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Background: Approximately 30% of patients with rheumatoid arthritis (RA) respond
poorly to combination therapy of multiple drugs. The molecular mechanisms of different
responses to methotrexate + leflunomide + infliximab therapy in patients with RA were
explored in this study.

Methods: Infliximab was administered to patients with RA whose disease activity score was
higher than 5.1 after 1 month of combination therapy with methotrexate and leflunomide.
After 14 weeks of undergoing triple therapy, patients with RA were classified as responders
and non-responders. Protein profiles at baseline and 14th week were investigated via isobaric
tags for relative and absolute quantification (iTRAQ), and proteins with significant differ-
ences >1.2 folds change or <0.8 folds change were defined as differentially expressed
proteins (DEPs). Overlapping DEPs between responders and non-responders were confirmed
by parallel reaction monitoring (PRM). Bioinformatic analyses were performed for DEPs.
Results: The results revealed 5 non-responders (NRs) and 15 responders (Rs). iTRAQ
analysis indicated 13 overlapping DEPs and included 6 opposite change DEPs such as
testicular tissue protein Li 70, cofilin 1, fibrinogen beta chain, galectin-10, serotransferrin
(TF) and albumin. The difference in serotransferrin between responders and non-responders
confirmed by PRM was significant. Verification by PRM indicated that TF was elevated in
the Rs group and was reduced in the NRs group. Bioinformatic analysis indicated that
serotransferrin was involved in the hypoxia-inducible factor-1 pathway and ferroptosis.
Conclusion: Serotransferrin-related molecular mechanism may be a new direction to study
refractory RA.

Keywords: rheumatoid arthritis, proteomics, effectiveness, disease modifying antirheumatic
drugs, serotransferrin

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease with
manifestations such as irreversible peripheral joint destruction and functional
loss." In the past decades, clinical outcomes of RA have been greatly improved
by the application of immune-targeted therapy.>*> Conventional synthetic disease-
modifying antitheumatic drugs (csDMARDs) represented by methotrexate (MTX)
are the cornerstone of the therapeutics of RA. As one of the biological disease-
modifying antirheumatic drugs (bDMARD:s), infliximab (IFX) is recommended as
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a second-line drug to patients who fail to respond to
csDMARDs.* However, approximately 30% of patients
respond poorly to IFX.” Considering the uncertainty of
treatment effect and high cost, it is necessary to identify
biomarkers that can predict the treatment effect of
bDMARDs.® Simultaneously, the resistance mechanism
of non-responders to IFX remains unclear except for the
influence of drug concentrations and anti-drug antibodies.’

Quantitative proteomic approaches are widely applied for
investigating the therapeutic mechanisms of drugs.® Owing to
higher accuracy and reproducibility in protein quantitation,
isobaric tags for relative and absolute quantification (iTRAQ)
and parallel reaction monitoring (PRM) have emerged as
promising tools for comparative proteomic analysis.”'’
However, their high cost greatly limits their wide
application.!” Currently, bDMARDs are recommended for
refractory RA with higher disease activity in China. We
designed a clinical trial, “Predictability Studies on the
Efficacy of TNF-o Inhibitors in Chinese RA from Real
World” (ID: NCT02878161), in which IFX was administered
to patients whose disease activity score of 28 joints for
C reactive protein (DAS28-CRP) remained higher than 5.1
after 1 month of combination therapy of MTX and lefluno-
mide (LEF). The purpose of this clinical trial was to guide
therapeutic choices and probe into mechanisms related to the
variability of the drug’s efficacy. The initial results of com-
parative proteomic analysis were used to screen for predictive
biomarkers to distinguish responders (Rs) from non-respon-
ders (NRs) before triple therapy were published in 2019.'
The second parts of results from the comparative proteomic
analysis were deeply discussed in this study. In this paper our
study compared proteins that were significantly changed after
14 weeks of combination treatment of MTX + LEF + IFX
between the NRs and Rs group to determine the underlying
mechanisms of different efficacy. This study primarily
focused on analyzing differentially expressed proteins
(DEPs) and identifying mechanisms leading to differences
in drug efficacy between NRs and Rs.

Materials and Methods

Clinical Trial Design

Briefly, patients with RA who met the 2019 ACR/EULAR
classification criteria were enrolled from the inpatient
department of Rheumatology and Immunology, Second
Xiangya Hospital, Central South University.'> IFX was
administered to patients whose DAS28-CRP remained
higher than 5.1 after 1 month of combination therapy of

MTX and LEF. After 14 weeks of treatment with MTX +
LEF + IFX, all patients (n = 20) were classified as good
responders (GRs) (n = 9), moderate responders (MRs) (n
= 6) or non-responders (NRs) (n = 5) according to the
EULAR response criteria based on DAS28-CRP.'* Rs was
the sum of GRs and MRs. Clinical and demographic
characteristics including age, sex, disease duration, tender
joint count (TJC), swollen joint count (SJC), pain visual
analogue scale (VAS), patient’s global assessment (PtGA),
physician’s global assessment (PGA), health assessment
questionnaire (HAQ), erythrocyte sedimentation rate
(ESR), C reactive protein (CRP), albumin (ALB), rheuma-
toid factor positive rate (RF'%), anti-cyclic citrullinated
peptide antibody-positive rate (anti-CCP"%), DAS28-
CRP, DAS28-ESR, clinical disease activity index (CDAI)
and simplified disease activity index (SDAI) were all
observed. The exclusion criteria were as follows: 1)
patients with systemic disease, ii) patients with malignan-
cies, iii) patients with loss of mobility and iv) patients with
abnormal experimental examination results as listed in
ClinicalTrials.gov (ID: NCT02878161). All 20 included
patients signed the written informed consent forms, and
the medical ethics committee of the Second Xiangya
Hospital approved the trial (XYEYY-GZ81571599-
20160118-1). This study was conducted following the
Declaration of Helsinki.

The workflow of the study is presented in Figure 1. A total
of 5 NRs and 15 Rs were enrolled in quantitative proteomic
analysis. Serum proteins of four NRs and four Rs at weeks 0
and 14 were separately mixed and screened by iTRAQ.
Proteins whose ratio compared at weeks 0 and 14 was >1.2
or <0.8 folds change with statistical significance were defined
as DEPs. Bioinformatic analyses using GO and KEGG were
performed. Subsequently, DEPs overlapping between Rs and
NRs from iTRAQ were then selected for technical feasibility
analysis and were finally confirmed through PRM using sam-
ples of 0 and 14 weeks for all 20 patients. KEGG analysis was
performed on statistically significant overlapping DEPs to
investigate molecular mechanisms of resistance to MTX +
LEF + IFX therapy in patients with RA.

DEPs Screened by iTRAQ

Preparation of Serum Peptide

Serum peptides were analysis in serum samples at weeks
0 and 14. The 14 most abundant proteins were removed
using the Agilent Human 14 Multiple Affinity Removal
System Column (Agilent Technologies, Wilmington), and
low abundance proteins were collected. The level of
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Abbreviations: ALB, albumin; anti-CCP, anti-cyclic citrullinated peptide antibody positive rate; CRP, C reactive protein; CDAI, clinical disease activity index; DAS28-CRP,
disease activity score of 28 joints for C reactive protein; DAS28-ESR, disease activity score of 28 joints for erythrocyte sedimentation rate; DEPs, differentially expressed
proteins; ESR, erythrocyte sedimentation rate; HAQ, health assessment questionnaire; iTRAQ, isobaric tags for relative and absolute quantification; NRs, non-responders;
PGA, physician’s global assessment; PtGA, patient’s global assessment; PRM, parallel reaction monitoring; RF, rheumatoid factor; Rs, responders; SDAI, simplified disease
activity index; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale.

proteins was measured using the BCA protein assay kit
(Bio-Rad, USA), and the composition was identified via
separation on 12.5% sodium dodecyl sulphate-polyacry-
lamide gels. Subsequently, the proteins were digested
into peptides via filter-aided proteome preparation
(FASP),"” desalted on C18 Cartridges (Empore SPE
Cartridges C18, Sigma), concentrated by vacuum centri-
fugation, reconstituted in 0.1% (v/v) formic acid and
measured under UV light at 280 nm.

Peptides Labelled by iTRAQ

iTRAQ experiments were conducted to quantify peptide
mixtures from four patients of the same group. According
to the manufacturer’s instructions, peptides were labelled
with 4-plex iTRAQ reagents (Applied Biosystems) in
which each iTRAQ reagent consisted of three different
components as follows: a reporter group (with a variable
mass in the range of 114—117 amu), a balanced group, and
an amine reactive group. The iTRAQ/isopropanol reagents
were mixed with peptides/TEAB solution and incubated
for 2 h at 37 °C.

Peptide Fractionation by Strong Cation Exchange
(SCX) Chromatography

iTRAQ-labelled peptides were fractionated via SCX chro-
matography on an AKTA purifier system (GE Healthcare).
The peptides were reconstituted, acidified and separated
using reagent A (10-mM KH2PO4 in 25% of ACN, pH
3.0) and reagent B (500-mM KCI, 10-mM KH2PO4 in
25% of ACN, pH 3.0).'® Furthermore, fractionated peptide
mixtures were continuously collected every 1 min in a 58-
min eluting process, combined into 30 pools, desalted on
C18 cartridges, concentrated by vacuum, reconstituted in
0.1% formic acid and stored at —80 °C.

High-Performance Liquid Chromatography-MS/MS
(HPLC-MS/MS)

HPLC-MS/MS was performed using an Easy nL.C system
(Thermo Fisher Scientific) coupled with Q Exactive mass
spectrometer (Thermo Scientific). The peptide mixture
was loaded onto a reverse-phase trap column (Thermo
Scientific Acclaim PepMapl00, 100 pm*2 cm, nano
Viper C18), connected to a C18 reversed-phase analytical
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column (Thermo Scientific Easy Column) and then sepa-
rated by different linear gradients buffer composed of
buffer A (0.1% formic acid) and buffer B (84% acetoni-
trile and 0.1% formic acid) at a flow rate of 300 nL/min
within 60 min."®

Identification of DEPs

Analysis of MS/MS raw spectra was performed using
MASCOT 2.2 engine (Matrix Science, UK) embedded
into Proteome Discoverer 1.4 software (Thermo
Scientific, USA)'” against the UniprotKB human database
(154,711 total entries, http://www.uniprot.org, Accessed

5 January 2017). The mass spectrometer was set at posi-
tive ion mode. Peptide mass tolerance was defined as + 20
ppm, and the fragment mass tolerance was set as 0.1 Da.
Proteins with at least one peptide above 95% confidence
level and a threshold of false discovery rate (FDR) set to
0.01 were identified.'® The ratio of relative abundance for
proteins at weeks 14 and 0 was calculated, and proteins
whose ratio were >1.2 or <0.8 folds were subjected to
statistical analysis by significance A using Perseus, and
proteins with P < 0.05 were considered as DEPs.

DEPs Verified by PRM

PRM was performed on a Q-Exactive mass spectrometer
coupled with equipment of Easy nLC system. Tryptic
peptides of each sample were mixed with the equivalent
heavy isotope AQUA peptide (as an internal standard) and
loaded onto a trap column to connect with C18 reversed-
phase analytical column (Thermo Scientific Easy
Column). Furthermore, they were separated by different
linear gradients buffers composed of buffer A (0.1% for-
mic acid) and buffer B (84% acetonitrile and 0.1% formic
acid) at a flow rate of 250 nL/min for 1 hour. Thereafter,
each sample was analysis on a Q-Exactive Plus mass
spectrometer (Thermo Scientific) with parameters set as
follows: full MS scan set to 300-1800 m/z, positive ion
mode, orbitrap resolution set to 6000 (at m/z 200), auto-
matic gain control (AGC) value set to 3e6 and maximum
ion injection time (IT) set to 200 ms. Eventually, MS-MS
was performed with scans from 350 to 900 m/z, orbitrap
resolution of 3000 (at m/z 200) and isolation window for
target precursor ions of 1.6 Th. Precursor ions were frag-
mented through HCD with normalized collision energies
of 27 eV. ACG target value was 3e6, and maximum IT was
120 ms. Raw data were analysis using the Skyline soft-
ware (MacCoss Lab, University of Washington, V.1.6).

The mass spectrometry proteomic data were deposited to

the ProteomeXchange Consortium via the PRIDE partner
repository with the dataset identifier PXD010378.

Bioinformatic Analysis and Statistical
Analysis

Statistical analysis was performed using SPSS Statistics
for Windows version 20.0 (IBM Corp., Armonk, NY,
USA). Briefly, quantitative data were expressed as mean
+ standard deviation (SD), and count data were expressed
as n (%). Comparisons were performed using independent
t-test or Mann—Whitney test (Supplement Table 1 and
Figure 3A). For the results of ITRAQ, hierarchical clusters
of DEPs were processed using Cluster 3.0 (http://bonsai.

hgc.jp/~mdehoon/software.htm) and Java Treeview soft-

ware (http://jtreeview.sourceforge.net). Functional annota-

tions with Gene Ontology (GO) were conducted using the
Blast2GO (Version 3.3.5) program. Pathway analysis with
Kyoto Encyclopedia of Genes and Genomes (KEGG) was
performed using the KEGG database (http://www.genome.

jp’kegg/). The results of PRM revealed that expression
changes in the relative abundance of DEPs between NRs
and Rs group were compared, and KEGG pathway analy-
sis was performed. P-value < 0.05 was considered statis-
tically significant.

Results

Clinical Characteristics

Clinical indices including age (year), disease duration
(year) and DAS28-CRP (score) before triple treatment in
the NRs group (47.80 + 7.66, 5.70 = 3.23 and 5.86 + 0.19)
were similar to those in the Rs group (49.66 + 10.15, 5.57
+ 2.43 and 5.77 £+ 0.3), and male/female distribution had
no significant difference between the two groups. The
main clinical data including TJC, SJC, PGA, PtGA,
HAQ and four DAS indices at week 0 showed no signifi-
cant differences between the NRs and Rs group; however,
there were significant differences after 14 weeks of triple
treatment (Supplement Table 1).

Quantitative Proteomic Analysis via
iTRAQ and Functional Significance and
Pathway Analyses

A total of 590 proteins with characteristics of at least two
peptides and their 95% confidence intervals were identi-
fied via iTRAQ-mass spectrometry with LC-MS/MS.
Proteins with fold change >1.2 or <0.8 at weeks 0 and
14 and P < 0.05 were considered DEPs. Consequently,
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there were 56 DEPs in the Rs group including 26 up-
regulated and 30 down-regulated proteins (Table 1),
whereas there were 62 DEPs in the NRs group including
41 up-regulated and 21 down-regulated proteins (Table 2).

Proteins with significant differences in abundance
(P-value<0.05) between the Rs and NRs group were pre-
sented in a hierarchical cluster (Figure 2A). The functional
significance of DEPs identified via iTRAQ was analysis
through GO classification using the following three terms:
biological process (BP), molecular function (MF) and
cellular component (CC) (Figure 2B). For BP categories,
the top three enriched categories for the Rs Group were
positive regulation of protein metabolic process, positive
regulation of cellular protein metabolic process and
response to a metal ion. Furthermore, the response to an
inorganic substance, response to oxidative stress and meta-
bolic process of reactive oxygen species were the top three
enriched BP categories for the NRs group. For MF classi-
fication, anion, cytoskeletal protein and glycosaminogly-
can binding were the three major functional classes of
DEPs of the Rs group, whereas the top three enriched
MF categories for the NRs group were oxidoreductase,
antioxidant and peroxidase activities. As for CC classifica-
tion, DEPs in the Rs group were enriched in intracellular,
organelle part and intracellular non-membrane-bound
organelle, whereas most EDPs in the NRs group were
components of cytosol, cytoplasmic vesicle lumen and
vesicle lumen.

To reveal the mechanisms underlying different
responses to MTX + LEF + IFX triple therapy, KEGG
analysis was performed. The 56 DEPs from the Rs group
were mapped to 88 pathways; the top 20 enriched path-
ways and the number of DEPs were presented in
Figure 2C. Moreover, 5 of the 88 KEGG pathways were
significantly enriched, including alcoholism, phagosome,
vascular smooth muscle contraction, transcriptional mis-
regulation in cancer and viral carcinogenesis. The 62
DEPs from the NRs group were mapped to 64 KEGG
pathways. Figure 2C presents the top 20 enriched path-
ways. Pathways involved in nitrogen metabolism, peroxi-
some, Parkinson’s disease, malaria, pS3 and TGF-beta
were significantly enriched in the NRs group.

Venn diagrams showed 13 overlapping DEPs between
the NRs and Rs group (Figure 2D). These 13 overlapping
DEPs were C-reactive protein (CRP, P02741), neutrophil
defensin 1 (DEFA1, P59665), haptoglobin (HP, P00738),
myeloperoxidase (MPO, P05164), testicular tissue protein

Li 70 (AOA140VIJ6), cofilin 1 (CFL1, G3V1A4),

fibrinogen beta chain (FGB, P02675), galectin-10 (CLC,
Q05315), cDNA FLJ54049 (highly similar to multimerin-
2, B4DEWS5), BLVRB (flavin reductase [NADPH],
P30043), cDNA FLJ77917 (highly similar to Homo
sapiens ubiquitin-conjugating enzyme E2L 3, ASK4W3S),
serotransferrin (TF, P02787) and serum albumin (ALB,
P02768). Eventually, 6 DEPs with opposite changes were
identified, including TTP Li 70, CFL1, FGB, CLC, TF and
ALB (Figure 2E).

Verification of DEPs via PRM and Signal
Pathway Analysis Using KEGG

Another proteomic analysis known as PRM was conducted
to testify the reliability of DEPs based on iTRAQ results.
A total of 28 DEPs were enrolled in PRM analysis; how-
ever, only five proteins from the 13 overlapping DEPs
detected via iTRAQ met the feasibility of PRM validation
technology, including FGB, HP, TTP Li 70, CRP and TF.
The results of PRM confirmed significant differences in
the expression changed of TF (namely, the level at week
14 subtracted from that of week 0 between the NRs and
Rs group). The level of TF in the Rs group was elevated,
whereas that in the NRs group was reduced (Figure 3A).
Furthermore, KEGG analysis of TF revealed that it was
primarily involved in hypoxia-inducible factor-1 (HIF-1)
3B),
(Figure 3C) and mineral absorption pathway (not shown

signal pathway (Figure ferroptosis  pathway

in this study).

Discussion

RA is a common chronic inflammatory disease that can
cause serious damage and disability of the articular carti-
lage and bone.'® Although bDMARDs can greatly allevi-
ate DAS28-CRP csDMARDs, the
ineffective rate is still as high as 30%.°° Our study

compared with

aimed to compare proteins (DEPs) that were significantly
changed after 14 weeks of combination treatment of MTX
+ LEF + IFX between the NRs and Rs group to determine
the underlying mechanisms of different efficacy. The
results of iTRAQ revealed 6 DEPs including TTP Li 70,
CFL1, FGB, CLC, TF and ALB with opposite changes at
weeks 0 and 14 between the NRs and Rs group.
Verification by PRM indicated that TF was elevated in
the R group and was reduced in the NR group.
Bioinformatic analysis of TF suggested that HIF-1 path-

way and ferroptosis were involved in the therapeutic
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Table | Differentially Expressed Proteins in Responders Compared Between 0 Week and 14 Weeks’ Treatment

UniProtKB Protein Protein Description Fold p-value | Reference
ID Name Change
Up-regulation
F6KPG5 ALB Albumin (Fragment) 2.191646 | 1.09E-06
P02768 ALB Serum albumin 2.186348 | 1.17E-06 | *[21]
B2R5G8 SAA Serum amyloid A protein 1.688033 | 0.00112
K7ELP7 KRT17 Keratin, type | cytoskeletal 17 (Fragment) 1.620485 | 0.00265
P02787 TF Serotransferrin 1.577649 | 0.004514 | *[32]
AOAQAOMSI4 | IGHVI-45 Protein IGHV1-45 (Fragment) 1.561166 | 0.005523
A8K4WS8 N/A cDNA FLJ77917, highly similar to Homo sapiens ubiquitin-conjugating 1.543972 | 0.006805 | *
enzyme E2L3 (UBE2L3), transcript variant |, mRNA
QS53FLI N/A Tumor endothelial marker 8 isoform 3 variant (Fragment) 1.521399 | 0.008922
P30043 BLVRB Flavin reductase (NADPH) 1.516692 | 0.009435 | *
QO0ZCI2 IG Immunglobulin heavy chain variable region (Fragment) 1.469428 | 0.016403
F6IR49 HLA-A MHC class | antigen (Fragment) 1.463367 | 0.017585
Q86YQ4 HBAI Alpha-| globin (Fragment) 1.459135 | 0.018458
P35443 THBS4 Thrombospondin-4 1.448261 | 0.020889
G3XAPé6 COMP Cartilage oligomeric matrix protein 1.443717 | 0.021991
095408 HBB Beta globin (Fragment) 1.441775 | 0.022478
AOA075B6L1 IGLC7 Ig lambda-7 chain C region (Fragment) OS=Homo sapiens 1.418328 | 0.029207
AOA068LNO3 IG Ig heavy chain variable region (Fragment) 1.415796 | 0.030036
AOAOF7SZ86 IGHV2-70 IGHV2-70 protein (Fragment) 1.413793 | 0.030707
B2R701 N/A cDNA, FLJ93202, Homo sapiens protease inhibitor 16 (PlI16), mRNA 1.408237 | 0.032642
P06396 GSN Gelsolin 1.408101 | 0.032691 | [I6]
Q12860 CNTNI Contactin-| 1.404455 | 0.034022
VOHICI N/A Gelsolin exon 4 (Fragment) 1.396393 | 0.037145
AOAI09PW33 | MS-CI MS-CI light chain variable region (Fragment) 1.39345 0.038349
B7Z6K2 N/A Polypeptide N-acetylgalactosaminyltransferase 1.380871 | 0.04391
B4DEWS5 N/A cDNA FLJ54049, highly similar to Multimerin-2 1.379853 | 0.04439 | *
P03950 ANG Angiogenin 1.375668 | 0.046417
Down-
regulation
P02741 CRP C-reactive protein 0.236029 | 6.76E-12 | *
PODJI9 SAA2 Serum amyloid A-2 protein 0.327456 | |.14E-07
PODJI8 SAAI Serum amyloid A-| protein 0.375431 | 3.28E-06
P05109 S100A8 Protein S100-A8 0.405983 | 1.87E-05
D3DQX7 SAAI Serum amyloid A protein 0.447267 | 0.000134
B2R4Mé6 S100 Protein S100b 0.452564 | 0.000168
HOYCJ8 RHCE Blood group Rh (CE) polypeptide (Fragment) 0.466308 | 0.000294
P59665 DEFAI Neutrophil defensin | 0.526796 | 0.002371 | *[28]
Q96KKS5 HISTIH2AH | Histone H2A type I-H OS=Homo sapiens 0.547712 | 0.004318
B2RDWO N/A cDNA, FLJ96792, highly similar to Homo sapiens | 2 (phosphorylase 0.55186 0.004832
kinase, delta) (CALM2), mRNA
P00738 HP Haptoglobin OS=Homo sapiens 0.557742 | 0.005648 | *[23,24]
AOA140V]J6 N/A Testicular tissue protein Li 70 0.562781 | 0.006436 | *[12]
Q15465 SHH Sonic hedgehog protein OS=Homo sapiens 0.568021 | 0.00735
AOA087WZB5 | PARVB Beta-parvin OS=Homo sapiens 0.572798 | 0.008274
P05 164 MPO Myeloperoxidase 0.574748 | 0.008678 | *
G3VIA4 CFLI Cofilin | (Non-muscle) 0.578453 | 0.009489 | *[25,26]
Q9UPN3 MACFI Microtubule-actin cross-linking factor |, isoforms 1/2/3/5 0.580073 | 0.009863
(Continued)
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Table | (Continued).
UniProtKB Protein Protein Description Fold p-value | Reference
ID Name Change
P02675 FGB Fibrinogen beta chain 0.585197 | 0.011126 | *[12]
P02763 ORMI Alpha-1-acid glycoprotein | 0.593449 | 0.013435
P63267 ACTG2 Actin, gamma-enteric smooth muscle 0.614606 | 0.021155
K7EMV3 H3F3B Histone H3 0.62008 0.023637
X6R]P6 TAGLN2 Transgelin-2 (Fragment) 0.627781 | 0.027511
P2338I WARS Tryptophan—tRNA ligase, cytoplasmic 0.630046 | 0.028739
P31146 COROIA Coronin-1A 0.631905 | 0.029779
Q05315 CLC Galectin-10 0.632977 | 0.030392 | *
Q02985 CFHR3 teinComplement factor H-related pro3 0.640014 | 0.034661
P00558 PGKI Phosphoglycerate kinase | 0.646196 | 0.038779
A8K9)7 N/A Histone H2B 0.649774 | 0.041328
B2MUDS5 ELA2 Neutrophil elastase (Fragment) 0.652207 | 0.043133 | [28]
P07737 PFNI Profilin-1 0.657025 | 0.04688I

Notes: “Fold change (14 week /0 weeks.). *I3 overlapping DEPs between Rs and NRs group.

mechanism of MTX + LEF + IFX and could be potential
targets of therapy for NRs.

Our data revealed similar parameters between two
groups of patients at baseline (Supplement Table 1).
After 14 weeks of MTX + LEF + IFX treatment, changes
in clinical data including TJC, SJC, PtGA (VAS), PGA
(VAS), HAQ, DAS28 (CRP), DAS (ESR), CDAI and
SDALI exhibited significant differences. Hierarchical clus-

tering analysis and Venn diagrams detected 13 overlapping
DEPs between the NRs and Rs group, and 6 DEPs were
identified with opposite direction changes including TTP
Li 70, CFL1, FGB, CLC, TF and ALB (Figure 2E). Some
DEPs such as ALB and FGB were familiar to clinicians.
Regarding albumin, the iTRAQ data revealed that albumin
was elevated in the Rs group and was reduced in the NRs
group; however, clinical data from this study revealed that
the difference in ALB between the NRs and Rs group was
not statistically significant, possibly owing to the mixture
of four samples involved in iTRAQ analysis, which
required further confirmation in more patients. Similarly,
according to Nguyen,”' a multivariate model that includes
prealbumin can predict the response of patients with RA to
TNF inhibitors. Therefore, the role of albumin in response
mechanisms needs to be investigated further. There is
currently no direct evidence supporting the role of FGB
in response to combination treatment. Although three epi-
tope regions in human fibrinogen were susceptible to
citrullination by peptidyl arginine deiminase type 2

(PAD2) and PAD4, mass spectrometry results revealed
efficient mapping between the citrullinated epitopes of
fibrinogen and RA autoantibodies; therefore, it was specu-
lated that FGB participated in the mechanism of drug
efficacy.?” There have been few reports on the role of the
other three DEPs including TTP Li 70, CFL1 and CLC
in RA.

Another seven overlapping DEPs including CRP,
DEFAL1, HP, MPO, cDNA FLJ54049, BLVRB and cDNA
FLJ77917 exhibited similar direction changes in the
Rs and NRs group after triple therapy; however, further
investigation is required (Figure 2E). In terms of HP,
a study (2015) reported that serum levels of HP-al, HP-
02 and vitamin D-binding protein (VDBP) were signifi-
cantly upregulated in Rs after etanercept treatment.”® Tan
(2016) reported that high baseline serum HP levels were
associated with poor response to 12 weeks of MTX treat-
ment in recent-onset patients with RA.** Our study
revealed that HP was significantly reduced in the Rs and
NRs groups. Therefore, studies with larger sample size are
required to validate the role of HP. As for MPO, several
reports have suggested that IFX could reduce MPO
MPO-associated
glomerulonephritis,*® indicating a complicated and unclear
mechanism of MPO in the treatment of RA. In addition, it
was observed that DEFAL1 influences the production of
MMPs, IL-8 and IL-6 through JNK and/or ERK and NF-
kB pathways.?’ In a recent study, it was discovered that

concentrations®> and induce
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Table 2 Differentially Expressed Proteins in Non-Responders Compared Between 0 Week and 14 Weeks’ Treatment

UniProtKB Protein Name Protein Description Fold p-value | Reference
ID Change
Up-regulation
Q5T619 ZNF648 Zinc finger protein 648 2.725262 | |.46E-13
Q6VFQ6 HBB Hemoglobin beta chain (Fragment) 2.587354 | 2.41E-12
D3GKD8 HBGI A-gamma globin Osilo variant 2.56063 4.16E-12
AOAOKOKILI | HEL-S-282 Epididymis secretory protein Li 282 2467484 | 2.76E-11 | [12]
Q4TZM4 HBB Hemoglobin beta chain (Fragment) 2253802 | 2.07E-09
Q05315 CLC Galectin-10 2.226055 | 3.61E-09 | *
P02042 HBD Hemoglobin subunit delta 2.135777 | 2.19E-08
P00915 CAl Carbonic anhydrase | 2.1189 3.06E-08
11vVZveé HBAI Hemoglobin alpha | 2.103325 | 4.16E-08
B4DF70 N/A cDNA FLJ60461, highly similar to Peroxiredoxin-2 (EC I.11.1.15) 1.954513 | 7.67E-07
U3PXPO HBA2 Alpha globin chain (Fragment) 1.872493 | 3.69E-06
C9JH23 BPGM Phosphoglycerate mutase (Fragment) 1.869616 | 3.90E-06
QI4CN4 KRT72 Keratin, type Il cytoskeletal 72 1.850513 | 5.59E-06
B2MI1S7 N/A Beta-globin Showa Yakushiji variant (Fragment) 1.81085 1.18E-05
B3VLI7 N/A Beta globin (Fragment) 1.782137 | 2.01E-05
U6A3P2 HBA2 Mutant hemoglobin alpha 2 globin chain (Fragment) 1.660955 | 0.00018
F8W(CJI EIF5A2 Eukaryotic translation initiation factor 5A 1.641945 | 0.000251
P30041 PRDX6 Peroxiredoxin-6 1.57379 0.00081 |
Q8IULY HBB Hemoglobin beta chain variant Hb. Sinai-Bel Air (Fragment) 1.565149 | 0.000938
HOYID2 AKI Adenylate kinase isoenzyme | (Fragment) 1.539678 | 0.001434
P30043 BLVRB Flavin reductase (NADPH) 1.529225 | 0.001704 | *
P02533 KRT 14 Keratin, type | cytoskeletal 14 1.504589 | 0.002544
H6VRF8 KRTI Keratin | 1.501174 | 0.002688
Q6MZQ6 DKFZp686G|1 1190 | Putative uncharacterized protein DKFZp686GlI | 190 1.480119 | 0.003764
P04746 AMY2A Pancreatic alpha-amylase 1.454008 | 0.005669
P13645 KRT10 Keratin, type | cytoskeletal 10 1.439906 | 0.007048
F5H265 UBC Polyubiquitin-C (Fragment) 1.422328 | 0.009209
AOA140V]J6 N/A Testicular tissue protein Li 70 1.419386 | 0.009627 | *[12]
P04040 CAT Catalase 1.409613 | 0.011146
P50395 GDI2 Rab GDP dissociation inhibitor beta 1.400381 | 0.012784
P35527 KRT9 Keratin, type | cytoskeletal 9 1.387761 | 0.015389
AOA068LL60 N/A Ig heavy chain variable region (Fragment) 1.378007 | 0.017732
Q6MZX9 DKFZp686M08189 | Putative uncharacterized protein DKFZp686M08189 1.377605 | 0.017835
P02675 FGB Fibrinogen beta chain 1.347919 | 0.027197 | *[12]
ABK4WS N/A cDNA FLJ77917, highly similar to Homo sapiens ubiquitin- 1.334983 | 0.032541 | *
conjugating enzyme E2L 3 (UBE2L3), transcript variant |, mRNA
ESRIFI UBE2V Ubiquitin-conjugating enzyme E2 variant 2 (Fragment) 1.328734 | 0.035451
B4DEWS5 N/A cDNA FLJ54049, highly similar to Multimerin-2 1.321043 | 0.039356 | *
G3VIA4 CFLI Cofilin | 1.310441 | 0.045378 | *
P10599 TXN Thioredoxin 1.309389 | 0.046019
P35908 KRT2 Keratin, type |l cytoskeletal 2 epidermal 1.307819 | 0.04699
AOAQAOMSIO | PRDXI Peroxiredoxin-| (Fragment) 1.307281 | 0.047327
Down-
regulation
P07996 THBSI Thrombospondin-| 0.614035 | 0.0002 [16]
P08254 MMP3 Stromelysin-| 0.632381 | 0.000477
P05 164 MPO Myeloperoxidase 0.650635 | 0.001054 | *[25,26]
(Continued)
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Table 2 (Continued).
UniProtKB Protein Name Protein Description Fold p-value | Reference
ID Change
G3v2vs NPC2 Epididymal secretory protein El (Fragment) 0.685575 | 0.004032
B7Z7M2 N/A cDNA FLJ51564, highly similar to Pregnancy zone protein 0.703391 | 0.007375
P59665 DEFAI Neutrophil defensin | 0.703815 | 0.007477 | *[28]
P02741 CRP C-reactive protein 0.71003 0.009119 | *
Q5NV83 V3-3 V3-3 protein 0.718231 | 0.011745
Q5NV74 V2-14 V2-14 protein 0.722984 | 0.013539
B7Z7R8 N/A cDNA FLJ55622, highly similar to Multimerin-| 0.723099 | 0.013585
P02768 ALB Serum albumin 0.723382 | 0.013699 | *[21]
P00738 HP Haptoglobin 0.723422 | 0.013715 | *[23,24]
PO1854 IGHE Ig epsilon chain C region 0.723721 | 0.013836
AON7I9 F5-20 F5-20 (Fragment) 0.727805 | 0.015587
G5E968 CHGA Chromogranin A (Parathyroid secretory protein |), isoform 0.728291 | 0.015807

CRA_b

QS5FWF9 IGL@ IGL@ protein 0.75488 0.032428
AO0A024R9QI | THBSI Thrombospondin |, isoform CRA_a 0.756766 | 0.034006 | [l16]
P02776 PF4 Platelet factor 4 0.761463 | 0.038202 | [21]
P02787 TF Serotransferrin 0.76795 0.044665 | *[32]
colzZL7 NONO Non-POU domain-containing octamer-binding protein (Fragment) | 0.769253 | 0.046061
Q56917 N/A Uncharacterized protein 0.771193 | 0.048204

Notes: “Fold change (14 week /0 weeks). *|3 overlapping DEPs between Rs and NRs group.

patients with active RA had significantly higher serum o-
DEFAL1 levels than those in patients with remission. o-
DEFA1 can be a useful biomarker in the assessment of
disease activity.”® A study concerning single nucleotide
polymorphisms (SNPs) of UBE2L3 revealed a significant
association of RA with the cDNA FLJ77917 (highly simi-
lar to Homo sapiens UBE2L3). However, the role of
UBE2L3 in RA treatment remains unclear.”’ There have
been a few reports on the cDNA FLJ54049 and BLVRB in
RA. These studies indicate that the potential role of these
seven proteins in evaluating the mechanism of RA drug
efficacy cannot be neglected.

Owing to the technical limitation of PRM, not all DEPs
detected via iTRAQ could be verified via PRM, and only
28 DEPs fulfilled the feasibility of PRM technology and
were hence used for PRM. Only 5 of the 13 overlapping
DEPs were selected to be tested via PRM, which were
FGB, HP, TTP Li 70, CRP and TF. Eventually, TF was
found to be the only DEP with statistical significance that
was up-regulated in Rs and down-regulated in NRs
(Figure 3A). Moreover, the fold changes of TF (Rs/NRs)
at week 0 were 0.36 with P < 0.05, which had been
reported in our recent study.'® This finding indicated that
TF participated in the mechanism of efficacy during the

treatment of triple therapy of MTX + LEF + IFX. Iron is
an essential element for immune response and haemato-
poiesis, which could modulate the secretion of TNF-a,
change antigen-presenting cell activity and regulate cellu-
lar immune responses.”® The main biological function of
TF is to regulate iron transport and iron metabolism. In
addition, TF induces the secretion of TNF-o independent
of iron-donating capacity,’ which implies that TF may
influence the secretion of TNF via pathways other than
iron transport. Our results revealed that the TF level in the
NRs group decreased after 14 weeks of triple therapy in
patients with RA, indicating the possible role of TF in
drug resistance, which was consistent with a previous
study on inflammatory bowel disease (IBD).*?

To better understand the relationship between TF and
RA, we conducted bioinformatic analysis on TF. Using
KEGG analysis, we observed that TF was involved in the
HIF-1 signal pathway, ferroptosis and mineral absorption.
HIF-1a is involved in the pathogenesis of RA. In a study,
chronic intermittent hypobaric hypoxia (CIHH) pretreat-
ment inhibited the progression of collagen-induced arthri-
tis (CIA) by downregulating HIF-10.>* In addition, HIF-1a
accelerates the pathological process in RA fibroblast-like
synoviocytes (RA-FLS) by promoting the interaction
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Figure 2 Results from quantitative proteomic analysis screened from iTRAQ were displayed. (A) hierarchical cluster of DEPs were showed; left column was results from
responders compared between weeks 14 and 0; right column was results from non-responders compared between weeks 14 and 0. (B) enriched GO terms of DEPs were
showed; left panel was results from responders, right panel was results from non-responders. (C) KEGG pathways of DEPs were showed; left panel was results from
responders, right panel was results from non-responders. (D) Venn diagrams of DEPs between responders and non-responders were conducted. There were |3 overlapping
DEPs between 2 groups. (E) fold changes (14 weeks/O week) of all 13 overlapping DEPs between responders and non-responders were showed.

Abbreviations: ALB, albumin; BP, biological process; BLVRB, flavin reductase NADPH; CC, cellular component; cDNA FLJ54049, highly similar to multimerin-2; cDNA
FLJ77917, highly similar to Homo sapiens ubiquitin-conjugating enzyme E2L3; CFL, cofilin I; CLC, galectin-10; DEFAI, neutrophil defensin |; DEPs, differentially expressed
proteins; FGB, fibrinogen beta chain; GO, gene ontology; HP, haptoglobin; iTRAQ, isobaric tags for relative and absolute quantification; Kyoto encyclopedia of genes and
genome, KEGG; MF, molecular function; MPO, myeloperoxidase; TF, serotransferrin; TTP Li70, testicular tissue protein Li 70.

7002 "o Journal of Inflammation Research 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al

A 9 140
5] mResponders
mNon-responders 5
w 71
]
3 o
2 . 100
D=7
mx
< m 4 4
w w
>SS P=0.57 80
=2 3]
ZS
-l
w® 2 P=0.407
W 60
wld g P=0.032
oS P=0.05 P=0.074
wad ol ——
% = Fibrinogen'beta Testicular Coreactive  Serotransfertin .
w 1] chain tissue protein protein
o Li70
i
w2 0
(=]
3 4
4 0
Haptoglobin
B HIF-1 SIGNAL PATHWAY
@——Cé -------------- i b
o3 7 :
B ——" )
=]
. : '
i 1 O] Cemad |
R ro——( @ -3, e i
i Jr— ! I :/-"”..""..:):.n”"‘
i Sa i |
:@F {tosa] ]
H i
i -
1

C FERROPTOSIS

aao | |

PE-AAOH/
RSL3  PEAACH
SO i 5 3 o " ™ v ]
Py Cystie  Cyvbine ¥C G L Coh
] CIITT) "
OGlutamate GSSGO | O
™ 5 PEAAO.OW PEAA AALCoh/
\ PE-AdA-O-OH . PE-AdA AdA.Co
S \ ANMA
7 (7 !
v

O———— Femoplosis

\ Aros
\ #
\ %
Fentonresction””
|
i
| Ferindegdetion
Relessediron
FF0
(NonTF bowdiron)

Figure 3 Results from quantitative proteomic analysis verified from PRM were displayed. (A) 5 proteins including fibrinogen beta chain, testicular tissue protein Li 70,
C reactive protein, serotransferrin, haptoglobin from the |3 overlapping DEPs detected via iTRAQ were confirmed by PRM and compared between responders and non-
responders. The results of PRM confirmed significant differences in the expression changes of TF. (B) bioinformatics analysis showed upstream pathway of TF was associated
with HIF-1 signal. (C) bioinformatics analysis showed downstream pathway of TF was associated with ferroptosis.

Abbreviations: DEPs, differentially expressed proteins; HIF-1, hypoxia inducible factor-1; iTRAQ, isobaric tags for relative and absolute quantification; PRM, parallel
reaction monitoring; TF, serotransferrin.
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between T and B cells.** Further bioinformatic analysis
revealed that the PI3K/Akt/HIF-la pathway as an
upstream signal of TF can increase the migration and
invasion of RA-FLS by regulating MMP-2 and MMP-9
expression.>>® Therefore, we speculated that the activa-
tion of PI3K/Akt/HIF-1a pathway exacerbated resistance
to triple therapy. In addition, the major biological function
of TF was the transfer of iron between different biological
tissues. Ferroptosis with iron deposition as the core is
a novel form of programmed cell death in which the
accumulation of intracellular iron promotes lipid peroxida-
tion, leading to cell death. Some recent studies have pro-
vided direct evidence that reactive oxygen species-induced
autophagy regulated ferritin degradation and transferrin
receptor-1 expression.>’>® More investigation into the
underlying mechanisms of transferrin—ferroptosis—autop-
hagy in triple therapy resistance may be required.

Although our study was one of the few to use two
proteomic methods to study the efficacy of triple therapy
in RA, it still had several limitations. As a single prospec-
tive study, only 20 patients with RA were enrolled owing
to the high cost of proteomic analysis and expensive drugs.
If a new group of patients with RA is used for verification,
the results of the proteomic analysis may be improved.
More evidence in vivo or in vitro is required for more
comprehensive research on mechanism of non-responser
to triple therapy.

Conclusions

Our study compared the proteomic changes between NRs
and Rs 14 weeks after MTX + LEF + IFX combination
iTRAQ
revealed that TF was reduced in the NRs group and ele-

treatment. screening and PRM verification
vated in the Rs group; bioinformatic analysis revealed that
TF participated in HIF-1 pathway and ferroptosis, which
may determine the therapeutic effect of MTX + LEF +
IFX and can be potential targets of therapy for refrac-
tory RA.
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