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Abstract

of gout (RG), AHU patients, and healthy controls.

(n =7) and healthy controls (n =8).

of gout process.
Trial registration: This study is not a clinical trial.

Background: Goutisa common and complex form of immunoreactive arthritis based on hyperuricemia, while the
symptoms would turn to remission or even got worse. So, it is hard to early identify whether an asymptomatic hyper-
uricemia (AHU) patient will be susceptible to get acute gout attack and it is also hard to predict the process of gout
remission to flare. Here, we report that the plasma proteins profile can distinguish among acute gout (AG), remission

Methods: We established an isobaric tags for relative and absolute quantification (iTRAQ) and parallel reaction
monitoring (PRM) based method to measure the plasma proteins for AG group (n =8), RG group (n =7), AHU group

Results: Eleven differentially expressed proteins such as Histone H2A, Histone H2B, Thrombospondin-1 (THBST),
Myeloperoxidase (MPQO), Complement C2, Complement component C8 beta chain (C8B), Alpha-1-acid glycoprotein

1 (ORM1), Inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4), Carbonic anhydrase 1 (CAT1), Serum albumin (ALB) and
Multimerin-1 (MMRN1) were identified. Histone H2A, Histone H2B and THBS1 might be the strongest influential regu-
lator to maintain the balance and stability of the gout process. The complement and coagulation cascades is one of
the main functional pathways in the mechanism of gout process.

Conclusions: Histone H2A, Histone H2B and THBS1 are potential candidate genes for novel biomarkers in discrimi-
nating gout attack from AHU or RG, providing new theoretical insights for the prognosis, treatment, and management

Keywords: Gout, iTRAQ, PRM, Histone H2A, Histone H2B, THBS1

Introduction

Gout is an inflammatory arthritis caused by the deposi-
tion of monosodium urate (MSU) crystals in the joints,
accompanied by severe pain, which has increasingly
affected human health and reduced the living stand-
ard [1, 2]. Traditionally, there is a potential relationship
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between the occurrence of gout and the increase of uric
acid (UA) in blood. A number of epidemiological have
demonstrated recently that the incidence of hyperurice-
mia in Chinese main land is 13.3%, while the gout is
1.1%, and the trend is still on the rise synchronously [3,
4]. Gout attacks not only can destroy joint tissues pro-
gressively, but also result in a few comorbidities such as
chronic kidney disease, cardiovascular disease and meta-
bolic syndrome [5].

Clinically, serum UA levels in many patients with
acute gout (AQG) are similar to those in asymptomatic
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hyperuricemia (AHU), about 7% of patients with AG
automatically enter to remission period, so it is extremely
tough to predict the acute attack of gout by serum level
of UA [5]. So, exploring differentially expressed key pro-
teins associated with gout attacks can help us identify the
different processes of gout as early as possible. However,
given the wide variety of proteins in human blood, how
to screen these proteins with high-throughput precision
is a major challenge.

With the emergence of proteomics technology, isobaric
tags for relative and absolute quantification (iTRAQ), as
one of the most sensitive proteomic quantification tools,
has attracted extensive attention as a research hotspot
to explore the pathogenesis of diseases and predict bio-
markers [6—8]. However, this proteomics doesn’t guar-
antee identification of specific core protein [9]. Parallel
reaction monitoring (PRM) is a novel mass spectrom-
etry method which can distinguish between interference
information and real signals and has the greater selectiv-
ity to detect target protein [10]. Surprisingly, there is a
paucity of iTRAQ and PRM-based literature describing
the impact of expressed proteins on gout process.

Therefore, in this study we attempt to find a number
of up-regulated and down-regulated proteins which can
well distinguish among healthy control, AG, remission of
gout (RG) and AHU based on iTRAQ. Moreover, we plan
to identify proteins functions which may be involved in
the pathogenesis of gout by performing Gene Ontology
functional enrichment analysis and genome encyclopedia
(KEGG) pathway enrichment analysis. Then we will focus
on some interesting proteins to further validate by PRM.

Materials and methods

Blood sample collection

This study was approved by the Ethics Committee of
Shanghai Tenth People’s Hospital. Eligibility criteria
required healthy volunteers to have received: (1) aged
between 18 and 60years; (2) The serum UA levels were
lower than 420 umol/L for a man and 360 pmol/L for a
woman; (3) without any clinically diagnostic severe dis-
eases including but not limited to a tumor, cardiovas-
cular, renal, nervous, digestive and mental disorders.
Eligibility criteria required AHU included: (1) serum lev-
els of UA were both greater than 420 pumol/L for a man
and 360 pmol/L for a woman; (2) without self-reported
history of the acute gout; (3) without receiving medical
treatment; (4) without any other diseases as mentioned
above. The primary patients with AG were diagnosed
in accordance with the ACR/EULAR gout classification
criteria in 2015 [11]. The diagnosis of RG was based on
the Provisional Definition of Remission in 2016 [12].
Informed consent Ethical approval was obtained from all
participants.
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The plasma samples used in this study were the remain-
ing samples of those who were clinically diagnosed in the
Department of Nephrology and Rheumatology of this
hospital as patients with AG, RG and AHU. The samples
were collected for the clinical laboratory test with eth-
ylenediaminetetraacetic acid (EDTA) between January
2018 and December 2019. The collected blood samples
were centrifuged at 1500g for 10 min under room tem-
perature within 1h after collection for the separation of
plasma. After separation, the plasma samples from each
participant were stored at 4°C temporarily till transfer.
The remnant plasma was transferred into a clean Eppen-
dorf tube within 3 h after plasma separation and immedi-
ately stored at — 80°C until analysis.

Protein sample preparation

Forty microliters serum of each sample was acquired
and diluted with 10X Binding Buffer and water. Albu-
min and immunoglobulin G were removed from serum
samples using the ProteoExtract’ Albumin/IgG Removal
Kit. Then the protein samples were re-dissolved with
250uL SDS lysis buffer and centrifuged at 12000g for
15min to remove insoluble particles (repeat once). Pro-
tein concentration was determined by Bradford assay
and aliquoted to store at —80°C. The 10ug proteins of
each sample were acquired and separated by 12% SDS-
PAGE gel. Then the separation gel stained by CCB was
scanned by ImageScanner (GE Healthcare, USA) at the
resolution of 300dpi. Individual 100 pug protein extraction
(equilibrated to 30 uL by lysis buffer) was subjected with
120 pL reducing buffer (10mM DTT, 8 M Urea, 100 mM
TEAB, pH8.0) on 10KDa ultrafiltration tube. liodoacet-
amide was added to the final concentration of 50mM
and reacted at room temperature for 40 min. The filters
were then washed twice using 100 uL dissolution buffer
(300mM TEAB), and then being centrifuged twice at
12000x g for 20 min. After removing urea, proteins were
digested with sequence-grade modified trypsin. The
digested peptides were desalted by C18-Reverse-Phase
SPE Column.

Proteomic analysis by iTRAQ

The peptide mixture was labeled using iTRAQ rea-
gent 8Plex Assay Kit according to the manufacturer’s
instructions (AB Sciex, USA). The iTRAQ labeled
peptides were fractionated by high-pH separation
using Agilent 1260 infinity II HPLC system (buffer
A:10mM HCOONH,, 5% ACN, pH10.0; buffer B:
10mM HCOONH,, 85% ACN, pH10.0). The dried
peptide mixture then loaded onto a column. The
peptides were eluted at a flow rate of 1 ml/min with
a linear gradient of 0% buffer B for 25min, 0-7%
buffer B for 25-30 min, 7-40% buffer B for 30—-65 min,
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40-100% buffer B for 65-70 min, 100% buffer B for
70-85min. The elution was monitored with absorb-
ance at 214nm, and fractions were collected every
1min. The fractions were resuspended and separated
by nanoEasy nLC. The column was balanced with
100% buffer A (0.1% formic acid) and the peptide
mixture were separated from the automatic sampler
to the reversed-phase analytical column (Thermo
scientific, claim PepMap RSLC 50um X 15cm, nano
viper, P/N164943) and separated with a linear gra-
dient of buffer B (80% acetonitrile) at a flow rate of
300 nl/min. The samples separated by chromatogra-
phy were further performed to LC-MS/MS analysis
on a Q Exactive HF Mass spectrometer. All LC-MS/
MS samples were analyzed using Mascot 2.5 soft-
ware and Proteome Discoverer2.1 for protein identi-
fication and quantitative analysis. Spectral data were
searched against a concatenated human reference
library (https://www.uniprot.org/; accessed 5 Decem-
ber 2016) using Proteome Discoverer 2.1, the follow-
ing parameters were set: oxidized methionine (M),
Acetyl (Protein N-term) and deamidation (NQ) were
selected as variable modifications, and carbamidome-
thyl (C) as static modifications; precursor mass toler-
ance 20 ppm; fragment mass tolerance 0.1 Da. Trypsin
was specified as the enzyme, with 2 missed cleavages
permitted. The protein screening criteria for iden-
tification were accepted if they could achieve a false
discovery rate (FDR) less than 1% and differentially
expressed protein were screened with fold-change, 1.2
times; p<0.05. The process of Gene Ontology (GO)
annotation for target proteins was carried out using
Blast2GO. At first, all protein sequences were aligned
to Homo sapiens (see project report) database down-
loaded from NCBI (ncbi-blast-2.2.28 + —win32.exe),
only the sequences in top 10 and E-value<=1e-3 were
kept. Secondly, select the GO term (database version:
go_201504.0bo) of the sequence with top Bit-Score by
Blast2GO. Then, completed the annotation from GO
terms to proteins by Blast2GO Command Line. After
the elementary annotation, InterProScan were used to
search EBI database by motif and then add the func-
tional information of motif to proteins to improve
annotation. Then further improvement of annotation
and connection between GO terms were carried out
by ANNEX. Fisher’s Exact Test were used to enrich
GO terms by comparing the number of DEPs and total
proteins correlated to GO terms. Pathway analysis was
performed using KEGG database. Fisher’s Exact Test
were used to identify the significantly enriched path-
ways by comparing the number of DEPs and total pro-
teins correlated to pathways. KAAS (KEGG Automatic
Annotation Server) software is used to annotate the
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Kyoto Encyclopedia of Genes and Genomes (KEGQ)
pathway of the target protein collection.

Protein validation by PRM analysis

The sample mix was fractionated on an Agilent 1100 liq-
uid chromatograph at pH10. Finally, 10 fractions were
collected, and run in DDA mode to obtain the protein
and peptide list which were used to set up a scheduled
PRM assay. A list of peptides from DDA analysis was pre-
pared for PRM validation (at least 2 peptides per protein).
Samples were loaded onto a precolumn (100 um x 3 cm,
C18, 3um, 150A) and separated on an analytical col-
umn (75pum x 50cm, C18, 3um, 120A) at a flow rate of
5pl/min (buffer A: 2% ACN, 0.1% formic acid, buffer
B: 95% ACN, 0.1% formic acid). A 90 min gradient was
performed as follow: 0~60min, 8-25% B; 60~ 79 min,
25-45% B; 79 ~80min, 45-100% B; 80 ~90min, 100%B.
Peptides were transferred to the gaseous phase with
positive ion electrospray ionization at 2.1kV. For DDA,
the top 10 precursors were acquired between 350 and
1650 m/z, dynamic exclusion of 40's, normalized collision
energy (NCE) of 27. Resolution for MS1 was 120,000,
30,000 for MS2. For PRM, precursors were targeted in
a 1.2m/z isolation window around the m/z of interest.
Precursors were fragmented in HCD mode with NCE
energy of 32. MS/MS was performed at 15000 resolution,
an AGC target of 1e5 and a maximum injection time was
200ms. Spectra were analyzed using Skyline2 with man-
ual validation [13]. The software was used for retention
time alignment, peak detection of peptide fragments and
their quantification. The list of the peptides followed by
PRM is given in the supplementary information.

Statistical analysis

All statistical data were performed with GraphPad soft-
ware (Prism 5, version 5.01; GraphPad software, Inc., San
Diego, Calif), and the results of the quantitative data are
presented as the mean £+ SEM. The data were analyzed by
one-way ANOVA test. A value of p<0.05 was considered
to indicate statistically significant (*, p<0.05; **, p<0.01;
¥ p<0.001).

Result

General characteristic

As shown in Table 1, the proportion of hypertension
group of AG, RG and AHU was more than the group of
CTL. Comparative analysis suggested that the variables
of BUN, TC, TG, ALT, AST and LDL-C had no statisti-
cal difference, while variables of UA, SCr, HDL-C were
significantly different among these four groups (p <0.05).
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Table 1 Baseline characteristics of identified subjects
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Items Control (N=8) Acute Gout (N=28) Gout Remission (N=7) Asymptomatic
Hyperuricemia
(N=7)

Male(n) 2 8 6 6

Age (year) 2838+£197 50.13£3.92% 445747.19 3857+£634

Serum UA (umol/L) 273.0419.90 5503445.17%** 498.1 £55.78** 509.2419.53%**

SCr (umol/L) 59.86 £ 5.60 86.44+£6.92 106.8419.84* 107.5412.09%

BUN (mmol/L) 449+£024 480+041 540+1.14 5934053

TC (mmol/L) 481+0.13 421+£031 400+021 464+039

TG (mmol/L) 0.7440.05 1844037 1804022 2334+067%

HDL-C (mmol/L) 1.80£0.10 0954 0.075*** 0.98 £0.08*** 1.18 £0.14%**

LDL-C (mmol/L) 2424008 2424025 22840.26 2644038

Hypertension(n) 0 3 3 2

Data present mean £ SD (minimum-maximum)

UA Uric acid, SCr The serum level of creatinine, BUN Blood urea nitrogen, TC Total cholesterol, TG Total glycerides, HDL-C High-density lipoprotein cholesterol, LDL-C

Low-density lipoprotein cholesterol

P values were calculated by using 2 test for gender, hypertension and one-way ANOVA test for others (¥, p <0.05; **, p<0.01; ***, p<0.001)

Proteomic differences detected by iTRAQ

Identify differentially expressed proteins (DEPs)

By iTRAQ proteomic analysis, a total of 9876 with unique
peptides or polypeptide segments corresponding to 947
proteins were identified among AG, RG, AHU patients,
and healthy controls (Table S1). Compared with CTL,
we totally found 84 DEPs in the AG group, of which 63
proteins were up-regulated and 21 proteins were down-
regulated. Compared with the CTL, we totally found 94
DEPs in the RG group, of which 32 proteins were up -reg-
ulated and 62 proteins were down-regulated. Compared
with the CTL, in AHU group, we totally found 92 DEPs,
of which 52 proteins were up-regulated and 40 proteins
were down-regulated. Compared with the AG, in the
AHU, we totally found 69 DEPs, of which 21 proteins
were up-regulated and 48 proteins were down-regulated.
The differential proteins in the clustering heat map were
shown in Fig. 1.

Gene ontology (GO) functional annotation analysis

To analyze the associated functions of the proteomics
profiles in four groups, the DEPs underwent GO func-
tional annotation based on Blast2GO software. Using
Fisher’s exact test method, result of GO functional enrich-
ment analysis could reveal the main biological processes
(BP), cellular components (CC), and molecular func-
tion (MF) involved in DEPs in different groups (Fig. 2).
According to the GO analysis, we found that in terms of
biological processes, these proteins were mainly involved
in lipid metabolism, endocytosis, vesicle-mediated trans-
port, receptor-mediated endocytosis, anion transport,
negative regulation of proteolysis, negative regulation of
cell metabolic process, and negative regulation of catalytic

activity. In terms of cell localization, these proteins were
mainly located in extracellular space, blood microparti-
cles, high-density lipoprotein particles, triglyceride-rich
lipoprotein particles, and low-density lipoprotein par-
ticles. Significant changes occurred in some molecular
functions like binding of lipid substances, lipid transport
activity and peroxidase activity.

Kyoto encyclopedia of genes and genomes (KEGG) analysis
of DEPs
In order to classify the functional annotations of the
identified proteins, pathway analysis of DEPs was mainly
conducted by KEGG analysis (Tables S2, S3, S4 and
S5). The top significant pathways in each comparison
groups were displayed in Fig. 3. Although the KEGG
analysis provides a large number of pathway information
from each comparison groups, the most representative
pathway was peroxisome proliferator activated recep-
tor (PPAR) signaling pathways and alcoholism pathway,
because these two pathways occurred frequently among
four comparison groups. Moreover, interestingly, histone
H2A and histone H2B proteins were seen to be involved
in alcoholism pathways and these two proteins were sig-
nificantly increased in AG, RG and AHU compared with
CTL, but were significantly decreased in AHU compared
with AG (Table 2). This result revealed that histone H2A
and histone H2B proteins may be involved in the core
mechanism of gout onset through alcoholism pathway.
Following this DEPs level trends, more proteins would
be further validated by PRM analysis. Firstly, A venn
diagram including the total DEPs from four comparison
was generated to find the level trends we want. The detailed
information of all proteins obtained from four comparison
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Fig. 1 Cluster heat map of proteomics profiles in four comparison groups. Each row in the figure represents a protein, each column represents a
set of samples. Regions of red or blue indicates that the differentially expressed protein is increased or decreased, respectively. White part represents
there was no change in protein expression. A Cluster heat map of proteomics profiles in AG vs. CTL. B Cluster heat map of proteomics profiles in RG
vs. CTL. C Cluster heat map of proteomics profiles in AHU vs. CTL. D Cluster heat map of proteomics profiles in AHU vs. AG
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groups was presented in Fig. 4. In the venn diagram, 92
DEPs were shared in four comparison groups, which were
significantly increased in AG, RG and AHU compared
with CTL, but were significantly decreased in AHU
compared with AG. Similarly, 53 DEPs were also shared in
four comparison groups if the protein level trends become
down-regulated in AG/CTL, RG/CTL, AHU/CTL, but
up-regulated in AHU/AG. As shown in Fig. S2a, four groups
were clearly separated from each other in PCA plot. Next,
the supervised multivariate statistical method OPLS-DA
was then employed to analyze each group (Fig. S2b~e). We
found that the permutation test for OPLS-DA showed that
the Q2 regression line had a negative intercept. Additionally,
all R2 and Q2 values on the left were lower than the original
points on the right, showing that the OPLS-DA model
in the present study is valid (Fig. S2f~i). A total of 152
significantly DEPs (VIP > 1.0) were all successfully identified
in the group of AG/CTL, RG/CTL and AHU/CTL (Fig. S2j).
Then, 152 DEPs were further screened by a combination of

veen result and protein sequence database searching based
on DDA method. Finally, a list of 40 peptides was prepared
for PRM validation (Table 3). Unfortunately, histone A and
histone B was difficult to identified because its peptide
spectrum matches (PSM) is lower from DDA database.
(only the best scoring peptide to spectrum match for each
LC/MS spectrum is considered as the potential peptide
identification and is taken to the subsequent statistical
validation).

PRM result

The PRM verified data were imported into skyline to check
the peak shape of the target peptide segment and judge the
spectral effect. The peak shape of some peptide segments
was intact and the peak time was within the set retention
time range, indicating the data quality was reliable (Sup-
plementary Figure S1). Forty proteins related to gout pro-
cess were found for PRM further analysis.
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Fig. 2 The GO annotation results of DEPs in four comparison groups. The abscissa represents the GO Level 2 explanatory information, including
biological process (red), molecular function (purple) and cellular component (orange). The ordinate (right) is a representation of the number of
DEPs under each functional classification, and the ordinate (left) represents the percentage of DEPs under each functional classification in the total
number of DEPs. A The GO annotation results of DEPs in AG vs. CTL. B The GO annotation results of DEPs in RG vs. CTL. C The GO annotation results
of DEPs in AHU vs. CTL. D The GO annotation results of DEPs in AHU vs. AG

PRM analysis revealed that 14 proteins were identi-
fied to predict gout process significantly. The results,
as shown in Fig. 5, the level of four proteins (Hyalu-
ronan-binding protein 2, Myeloperoxidase (MPO),
Carbonic anhydrase 1 (CA1), C-reactive protein) were
significantly increased in AG, RG and AHU compared
with the healthy group. Interestingly, these four pro-
teins were also expressed higher in AG than in RG
and AHU. Similarly, the expression levels of Apoli-
poprotein M, Serum albumin (ALB) and Hepatocyte
growth factor activator exhibited a significant reduc-
tion in AG, RG and AHU compared with the healthy
group. And these three proteins were also expressed
lower in AG than in RG and AHU. Alpha-1-acid glyco-
protein 1 (ORM1), Inter-alpha-trypsin inhibitor heavy
chain H4 (ITIH4) and Complement C2 presented
no significant difference among healthy group, RG
patients and AHU patients. However, in AG patients,
the level of these two proteins were significantly lower
than in the rest of three group. The levels of Comple-
ment component C8 beta chain (C8B) in AUR and
AG patients were significantly lower than those of
controls, which resulted in a significantly higher level
in AG patients oppositely. More interestingly, the

changes of Apolipoprotein C-IV and Thrombospon-
din-1 (THBS1) in RG and AHU patients were observed
to increase compared with the healthy group but these
two proteins displayed a significant reduction in AG
patients compared with the healthy group. Finally, the
level of Multimerin-1 (MMRN1) in AG patients was
expressed lowest compared with the group of healthy
control, RG and AHU.

In order to reveal the function of proteins, 40 differ-
ential proteins related to gout process were selected for
protein—protein interaction (PPI) network analysis. By
comparing proteins to STRING, the results showed that
known proteins, such as THBS1, F2, FGA, SERPINF2,
ORM2, ITIH4, ORM1 and MMRNI1, account for a
large weight in the network (Fig. 6). However, com-
bined with the PRM results, THBS1, ITIH4, ORMI,
MMRN1, MPO, CA1, ALB, C8B and Complement C2
were significantly related to gout process. Of all pro-
teins, THBS1 exhibited the strongest regulatory ability
above all others and complement and coagulation cas-
cades performed the strongest regulatory ability above
all pathways due to its higher interconnectedness in the
network. The THBS1 might be the key biomarker to
maintain the balance and stability of the gout process.
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Table 2 List of histone H2A and histone H2B in four comparison groups
Accession Description AG/CTL P-value AHU/CTL P-value RG/CTL P-value AG/AHU P-value
AOAOUTRRH7 Histone H2A 4132 0.005 1.553 0.030 1437 0.003 0.348 0.009
B4DR52 Histone H2B 4.206 <0.001 1.951 0.025 1.913 0.022 0.455 0.004
The Table 1 shows the fold-change and its P-value of histone H2A and histone H2B in four comparison groups. Accession refers to protein numbers in the FASTA

Database. Description refers to the name of protein
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Discussion

In this study, we firstly use iTRAQ approaches in con-
junction with PRM analysis to perform a comprehen-
sive profile of the composition and differentiation of
proteins among AG, RG, AHU and healthy control
group. Eleven key proteins (histone H2A, histone H2B,
THBS1, ITIH4, ORM1, MMRN1, MPO, CAl, ALB,
C8B and C2) were detected among AG, RG, AHU and
control group by combination of iTRAQ and PRM-
based proteomics and bioinformatics analysis.

Among these proteins, histone H2A, histone H2B and
THBS1 might be the strongest influential regulator to
maintain the balance and stability of the gout process and
complement and coagulation cascades is one of the main
functional pathways in the mechanism of gout process. A
growing number of studies have shown that histones can
be released by neutrophil extracellular traps (NETs) for-
mation [14, 15], which exhibit strong inflammatory activ-
ity both in vivo and in vitro. And evidences suggest that
MSU crystals activate infiltrating neutrophils by inducing
to form NETs [16]. Moreover, Neutrophils release mye-
loperoxidase (MPO) from their granules to form NETs in
response to proinflammatory cytokines and MSU crys-
tals which may also accelerate oxidative stress [17]. This

significant correlation between the MPO and histone
related to gout is similar with our established findings
that MPO, histone H2A and histone H2B were signifi-
cantly increased in AG, RG and AHU compared with the
CTL. And we also discover that in RG and AHU group,
MPO expressed lower than in AG group. These differ-
ences can be explained in part that the MPO becomes
inactivated either by its substrate hydrogen peroxide or
its product hypochlorous acid [18, 19]. Interestingly,
thrombospondin-1 (THBS1) exhibited the strongest
regulatory ability by interaction between other proteins
including ITIH4, ORM1, ORM2, MMRNI1, F2, FGA,
SERPINF2, MMP9 (Fig. 6). Several studies stressed that
elevated THBS1 is correlated with increased levels of pro-
inflammatory cytokines in plasma of RA patients through
TGF-B1/TSP-1 axis in vivo and in vitro [20, 21]. How-
ever, the findings of the current study do not support the
previous research. We identified that THBS1 in RG and
AHU patients were observed to increase compared with
the healthy group but displayed a significant reduction in
AQG patients compared with the healthy group. A possible
explanation for this might be that THBS1 is not directly
involved in the course of gout. THBSI is an adhesive gly-
coprotein that mediates cell-to-cell and cell-to-matrix
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Table 3 Selected 40 proteins to be verified by PRM
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Accession Coverage Unique AG/CTL Pvalue HUA/CTL Pvalue RG/CTL P value AG/HUA Pvalue

peptide

Q14520 38 18 117 0.02 1.00 0.94 1.00 0.93 0.86 0.04
095445 62 10 1.30 <0.01 1.15 0.01 1.29 0.10 0.99 091
pPoDJI9 50 4 261 0.13 1.02 091 1.15 036 0.44 0.15
pP23528 45 8 1.52 <0.01 1.37 0.17 142 0.17 0.93 0.70
P14780 23 14 1.50 <0.01 1.04 0.69 1.25 0.02 0.84 <0.01
P55056 30 5 217 <0.01 1.76 <0.01 1.90 <0.01 0.88 0.20
P02768 84 61 051 <0.01 043 <0.01 0.51 <0.01 0.99 084
P00734 56 35 1.04 0.13 1.00 0.96 097 0.29 0.93 0.02
P43652 45 25 0.90 <0.01 0.98 0.12 1.04 0.08 1.16 <0.01
P05160 49 29 1.15 0.01 1.02 049 1.00 0.96 0.87 <0.01
P05546 44 20 097 0.49 1.03 0.65 0.84 0.03 0.87 0.01
P06681 38 22 1.17 0.05 0.89 0.12 098 0.83 0.84 0.02
P02763 51 Nl 1.21 0.19 0.76 0.29 0.72 022 0.60 0.12
P19652 44 10 0.99 0.88 0.59 0.01 0.51 0.01 0.51 0.01
P05164 34 20 215 <0.01 0.95 0.63 1.18 0.30 0.55 0.01
P29401 32 17 091 0.10 0.72 0.02 0.96 0.28 1.06 034
Q9UHG3 34 14 1.22 0.07 1.08 035 1.14 042 093 061
P14625 22 16 1.00 0.98 0.83 0.02 0.79 <0.01 0.79 0.01
P02790 72 33 091 <0.01 098 0.15 092 0.22 1.01 092
P08697 49 22 0.93 0.30 0.95 033 0.94 027 1.01 0.82
Q96PD5 44 17 0.87 0.05 0.90 0.03 0.99 0.93 1.14 0.12
P04278 50 13 0.60 <0.01 0.70 0.01 0.72 003 1.20 0.23
P51884 38 10 0.79 <0.01 0.94 0.04 0.87 0.03 1.10 0.14
P35908 42 15 0.76 032 0.87 0.58 0.88 0.70 1.17 0.56
Q03591 28 1 0.97 0.73 0.99 0.87 0.99 0.81 1.01 0.86
p22352 29 6 0.83 0.02 0.88 0.02 0.87 0.07 1.05 043
Q14624 49 38 1.19 0.22 1.37 0.20 1.15 0.39 0.96 0.80
P05155 31 19 1.01 0.63 1.04 0.60 0.84 0.01 0.83 0.01
P07358 41 18 1.01 0.81 1.00 0.90 1.01 0.78 1.00 098
P07996 29 29 1.59 0.03 1.78 0.01 1.52 0.02 0.96 0.76
P02760 42 11 1.06 0.50 1.10 0.24 1.06 0.50 1.00 0.98
P02671 35 21 1.34 0.04 0.81 0.02 0.92 0.16 0.68 0.02
Q92954 20 23 133 0.02 1.18 0.01 1.13 0.04 0.85 0.10
043866 47 17 1.66 0.02 092 047 1.12 0.09 0.68 0.05
P00915 57 10 1.06 0.63 142 0.22 2.19 0.02 2.06 0.03
Q04756 22 12 1.08 0.09 1.03 0.65 1.01 0.78 094 0.17
P00558 47 13 1.15 0.33 091 048 1.09 0.38 0.95 0.67
Q13201 16 14 1.20 0.08 1.10 034 117 0.19 097 0.76
000187 17 9 1.18 0.06 0.97 0.70 1.09 0.23 0.93 0.01
P02741 23 5 1.73 0.11 0.71 032 1.35 041 0.78 041

The table shows the fold-change and its P-value of 40 selected proteins from iTRAQ data in four comparison groups. Accession refers to protein numbers in the FASTA
Database. Coverage refers to the percentage of the protein sequence covered by identified peptides. Unique Peptides refers to the number of peptide sequences

unique to a protein group

interactions [22]. So THBS1 negatively regulates disease
by acting indirectly on other gout related proteins. How-
ever, more research on this topic needs to be undertaken
before the association between THBS1 and gout pro-
cess is more clearly understood. Furthermore, evidences

from PPI analysis indicated that complement component
C8 beta chain (C8B) and complement C2 is involved in
complement and coagulation cascades which plays a key
role in the innate and adaptive immune response. There-
into, C8B mediates the interaction of C8 with the C5b-7
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complex to form membrane attack complex (MAC) [23].
As an intrinsic constituent of the classical activation
pathway, complement C2 is involved in the formation
of C3 convertase and C5 convertase and later compo-
nents of the complement cascade further form the MAC
[24]. Specifically, MSU crystals promote inflammation
by providing a surface for cleavage of C5 and forma-
tion of MAC, culminating in secretion of cytokines and
chemokines with a dramatic influx of neutrophils into
the joint [25]. Further work needs to be done to establish
how C8B and Complement C2 regulate gout process by
complement and coagulation cascades.

In addition, several of the other proteins we identified
have certain potential biomarker capabilities. Alpha-
1-acid glycoprotein 1 (ORMI1) and Inter-alpha-trypsin
inhibitor heavy chain H4 (ITIH4) present same expres-
sion level trend in PRM result. ORM1 and ITIH4 are

two remarkable acute-phase inflammatory response
proteins [26, 27]. A survey conducted by Fourniera et al.
have shown that expression of the ORM1 is controlled
by cytokine network involving mainly interleukin-1p (IL-
1P) [28]. Coincidentally, there is sufficient evidence sup-
porting the IL-1 have key roles in initiation of acute gout
flares and use of IL-1 inhibitor can shorten and prevent
gout attack [29, 30]. However, the biological function of
these two proteins in gout process remains unknown.
More data are needed to assess the role of ITIH4 and
ORM1 in the disease. The expression level trend of Car-
bonic anhydrase I (CA1) in this result is consistent with
MPO in our present result. CA1 was usually described
as a function of hydrating carbon dioxide reversibly
[31]. However, its role in the pathogenesis of gout has
not been discovered. Surveys such as that conducted by
Zhang et al. have shown that over-expression of CAl
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may exacerbate joint inflammation and tissue destruc-
tion [32]. This previous study indicates that CA1 may
play an essential role during acute inflammation in gout.
Clinically, carbonic anhydrase inhibitor can reduce the
resorption of bicarbonate from the proximal tubule in the
kidneys, which directly causes increasing in bicarbonate
excretion, thus these drugs can be used to treat gout by
alkalizing urine. Following this thought, we assume that
carbonic anhydrase I may exacerbate gout by blocking
the alkalinization of urine. Multimerin-1 is a factor V/
Va-binding protein and may function as a carrier pro-
tein for platelet factor V which may perform platelet
aggregation and clot formation. Some evidence suggests
that platelet activation is exacerbated in gout, especially
during gout flares [33]. Whereas, this published finding
is contrary to our result which have suggested that mul-
timerin-1 (MMRN]1) in AG patients was expressed low-
est compared with the group of healthy control, RG and
AHU. The reason of this inconsistency requires further
investigated. A number of previous contradictory studies
suggest an interaction between MSU crystals and human
serum albumin (ALB) in vitro with reference to the dis-
ease of gout [34]. Some argue that ALB inhibits MSU
crystallization. Others propose a mechanism that ALB
induces quicker precipitation in vitro of MSU and acts as
a nucleator [35]. Our study indicates that serum albumin

(ALB) exhibited a significant reduction in AG, RG and
AHU compared with the healthy group and were also
expressed lower in AG than in RG and AHU. The result
observed in our investigation supports that ALB prevents
initiation of acute gout flares. Considerably more work
will need to be done to determine what role does ALB
play in the pathogenesis of gout.

Parallel reaction monitoring (PRM), as a liquid chromatog-
raphy-mass spectrometry (LC-MS)-based targeted protein
quantification technique has been successfully utilized in
the confirmation of relative abundance of proteins and their
posttranslational modifications with its high resolution and
high accuracy [10]. PRM is also expected to replace tradi-
tional validation methods such as western blot in the future.
This is the first study to integrate this advanced approach
intended to figure out potential candidate genes for novel
biomarkers related to gout. However, with regard to the
research methods, some limitations need to be acknowl-
edged. Firstly, with a small sample size, selection bias must
be exhibited, as the findings might not be transferable to
clinical application. Secondly, clinical value of these new bio-
markers cannot be obtained by mapping the ROC curve due
to a small sample size. Therefore, large prospective cohort
study could provide more definitive evidence to determine
diagnostic and predictive value of these new gout related
proteins.
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Conclusion

We investigated the application of iTRAQ and PRM
based proteomics to explore key proteins alterations
from AG, RG, AHU patients and healthy control. Our
study revealed that these key proteins (histone H2A, his-
tone H2B, THBS1, ITIH4, ORM1, MMRN1, MPO, CAl,
ALB, C8B and C2) can be the potential marker to clas-
sify these four groups. Such complement and coagulation
cascades may be one of the main functional pathways in
the key mechanism of gout process. These data will hold
promise for further clinical development of early predic-
tion and diagnosis of gout.
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