i{{® MedCrave

Step into the Wonld of Research

MOJ Proteomics & Bioinformatics

Research Article

a Open Access @

Acute effect of coffee consumption on urinary
proteome in young healthy individuals

Abstract

Urine, which is not regulated by homeostatic mechanisms, is more likely to reflect
early changes and be a source for early biomarker discovery. But urine can be affected
by various factors. Coffee is widely consumed in daily life. It may have effects on
urinary biomarker discovery and validation in clinical samples. An evaluation of acute
coffee effect on urinary biomarker discoveries is needed. In this study, ten healthy
volunteers consumed 3 bags of instant coffee in one day. Urine was collected before
and after coffee intake. All urine samples were analyzed by liquid chromatography
tandem mass spectrometry. After normalization of spectra, 1418+148 proteins were
identified, indicating that the sympathetic nervous system exerts a significant impact
on urine proteome. Eleven proteins were found significantly changed in all ten urine
samples after coffee intake and one differential protein was previously annotated
as urinary candidate biomarker. Coffee is one of the most consumed beverages
worldwide. Thus, when using clinical samples, the effect of coffee should be taken
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Introduction

Biomarkers are measurable changes associated with a physiological
or pathophysiological process.! Unlike cerebrospinalfluid or blood,
which to remove changes, urine accumulates and reflects many
changes of the whole body.? Thus, urine has potential to be a better
biomarker source. In addition to diseases of urinary systems, the
valuable information from other system diseases can be found in urine
too.

As a sensitive body fluid, urine will be affected by various
factors,>* such as diet, drugs, hormone status or other physiological
conditions.® The differential proteins caused by confounding factors

may interfere some valuable urinary information discovery. It is
difficult to accurately determine whether potential biomarkers are
associated with any particular pathophysiological condition or
confounding factors, especially in clinical urine samples.

Coffee is one of the most consumed beverages worldwide, which is
also rich in bioactive compounds.® Some studies suggested that coffee
of both caffeinated and decaffeinated drinking plays an important
role in the prevention of some diseases.” However, little is known
regarding the influence of coffee on the urinary proteome even though
coffee’s beneficial effects have been studied extensively. A better
understanding of its effects on the urinary proteome is necessary for
urinary biomarker research.

In this study, the short-term effects of coffee on the urinary
proteome were investigated using label-free quantitative proteomics.
Urine samples were collected before and after coffee consumption.
Urinary proteins were identified using liquid chromatography tandem
mass spectrometry (LC-MS/MS) (Figure 1).
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Urine was collected before and after coffee intake from healthy volunteers.The BP and HR were measured before urine collection.The urinary proteins were

profiled by label-free LC-MS/MS.
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Acute effect of coffee consumption on urinary proteome in young healthy individuals

Materials and methods
Ethics statement

Ten healthy volunteers aged 25-30years, including 5 men and 5
women, were recruited from Peking Union Medical College, Institute
of Basic Medical Sciences, Chinese Academy of Medical Sciences,
Beijing, China, during August 2016. Informed consents of all
volunteers were obtained before the study. The study was approved
by the Medical Ethics Committee of Peking Union Medical College
(#046-2016).

Sample collection and subject characteristics

All volunteers are not habitual coffee drinker and drank three bags
of instant coffee (Nescafé Classic, Nestlé, 15 grams) in this study.®
Urine samples were collected from ten volunteers before and two
hours after coffee intake, respectively.

Before urine collecting, systolic blood pressure (SBP), diastolic
blood pressure (DBP) and heart rate (HR) were measured using an
automatic arm sphygmomanometer (HEM-7052, OMRON, China)
3 times, with a 1min interval between each measurement. Urinary
protein, creatinine concentrations and ions in 20 samples were
measured at the Peking Union Medical College Hospital.

Urinary protein preparation

Urine was centrifuged at 2000"g and 12000°g for 30minutes at 4°C
respectively to remove precipitates. Urinary proteins were extracted
by ethanol and protein precipitation were dissolved in lysis buffer
(8M urea, 2M thiourea, 25mM dithiothreitol and 50mM Tris).’

Samples were divided into two parts. Some proteins were separated
by SDS-PAGE. Some urinary proteins of each samples were digested
by trypsin (Trypsin Gold, Mass Spec Grade, Promega, Fitchburg, W1,
USA) in 10kD filter units (Pall, Port Washington, NY, USA)."” UA
(8 M urea in 0.1 M Tris-HCI, pH 8.5) was firstly added to wash the
impurities, and NH4HCO3 was added to wash the remaining UA in
the protein solution. After denatured by DDT and alkylated by [AA,
the urinary proteins were digested by trypsin with ratio (Enzyme to
protein is 1:50).

The collected peptide mixtures were desalted by Oasis HLB
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cartridges (Waters, Milford, MA) and dried by vacuum evaporation
(Thermo Fisher Scientific, Bremen, and Germany).

Urinary proteins analysis by LC-MS/MS

The lyophilized peptides were acidified with 0.1% formic acid,
and subjected to a reversed-phase micro-capillary column. The
binding peptides were eluted by a gradient of buffer B (0.1% formic
acid, 99.9% acetonitrile; flow rate, 0.3L/min) for 100min and were
analyzed using Thermo Orbitrap Fusion Lumos (Thermo Fisher
Scientific, Bremen, and Germany).

Label-free quantitation

The MS/MS data were analyzed by Progenesis software.
Database was set as Uniprot_human database (Homo sapiens 84 888
sequences; 34,737,292 residues); the precursor mass tolerance and
the fragment tolerance were set 0.05 Da; fixed modification was set
carbamidomethylation of cysteines; variable modification was set
oxidation of methionine and protein N-terminal acetylation. After
normalization, the relative abundance was used to analyze differential
expressed proteins.

Statistical analysis

Comparisons between before and after coffee intake were followed
by Tukey’s multiple comparison tests. P values of less than 0.05 were
considered statistically significant. Statistical analysis was performed
by the Statistical Package for Social Studies version 16.0.

Results and discussion

Transient changes on BP, HR and urine ion after
consumption of coffee

The results of the present study showed that acute instant coffee
consumption causes a short time decrease in heart rate but does not
significantly affect the BP (Figure 2). The concentration of urinary
sodium (Na), potassium (K), chorion (Cl) and creatinine (Cr) were
found decrease in all urine samples after coffee intake (Figure 3),
which may be caused by urine volume increased. The concentrations
of urinary ions were measured in urine samples which were collected
about two hours after coffee intake instead the total urine output of a
specific time frame.
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Figure 2 Effect of instant coffee on SBP, DBP and HR before and after coffee intake.

A.SBP increased in eight volunteers. B. DBP increased in seven volunteers. C.All volunteers heart rate decreased after acute coffee intake.

SDS-PAGE analysis of the urinary proteins

The urinary proteins were analyzed using SDS-PAGE (Figure
4). Compared with urinary proteins before coffee intake, the urinary
patterns after coffee intake did not show any significant changes.

Urinary proteomics analysis of acute Coffee intake on
the human urinary proteome

The urinary samples from ten healthy human volunteers were

analyzed using Thermo Orbitrap Fusion Lumos. Each sample was
analyzed twice to provide technical replicates (Table S1). After
normalization of spectra, 1418+148 proteins were identified (Table
S2). According to the standard (p<0.05, fold change £ 0.67 or *1.5),
eleven proteins were found to be significantly altered after coffee
intake (Table 1), suggesting that acute coffee consumption can affect
the urinary proteome. Among these proteins, six proteins showed
increased in all ten urine samples after coffee intake and five proteins
showed decreased. All differential proteins were searched against the
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Urinary Protein Biomarker Database,!! one protein has been reported
as candidate biomarkers of bladder cancer.!?

Eleven differentially expressed proteins were analyzed using
the IPA tool to assess their association with important biological
functions. The canonical pathway analysis demonstrated that protein
changes were highly associated with Hepatic fibrosis/ hepatic stellate
cell activation, Glycolysis and Inhibition of matrix metalloproteases
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Figure 3 Effect of instant coffee on urinary ions.
A.The urinary Na; B.The urinary K; C:The urinary Cl; D.The urinary Cr.
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Figure 4 SDS-PAGE analysis of urinary protein samples.
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signaling (Figure 5A). Metalloproteinase inhibitor 2 (TIMP2), involved
in renal tubular epithelial cell cycle arrest in acute kidney injury, play a
significant role in several pathways,'® such as Hepatic fibrosis/ hepatic
stellate cell activation, Inhibition of matrix metalloproteases signaling
and glioma invasiveness signaling. 14-3-3 protein gamma (YWHAG)
also involved in several canonical pathways, such as cell cycle: G2/M
DNA damage checkpoint regulation, ERKS signaling, Myc mediated
apoptosis signaling and HIPPO signaling.
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M: Protein marker; B1-6: Urinary protein samples before coffee intake; Al-6: Urinary protein samples after coffee intake.
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Figure 5 Functional analysis of the protein changes induced by acute coffee intake.

A. Canonical pathways.The y axis shows the negative log of the p value. B. YWHAG network.

Table I Changed proteins after acute coffee intake

Accession Protein name Fold change P value Candidate biomarkers of diseases
Q5T5)6 Transcriptional protein SWTI 1.89 0.019 None

B4DR69 Neuronal PAS domain-containing protein | 0.49 0.05 None

PO7711 Cathepsin LI 0.66 0.01 None
P17858-2 Isoform 2 of 6-phosphofructokinase, liver type 0.48 0.046 None

P20908 Collagen alpha- 1 (V) chain 1.95 0.026 None

P16989 DNA-binding protein A 0.53 0.041 None
Ql4l61-8 Isoform 8 of ARF GTPase-activating protein GIT2 2.01 0.037 None

P61981 14-3-3 protein gamma 0.45 0.041 None
F5GWYS5 Podocalyxin 1.55 0.017 None

P16035 Metalloproteinase inhibitor 2 1.54 0.042 Bladder cancer
B7ZB63 ADP-ribosylation factor 3 1.6 0.043 None

The networks analysis showed that the cellular movement,
growth and proliferation network were mostly affected (Figure 5B).
YWHAG which is critical for maintaining cellular homeostasis,
signal transduction and various pathophysiological processes,'*" is a
core component of this networks. In this networks, ADP-ribosylation
factor 3 and Isoform 8 of ARF GTPase-activating protein which
involve in energy metabolism, are related to YWHAG.

Compared with the effects of prazosin, aspirin, or pentobarbital
sodium on urine proteome,'*!'® the protein changes in this study were
substantially different. Changes in urine proteome may be caused

by many different confounding factors, such as gender,” diet?*® and
exercise,”! which indicates that the regulation of urinary proteins is
complicated. In order to search for potential biomarkers which are truly
associated with disease states or physiological variations, analyzing
the effects of confounding factors on urine proteome is necessary.
Based on current identification technology and quantitation strategy,
the effects of acute coffee on urine proteome may not big enough.
When animal models were used, the interference of confounding
factors can be minimize and the association of urinary proteins with
coffee may be more directly.?
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Table S| Proteins identified from urine

Biological Technical Identified
Group .
repeat repeat proteins
| 929
Bl
2 945
1.00 1281
B2
2 1321
1.00 1,270
B3
2.00 1,330
| 1268
B4
2 1218
| 1284
B5
2 1352
Before group
| 1267
B6
2 1394
| 1287
B7
2 1367
| 1008
B8
2 1054
| 1244
B9
2 1313
| 1241
BIO
2 1293
| 864
Al
2 846
| 1405
A2
2 1445
| 1200
A3
2 1222
| 119
A4
2 1149
| 1246
A5
2 1266
After group
| 1197
A6
2 1211
| 1097
A7
2 1131
| 1210
A8
2 1815
| 1280
A9
2 1293
| 1029
AlO
2 1041

Copyright:
©2017 Nietal. 49

Conclusion

In this study, the effects of acute coffee intake on the urine
proteome were analyzed by label-free quantitative proteomics. A total
of 11 proteins were found to be significantly altered, and one protein
has been previously reported as candidate disease biomarker. Based
on current identification technology and quantitation strategy, acute
coffee intake may be able to affect the urine proteome and disturb
urinary biomarker research. Thus, when using clinical samples, the
effect of coffee should be taken into consideration.
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