Metabolomic and Proteomic Approaches Identify Biomarkers of
Mortality and Kidney Recovery in Dialysis-Dependent AKI Patients
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Abstract
Background: Acute kidney injury requiring dialysis (AKI-D) portends high
mortality in critically ill patients. At the early stage of dialysis, serum
metabolic and proteomic biomarkers might identify patients with high risk
of mortality or kidney function recovery. Purpose: This study was to
identify AKI-D metabolomic biomarkers of mortality, and metabolomic and
proteomic biomarkers of kidney recovery. Methodology: Serum samples
from participants enrolled in the Veteran's Affairs/National Institutes of
Health Acute Renal Failure Trial Network study collected on day 1 (n = 97)
and day 8 (n = 105) were evaluated using LC/MS-based metabolic profiling.
Day 8 samples (n=72) were analyzed by SOMAscan proteomics. Results:
The model predicting mortality by day 8 from day 1 samples was based on
four metabolites with an area under the curve (AUC) of 0.641. The model
most predictive for mortality by day 28 from day 8 samples was based on 11
metabolites with an AUC of 0.789. Both day 1 and day 8 serum biomarkers
showed decreases in 1-arachidonoyl-lysoPC and 1-eicosatetraenoyl-lysoPC
(involved in anti-inflammatory processes) in the critically ill patients who
died by day 8 or between days 8 and 28 of hospitalization. In Day 8 serum,
increases in amino acids (AA) and AA metabolites were predictive of
mortality by day 28 and may be associated with muscle wasting. A kidney
recovery biomarker panel based on serum levels of 3 metabolites from day
8 samples with an AUC of 0.70 was also discovered. Proteomic analysis of
day 8 samples showed changes in 119 proteins, 53 of which increased and
66 of which decreased when comparing samples of patients who were off
dialysis versus patients who remained on dialysis by day 28. Higher serum
levels of CXCL11, CXCL2/CXCL3, CD86, Wnt-7a, BTK, c-Myc, TIMP-3,
CCL5, ghrelin, PDGF-C, survivin, CA2, IL-9, EGF, and neuregulin-1, and
lower levels of soluble CXCL16, IL1RL1, stanniocalcin-1, and FGF23 when
classified in tertiles, were significantly associated with higher kidney
recovery. Conclusion: Serum metabolic profiling of AKI-D patients revealed
models predictive of mortality by day 8 or by day 28. Potential metabolic
and proteomic biomarkers of kidney recovery by day 28 were also
identified.

Materials and Methods
Serum samples from participants enrolled in the ATN study collected on
day 1 (n = 97) and day 8 (n = 105) were evaluated by metabolomic profiling,
in which serum supernatant after methanol precipitation was analyzed
using Waters Acquity Ultra Performance Liquid Chromatography (UPLC)
coupled online with a Waters Q-TOF Premier mass spectrometer
(UPLC/MS). Raw UPLC/MS data were analyzed using Micromass
MarkerLynx XS Application, and metabolite compounds were identified in
combination with an online database (www.hmdb.ca). Day 8 samples
(n=72) were analyzed by the SOMAscan proteomic assay. Kidney function
recovery was defined as alive and free of dialysis on day 28. Difference
between death and survival groups or between kidney function recovery
and non-recovery was analyzed using Wilcoxon rank sum test for
metabolomic data and Welch’s t-test for proteomic data. The
Benjamini−Hochberg method was used to calculate the false discovery rate
(FDR). Metabolites or proteins with p-value < 0.05 and a fold change (fc) ≥
1.2 were considered statistically significant changes. Metabolomic data
were further analyzed by unsupervised PCA and supervised partial least
squares discriminant analysis (PLS-DA). For proteomic data, patients were
classified into tertiles based on serum levels of each protein. The
association of serum levels of each protein with the probability of kidney
function recovery was evaluated in the univariate logistic regression
initially, and then in the multivariable logistic regression with adjustment
for age, gender, congestive heart failure (CHF), cardiovascular SOFA (CVSOFA) score, and diabetic status.

Results and Discussion
A

Table 1. Odds ratios and 95% confidence intervals of day 8 serum proteins
(partial list) in tertiles significantly associated with kidney recovery by day
28 as analyzed by logistic regression
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Figure 2. Univariate and multivariate analysis from plasma metabolome
profiles.
Score scatter plots based on the 51 detected metabolites from PLS-DA models to explain the mortality prediction for day 1 and 8 (A and
C); univariate analysis via volcano plots for day 1 and 8 (B and E). New score scatter plots for mortality prediction based on the 4
highlighted metabolites from patients sampled on day 1 (C), and 11 highlighted metabolites from samples collected on day 8 (F).
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Introduction
Acute kidney injury requiring dialysis (AKI-D), one of the most serious
complications for hospitalized patients, is associated with prolonged length
of stay, mortality, and progressive chronic kidney disease among survivors.
Identification of biomarkers that can stratify patients for high mortality risk
and irreversible kidney dysfunction from those likely to recovery from
reversible renal dysfunction with dialysis treatment may lead to more
timely interventions and lower health care costs. Previous studies have
examined the role of a limited number of urine and serum biomarkers to
predict AKI severity or selected AKI biomarkers for the prediction of kidney
recovery. Metabolomic and proteomic approaches are high-throughput
technologies that allow identification of biomarkers for disease diagnosis
and can provide insights into the underlying biological mechanisms. In
order to discover novel metabolomic and proteomic biomarkers to predict
mortality and/or kidney recovery potential in critical ill AKI-D patients, a
subset of serum samples obtained on day 1 and day 8 from AKI-D patients
enrolled in the Veteran's Affairs/National Institutes of Health Acute Renal
Failure Trial Network (ATN) study were analyzed using mass spectrometrybased metabolomic approaches and day 8 serum samples were analyzed
using SOMAscan proteomics assays.
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Figure 1. Flow diagram of serum samples analyzed in this study of the ATN
Trial. AKI-D, acute kidney injury requiring dialysis. This post hoc study was
approved by the Salem VAMC and FDA Institutional Review Boards.
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Figure 3. Box plots of increased metabolites in serum on day 1 (A) & day
8 (B).
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Figure 4. Examples of mortality prediction based on metabolites on day 1
(A & B) & day 8 (C & D).
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aN=24

patients in each tertile for all the proteins. bSOMAscan RFU. cOR,
odds ratio; CI, confidence interval. dAge, gender, CHF, diabetes mellitus,
and CV-SOFA ≥2 were adjusted in the multivariable logistic regression
analysis.

Conclusion
Serum metabolic profiling of AKI-D patients revealed a model predictive of
mortality by day 8 based on 4 metabolites measured in day 1 serum. A
predictive model of mortality by day 28 was also developed based on 11
metabolites measured in day 8 serum. In Day 8 serum, increases in amino
acids (AA) and AA metabolites were predictive of mortality by day 28 and
may be associated with muscle wasting. Potential metabolic and proteomic
biomarkers of kidney recovery by day 28 were also identified.

