Proteomic and metabolomic profiling of urine uncovers
Immune responses in patients with COVID-19
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Urine as potential source for protein biomarkers

Kidney

Pros:

Renal artery
Renal vein

Blood with
waste products

} 4‘/

Clean blood
to body

1. Non-invasive

2. Informative biological information: proteins,

Medulla

metabolites.

Urine
(waste products)
to bladder

cons:
1.Highly variable: sex, age, physiological or
pathological status, etc.

Bladder

2.Normalization

[1] Mansoori B. et al. Adv. Pharm. Bull. 2017;7:339-348
[2] Milojkovic D. et al. Clin. Cancer Res. 2009;15:7519-7527
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I
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 count!-3
. » ‘ Molecular changes of COVID-19:

-— [ R —

complement system, macrophages, platelet degranulation*

o A s urine glucose, proteinuria, B2-macroglobulin, liver-type fatty acid-binding

r_w " proteins5:6

7
// Immune response, complement activation, platelet degranulation,

lipoprotein metabolic process’8

[1] Gao Y. et al. J. Med. Virol. 2020; 92: 791-796 [2] Qin C. et al. Clin. Infect. Dis. 2020 [3] Tan L. et al. Signal Transduct. Target Ther. 2020; 5: 33 [4] Shen B. et al. Cell. 2020
[5] Rui L. et al.Clin. Chem. Lab. Med. 2020; 58: 1121-1124 [6] Katagiri D. et al. Crit. Care Explor. 2020; 2: e0170 [7]Li Y. et al. Urine. 2020; 2: 1-8 [8] Tian W. et al. Nat. Commun. 2020; 11: 5859
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Objectives

* A comprehensive and in-depth analysis of COVID-19 molecular changes In
biofluids level

* Exploring the value of urine in infectious diseases research
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Study design

N=27 /”\N:I? N=48 )"\N=23

Healthy non-COVID-19 non-Severe Severe
I I I I

O Inactivation of

selected samples
10 L Serum (n=90) 100 pL Serum (n=75)
500 pL Urine (n=90) 200 pL Urine (n=106)

TMTpro 1E.;p|ex Metabolomics
proteomics

Y v

1494 serum proteins 903 serum metabolites
3854 urine proteins 1033 urine metabolites
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Quality control of proteomic and metabolomic data set
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Proteomics Metabolomics UMAP: 1176 features UMAP: 3231 features
CVs of the protein or metabolites UMAP analysis of the serum and urine
abundance from control samples by proteomics data distribution in 6 batches

proteomics and metabolomics.
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Peptide yield from serum and urine
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Urine and serum quantified peptide and protein

C D E
25000+
2 _ 3854
S20000 , 19132 2 4000 g
B 2 8
2 15000- 23000+ 1500
5 52000- = 1000 903
g 10000- o 1494 5
0 e 1195 o 557
S 5000~ 51000- I 2 500-
< 5
0 0 Zz 0-
Serum Urine Serum UrineQverlap Serum Urine Overlap

1
WESTLAKE UNIVERSITY




Urine and serum protein distribution
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o o _ Sequence coverage distribution
Distributions of quantified proteins

of each quantified protein.
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Top 20 features in serum
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Top 20 features in urine

VPS36 o

o]
o]
o]

o}

o]

o]
e}

Qo

NPR3 o
MELTF o]
PRSS2 o

SERPINI1
MADCAM1
CDH22
CDH19
RHDE
SPOCKI1

CD84
BTNL3 o

INE TN Age
HINN Ty pe

I[NNI NI Age
JMIN Type

B VwF
degrar?u?ation

- SERPINA3
B ALBS— 3\ IL6R
4 ~“acute-phase '
IGFBP3 -~
regulation of insulin—like ( response

h fact t _F “‘_‘7“““«\_‘ \
SERPINA3 | 5 T et \ / | AGT

10 - -\
m& 0 T IGF1 — \ “muscle cell \ |

Sex A —& regula’uon‘ proliferation '\
APMAP ¢ - Mh\‘ ca of T cell | \/
insulin—like grt \ (n \
_2I factor receptor \ | mononuc ga]\ roliferation \ A

IL1R2
M signaling pathway 1\ proliferation | \ -

Sex Age

SAA1
ILBR

—

AGT

Fg \
\ . A= 7 osmve regulation of
IIiIIE\J'L\AF&;‘>2E4 I_4 Type D J'J \—— SHH pkldney degelopment
IGFBP2 IGFBP2

FBLNS
VSIG4

Log: (fold change
ALB g ( ge)
SHH

CR2 / bvsics _ _

IGFBP3 -1 0 1 2
IGF1

non-severe leuk N
cyle
. severe ‘eukosy

IymPhocyte \ ‘\,“ proliferation

proliferation

Biological process

D

NPR3 Secretion by tissue

pancreatic .|

Sex juice secretion L

homophilic cell adhesion via
plasma membrane

adhesion molecules

neuron cell— cellf “‘-\

Age [ = ;CEL
g%ﬁﬁlgNH 6 Mso dlgestlon L— \
ICOSLG 4

LEE%E adhesmn / \ /CDH19
FREM2 2 10 extracellular matrix PRssz CDszd\CD§4_,,"
PTGFRN organization-.\ ~\/
ADGRUT 0 Sex exracetular soture 5141 " cell-oelladhesin
- \ y via plasma
g'éggﬁw 2 M \ J\ ADGRLI meIrFr)1br?ne adhesion
MELTF -4 MADCAMI 2 molecules
s e T N 5P e o
- negative regulation
CDH22 non-severe negatlve regulation oSN of geuron pgrcujectlon
cD8s4 . severe of cell development development
OSTN
TNR
MLEC Biological process Loa: (fold change
PRSS2 % ge)

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
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(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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I
301 proteins showed opposite expression patterns in urine and sera

Serum Urine
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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
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Six types of cytokines and their receptors 1 — Q‘}— 3
Proteins distribution 2— seseeuy.,, &
. N - G o
Statistical significance of serum proteins 3—+ + Ly, /7%
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Serum: Severe/non-Severe 5— - - ‘*..'l L] ey
Statistical significance of urine proteins 6+ + . = .:\\ e
Urine: COVID-19/Healthy 7 -+~ -
® Protein in urine Urine: Severe/non-Severe 8_,—'-‘\_..
® Protein in urine and serum r Bcell—l |
® Protein in serum
Dt / / & \}‘
[ Up-regulated Hematopoietic stem cell
io lated Cytokine- sy I
own-regulate immune cell 9 Megakaryooyte —fl
Mon: ocyte
P00t N mylekhﬂ'd 09“3
+ P<0.01 ot eutosmt | | ! / \
x P<0.05 Platelet — / / 7
i T cell /
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234 :_/

cytokines &
receptors

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.

[1] Kveler K. et al. Nat. Biotechnol. 2018; 36: 651-659
[2] Yu Y. et al. Bioinformatics. 2018; 34: 1229- 12,]*
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Cytokines and immune cells
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Dysregulated ESCRT super-complex
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I
Differential expression analysis proteins and metabolites

1494 serum proteins — 1176 serum proteins =

Differentially expressed 198 serum DEPs —
3854 urine proteins Filter out > 3231urine proteins between each group 837 urine DEPs
903 serum metabolites NA Y > 80% 842 serum metabolites adjusted P value<0.05

323 serum DEMs
378 urine DEMs —

1033 urine metabolites —

964 urine metabolites — I-092(Fold change)}> 0.25

: I Related to
23 Ingenuity canonical pathways <—=8UM < DEPs IPA Pathway enrichment 148 serum DEPs diease
= < . H 0
108 Ingenuity canonical pathways <€—=0n& ITZV2::L<I)ere|O.>OO5 580 urine DEPs progression
<
6 pathways <€ Serum < KEGG pathways — 138 urine DEMs
4 pathways <€ Urine P value<0.05

— 161 serum DEMs
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Imbalanced CDC42-RHOA-RACI1 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. o
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N
Inflammation-induced renal injuries as revealed by multiomics data

Inflammation, Coagulation Fibrogenesis
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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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