Investigation of serum biomarkers in primary gout patients
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Abstract
Objective
Primary gout is a major disease that affects human health; however, its pathogenesis is not well known.
The purpose of this study was to identify biomarkers to explore the underlying mechanisms of primary gout.

Methods
We used the isobaric tags for relative and absolute quantitation (iTRAQ) technique combined with liquid
chromatography-tandem mass spectrometry to screen differentially expressed proteins between gout patients and
controls. We also identified proteins potentially involved in gout pathogenesis by analysing biological processes,
cellular components, molecular functions, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways and
protein-protein interactions. We further verified some samples using enzyme-linked immunosorbent assay (ELISA).
Statistical analyses were carried out using SPSS v. 20.0 and ROC (receiver operating characterstic) curve analyses were
carried out using Medcalc software. Two-sided p-values <0.05 were deemed to be statistically significant for all analyses.

Results
We identified 95 differentially expressed proteins (50 up-regulated and 45 down-regulated), and selected nine proteins
(a-enolase (ENOA), glyceraldehyde-3-phosphate dehydrogenase (G3P), complement component C9 (CO9), profilin-1
(PROF 1), lipopolysaccharide-binding protein (LBP), tubulin beta-4A chain (TBB4A), phosphoglycerate kinase (PGK1 ),
glucose-6-phosphate isomerase (G6PI), and transketolase (TKT)) for verification. This showed that the level of TBB4A
was significantly higher in primary gout than in controls (p=0.023).

Conclusion
iTRAQ technology was useful in the selection of differentially expressed proteins from proteomes, and provides a
strong theoretical basis for the study of biomarkers and mechanisms in primary gout. In addition, TBB4A protein
may be associated with primary gout.
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Introduction

Primary gout is an innate immunoreac-
tive arthritis based on hyperuricaemia,
which is stimulated by the deposition of
monosodium urate crystals (MUS) in
joints and connective tissue (1). Epide-
miological studies have shown that the
prevalence of primary gout and hyperu-
ricaemia is rapidly increasing world-
wide (2). The incidence of primary gout
is 1.1% from 2000 to 2014 in inland
China, while that of hyperuricaemia is
13.3% (3).

Life science research has entered the
genomic era, so isobaric tags for rela-
tive and absolute quantitation (iTRAQ),
with its characteristic high sensitivity,
good reproducibility, and wide detec-
tion range, is a suitable technique to
screen and identify proteins using a
high-throughput approach (4-6). The
objective of this study was to identify
potential serum biomarkers of prima-
ry gout using iTRAQ combined with
liquid chromatography-tandem mass
spectrometry (LC-MS / MS) technol-
ogy and to conduct additional experi-
ments using enzyme-linked immuno-
sorbent assay (ELISA) to verify the dif-
ferentially expressed proteins identified
in primary gout. Furthermore, we will
focus on the pathogenesis pathways to
explore the underlying mechanisms of
primary gout.

Materials and methods

Screening of differentially

expressed proteins

e Populations and clinical data

A total of 30 patients with primary
gout and 30 controls were selected
from Ningbo No. 2 Hospital, China be-
tween January 2015 and January 2016.
The diagnosis of primary gout was in
accordance with the ACR/EULAR
primary gout classification criteria in
2015 (7). Controls had no history of
autoimmune diseases, including pri-
mary gout, or cancer, haematopathy,
hypertension, hepatopathy, nephropa-
thy, diabetes, hyperlipidaemia, or other
metabolic diseases.

All participants were unrelated Chinese
Han male individuals who provided
their written informed consent to par-
ticipate. This experiment was approved
by the Ethics Committee of Ningbo No.

2 Hospital, Ningbo University School
of Medicine, and obeyed the ethical
guidelines of the Declaration of Helsin-
ki. Personal information and laboratory
data, including age, sex, alanine ami-
notransferase (ALT), aspartate transam-
inase (AST), creatinine (CREA), uric
acid (UA), glucose (GLU), total cho-
lesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), triglyc-
eride levels (TG), and white blood cell
(WBC) count were recorded by experi-
enced rheumatologists.

e Protein sample preparation
and iTRAQ labelling

Serum was extracted from peripheral
blood stored in coagulant tubes within
6 h of collection, and kept at 80°C. Pa-
tients and controls were randomly divid-
ed into three groups: A1-A3 for the pa-
tients and B1-B3 for the controls. Serum
albumin and immunoglobulin G were
removed from blood samples using the
ProteoExtract™ Albumin/IgG Removal
Kit (Calbiochem, San Diego, CA).
Cysteine-blocking reagent was added
to 100 pg of each protein sample to
block disulfide bonds. The samples
then underwent trypsin digestion, and
the digested peptides were collected.
iTRAQ reagent was added to each tube
and incubated at room temperature for
2 h.Isotopes of 113, 114, 115, 116, 117,
and 118 were separately labelled Al,
A2, A3, Bl1, B2, and B3, respectively.
Tubes were vortexed to mix, then cen-
trifuged and the solution collected.

* Two dimensional LC-MS/MS analysis
Reversed-phase LC (RPLC) was carried
out on the Agilent 1200 HPLC System
(Agilent Technologies, China) using
the following parameters: narrow-bore
2.1*%150 mm 5 pm, with 215 nm and 280
nm UV detection. The first segment was
collected at the 8th minute, and then seg-
ments were collected at 1 min intervals
for the 9"-51* minutes. Three or four
segments were mixed together to give a
total of 10 segments. Online nano-RPLC
used the EksigentnanoLC-Ultra™ 2D
System (AB Sciex, Framingham, MA).
Data acquisition was performed using
the Triple TOF 5600 System (AB Sciex,
Framingham, MA).
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Table I. Demographic and clinical data of participants in screening tests.

e Bioinformatics analysis

Trusted protein screening criteria were
as follows: unused >1.3 and unique
peptide =1. Invalid values and counter
library data were removed. Differen-
tially expressed protein screening cri-
teria were as follows: fold-change, 1.2
times; p-values <0.05 were considered
significantly different following #-test
analysis of data conducted in triplicate.
Results were shown on volcanic graphs.
The functions of differentially ex-
pressed proteins were analysed through
the Database for Annotation, Visualisa-
tion and Integrated Discovery (DAVID)
and QuickGO database by Gene On-
tology (GO), including biological pro-
cesses (BP), cellular components (CC),
and molecular function (MF). Results
were shown on bar graphs. KEGG path-
ways were analysed using the KEGG
database. The analysis of protein—pro-
tein interactions (PPI) was performed
through the STRING database.

Verification of differentially

expressed proteins

* Populations and clinical data
Primary gout patients (42 cases) and
controls (42 cases) were selected from
Ningbo No. 2 Hospital, China between
January 2015 and January 2016. The
rest is the same as part of 1.1.

e Serum sample preparation and ELISA
An ELISA assay kit (Shanghai En-
zyme-linked Biotechnology Co., Ltd.,
China) was used to measure differen-
tially expressed protein levels. Periph-
eral venous blood (5 ml) was collected
into coagulation tubes, and then the
upper serum layer was extracted after
6 h and stored at -80 °C. Different con-
centrations of standard (50 pL) were
added into standard wells, 10 pL of test
sample and 40 pL sample dilution buff-
er were added into sample wells and
nothing was added to blank wells, then
100 pL of detection antibody labelled
with horseradish peroxidase (HRP)
was added to all wells. The wells were
sealed with sealing film and the plate
was placed at 37°C in a water bath for
60 min. The liquid was discarded and
each well was washed with washing so-
lution five times. Then, 50 uL of each of
substrates A and B was added and incu-
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Characteristic Gout (n=30) Control (n=30) p-value
Age (years) 51.50 + 13.62 33.60 + 6.97 <0.0001
ALT (IU/L) 36.75 = 31.94 28.80 +9.61 0.198
AST (IU/L) 23.00 =9.01 23.60 +4.12 0.743
CREA (umol/L) 8140 + 16.52 75.08 +9.41 0.083
UA (umol/L) 424 81 + 157.63 351.35 £ 61.02 0.025
GLU (mmol/L) 6.17 £ 2.10 497 +0.28 0.003
TC (mmol/L) 545 £1.23 464 +0.52 0.009
HDL-C (mmol/L) 1.35 £0.31 1.50 +0.28 0.077
LDL-C (mmol/L) 2.78 +0.95 2.67 +043 0.618
TG (mmol/L) 271 £2.54 1.04 +£0.37 0.007
WBC (x10°/L) 10.67 +3.92 690 + 1.64 <0.0001

ALT (alanine aminotransferase); AST (aspartate transaminase); CREA (creatinine); UA (uric acid);
GLU (glucose); TC (total cholesterol); HDL-C (high-density lipoprotein-cholesterol); LDL-C (low-
density lipoprotein-cholesterol); TG (triglyceride); and WBC (white blood cell count).

bated at 37°C for 15 min in the dark, 50
pL of stop solution was added and the
OD value of each well was measured at
450 nm by a microplate reader.

e Detection of total protein

A bicinchonininc acid (BCA) protein as-
say kit (Shanghai Bo-Yuan Biological
Technology Co., LTD., China) was used
to measure protein levels; 25 pL of A-G
bovine serum albumin standard or pro-
tein sample to be tested was added into
wells of a 96-well plate in triplicate. A
200 pL aliquot of BCA working solution
was added to each well, which was then
covered. After incubation at 37°C for 30
min, the absorbance was measured at
540-590 nm with a microplate.

Statistical analyses

Statistical analyses were carried out
using SPSS v. 20.0 (SPSS Inc., Chi-
cago, IL). Continuous variables were
evaluated as meanszstandard deviation
(SD), and the Student’s ¢-test was used
to assess differences in clinical data.
Medcalc software was taken to carry
on ROC curve analysis. Two-sided p-
values <0.05 were deemed to be statis-
tically significant for all analyses.

Results
Screening of differentially
expressed proteins
e Participant demographic

and clinical characteristics
All participants’ clinical information
data and p-values are listed in Table 1.
Comparative analysis suggested that
the variables of ALT, AST, CREA,

HDL-C, and LDL-C had no statistical
difference, while variables of age, UA,
GLU, TC, TG and WBC count were
significantly different among these two
groups (p<0.05).

* Mass spectrometry analysis

A total of 369 proteins were quanti-
fied, of which 95 were differentially
expressed in primary gout populations
(50 up-regulated and 45 down-regulat-
ed) compared with controls (Supple-
mentary Table).

* Bioinformatics analysis

The biological functions of these 95
differentially expressed proteins were
analysed by DAVID and the QuickGO
database, revealing three main gene on-
tologies: 1) 93 proteins (97.9%) were
associated with biological processes,
involving up to 2454 types of functions;
of these, 1336 dominant functions were
mainly involved in trauma, stress re-
sponse, and coagulation; 2) 95 proteins
(100%) were associated with the cellu-
lar component, involving 312 types of
functions; of these, 138 dominant func-
tions were mainly extracellular-related;
3) 95 proteins (100%) had 385 types of
molecular functions; of these 186 were
different, with protein binding being
the main function. Table II listed the top
20 entries enrichment analysed by the
three categories of enrichment analysis
of biological processes, cell localisation
and molecular function.

A total of 95 proteins (100%) were as-
sociated with 91 signalling pathways in
the KEGG database, of which 24 dif-
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Table II. The figure listed the top 20 categories of biological processes, cellular components and molecular function.

Biological process

Cell component

Molecular function

Response to wounding
Response to stress

Wound healing

Haemostasis

Response to stimulus
Phagocytosis

Blood coagulation

Coagulation

Regulation of biological quality
Regulation of body fluid levels
Vesicle-mediated transport
Defense response

Endocytosis

Immune system process
Single-multicellular organism process
Platelet activation

Multicellular organismal process
Response to external stimulus
Biological regulation

Immune response-regulating cell surface receptor

extracellular organelle
extracellular vesicle
extracellular membrane-bounded organelle
extracellular exosome
extracellular region part
extracellular region
membrane-bounded vesicle
vesicle

extracellular space

blood microparticle

focal adhesion

cell-substrate adherens junction
cell-substrate junction
membrane-bounded organelle
adherens junction

anchoring junction

organelle

cytosol

cell junction

cell leading edge

protein binding

actin binding

enzyme binding

peptidase regulator activity
endopeptidase inhibitor activity
endopeptidase regulator activity
peptidase inhibitor activity

identical protein binding

enzyme regulator activity
cytoskeletal protein binding

enzyme inhibitor activity

antigen binding

serine-type endopeptidase inhibitor activity
protein complex binding

quaternary ammonium group binding
molecular function regulator
macromolecular complex binding
alcohol binding

ammonium ion binding

antioxidant activity

Table III. Signalling pathway analysis of differentially expressed proteins.

Pathway ID Pathway name Associated proteins

hsa04610 Complement and coagulation cascades ANT3|,KLKB1|,FA5],C0O91,F13B|, CO4B1
hsa04810 Regulation of actin cytoskeleton GELS|, VINC1,ACTB1,ACTN11, COF11, PROF11, MOES?T, ACTG?
hsa05132 Salmonella infection ACTB1?, PROF11,LBP|,ACTG?T, RAB7A?

hsa05130 Pathogenic Escherichia coli infection ACTB1, 1433Z1, TBB4A1, ACTG?

hsa05146 Amoebiasis VINC?T, CO91,ACTNI11, ILEUT, RAB7AT

hsa04145 Phagosome ACTB1?,COR1A?T, TBB4A1,ACTGT,RAB7AT, FCG3A |
hsa05131 Shigellosis VINC?,ACTB?, PROF11,ACTG?

hsa01200 Carbon metabolism ENOA1, G3P1, PGK11, G6PIT, TKT?

hsa00010 Glycolysis / Gluconeogenesis ENOAT, G3P1, PGK11, G6PIT

hsa04670 Leukocyte transendothelial migration VINC?T,ACTB1,ACTN11, MOES?T, ACTG?

NOTE: 1 represents up-regulated proteins; | represents down-regulated proteins.

PGK1

—___HIF-1 signaling pathway

Biq;yptﬁféé’ié of amino acids
Carbion metabiolis m

BCHE

COTLL ™~

O
LSS
| GV

Leukocyte transendothelial migration }EIJIKBI CAPZB Glycolysis / Gluconeogenesis

PIGR HBA1

_-=~" Complement-and coagulatféh'cascages

- 3 9}
@ \ C4B
9 Fc gamma R-mediated phagocytosis
SERPINCI

Platelet activation

Fig. 1.
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Table IV. Demographic and clinical data of participants in verification tests.

Characteristic Gout (n=42) Control (n=42) p-value
Age (years) 52.62 + 14.82 34.61 £ 7.07 <0.0001
ALT (IU/L) 37.76 + 32.54 2774 £ 9.73 0.234
AST (IU/L) 23.54 + 9.32 23.54 + 3.87 0.756
CREA (umol/L) 81.58 + 16.34 74.12 = 842 0.082
UA (umol/L) 428.82 + 15945 35145 + 62.02 0.028
GLU (mmol/L) 6.34 + 2.12 509 + 0.32 0.008
TC (mmol/L) 540 + 1.34 473 + 0.56 0.017
HDL-C (mmol/L) 1.34 + 0.30 148 + 0.23 0.070
LDL-C (mmol/L) 277 £ 1.73 2.63 + 0.53 0.763
TG (mmol/L) 273 + 2.58 1.08 + 0.42 0.011
WBC (x10%/L) 10.76 + 397 692 + 1.67 <0.0001

Table V. Comparison of differential proteins between primary gout group and healthy control

group.

Proteins Primary gout (n=42) Healthy control (n=42) p-value
ENOA 5.6 (29,10.1)*10* 50 (3.1,74)*10* 0.569
G3P 52 (4.0,8.6)*10° (6.3 £ 3.6)*107 0.634
CO9 (5.6 £2.8)*10* (5.8 £2.4)*10* 0.676
PROF1 (2.8 £0.8)*10° (2.7 £ 0.6)*10° 0.592
LBP (7.6 £1.6)*10° (7.5 £ 1.1)*10°® 0.749
TBB4A (8.0 £2.3)*107 (6.9 £2.0)*107 0.023
PGK1 (22 £0.5)*10°® (22 £04)*10°® 0.992
G6PI 24 £0.5)*10” (24 £0.5)*10” 0.707
TKT (1.3 £0.2)*10° (1.3 £0.2)*10° 0.791

Note: The data in the table is the difference in protein content/total protein (100%)

fered significantly from each other. The
top 10 significant pathways and their
related proteins were listed in Table III.
Figure 1 showed the analysis of these
protein-protein interactions through
the STRING database.

After biological analysis (including BP,
CC, MF, KEGG pathways and PPI),
we found a-enolase (ENOA), glycer-
aldehyde-3-phosphate dehydrogenase
(G3P), complement component C9
(CO9), profilin-1 (PROF1), lipopol-
ysaccharide-binding protein (LBP),
tubulin beta-4A chain (TBB4A), phos-
phoglycerate kinase (PGK1), glucose-
6-phosphate isomerase (G6PI), and
transketolase (TKT) were shown to
play an important part in the pathogen-
esis of primary gout.

Verification of differentially

expressed proteins

e Participant demographic

and clinical characteristics

Table IV showed all patients and con-
trols’ clinical information. And analy-
sis also suggested that the variables of
ALT, AST, CREA, HDL-C, and LDL-
C had no statistical difference, while
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variables of age, UA, GLU, TC, TG
and WBC count were significantly dif-
ferent between patient group and con-
trol group (p<0.05).

e Comparison of protein
expression levels

The level of each protein in the serum
is expressed by the concentration of the
protein divided by the concentration of
the total protein. The level of TBB4A
protein in primary gout samples was
(8.0£2.3) x 107, while in the healthy
controls it was (6.9+£2.0) x 10”7 and the
difference was statistically significant
(p=0.023). However, the difference in
levels of the other proteins between the
two groups was not statistically signifi-
cant (p>0.05; listed in Table V).

* ROC curve analysis

The ROC curve showed that the level
of TBB4A protein predicted the sta-
tus of primary gout with low accuracy
(AUC (area under roc curve) = 0.649,
p=0.0142). The sensitivity (SE) and
specificity (SP) were 0.45 and 0.86, re-
spectively, when the critical value was
more than 9.21.

Discussion

The concept of the proteome was first
proposed by two Australian academics
in 1994, and refers to all proteins ex-
pressed in a biological entity or cell at
a specific period of time and in a spe-
cific space (8, 9). iTRAQ technology
is particularly useful for the study of
proteomics. iTRAQ reagents comprise
a binding group, a reporter group, and
a balance group. Lysine side chains or
N-terminal peptides can be tagged to
the protein, which are then detected by
mass spectrometry. This enables the
identification of an unknown protein
by qualitative and quantitative analysis,
and the technique successfully over-
comes the disadvantages of two-dimen-
sional gel electrophoresis (2DE) tech-
nology including its time-consuming
and laborious nature, and poor repeat-
ability (10-12).

Previous studies have applied iTRAQ
technology to screen out potential bio-
markers of diseases such as osteoar-
thritis, rheumatoid arthritis, and cancer
(13-15). Fan et al. used iTRAQ tech-
nology to identify differentially ex-
pressed proteins between cervical can-
cer and normal tissue, and suggested
that G6PD, aldehyde dehydrogenase
3A1, signal transducer and activator of
transcription 1, and heat shock protein
beta-1 are potential proteins to target
in cervical cancer treatment (16). De
Seny et al. also identified differentially
expressed proteins associated with os-
teoarthritis (V65 vitronectin, C3F pep-
tide, CTAP-III, and M / Z3762 protein)
using this approach (17).

The cause of primary gout is a disorder
of purine metabolism and/or poor uric
acid excretion combined with joint in-
flammation and loose connective tissue
caused by MUS (18, 19). However, its
pathogenesis is not clear. Proteomics
analysis gives an overall view of pro-
tein expression levels and filters out
those proteins that are differentially
expressed between cases and controls.
Our study detected 95 differentially ex-
pressed proteins between the primary
gout and control groups, and found 9
proteins (ENOA, G3P, CO9, PROFI,
LBP, TBB4A, PGK1, G6PI and TKT)
were closely related to the pathogen-
esis of primary gout by bioinformatics
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analysis. ENOA, G3P, PGK1, G6PI and
TKT played a key role in glucose me-
tabolism; CO9 played an important role
in the inflammatory response; TBB4A,
PROF1 and LBP were important com-
position of cells. This study confirmed
that TBB4A protein in primary gout pa-
tients was more highly expressed than
control group.

Microtubules, which consist of hetero-
dimer of a-tubulin and B-tubulin and a
small number of microtubule-binding
proteins, are a major component of the
cytoskeleton. Microtubules have the
dual kinetic properties of polymerisa-
tion and depolymerisation, and play a
major part in maintaining cell morphol-
ogy, signal transduction, cell division,
and substance transport. The B-tubulin
subunit is divided into seven 3-isotypes
(B-1, B-11, B-III, B-IVa, B-IVb, B-V and
B-VID) (20, 21).

A study reported in Nature showed
that microtubules are specifically in-
volved in the activation of the NALP3
inflammasomes (22). And NALP3
inflammasomes is a major driver of
various autoimmune and autoimmune
diseases, including gout, rheumatoid
arthritis and lupus (23). Endogenous
ASC is localised to mitochondria, the
cytoplasm and the nucleus under rest-
ing conditions, while endogenous
NALP3 is mainly located in the endo-
plasmic reticulum. During the activa-
tion of NALP3 mitochondria gradually
approach the endoplasmic reticulum,
leading to co-localisation of ASC on
mitochondria with NALP3 inflammas-
omes on the endoplasmic reticulum. In
addition to direct activation of NALP3
inflammation through outflow of reac-
tive oxygen species and K*, a neces-
sary condition of NALP3 inflammatory
activation is the microtubule-mediated
proximity of ASC to NALP3 inflam-
masomes. Colchicine inhibits the trans-
port of mitochondria, thus blocking the
ASC approach to NALP3 inflammas-
omes. Therefore, the use of colchicine
could effectively inhibit the activation
of NALP3 inflammasomes and reduce
the level of mature IL-1P during acute
primary gout caused by MSU (24-25).
TBB4A protein ($-IVa) is a type of
B-tubulin, and the level of TBB4A
protein in the primary gout group was
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significantly higher than the healthy
control group. The primary gout pa-
tients also had more NALP3 inflamma-
tory activation and released more ma-
ture IL-13. However, the mechanism
regulating TBB4A protein expression
in peripheral blood is still unknown.
It may involve single nucleotide poly-
morphisms (SNPs) or epigenetics of the
gene TUBB4A (26,27) and further study
is needed to elucidate this. Futhermore,
it may help us to foster new treatments
according to the high level of TBB4A
protein in gout patients.

The proteins in the peripheral serum
of primary gout patients were screened
by iTRAQ technology combined with
liquid chromatography-tandem mass
spectrometry. The levels of the above
nine proteins were different between
the primary gout group and the healthy
control group. However, the results
were not the same when these proteins
were examined in a larger number of
samples and only the level of TBB4A
was different between the two groups.
This may be related to the following
reasons:

1. Selection bias — the selected samples
were different between screening tests
and verification tests;

2.1 TRAQ combined with LC-MS / MS
technology had higher sensitivity than
ELISA technologys;

3. the larger the sample number, the
higher the accuracy. Therefore, it will
be necessary to increase sample sizes
when undertaking further analyses of
these proteins in the future.

ROC curves are usually used to identify
the effects of diagnostic indicators of
disease and to find the best diagnostic
critical value (28, 29). An AUC range
from 0.5 to 0.7 means a lower accuracy,
while a range of 0.7 to 0.9 means high-
er accuracy and more than 0.9 means
the highest accuracy. In other words,
the closer the AUC is to 1, the better
the diagnostic value. In our research,
ROC curve analysis result showed that
TBB4A protein had lower accuracy
for diagnosis of primary gout. When
the level of TBB4A protein was more
than 9.21, the sensitivity and specificity
were maximal at the same time.

In summary, 369 proteins were differ-
entially screened by iTRAQ combined

with LC-MS/MS technology. TBB4A
was confirmed as a differentially ex-
pressed protein between primary gout
and control groups in a larger sample
using ELISA technology. This pro-
tein may play an important role in the
pathogenesis of primary gout but fur-
ther studies to elucidate the regulatory
mechanism of TBB4A protein expres-
sion in peripheral blood are required.
And, it may also help us to find out
novel treatments of gout.
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