Untargeted Proteomics Reveals Regeneration-associated Serum Biomarkers that can Predict Death in Acute
Liver Failure Patients
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ALFSG samples. Serum samples from 30 random survivors and 30 random non-
survivors of APAP-induced ALF were obtained from the Acute Liver Failure Study
Group (ALFSG) biorepository. ALF was diagnosed by ALFSG investigators and
defined as INR 2 1.5, hepatic encephalopathy, duration of iliness <26 weeks, and
absence of chronic liver disease. APAP toxicity was determined to be the etiology
based on a combination of patient-reported history of APAP overdose, a
detectable APAP level documenting ingestion, and aminotransferase level of =
1,000 IU/L. Due to hepatic encephalopathy, consent was obtained from next of
kin. Samples were centrifuged at each ALFSG study site to obtain serum and
stored at —80°C for later distribution and analysis. Demographic and laboratory
data provided with the samples included daily values for serum ALT, AST, total
bilirubin (Thili), prothrombin time (PT), and creatinine (Cre) during hospitalization;
age; sex; race; and ethnicity. Internal review board (IRB) approval was obtained
at each ALFSG study site and the study was conducted in accordance with the
1975 Declaration of Helsinki.

Volunteer subjects. Ten volunteers without liver disease and with recent
therapeutic APAP exposure were recruited at the University of Arkansas for
Medical Sciences (UAMS) in Little Rock, AR, USA. Each subject was informed of
the potential risks and benefits of the study and signed a consent form. After
enroliment, a blood sample was collected from each subject and serum was
separated by centrifugation. The study protocol was reviewed and approved by
the UAMS IRB and the study was conducted in accordance with the 1975
Declaration of Helsinki.

Untargeted Proteomics. Abundant serum proteins were depleted with HighSelect
Topl14 resin (Thermo) according to the manufacturer’s instructions. Proteins were
reduced and alkylated prior to digestion with sequencing grade modified porcine
trypsin (Promega) using S-Trap columns (Protifi). Tryptic peptides were then
separated by reverse phase XSelect CSH C18 2.5 um resin (Waters) on an in-line
150 x 0.075 mm column using an UltiMate 3000 RSLCnano system (Thermo).
Peptides were eluted using a 60 min gradient from 98:2 to 65:35 buffer A:B ratio
(buffer A = 0.1% formic acid, 0.5% acetonitrile; buffer B = 0.1% formic acid, 99.9%
acetonitrile). Eluted peptides were ionized by electrospray (2.2 kV) followed by
mass spectrometric analysis on an Orbitrap Exploris 480 mass spectrometer
(Thermo). Proteins with an FDR adjusted p-value < 0.05 and a fold change >2
were considered significant. Pathway Analysis and subsequent Upstream
Analysis of the untargeted proteomics data were performed using Ingenuity
Pathway Analysis® software (Qiagen, Germantown, MD). LogFC cutoffs of -1 to 1
and a p-value cutoff of 0.05 were used in the initial core analysis.

Lactate dehydrogenase measurement. Lactate dehydrogenase (LDH) activity was
measured using a standard kinetic assay based on the loss of NADH absorbance
in the reaction mixture.

Animal study. Wild-type male C57BI/6J mice were acquired from the Jackson
Laboratory (Bar Harbor, ME) and housed in a temperature-controlled facility with
a 12 h light-dark cycle at the University of Arkansas for Medical Sciences
(UAMS). All mice were used in experiments at 8-9 weeks of age. The animals
were allowed free access to food and water until the night before APAP
administration. Briefly, food was removed overnight beginning at -12 to -16 h,
followed by i.p. treatment with 300 mg/kg APAP dissolved in warm 1x phosphate-
buffered saline (PBS) at O h the next morning, and finally either 20 mg/kg
dorsomorphin (Dorso) dissolved in DMSO vehicle or an equal volume of DMSO
control at 6 h. Food was returned at the time of Dorso treatment. Blood and liver
tissue were collected at 24 h. Alanine aminotransferase (ALT) was measured in
serum from the mice using a kit from MedTest Dx (Canton, MI), according to the
manufacturer’s instructions. Hematoxylin and eosin (H&E) staining and both
immunohistochemistry and immunoblotting for proliferating cell nuclear antigen
(Pcna) were performed as previously described (Clemens et al., 2019).

Statistical analyses. Sensitivity, specificity, likelihood ratios, and post-test
probabilities were calculated using standard equations. Data normality was tested
using the Shapiro-Wilk test. For normally distributed data, groups were compared
using Student’s t-test. For non-normally distributed data, groups were compared
using a t-test on ranks. Logistic regression was used to screen for associations
between biomarkers and outcome and receiver operating characteristic (ROC)
curves were used to visualize the associations. Optimal biomarker cutoffs were
determined using logistic regression with sensitivity set at 90%. The equation to
combine MELD score and LDH values was MELD-LDH = -1.981 + (0.00008*LDH)
+ (0.0698*MELD), derived using multiple logistic regression. All statistical
analyses were performed in SigmaPlot 12.5 (Systat, San Jose, CA).
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