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Background: There is no simple method for early diagnosis and evaluation of

rheumatoid arthritis (RA). This study aimed to determine potential biomarkers and

establish diagnostic patterns for RA using proteomic fingerprint technology combined

with magnetic beads.

Methods: The serum protein profiles of 97 RA patients and 76 healthy controls

(HCs) were analyzed by matrix-assisted laser desorption/ionization time-of-flight mass

spectrometry (MALDI-TOF-MS) with weak cationic exchange (WCX) magnetic beads.

Samples were randomly divided into training (83 RA patients and 56 HCs) and test sets

(14 RA patients and 20 HCs). Patients were classified according to their Disease Activity

Score: in remission, n = 28; with low disease activity, n = 17; with moderate disease

activity, n = 21; with high disease activity, n = 31. There are 44 RA patients alone,

22 RA patients with interstitial lung disease (RA-ILD), 18 RA patients with secondary

Sjögren’s syndrome (RA-sSS), 6 RA patients with osteonecrosis of the femoral head

(RA-ONFH), and 7 RA patients with other complications. Eleven patients were treated

with etanercept only for half a year, after which their serum protein profiles were detected.

The proteomic pattern was identified by Biomarker Patterns Software, and the potential

biomarkers for RA diagnosis were further identified and quantified by enzyme-linked

immunosorbent assay.

Results: The diagnostic pattern with four potential protein biomarkers, mass-to-charge

(m/z) 3,448.85, 4,716.71, 8,214.29, and 10,645.10, could accurately recognize RA

patients from HCs (specificity, 91.57%; sensitivity, 92.86%). The test set were correctly

classified by this model (sensitivity, 95%; specificity, 100%). The components containing

the four biomarkers were preliminarily retrieved through the ExPasy database, including

the C-C motif chemokine 24 (CCL24), putative metallothionein (MT1DP), sarcolipin

(SLN), and C-X-C motif chemokine 11 (CCXL11). Only the CCL24 level was detected

to have a significant decrease in the serum of RA patients as compared with HCs

(p < 0.05). No significant difference was found in others, but a decreasing trend
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consistent with the down-regulation of the four biomarkers detected by MALDI-TOF-MS

was observed. The diagnostic models could effectively discriminate between RA alone

and RA with complications (RA-ILD: m/z 10,645.10 and 12,595.86; RA-sSS: m/z

6,635.62 and 33,897.72; RA-ONFH: m/z 2,071.689). The classification model, including

m/z 1,130.776, 1,501.065, 2,091.198, and 11,381.87, could distinguish between RA

patients with disease activity and those in remission. RAwith low disease activity could be

efficiently discriminated from other disease activity patients by specific protein biomarkers

(m/z 2,032.31, 2,506.214, and Z9286.495). Two biomarkers (m/z 2,032.31 and

4,716.71) were applied to build the classification model for RA patients with moderate

and high disease activities. Biological markers for etanercept (m/z 2,671.604064,

5,801.840579, 8,130.195641, and 9,286.49499) were observed between the responder

(n = 7) and non-responder groups (n = 4) (p < 0.05).

Conclusion: We successfully established a series of diagnostic models involving RA

and RA with complications as well as assessed disease activity. Furthermore, we found

that CCL24 may be a valuable auxiliary diagnostic indicator for RA. These results provide

reference values for clinical practice in the future.

Keywords: rheumatoid arthritis, MALDI-TOF-MS, weak cationic exchange magnetic beads, biomarkers,

classification tree model

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic autoimmune and
inflammatory disease characterized by synovitis and vasculitis,
which lead to the destruction of cartilage, joint deformation,
loss of joints function, and systemic organ damages, and it
affects approximately 0.5–1% of population (1). Pulmonary
involvement is a common extraarticular manifestation of RA (2),
particularly interstitial lung disease (ILD), which occurs in 1–
58% of RA patients and has significant effect on morbidity and
mortality (3, 4). In addition, both secondary Sjögren’s syndrome
(sSS) (5, 6) and osteonecrosis of the femoral head (ONFH) in
RA have a pooled prevalence of 19.5 and 5.75–53.8%, respectively
(7, 8).

Diagnosis of RA according to the American College of
Rheumatology (ACR) criteria in 1987 is based on clinical
symptoms, presence of rheumatoid factor (RF), and imaging
tests; however, such criteria are not suitable for early-stage RA
patients. Compared with the 1987 ACR diagnosis guideline,
the sensitivity of the ACR/2010 European League Against
Rheumatism (EULAR) classification standard is higher mainly
due to the addition of anti-citrullinated protein antibodies.
However, the specificity of anti-citrullinated protein antibodies
in RA is only 60–75%, which suggests low diagnostic efficacy (9).
A population-based incidence study revealed that the incidence
of RF-negative RA has significantly increased and RF-positive
RA has significant decreases (10). These can lead to difficulty
in early diagnosis. Furthermore, disease activity is evaluated
by the Disease Activity Score (DAS) tool and others, which
are complex, inconvenient, or maybe not suitable for general
clinical practice. High-resolution computer tomography, which
is used for diagnosing early possible complications such as

ILD (11), is expensive and has radiation risk (12). Although
magnetic resonance has been demonstrated to be a useful
imaging test in diagnosing ONFH, it is also expensive (13,
14). Meanwhile, due to low sensitivity and specificity of anti-
Ro and anti-La antibodies and considering the invasiveness
of lip biopsy, diagnosis of early RA-sSS is difficult (15, 16).
Therefore, there has been increasing interest in identifying
specific and powerful biomarkers for both the diagnosis of
RA, RA-ILD, RA-sSS, and RA-ONFH and the evaluation of
disease activity in order to increase the diagnostic efficiency and
early treatment.

Early intervention (≤3 months) using biologic agents was
the strongest predictor of successful remission, as confirmed
in clinical practice. However, clinical applications of biological
agents have been limited by their expensive cost (17). Therefore,
it is important to explore promising biomarkers to evaluate
the potential clinical effects of etanercept and determine which
patient would benefit the most, with the possibility of modulating
treatment for RA patients who are not responding to the drug in
order to reduce their economic burden.

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS) (18) is currently one
of the most important and key proteomic technologies (19). It
can be used to make high-throughput protein analysis of large
samples, and it has high sensitivity, resolving capability, and
reproducibility (20). Weak cation exchange (WCX) magnetic
beads (21) use their large surface to capture proteins and
small molecular peptides of interest (22). The use of MALDI-
TOF-MS and WCX magnetic beads, especially combined
with bioinformatics tools, is appropriate for setting up the
classification tree model to assist in preliminary biomarker
discovery (23).

Frontiers in Medicine | www.frontiersin.org 2 February 2021 | Volume 8 | Article 609773

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ma et al. Establishing Classification Models in Rheumatoid Arthritis

Many researchers have already applied MALDI-TOF-MS to
generate protein fingerprints and build serological classification
tree models in certain diseases, including rheumatic diseases
[early RA (24), RA (25), systemic lupus erythematosus (26),
and SS (27)] and other diseases (28, 29), and these were highly
effective in discriminating patients and controls (30). However,
these studies only built the diagnostic model for RA patients,
but they did not have database retrieval, and some studies
lacked further validation for the classification tree models. This
study aimed to detect a series of specific proteomic diagnostic
model for RA, RA-ILD, RA-sSS, and RA-ONFH as well as the
potential biomarkers to distinguish the RA disease activity and
to identify etanercept’s clinical effect using proteomic fingerprint
technology (MALDI-TOF-MS) combined with WCX magnetic
beads. For the potential protein for diagnosis of RA, we made
a further preliminary retrieval through the ExPasy database
and verified these biomarkers by enzyme-linked immunosorbent
assay (ELISA).

METHODS

Patients and Healthy Controls
A total of 173 serum samples were collected in our study from
May 2015 to July 2017 at Shanxi Bethune Hospital. The study
population included 97 RA patients (RA alone, n = 44; RA-
ILD, n = 22; RA-sSS, n = 18; RA-ONFH, n = 6; RA with other
complications, n= 7) and 76 healthy controls (HCs). All patients
were diagnosed using the 1987 ACR or the 2010 ACR/EULAR
criteria. All patients were classified according to their DAS, as
calculated from the online Disease Activity Score-28 (DAS28)
for Rheumatoid Arthritis with ESR tool based on 28 joints: in
remission (DAS28 < 2.6, n = 28), with low disease activity
(2.6 < DAS28 ≤ 3.2, n = 17), with moderate disease activity
(3.2 < DAS28 ≤ 5.1, n = 21), and with high disease activity
(DAS28 > 5.1, n = 31). All ILD cases were diagnosed by high-
resolution computer tomography of the chest. Meanwhile, all
sSS patients were diagnosed based on the American-European
Consensus Group classification criteria (2002) and the 2012
ACR classification criteria. ONFH diagnosis was based on the
detection of marrow foci with decreased signals on T1-weighted
images and the characteristic “double-line sign” on T2-weighted
images. None of the patients had any active or latent bacterial,
fungal, or viral infection at the time of enrolment. Eleven patients
only received the same etanercept treatment after inclusion, and
their clinical outcome was assessed at week 24. They never
received anti-tumor necrosis factor therapy before then. Their
ACR 20/70% improvement criteria (ACR20/70), which were used
to determine the therapeutic effects of etanercept, C-reactive
protein level, erythrocyte sedimentation rate, and presence of
RF were evaluated. Finally, four non-responders (as defined by
ACR20 negative) and seven responders (ACR70 positive) to
etanercept at week 24 were evaluated in our research.

We use two cohorts to build and test the RA diagnostic
model. Cohort 1 (training set) included 83 RA patients and
56 HCs to establish a serological classification tree mode to
distinguish them. Cohort 2 (blinded testing set) included 14
RA patients and 20 healthy individuals to test the classification

TABLE 1 | Clinical and demographic characteristics of patients and healthy

controls.

Characteristic RA HCs

Age (years,‘x ± s) 56 ± 13 53 ± 12

Sex (male/female) 68\29 57\19

Disease duration (M (Q1, Q3), months) 84 (7,120) —

Tender joint counts (M (Q1, Q3), numbers) 4 (0,24) —

Swollen joint counts (M (Q1, Q3), numbers) 2 (0,24) —

Erythrocyte sedimentation rate (M (Q1, Q3),

mm/h)

42 (5,108) —

C-reactive protein (M (Q1, Q3), mg/dL) 42 (5,108) —

Rheumatoid factor, positive (%) 59 (71.1%) —

Anti-CCP antibody, positive (%) 51 (61.4%) —

DAS28ESR (′x ± s) 4.93 ± 1.30 —

Only Treatment of Recombinant Human

Tumor Necrosis Factor-α ReceptorII:IgG Fc

Fusion Protein for Injection(%)

11 (11%) —

TABLE 2 | Biomarker statistics for RA vs. HCs spectra in the decision tree

classification.

M/Z RA (Mean ± SD) HCs (Mean ± SD) P

10,645.10 10.39 ± 5.81 7.44 ± 5.06 0.002

4,716.71 2.27 ± 1.49 5.92 ± 4.25 0.000

3,448.85 2.37 ± 2.02 3.76 ± 2.10 0.000

8,214.28 1.39 ± 0.83 2.76 ± 1.66 0.000

efficiency of this RA diagnosis model. The detailed clinical and
demographic features of the study subjects are provided in
Table 1. Furthermore, we used serum samples from RA patients
(n = 22) and HCs (n = 22) for ELISA to verify the results
of MALDI-TOF-MS.

Sera Collection and Preparation
Blood samples (4mL) were collected and centrifuged at 3,000
rpm for 5min at 4◦C. All serum samples was divided and
immediately stored at 80◦C. The collection and analysis interval
was within 3 months.

Magnetic Bead–Based Sample Preparation
for MALDI-TOF-MS
Serum samples were pretreated with magnetic beads. In brief, 10
µL of each serum sample was mixed with 20 µL of U9 (9mol
urea, 2% CHAPS) in a 0.5-mL EP tube. After incubating for
30min at 4◦C, the sample was diluted 1:40 by adding 370 µL
of buffer (containing 50 mmol NaAC, pH 4.0). Then, 50 µL of
WCX magnetic beads (50 mg/mL) was added to a polymerase
chain reaction tube, which was placed in a magnet separator
for 1min, and the supernatant was carefully removed using a
pipette. The magnetic beads were then washed twice with 100
µL buffer. A 100-µL diluted serum sample was carefully added
and mixed with the activated magnetic beads by pipetting up
and down several times; this was, incubated for 1 h at 4◦C and
washed twice with 100 µL buffer. After binding and washing,
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FIGURE 1 | (A) Serum protein/peptide spectrum of RA patients and HCs. (B) Dot plots and ROC curve of selected biomarker candidates in patients with RA and

healthy controls. The mass-to-charge value in the nodes was followed by lower or equal to intensity value. If the answer to the question in a node of the tree was yes,

it proceeded down to the left node, otherwise it proceeded down to the right node. When samples allocated to terminal node 1, 2, and 4 were assigned as RA,

whereas those classified into terminal node 3 and 5 were assigned as HCs.
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the bound proteins were eluted from the magnetic beads using
10 µL of 0.5% trifluoroacetic acid. Then, 5 µL of the eluted
sample was diluted 1:2 in 5 µL of sinapic acid (50% acetonitrile
+ 0.5% trifluoroacetic acid), and 1 µL of the resulting mixture
was aspirated and spotted onto 8 spots of prestructured sample
support (Au-chip). After air-drying for approximately 5min at
room temperature, the protein crystal on the chip was detected
by MALDI-TOF-MS (PBS IIc; Ciphergen Biosystems, Fremont,
CA, USA).

Enzyme-Linked Immunosorbent Assay
The serum concentrations were measured by ELISA using an
ELISA kit provided by Xinqaun Company (Taiyuan, China) in
accordance with the manufacturer’s instructions.

Data Analysis
The data analysis involved three stages: (i) peak detection and
alignment; (ii) selection of differently expressed peaks among
groups that may represent potential biomarkers of RA, RA-
ILD, RA-SS, and RA-ONPH; (iii) data analysis using a decision
tree algorithm.

Peak detection was performed using Ciphergen ProteinChip
version 3.0.2 (Ciphergen Biosystems). The protein peaks with
mass-to-charge (m/z) ranging from 2,000 to 50,000 were selected
for analysis, whereas those with m/z ranging between 0 and
2,000 were eliminated from the analysis to avoid interference
from adducts, artifacts from energy-absorbing molecules, and
other possible chemical contaminants. Peak detection involved
(i) baseline subtraction, (ii) mass accuracy calibration, and (iii)
automatic peak detection. Using Biomarker Wizard version 3.1.0
(Ciphergen Biosystems), biomarkers that represent consistent
protein peak sets across multiple spectra were generated. Baseline
subtraction was performed on all spectra. The peak m/z of 4,901
was selected to normalize dimension. The settings for auto-detect
peaks to cluster were as follows: first pass: signal-to-noise ratio, 5;
minimum peak threshold, 10%; cluster completion: cluster mass
window, 0.3%; second pass: signal-to-noise ratio, 2.

Statistical analysis was conducted using SPSS version 18 (IBM
Corp., Armonk, NY, USA). Both parametric Student’s t test and
non-parametric Mann–Whitney U test were applied. Results
were considered statistically significant if p < 0.05.

RESULTS

Discriminating m/z Peaks Between RA and
Control Subjects
Among the m/z 1,000–20,000 peak range, there were a total of
115 differential protein peaks between the RA and HCs groups.
Of these peaks, 58 protein peaks statistically differed (p < 0.05),
including 22 that were overexpressed in RA samples (p < 0.05).

Establishment of the Serological
Classification Tree Model for RA
RA Patients and HCs
A total of 22 protein peaks were used by the Biomarker
Patterns Software (BPS) version 5.0 (Ciphergen Biosystems)
to establish the most optimal classification tree based on the

TABLE 3 | Prediction success of classification tree model for RA.

Actual class

(according decision tree

classification class to clinical

diagnosis)

Decision tree classification class

RA, n (%) HCs, n (%)

In the training set

RA (n = 83) 76 (91.57) 7 (8.43)

HCs (n = 56) 4 (7.143) 52 (92.86)

In the blinded testing set

RA (n = 14) 14 (100) 0 (0)

HCs (n = 20) 1 (5) 19 (95)

lowest error cost of misclassification (represented as relative
cost of 0.462). The most optimal tree model consisted of m/z
peaks 3,448.85, 4,716.71, 8,214.28, and 10,645.10 (Table 2), all of
which were down-regulated in patients with RA compared with
HCs (Figure 1A). The classical protein/peptide spectra of serum
sample from RA patients and HCs are shown in Figure 1A.
All 139 spectra of the training set were differentiated into
five terminal nodes (Figure 1B). This classification tree had a
specificity of 91.57% and a sensitivity of 92.86% for distinguishing
between RA patients andHCs (Table 3). All 14 RA spectra and 20
HCs in the test set were correctly classified by this model, yielding
a sensitivity of 95.00% and a specificity of 100% (Table 3). The
integral of receiver operating characteristic curve (ROC) of this
decision tree supplied by BPS version 5.0 was 0.937 (Figure 1B).

ELISA Validation
The components containing four targeted protein peaks of
the RA diagnostic model were preliminarily retrieved through
the ExPasy database. The proteins of m/z 10,645.10, 4,716.71,
3,448.85, and 8,214.28might correspond to C-Cmotif chemokine
24 (CCL24; code: O00175), putative metallothionein (MT1DP;
code: A1L3X4), sarcolipin (SLN; code: O00631), and C-X-C
motif chemokine 11 (CCXL-11; code: O14625), respectively.

Therefore, the above targeted biomarkers were further
identified and quantified through ELISA. A significant decrease
was observed in the CCL24 level in the serum of RA patients
(75.12 ± 69.59 ng/mL) as compared with HCs (125.3 ±

41.9 ng/mL) (p < 0.05) (Figure 2A). No significant difference
was found in MT1DP, SLN, and CXCL-11 between RA patients
and HCs (Figures 2B–D). Remarkably, the ELISA results, i.e., the
four biomarkers had lower levels in RA patients than HCs, were
consistent with the MALDI-TOF-MS results.

Establishment of the Classification Tree
Model for Assessing Disease Activity in RA
Patients
RA Patients With Remission and Disease Activity
This classification treemodel was established from 28 RA patients
with remission and 69 disease activity patients and had m/z
1,130.776, 1,501.065, 2,091.198, and 11,381.87 (Table 4) and six
terminal nodes (Figure 3A). It had a sensitivity of 94.12% and a
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FIGURE 2 | (A–D) ELISA results of CCL24, MT1DP, SLN, and CXCL11 in the

serum of RA patients (n = 22) and health controls (n = 22), indicated the

CCL24 level has a significantly decreased expression in the RA serum and

other biomarkers had not a difference. Plots indicate individual protein level of

each group. Data are presented as mean±SEM. ns, no significant.

specificity of 93.33% (Table 5). The integral of ROC was 0.990
(Figure 4).

RA Patients With Low Disease Activity and Other

Disease Activity
This classification tree model was built from the serum samples
of 17 RA patients with low disease activity and 52 patients
with other disease activity and had m/z 2,032.31, 2,506.21, and
9,286.50 (Table 4) and five terminal nodes (Figure 3B). It had a
sensitivity of 86.67% and a specificity of 80.65% (Table 5). The
integral of ROC was 0.898 (Figure 4).

RA Patients With Moderate Disease Activity and High

Disease Activity
This classification tree model was established to detect a
distinction between RA patients with moderate disease activity
and those with high disease activity and had m/z 2,032.31 and
4,716.71 (Table 4) and three terminal nodes (Figure 3C) It had
a sensitivity of 74.19% and a specificity of 76.19% (Table 5). The
integral of ROC was 0.786 (Figure 4).

Discriminating m/z Peaks Between RA and
RA With Complications (RA-ILD, RA-sSS,
and RA-ONFH)
RA and RA-ILD
A total of 13 protein peaks from serum samples including 22
RA-ILD and 44 RA patients without complications were detected
(p < 0.05) by MALDI-TOF-MS combined with WCX magnetic
beads, which were down-regulated in patients with RA-ILD.
We also used BPM5.0 to establish the most optimal tree model
to distinguish between RA-ILD and RA without complications,

TABLE 4 | Biomarker statistics for assessing the activity of disease in RA patients.

M/Z Remission

(Mean ± SD)

Disease

activity (Mean

± SD)

P

1,130.78 1.01 ± 1.75 1.18 ± 1.54 0.013

1,501.70 1.56 ± 1.79 −0.19 ± 1.26 0.003

2,091.20 3.08 ± 1.34 4.52 ± 2.01 0.025

11,381.87 0.02 ± 0.16 0.16 ± 0.13 0.014

M/Z Low disease

activity (Mean

± SD)

Other disease

activity (Mean

± SD)

p

2,013.49 3.71 ± 1.80 5.52 ± 2.59 0.019

8,765.23 4.25 ± 4.48 2.09 ± 1.91 0.026

M/Z Moderate

disease

activity (Mean

± SD)

High disease

activity (Mean

± SD)

P

2,032.31 1.57 ± 1.44 2.59 ± 1.95 0.047

8,214.28 2.65 ± 1.43 1.83 ± 1.35 0.042

which had m/z 10,645.10 and 12,595.86 (Table 6) and included
three terminal nodes (Figure 3D). It has a sensitivity of 86.36%
and a specificity of 84.09%, respectively (Table 7). The integral of
ROC was 0.856 (Figure 5).

RA and RA-sSS
Thirteen proteins from serum samples of 18 RA-sSS and 44
RA patients without complications were detected (p < 0.05).
All were down-regulated in patients with RA-sSS. We also
established the classification tree model by BPM5.0, which
comprised m/z 6,635.62 and 33,897.72 (Table 6). The RA-sSS
classification tree model included 3 terminal nodes (Figure 3E).
After identification using the model, the patients were classified
as having RA and RA-sSS with a specificity of 77.78% and a
sensitivity of 79.55% (Table 7). The integral of ROC of this
RA-sSS decision tree was 0.794 (Figure 5).

RA and RA-ONFH
There were two differential protein peaks/spot detected between
6 RA-ONFH and 44 RA patients without complications (p <

0.05). They were down-regulated in patients with RA-ONPH and
were added into BPM5.0 to generate the classification tree model,
which had m/z 2,071.69 (Table 6). The classification tree model
included two terminal nodes (Figure 3F), which had a sensitivity
of 66.67% and a specificity of 95.45% (Table 7). The integral of
ROC was 0.811 (Figure 5).

Developing Biological Markers for
Etanercept Used in RA Patients
A total of four protein peaks were detected in RA patients
between the responder (n= 7) and non-responder groups (n= 4)
(p < 0.05), which included m/z 2,671.60, 5,801.84, 8,130.19, and
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FIGURE 3 | (A–F) Classification tree model for assessing disease activity in RA patients and distinguishing RA patients with complications. The mass-to-charge value

in the nodes was followed by lower or equal to intensity value. If the answer to the question in a node of the tree was yes, it proceeded down to the left node,

otherwise it proceeded down to the right node. When proceeding to the terminal nodes, the decision tree assigned to samples to different groups. (A): patients with

remission (terminal node 2, 4, and 5) and disease activity (terminal node 1, 3, and 6); (B): RA patients with low disease activity (terminal node 1, 3, and 5) and other

disease activity (terminal node 2, 4, and 6); (C): RA patients with moderate disease activity (terminal node 2) and high disease activity (terminal node 1 and 3); (D):

RA-ILD (terminal node 1); (E): RA-sSS (terminal node 1); (F): RA-ONFH (terminal node 1).

9,286.49. Three proteins at m/z 5,801.84, 8,130.19, and 9,286.49
were decreased in the responder group, whereas one at m/z
2,671.60 was overexpressed in the responder population.

DISCUSSION

We developed a classification tree model for early RA
diagnosis byMALDI-TOF-MS withWCXmagnetic beads, which
included m/z 3,448.85, 4,716.71, 8,214.28, and 10,645.10. This
diagnostic model was applied for RA and had a much higher
specificity (91.566%) and sensitivity (92.857%). In addition, the

classification tree model was tested among 14 RA patients and
20 HCs in blinded test set and had a sensitivity of 95.0% and
a specificity of 100%. The four peaks might be critical peptides
or proteins involved in the pathogenesis. Similar to the study
by Zhang et al. (31), clinically useful biomarkers for RA were
identified with this approach to discriminate patients with RA
from HCs. Zhang et al. (32) reported that m/z 15,715.5, 7,771.4,
8,959.4, 8,469.8, and 8,710.8 in serum are of certain value for
differential diagnosis of RA from osteoarthritis (OA) and HCs.
Compared with these prior studies, we not only completed the
building of the RA diagnostic model but also determined the
origin and full identity of the biomarkers for RA diagnosis.
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We preliminarily retrieved components comprising these four
protein peaks of diagnostic model from the ExPasy database,
which was used to discriminate RA patients from the HCs.
The four biomarkers may probably be CCL24, MT1DP, SLN,
and CXCL-11, which were further identified and quantified
through ELISA. Only the CCL24 level was detected to have a
significant decrease in the serum of RA patients as compared
with HCs (p < 0.05). No significant difference was found
in others, but a decreasing trend consistent with the down-
regulation of the four biomarkers detected by MALDI-TOF-MS
was observed. The results agreed with previous reports. In Aloush
et al. study, a significant decrease was observed in the level
of CCR3 receptor in the serum of RA patients compared with
HCs (33). CCL24/eotaxin-2 acts via highly specific activation of
the CCR3 receptor. Another study observed that anti-eotaxin-2
antibody has a significant protective effect in adjuvant-induced
arthritis in rats (34). Noticeably, a specific pattern was observed
for mRNA expression in CCL24/eotaxin-2, which was higher

TABLE 5 | Establishment of the classification tree models for assessing the

activity of disease in RA patients.

Classification

tree model

Accuracy (%) Sensitivity (%) Specificity (%)

Remission/

Disease

activity(28/69)

M/Z1130.78,

1,501.07,

2,091.20,

11,381.87

92.78 94.12 93.33

Low disease

activity/Other

disease activity

(17/52)

M2013.49,

8,765.23

82.61 86.67 80.65

Moderate

disease

activity/High

disease activity

(21/31)

M/Z2032.31,

4,716.71

75.00 74.19 76.19

among RA patients with lower X-ray scores than those with
severe X-ray scores. The same results were also found in the
comparison between the two groups with RA with low and
medium disease activity and the subgroup with high activity (35).
Combined with the above results, CCL24 may play a vital role
in the pathogenesis of RA. The lower level of CCL24 in our
result may be due to the reaction of eotaxin-2 to therapeutic
manipulation in RA. However, in study by Uchida et al. (36), who
detected discriminatory biomarkers to differentiate RA from OA
using synovial fluid, they purified the protein based the detected
specific peaks and the result revealed that m/z 10,850 was the
clearest signal found specifically in RA and that it is myeloid-
related protein 8, which might be related to the disease activity
in RA. Despite the different results among research, these results
highlighted that the CCL24, as a biomarker of this model, may
be vital proteins or peptides that participate in the pathogenesis
of RA and may be a promising potential therapeutic target for
arthritis (37).

Although other biomarkers for the RA diagnostic model did
not significantly differ in our result, the ELISA results, i.e.,

TABLE 6 | Biomarker statistics for RA vs. RA with complications spectra in the

decision tree classification.

M/Z RA + ILD (Mean ± SD) RA (Mean ± SD) P

10,645.10 0.12 ± 0.36 0.47 ± 0.70 0.003

12,595.86 0.84 ± 0.44 1.55 ± 0.84 0

M/Z RA+sSS (Mean ± SD) RA (Mean ± SD) p

6,635.62 11.38 ± 6.10 14.79 ± 5.89 0.045

33,897.72 0.11 ± 0.06 0.15 ± 0.05 0.037

M/Z RA+ONFH (Mean ± SD) RA (Mean ± SD) P

2,071.69 1.73 ± 2.11 3.43 ± 1.63 0.025

FIGURE 4 | The ROC of the diagnostic models for assessing the activity of disease in RA patients.
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TABLE 7 | The classification tree models for RA and RA with complications.

Classification tree model Accuracy Sensitivity Specificity

RA/RA- ILD(44/22) M/Z10645.10, 12,595.86 84.85% 86.36% 84.09%

RA/RA-sSS(44/18) M/Z6635.62, 33,897.72 79.03% 77.78% 79.55%

RA/RA-ONFH(44/6) M/Z2071.69 92.00% 66.67% 95.45%

FIGURE 5 | The ROC of the diagnostic models of RA with complications.

the four biomarkers had lower levels in RA patients than in
HCs, were consistent with the MALDI-TOF-MS results. Thus
far, MT1DP and SLN as the possible components, are not
reported in studies about autoimmune disease. According to
previous studies, the fourth protein, CXCL11, is believed to be
the dominant CXCR3 agonist because it is more potent (38), and
it has been believed to play a vital role in directing Th1 cells to
sites of inflammation (39). Recent studies strongly concluded that
the CXCR3 receptor is a potential therapeutic target for treating
autoimmune diseases, such as RA and multiple sclerosis (40).
Although we were not able to identify other biomarkers, possibly
due to the relatively small sample of patients in this study, the
possibility remains that this chemokine plays a vital role in RA.

We also aimed to construct a series of clinical models for
an accurate assessment model of disease activity. Thus far,
there are no studies about it, and we did not find relevant
conclusions for the assessment model of RA in the present
research. Consequently, we established the classification tree
model for assessing the disease activity in RA patients. At first, we
can use the classification model including m/z 1,130.78, 1,501.07,
2,091.20, and 11,381.87 to distinguish patients with disease
activity from RA patients with remission. RA patients with low
disease activity could be efficiently discriminated from other
disease activity patients with the combined use of specific protein
biomarkers (m/z 2,032.31, 2,506.21, and 9,286.50). Finally, m/z
2,032.31 and 4,716.71 were applied to build the classification
model for RA patients with moderate disease activity and high
disease activity. These models are possibly the most convenient
and efficient clinical methods for RA patients.

After assessing and diagnosing RA patients using the
established model, they should be comprehensively assessed
to determine other complications, which can prompt early
treatment. Therefore, we built the classification tree model for
to accurately recognize RA-ILD, RA-sSS, and RA-ONFH from
RA. The most optimal tree model to distinguish between RA-
ILD and RA without complication had m/z 10,645.10, and
12,595.86. In the present research, the diagnostic model was
applicable for RA-sSS and/or SS-ILD (41), but no biomarkers
discriminating for RA-ILD were found. The RA-sSS model had
m/z 6,635.62 and 33,897.72 and had a specificity of 77.78%
and a sensitivity of 79.55%. In the study of Li et al. (42),
m/z peaks at 8,133.85, 11,972.8, 2,220.81, and 4,837.66 were
used to establish a diagnostic model for Primary Sjögren’s
syndrome from systemic lupus erythematosus, RA, and HCs.
The m/z peaks of RA-sSS model were different among these
studies. We believe that the difference might be due to the
different characteristics of the subjects. Our study detected that
m/z 2,071.68 has potential in discriminating between RA and
RA-ONFH. A previous study (43) showed that seven proteins
were found based on two-dimensional electrophoresis patterns
from the sera of 10 patients with ONFH and 10 normal
subjects. ELISA revealed that the levels of tissue plasminogen
activator, plasminogen activator inhibitor 1, crosslaps, and anti-
p53 antibody in patients with ONFH were always significantly
different among patients with OA, RA, and fracture. In the
diagnostic models of RA with complications, all had different
protein peaks; thus, further research is needed to clarify its
specific components.
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The biological markers for etanercept used in RA patients
were also generated in our study. A total of 4 protein peaks,
including m/z 2,671.60, 5,801.84, 8,130.20, and 9,286.49, were
detected in RA patients between the responder (n = 7) and
non-responder groups (n = 4). The study of Trocme et al. (44)
revealed factors predictive of infliximab therapeutic response.
Five proteins at 3.86, 7.77, 7.97, 8.14, and 74.07 kDa were
overexpressed in the non-responder group (n = 28), whereas
one at 28 kDa was increased in the responder group (n = 32).
Biomarker characterization showed that apolipoprotein A-1 was
predictive of a good response to infliximab, whereas platelet
factor four was associated with non-response, thereby providing
some thoughts to the scientific research in our future study.

These data suggested that MALDI-TOF-MS combined with
WCX magnetic beads could be helpful in clinical applications
for efficient diagnosis and accurate assessment of disease activity,
and it is useful for differentiating RA patients with complications,
which plays an important role in providing early treatment to
RA patients, thereby preventing worse symptoms in the future.
Nevertheless, the identification of these biomarkers is essential
in understanding the pathogenesis of RA, on which they may
play a vital role. Therefore, our future study will complete the
identification of other potential diagnostic biomarkers for RA,
and their identification will further improve the usefulness of the
model, shed further light on the pathogenesis of RA, and promote
the study on the diagnostic biomarkers for RA.

In many health-care systems, the medical treatment of
patients comprises three phases (clinical diagnosis, assessment,
and treatment), to which the proposed models we established
above are applied. Unlike findings about biomarkers discovered
in previous studies, this study not only explored the diagnostic
criteria established by proteomic technology to accurately
recognize RA patients from HCs but also assessed the
disease activity and developed classification tree models
for comprehensive assessment of patient’s condition and to
determine whether they have other complications. Our study
detected the potential biomarkers for etanercept used in
RA patients, which can help solve future clinical problems.
We further identified and quantified the biomarkers for
RA and found that the CCL24 level was lower in the RA
group than in HCs. In future study, we will complete the
identification of other potential diagnostic biomarkers to
explore their role in the pathogenesis and to detect the precise
therapeutic target.

However, this study has some limitations. The tested sample
size is small and should be increased. To identify the discovered

protein peak, the sample size should be increased. Furthermore,
no pathological controls with undifferentiated arthritis, OA, or
inflammatory joint diseases were assayed in this study. Thus,
these should be considered in future research. More effort
in future studies should be done, including increasing the
sample size and completing other molecular identification of the
potential specific biomarkers reported in this study for a better
understanding of RA.

CONCLUSION

Our study successfully established a series of specific proteomic
diagnostic models for RA, RA-ILD, RA-sSS, and RA-ONFH
and detected the potential biomarkers to distinguish RA disease
activity and to identify etanercept’s clinical effect using proteomic
fingerprint technology (MALDI-TOF-MS) combined with WCX
magnetic beads. Furthermore, we have also demonstrated the
differential expression of CCL24 in RA serum and HCs, which
appears to have a pathogenetic role in RA and may serve as
therapeutic targets in the future. Further exploration of these
findings requires a larger sample size.
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