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Urine as potential source for protein biomarkers

Pros:

1. Non-invasive

2. Informative biological information: proteins, 

metabolites.

Cons:

1.Highly variable: sex, age, physiological or 

pathological status, etc.

2.Normalization
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Serological and urinary biochemical analytes of COVID-19

Serology indicators for predicting severity of COVID-19: 

interleukin-6, d-dimer, thrombin time, C-reactive protein,

blood lymphocyte count1-3

Molecular changes of COVID-19:

complement system, macrophages, platelet degranulation4

urine indicators for predicting severity of COVID-19: 

urine glucose, proteinuria, β2-macroglobulin, liver-type fatty acid-binding 

proteins5,6

Molecular changes of COVID-19:

immune response, complement activation, platelet degranulation, 

lipoprotein metabolic process7,8
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• A comprehensive and in-depth analysis of COVID-19 molecular changes in 

biofluids level 

• Exploring the value of urine in infectious diseases research

Objectives



Study design
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CVs of the protein or metabolites 

abundance from control samples by 

proteomics and metabolomics.

UMAP analysis of the serum and urine 

proteomics data distribution in 6 batches

Quality control of proteomic and metabolomic data set 



Peptide yield from serum and urine
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Urine and serum quantified peptide and protein
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Urine and  serum protein distribution

Molecular weight (MW) 

Distributions of quantified proteins
Sequence coverage distribution 

of each quantified protein.
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Machine learning model identified severe COVID-19 cases

The top 20 feature proteins in 

serum (A) or urine (C) proteomics 

data selected by random forest 

analysis and ranked by the mean 

decrease in accuracy.

The biological process involved in 

the top 20 urine (B) or serum (D) 

proteins
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Model performance

(A) The AUC and accuracy values of the 20 serum or urine models. (B) Severity prediction value of 4 

patients with COVID-19 at different urine sampling times. Model performance in the independent TMT-

labelled (C) and the label-free DIA data set (D).
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301 proteins showed opposite expression patterns in urine and sera

301 proteins identified in both serum and urine with opposite expression patterns in 

different patient groups.
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Proteins involved in renal tubular reabsorption

Norden A. Et al. J. Am. Soc. Nephrol. 2002; 13: 125-1
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Cytokines and their receptors identified in urine and sera

197 cytokines and their receptors identified 

in urine, while 124 identified in sera. Circos

plot integrating the relative expression and 

cytokine-immune cell relationship of 234 

cytokines and their receptors.
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Cytokines and immune cells

Spearman’s rank correlation coefficients  between serum or urine cytokines

and immune cells. Tan L. et al. Signal Transduct Target Ther. 2020; 5: 33.  
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Dysregulated ESCRT super-complex
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(A) Virus budding-related DEPs uniquely regulated in the urine were identified by untargeted TMT 

16plex proteomics and confirmed by PRM. (B) Schematic diagram of the virus budding process.



Differential expression analysis proteins and metabolites
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Imbalanced CDC42-RHOA-RAC1 molecular switches 
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(A) The top 21 regulated proteins which they are enrolled in the overlapped 16 out of 20 

pathways. (B) Schematic diagram of the dynamic balance of Rho GTPases. The imbalance 

affects the functional integrity of glomerular podocytes and results in renal damage.



Activation ROS and impaired immune cells in COVID-19
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(A) DEPs and differentially expressed metabolites (DEMs) were involved in the 10 KEGG pathways.

(B) Schematic diagram of metabolites participating in the oxidative stress in COVID-19.



Inflammation-induced renal injuries as revealed by multiomics data
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Take-home messages

• More cytokines and their receptors are detected in urine than in serum

• Machine learning models based on urinary proteins equal the ones using sera 

proteins

• Dysregulated inflammatory processes induce renal injury as revealed by multiomics 

data
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