391.224 
	26.118 
	0.000 
	-2.159 

	MG [0:0/18:4 (6Z, 9Z, 12Z, 15Z)/0:0]
	1.771 
	349.237 
	8.969 
	0.000 
	-2.464 


AIH: Autoimmune hepatitis; VIP: Variable importance in the projection.


Table 5 Changes of the serum bile acid profile between primary biliary cirrhosis, autoimmune hepatitis and controls
	
	AIH (mean ± SD)
	PBC (mean ± SD)
	Control (mean ± SD)
	PBC/AIH
	AIH/control
	PBC/control

	
	
	
	
	P value
	P value
	P value

	CA
	2.38 ± 0.69
	2.26 ± 0.85
	1.60 ± 0.51
	0.53
	< 0.001b
	< 0.001a

	GCA 
	3.00 ± 1.02
	2.91 ± 0.91
	1.33 ± 0.50
	0.69
	< 0.001b
	< 0.001a

	TCA 
	2.12 ± 1.23
	2.12 ± 0.93
	0.03 ± 0.46
	0.99
	< 0.001b
	< 0.001a

	UDCA 
	2.41 ± 1.03
	2.60 ± 1.05
	2.05 ± 0.36
	0.62
	0.2
	0.01a

	GUDCA 
	2.59 ± 1.17
	3.04 ± 1.14
	1.64 ± 0.50
	0.09
	< 0.001b
	< 0.001a

	TUDCA 
	1.48 ± 1.07
	1.84 ± 1.09
	0.13 ± 0.25
	0.15
	< 0.001b
	< 0.001a

	CDCA 
	2.88 ± 0.39
	3.07 ± 0.48
	2.63 ± 0.38
	0.046c
	0.01b
	< 0.001a

	GCDCA 
	3.78 ± 0.80
	3.79 ± 0.67
	2.93 ± 0.33
	0.96
	< 0.001b
	< 0.001a

	TCDCA
	2.73 ± 0.40
	2.84 ± 0.44
	2.49 ± 0.57
	0.27
	0.09
	0.004a

	GCDCS
	2.39 ± 0.82
	2.42 ± 0.70
	1.08 ± 0.39
	0.95
	< 0.001b
	< 0.001a

	DCA 
	2.76 ± 0.35
	2.75 ± 0.40
	2.76 ± 0.18
	0.87
	0.7
	0.59

	GDCA 
	3.18 ± 0.58
	3.14 ± 0.53
	2.64 ± 0.32
	0.8
	< 0.001b
	< 0.001a

	TDCA 
	3.32 ± 0.64
	3.16 ± 0.50
	2.57 ± 0.19
	0.33
	< 0.001b
	< 0.001a

	LCA 
	0.94 ± 0.68
	1.28 ± 0.66
	0.72 ± 0.43
	0.04c
	0.14
	< 0.001a

	TLCA
	0.30 ± 0.41
	0.48 ± 0.47
	0.02 ± 0.06
	0.07
	< 0.001b
	< 0.001a

	LCA + TLCA
	1.25 ± 0.18
	1.75 ± 0.14
	0.74 ± 0.07
	0.034c
	0.031b
	< 0.001a

	CDCA/CA
	1.30 ± 0.35
	1.56 ± 0.65
	1.74 ± 0.42
	0.26
	< 0.001b
	< 0.001a

	pBA
	3.11 ± 0.45
	3.17 ± 0.51
	2.67 ± 0.38
	0.98
	< 0.001b
	< 0.001a

	sBA
	3.14 ± 0.52
	3.19 ± 0.61
	2.87 ± 0.17
	0.75
	0.003b
	0.002a

	pBA/sBA
	1.02 ± 0.18
	1.01 ± 0.17
	1.08 ± 0.13
	0.85 
	0.087
	< 0.001

	sBA
	2.77 ± 0.35
	2.79 ± 0.40
	2.77 ± 0.18
	0.81
	0.02b
	0.003a

	G-BA
	4.14 ± 0.70
	4.12 ± 0.64
	3.16 ± 0.31
	0.97
	< 0.001b
	< 0.001a

	T-BA
	3.58 ± 0.54
	3.47 ± 0.46
	2.89 ± 0.27
	0.34
	< 0.001b
	< 0.001a

	G-BA/T-BA
	0.55 ± 0.34
	0.65 ± 0.34
	0.27 ± 0.30
	0.25
	< 0.001b
	< 0.001a

	total BA
	36.31 ± 6.00
	37.69 ± 7.40
	24.80 ± 3.12
	0.41
	< 0.001b
	0.026a


aP < 0.05 Primary biliary cirrhosis (PBC) vs control.
bP < 0.05 Autoimmune hepatitis (AIH) vs control.
cP < 0.05 PBC vs AIH
Bile acid (BA) levels are expressed in log10 concentrations. Statistically significant differences in BA concentrations between controls and patients were determined by the rank sums Mann-Whitney test. CA: Cholic acid; CDCA: Chenodeoxycholic acid; DCA: Deoxycholic acid; GCA: Glycocholic acid; GCDCA: Glycochenodeoxycholic acid; GCDCS: Glycochenodeoxycholic sulfate; GDCA: Glycodeoxycholic acid; GUDCA: Glycoursodeoxycholic acid; LCA: Lithocholic acid; TCA: Taurocholic acid; TCDCA: Taurochenodeoxycholic acid; TDCA: Taurodeoxycholic acid; TLCA: Taurolithocholic acid; TUDCA: Tauroursodeoxycholic acid; UDCA: Ursodeoxycholic acid; PBA: Primary bile acid; PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis.


Table 6 Area under the curve, sensitivity and specificity of difference bile acids, conventional biochemical indicators in primary biliary cirrhosis, autoimmune hepatitis and control group
	
	AUC
	Sensitivity
	Specificity

	LCA 
	0.68
	0.82
	0.50

	LCA + TLCA
	0.73
	0.74
	0.46

	CDCA 
	0.74
	0.74
	0.54

	AST
	0.54
	0.67
	0.58

	ALT
	0.61
	0.64
	0.61

	ALP
	0.41
	0.56
	0.35

	GGT
	0.43
	0.50
	0.46

	TBiL
	0.53
	0.59
	0.42

	DBiL
	0.47
	0.44
	0.62

	TBA
	0.52
	0.52
	0.42


CDCA: Chenodeoxycholic acid; LCA: Lithocholic acid; TLCA: Taurolithocholic acid; ALT: Alanine transaminase; AST: Aspartate transaminase; GGT: Gamma glutamyl transpeptidase; ALP: Alkaline phosphatase; TBiL: Total bilirubin; DBiL: Direct bilirubin; TBA: Total bile acid; AUC: Area under the curve.



Table 7 Changes of the serum bile acid profile between primary biliary cirrhosis and autoimmune hepatitis in different grade of Child-Pugh
	
	AIH-A/PBC/A
	AIH-B/PBC-B
	AIH-A/AIH-B
	PBC-A/PBC-B
	PBC-B/PBC-C
	PBC-A/PBC-C
	AIH-A/control
	AIH-B/control
	PBC-A/control
	PBC-B/control
	PBC-C/control

	
	P value
	P value
	P value
	P value
	P value
	P value
	P value
	P value
	P value
	P value
	P value

	CA
	0.75 
	0.34 
	0.24 
	0.67 
	0.82 
	0.50 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	0.03 

	GCA 
	0.79 
	0.03 
	< 0.001
	0.07 
	0.43 
	0.02 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	TCA 
	0.79 
	0.03 
	< 0.001
	0.0522
	0.71 
	0.0567
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	UDCA 
	0.77 
	0.26 
	0.07 
	0.70 
	0.30 
	0.38 
	< 0.001
	0.52 
	<0.001
	0.05 
	< 0.001

	GUDCA 
	0.60 
	0.33 
	0.40 
	0.58 
	0.21 
	0.06 
	< 0.001
	0.13 
	< 0.001
	< 0.001
	< 0.001

	TUDCA 
	0.97 
	0.22 
	1.00 
	0.10 
	0.29 
	0.02 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	CDCA 
	0.26 
	0.09 
	0.07 
	0.30 
	0.44 
	0.78 
	< 0.001
	0.47 
	< 0.001
	< 0.001
	< 0.001

	GCDCA 
	0.89 
	0.19 
	0.01 
	0.06 
	0.17 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	TCDCA 
	0.82 
	0.20 
	0.31 
	0.34 
	0.92 
	0.26 
	0.05 
	0.48 
	0.02 
	0.01 
	0.04 

	GCDCS
	0.33 
	0.04 
	< 0.001
	0.15 
	0.24 
	0.01 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	DCA 
	0.71 
	0.26 
	0.02 
	0.13 
	0.66 
	0.38 
	0.24 
	0.01 
	0.64 
	0.21 
	0.45 

	GDCA 
	0.50 
	0.08 
	0.09 
	0.37 
	0.09 
	0.11 
	< 0.001
	< 0.001
	< 0.001
	0.01 
	< 0.001

	TDCA 
	0.69 
	0.03 
	< 0.001
	0.01 
	0.33 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	LCA 
	0.29 
	0.13 
	0.57 
	0.82 
	0.24 
	0.33 
	0.08 
	0.51 
	< 0.001
	< 0.001
	< 0.001

	TLCA
	0.07 
	0.88 
	0.05 
	0.13 
	0.74 
	0.29 
	0.01 
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	CDCA/CA
	0.46 
	0.04 
	0.04 
	0.66 
	0.50 
	0.27 
	< 0.001
	< 0.001
	< 0.001
	0.06 
	0.26 

	Primary bile acid
	0.75 
	0.81 
	0.96 
	0.42 
	0.70 
	0.96 
	< 0.001
	0.02 
	< 0.001
	< 0.001
	< 0.001

	Secondary bile acid
	0.92 
	0.80 
	0.20 
	0.33 
	0.20 
	0.45 
	< 0.001
	0.45 
	< 0.001
	0.15 
	< 0.001

	Secondary/primary
	0.61 
	0.99 
	0.32 
	0.27 
	0.23 
	0.44 
	0.30 
	0.05 
	0.06 
	0.01 
	0.78 

	Secondary bile acid
	0.89 
	0.91 
	0.08 
	0.05 
	0.24 
	0.79 
	0.13 
	0.08 
	0.09 
	0.12 
	0.35 

	Glycoconjugates
	0.53 
	0.16 
	< 0.001
	0.21 
	0.16 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	Tauroconjugted
	0.48 
	0.08 
	< 0.001
	0.02 
	0.42 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	Glyco/tauro
	0.21 
	0.56 
	0.23 
	0.63 
	0.07 
	0.18 
	0.01 
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	Total BA
	0.62 
	0.72 
	0.05 
	0.26 
	0.19 
	0.01 
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001


Bile acid (BA) levels are expressed in log10 concentrations. Statistically significant differences in BA concentrations between controls and patients were determined by the rank sums Mann-Whitney test. CA: Cholic acid; CDCA: Chenodeoxycholic acid; DCA: Deoxycholic acid; GCA: Glycocholic acid; GCDCA: Glycochenodeoxycholic acid; GCDCS: Glycochenodeoxycholic sulfate; GDCA: Glycodeoxycholic acid; GUDCA: Glycoursodeoxycholic acid; LCA: Lithocholic acid; TCA: Taurocholic acid; TCDCA: Taurochenodeoxycholic acid; TDCA: Taurodeoxycholic acid; TLCA: Taurolithocholic acid; TUDCA: Tauroursodeoxycholic acid; UDCA: Ursodeoxycholic acid; PBA: Primary bile acid; PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis.




[bookmark: _Hlk116649835]



[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2022 Baishideng Publishing Group Inc. All rights reserved.


image4.png
A "2
50 - a$ ,
40 0 ath 4
- aa

30 10 ALl A

s NI TNEIY
20 = A 0 A‘ . sk
0 YW & .

N YRS Sl S-10 B B
A A AA AA A, [ ]
10 i ? A 20
L]
20
-30-
-30
-40 . . - -40
-60 -40 -20 0 20 40 60 50 -40 -0 20 -0 0 10
t[1]
oR2
uQ2

‘I..

l*l "

0.2 0.4 0.6 0.8 1
200 permutations 4 components
DOI: 10.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.




image5.png
) [ ol
u2 20
50 . a3
15
40
d 10
[}
30 o °
5
20 °
LN ° 0 ° ®
10 M =
~ a § ° b = -5 o
co 1% '*0 IR e 10 0%,
[ ] ° ’ °
10 o/ ® 3
. -15 o
-20 -20
]
-30 -25 °
> -30
-60 -40 -20 0 20 40
t1]
o R2
Q2

02 04 06 08 1
200 permutations 3 components
DOI: 10.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.

<me
W=




image6.png
2 LA v3
Vo2 Ak AL
L4 e A*‘A‘ e Jo 0
0 PR FUCEESE Y SY
a R L TN s e ®  a
A 4 —
o.-20 ° % " e o
20
-40
60 -
a
oR2
Q2

02 04 0.6 0.8 1

200 permutations 3 components
DOI: 10.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.

30
20

10

a
a L
o Ay at 4 A
o Aaps
® o A"AA
P . 4 .““A‘ﬂx n
° o . 22
L ¥ 1 A
o0 4
°® °
. &
°
-20 -10 0 10 20

o1l
a2




image7.png
CDCA pg/mL

(@]

TLCA pg/mL

a B NS
4 a
z 1.51
34 T
€ 1.0 I
oy g —
] 3 s
0 v T T 0.0 T T T
Control PBC AIH Control PBC AIH
b
0.6 1 b 0.0767
—-l_ 2.0
o
0.4 = 1.5
. T S 1. -I
0.2 x T
3 0.5
0.0 T T T 0.0 T T T
Control PBC AIH Control PBC AIH

DOI: 10.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.




image8.png
0.0

ROC curve

T T

T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Curve source
—LCA
—LCA+TLCA

CDCA
—Reference line

0.8

Sensitivity
o
S

14
kS

0.2

0.0

ROC curve

T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Curve source

—AST
—ALT
- ALP
—GGT
~ TNIL
—DBIL
—TBA
Reference line

DOI: 10.3748/wjg.v28.139.5764 Copyright ©The Author(s) 2022.




image9.png
Cholesterol Host cell metabolism

1 CA ____MCA ——————— CDCA

Primary

bile Acids > —>

Secondary

bile Acids — DCA HDCA — > [CA «—— UDCA
Conjugated TCA TDCA TMCA THDCA TCDCA TLCA TUDCA
bile Acids GCA GDCA GMCA GHDCA GCDCA GLCA GUDCA

— Synthesis and conjungation in liver

R —— Dehydroxulation or deconjugation in gut by bacteria
DOI: 10.3748/wjg.v28.139.5764 Copyright ©The Author(s) 2022.




image10.png
GCA

L4

GCDCS

0

GCDCA

F
o
&
2
=
=
D
=
=1
£
5]
g
s
3
2
r .o NS ey
: D
S s & & X ¥

DOI: 10.3748/wjg.v28.139.5764 Copyright ©The Author(s) 2022.




image11.png
9

JSaishideng®




image12.png




image1.png
A,
30 At —=
20
i N
A .. -
0 o &
_ a s, N
N 2 T "a -
= 0 ‘-‘F“ N
10 AW
a
20 .
-
30 i
-40 I I
50 10 -30 -0 -10 0 10 20 30 40
1]

R2 x [1] = 0.161 R2 x [2] = 0.0679

* JiRaRe:

-

"o 0.2 0.4 06 08 1
DOI: 10.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.

Ellipse: Hotelling’s T2 (95%)

al 4
w2 ¥ w2
v3 WY v3
VA v
10 -
a
-
- # =
Yo "“ a LN
-
P
10 R R
a
AL AA o
-20 .
-30

50 40 -30 -20 -10 0 10 20 30 40
1]

R2 x [2] = 0.0513  Ellipse: Hotelling’s T2 (95%)

R2 x [1] = 0.141

®R2
mQ2




image2.png
"2 ] -2
40 vi o o v3
0 ° o
30+ o % . °
. < . e
20 " 10 . o
u . ® L -
10+ me Cd
_ . 0 By -
5o Ll =
= a2y S r
10 .ﬂ -10 -
20
20 ’ v
30 12
-40 | - 30 I Y -
60 -40 20 0 20 40 50 40 30 -0 -0 0 10 20 30 40
1] t1]
R2 x [1] = 0.0165 R2 x [2] = 0.0804  Ellipse: Hotelling’s T2 (95%) R2 x [1] = 0.148 R2 x [2] = 0.0552 Ellipse: Hotelling’s T2 (95%)
oR2
Q2

c
08 y .
06'!‘ §7.

0.4

0.2
o E

0.2|
.

g 02 04 06 08 1 °
DOI:

0.3748/wjg.v28.i39.5764 Copyright ©The Author(s) 2022.

AT





image3.png
A
A aa,
30 =
a
20
a
10 a 4 a
= A.:" a A 2,
N a
S0 T o .“Js
-1 as a
0 P kS
L] A
-20 e ©
A
-30
-40
50 40 30 20 10 0 10 20 30
t1]
C
8.
9-9-0-¢ .
0o FEEEE0
0.6
04

0.4 0.6
200 permutations 5 components

0.8

40

DOI: 10.3748/wjg.v28.139.5764 Copyright ©The Author(s) 2022.

are
wne

t2]

-10

-20

eR2
= Q2

-30

-40

30

20

10

-25

15

20




