
 INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune-
inflammatory disorder that affects joints mostly in women 
and older subjects (Tobón et al. 2010; Agarwal 2011). RA is 
associated with systemic complications, progressive dis-
ability, socioeconomic costs, and even early death (Fires-
tein 2003; Choy 2012). RA patients suffer from chronic 
inflammation, swollen and painful joints, stiffness follow-
ing prolonged inactivity, fatigue, burning sensations, and 
loss of motor control (Alamanos and Drosos 2005; Stack 
et al. 2014). The etiology of RA remains ambiguous but 
is attributed to a package of genetic and environmental 
factors (Vickers 2017). Many parameters were measured 
and examined for their potential applicability as a factor 
of diagnosis, prognosis, or RA disease follow-up. Among 
those parameters, scientists have measured adipokines 

(Ali et al. 2020), trace elements (Al-Hakeim et al. 2019), 
various pro- and anti-inflammatory cytokines (Mateen 
et al. 2016; Wu et al. 2021). Because RA is characterized 
by inflammation of the synovial membrane that leads to 
the pulverization and destruction of the joints (Ananda-
rajah 2011), estimation of different inflammation-related 
cytokines is still an interesting field of study. Due to the 
increasing production of free radicals in the inflamed 
joints, inflammation and tissue damage have also been in-
volved in RA's pathogenesis (Mateen et al. 2016; Quiñonez-
Flores et al. 2016). Multiple cellular elements, adhesion 
molecules, soluble mediators, and autoantibodies lead 
to inflammation of the joints and internal organs and 
structural changes (McInnes and Schett 2017; Giannini 
et al. 2020). However, the results of most parameters are 
not completely decisive and conclusive. Among these 
measured cytokines in RA is a colony-stimulating factor 
(CSF2), stromelysin-1 (MMP3), tumor necrosis factor-α 
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(TNFα), osteopontin (OPN), vascular endothelial growth 
factor-A (VEGF) and interferon-γ (INFγ). TNFα is secreted 
by monocytes, B cells, and multiple T cell subsets (Zhang 
et al. 2019). TNFα is bounteously present in RA patients' 
serum and joint synovium as an essential and significant 
cytokine upsetting the controlled harmony between pro-
inflammatory and anti-inflammatory cytokines (Brennan 
and McInnes 2008). In one study, TNFα secreted from 
B-cells, among multiple osteoblasts' inhibitors, can inhibit 
bone formation in RA's animal model (Sun et al. 2018).

It is known that MMP3 is expressed in the synovium 
of RA patients (Kanbe et al. 2011; Chen et al. 2014) and 
represents a potential indicator of early diagnosis and the 
activity of the disease (Chen et al. 2014; Lerner et al. 2018). 
During tissue remodeling in RA, MMP3 participates in 
the breakdown of extracellular matrix proteins (Page-
McCaw et al. 2007). Serum levels of MMP3 reflect the 
activity of RA disease, bone and joint injury and predict 
drug responsiveness and disease outcome (Vistoli et al. 
2013; Lerner et al. 2018; Liu et al. 2018). These findings 
encouraged some researchers to suggest MMP3 monitor-
ing in the routine assessment to accompany therapeutic 
modalities in RA management (Lerner et al. 2018). 

CSF2 is a cytokine that can rise to high levels in 
response to immune stimuli (Borriello et al. 2019) to 
regulate inflammatory responses (Wicks and Roberts 
2016). CSF2 is essential for developing inflammatory and 
arthritic pain in RA models (Cook et al. 2013). It is also 
increased locally in inflammation sites such as asthmatic 
patients' lungs and allergic patients' skin (Hamilton 2020). 
CSF2 has also been detected significantly in the arthritic 
synovial fluid, where it is expected to destroy bone and 
joint (Cook et al. 2013).

The binding of vascular endothelial growth factor 
(VEGF) to its receptor activates a series of signal trans-
duction events that ultimately lead to the secretion of 
various inflammatory and growth factors that stimulate 
the proliferation and migration of the endothelial cells 
to produce new blood vessels (Hicklin and Ellis 2005). 
VEGF is widely expressed in RA patients' serum and 
synovial fluid (Lee and Bae 2018; Xu et al. 2019), where it 
is responsible for vascular growth and blood vessel inva-
sion of the synovial lining membrane in RA (Malemud 
2007). VEGF is considered a critical angiogenic factor that 
causes a synovitis continuous reaction and mainly results 
in tissue hypoxia (Zimna and Kurpisz 2015). Inflamma-
tion in synovium and hypoxia enhances the production 
of pro-inflammatory cytokines such as IL-1β and TNFα, 
activating VEGF production (Cho et al. 2006). 

The bone matrix contains OPN that connects os-
teoclasts and hydroxyapatite to bolster bone resorption 
(Horton et al. 1995). This fact was supported by experi-
ments on OPN‐null mice that showed a resistance to the 

inflammatory joint destruction in collagen‐induced ar-
thritis (Yumoto et al. 2002). In a previous study, a manifest 
elevation of OPN concentration in RA patients' synovial 
fluid was found, which is suggested to play a significant 
role in the pathogenesis of RA (Ohshima et al. 2002). 
Furthermore, plasma OPN was considered an inflam-
matory bone damage biomarker in RA patients (Iwadate 
et al. 2014). The presence of the anti-OPN antibodies has 
been associated with the severity of RA.

In the immune system, IFNγ plays a role in producing 
cytokine, antigen presentation, cellular differentiation, 
metabolic pathways, macrophage activation, and cell 
growth and survival (Lees 2015). The activated T cells and 
natural killer (NK) cells are the primary cells that secrete 
IFNγ in plasma (Billiau 1996; Billiau and Matthys 2009), 
while the dominant source of IFNγ in RA synovium is 
CD8+ T cells (Zhang et al. 2019). INFγ enhances antigen 
presentation, mediates antiviral and antibacterial im-
munity, orchestrate the activation of the innate immune 
system, regulates Th1/Th2 balance, promotes macrophage 
activation, and controls cellular proliferation and apop-
tosis (Billiau 1996; Billiau and Matthys 2009). A previous 
attempt to use recombinant IFNγ to treat RA without 
any benefit (Veys et al. 1997). Therefore, the exact effect 
of these parameters on the RA is not fully understood by 
studying every parameter alone. In the present study, we 
built two biomarkers composite from bone biomarkers 
from MMP3, OPN, and VEGF, reflecting the bone status 
(B-composite). The second composite (I-composite) was 
built from TNFα, INFγ, and CSF2, reflecting immune 
activation. The current study aims to examine the diag-
nostic role of the above biomarkers and their composites 
in the RA patients and study the factors affecting their 
level in the sera of RA patients.

MATERIAL AND METHODS

Participants
The present case-control study was performed in Fal-
lujah General Hospital in Anbar, Iraq, from October 
2019 till December 2020. The study included 102 males 
with RA patients and 58 healthy control subjects. The 
criteria of the “American College of Rheumatology” and 
the “European League against Rheumatism” were used 
for RA diagnosis (Aletaha et al. 2010). Every patient 
achieved a score higher than six from the results of the 
four domains: the number and site of the painful joints, 
positive serologic results (rheumatoid factor (RF), and 
anti-citrullinated protein antibodies (ACPA)), elevations 
of inflammatory markers (C-reactive protein (CRP) and/
or erythrocyte sedimentation rate (ESR)), and the dura-
tion of RA symptoms. The clinical characteristics of the 
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RA disease and socio-demographic information were 
recorded from all patients. Disease Activity Score was 
calculated by using (DAS28-ESR) calculator available 
online at https://www.mdcalc.com/disease-activity-score-
28-rheumatoid-arthritis-esr-das28-esr. The Clinical 
Disease Activity Index (CDAI) of all patients' RA disease 
activity was more than 10, indicating moderate to high 
disease activity. Body mass index (BMI) was calculated by 
dividing body weight (kilograms) by the squared length 
of subjects (squared meter). The study was approved by 
the ethical approval committee (IRB) of the University of 
Anbar, Iraq (Document number 103/2019), which complies 
with the “International Guideline for Human Research” 
standards as mandatory by the Declaration of Helsinki.

A complete medical history evaluated all subjects 
to exclude any systemic diseases that might influence 
the measured parameters' results, particularly liver and 
renal disease, infection, diabetes, cardiovascular events. 
The smoking subjects were also excluded from the study.

Measurements
After overnight fasting, five millilitres of venous blood 

were collected from all subjects without a tourniquet and, 
after complete clotting at 37 °C, centrifuged at 3000 rpm 
for 15 min. Sera were isolated and stored at -80 °C until 
analysis. Serum CRP and RF were measured by semi-
quantitative kits (Spinreact®, Girona, Spain) based on the 
latex agglutination principle. A semi-quantitative ACPA 
test was carried out by kits provided by Hotgen Biotech 
(Beijing, China). Serum CSF2, INFγ, MMP3, OPN, TNFα, 
and VEGF were determined by sandwich ELISA assay 
kits (Mybiosource®, CA, USA). Serum albumin, total 
protein, calcium, urea, creatinine, and uric acid were 
measured spectrophotometrically using ready-to-use 
kits (Spinreact®, Girona, Spain). Ionized calcium (I.Ca) in 
serum was calculated from the following equation “I.Ca 
= 0.813 × T.Ca0.5 - 0.006 × Albumin0.75 + 0.079” (Mateu-de 
Antonio 2016), which give the best approximate result. 
The sensitivities of the ELISA kits were: CSF2 < 1 pg/ml, 
INFγ < 4 pg/ml, MMP3 < 0.068 ng/ml, OPN < 0.1 pg/ml, 
TNFα < 1 pg/ml, and VEGF < 1 pg/ml. The intra-assay 
coefficients of variance of all kits were less than 10%.

Variables HC (n = 58) RA (n = 112) F/χ2 df p

Age (years) 47.128 ± 6.017 48.222 ± 5.941 1.139 1/158 0.289

BMI (kg/m2) 24.923 ± 2.623 25.917 ± 2.348 2.325 1/158 0.082

DAS28 - 7.406 ± 1.374 - - -

Duration of disease (years) - 9.275 ± 4.788 - - -

ACPA (+ve/-ve) 0/58 87/15 59.626 1 <0.001

CRP (+ve/-ve) 0/58 82/20 52.111 1 <0.001

RF (+ve/-ve) 0/58 88/14 61.747 1 <0.001

Urea (mg/dl) 34.258 ± 5.192 35.357 ± 6.028 2.135 1/158 0.272

Creatinine (mg/dl) 0.820 ± 0.201 0.890 ± 0.194 3.164 1/158 0.247

Uric acid (mg/dl) 5.258 ± 1.237 5.891 ± 1.138 3.874 1/158 0.041

T.Protein (g/dl) 7.222 ± 0.949 7.305 ± 0.817 1.127 1/158 0.297

Albumin (g/dl) 4.552 ± 0.610 4.666 ± 0.624 0.817 1/158 0.304

T.Ca (mM) 2.160 ± 0.191 2.168 ± 0.210 0.035 1/158 0.853

I.Ca (mM) 1.254 ± 0.053 1.255 ± 0.058 0.016 1/158 0.901

MMP3 (ng/ml) 16.054 ± 6.557 22.827 ± 9.112 27.305 1/158 <0.001

TNFα (pg/ml) 31.123 ± 8.528 43.471 ± 16.235 14.058 1/158 <0.001

VEGF (pg/ml) 155.258 ± 37.124 159.068 ± 36.848 0.127 1/158 0.685

OPN (ng/ml) 4.777 ± 2.185 5.025 ± 2.681 2.024 1/158 0.122

IFNγ (pg/ml) 58.588 ± 23.582 104.309 ± 31.253 46.951 1/158 <0.001

CSF2 (pg/ml) 66.852 ± 22.136 91.265 ± 38.302 11.027 1/158 0.001

B-Composite -0.248 ± 1.783 0.238 ± 1.609 1.806 1/158 0.183

I-Composite 0.407 ± 1.847 0.158 ± 1.948 0.380 1/158 0.539

Table 1. Clinical and demographic characteristics rheumatoid arthritis patients (RA) and healthy controls (HC).

BMI: Body mass index; DAS28: Disease activity score-28; T.Ca: Total calcium; I.Ca: Ionized calcium; CSF2: Colony-stimulating factor; MMP3 (Stromelysin-1): 
Matrix metalloproteinase-3; TNFα: Tumor necrosis factor-alpha; OPN: Osteopontin; INFγ: Interferon gamma; VEGF: Vascular endothelial growth factor; 
z: z-score; ln: natural logarithm; B-Composite: Bone cytokines composite = zlnMMP3+zlnVEGF+zlnOPN; I-Composite: Inflammatory cytokines composite 
= zlnTNFα+zlnINFγ+zlnCSF2.
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Statistical analysis
The distribution of all biomarkers results was found 
normal, as examined by the Kolmogorov-Smirnov test. 
Therefore, all results were presented as mean ± standard 
deviation. Chi-square test (χ2-test) was used to estimate the 
associations between categorical variables, and analysis 
of variance (ANOVA) test was used for checking the dif-
ferences in scale variables between groups. Correlations 
among biomarkers and between biomarkers and clinical 
and demographic parameters were assessed using Pear-
son's product-moment correlation analysis. Associations 
between RA diagnosis and the measured biomarkers 
were examined using the multivariate general linear 
model (GLM) analysis while directing for age and BMI 
as confounding variables. Accordingly, tests for between-
subject effects were performed to explain the associations 
between diagnosis and every biomarker. The effect size 
of the analysis was expressed as partial eta-squared (η2). 
Various z-unit weighted composite scores were calculated 
based on the levels of the biomarkers. Firstly, we computed 
the sum of z values of three normalized inflammatory 
biomarkers values (zlnTNFα) + zlnINFγ + zlnCSF2) re-
flecting immune activation (I-composite). Secondly, we 
computed the sum of z values of three normalized bone-
related biomarkers (zlnMMP3) + zlnVEGF + zlnOPN) 
reflecting bone tissue status (B-composite).

The multiple regression analysis was employed to 
assess the most significant biomarkers that predict some 
measured biomarkers. Receiver Operating Curve (ROC) 
was used to study the measured biomarkers' diagnostic 
ability for RA. We estimated the best cut-off value of the 
parameters that produce the best sensitivity and specific-
ity. A two-tailed test was used, and a p-value <0.05 would 

be considered as a statistical significance. The IBM SPSS 
package for windows-10, version 25, was used for per-
forming all analyses.

RESULTS

Demographic, clinical and blood parameters character-
istics

The demographic data of RA patients in comparison with 
the healthy controls are shown in Table 1. No significant 
differences in BMI and age between the groups. Table 1 
also shows no significant difference in the levels of urea, 
creatinine, total protein, albumin, T.Ca and I.Ca between 
groups. Serum uric acid showed a slight significant in-
crease (p = 0.041) in the RA group compared with the 
control group. Serum MMP3, TNFα, IFNγ, and CSF2 
were significantly increased in RA patients than in the 
control group. While the serum level of VEGF and OPN 
showed no significant difference between groups. The 
weighted composites of bone tissue (B-composite) and 
inflammatory state (I-composite) showed no significant 
difference in the RA group than the control group. Co-
varying for the drug state did not alter the results.

GLM analysis
The multivariate GLM analysis results, in Table 2, did not 
show any significant effect of age (F = 1.248, df = 8/149, 
p = 0.411), and BMI (F = 1.244, df = 8/149, p = 0.307) on 
the eight biomarkers. The presence of RA (diagnosis) has 
a highly significant effect (F = 14.112, df = 8/149, p<0.001) 
on the levels of the biomarkers with a high effect size 

Tests Dependent variables Explanatory variables F df p Partial η2

Multivariate All 8 biomarkers Diagnosis 14.112 8/149 <0.001 0.415

Sex 1.124 8/149 0.352 0.102

BMI 1.224 8/149 0.307 0.911

Age 1.248 8/149 0.411 0.090

Between-subject effects T.Ca Diagnosis 1.714 1 0.194 0.021

I.Ca Diagnosis 1.695 1 0.197 0.020

MMP3 Diagnosis 13.173 1 <0.001 0.141

TNFγ Diagnosis 1.687 1 0.207 0.023

VEGF Diagnosis 0.988 1 0.294 0.032

OPN Diagnosis 0.214 1 0.516 0.017

IFNγ Diagnosis 23.777 1 <0.001 0.227

CSF2 Diagnosis 2.945 1 0.078 0.049

Table 2. Multivariate GLM analysis examining the differences in biomarkers between rheumatoid arthritis patients and normal controls.

All results of multivariate GLM analysis with the biomarkers as dependent variables and diagnosis as an explanatory variable while adjusting for extraneous 
variables. Diagnosis: RA versus healthy controls; BMI: Body mass index; DAS28: Disease Activity Score-28; T.Ca: Total calcium; I.Ca: Ionized calcium; CSF2: 
Colony-stimulating factor; MMP3 (Stromelysin-1): Matrix metalloproteinase-3; TNFα: Tumor necrosis factor-alpha; OPN: Osteopontin; INFγ: Interferon-
gamma; VEGF: Vascular endothelial growth factor.
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(partial η2 = 0.415). Tests for between-subject showed that 
the diagnosis has the major effects on the levels of IFNγ 
(F = 23.777, df = 1, p<0.001, partial η2 = 0.227), followed 
by MMP3 (F = 13.173, df = 1, p < 0.001, partial η2 = 0.141). 
Other biomarkers parameters showed lower effects by 
diagnosis with low-size effects.

Intercorrelation matrix
Table 3. shows the intercorrelation matrix of the mea-
sured parameters in 170 subjects. There were significant 
negative associations between the zlnMMP3 and T.Ca (r 
= -0.261, p<0.01) and I.Ca (r = -0.210, p<0.05) across the 

entire study group. I-composite is significantly correlated 
with age (r = 0.256, p<0.01).

In the RA patients group only, the zlnMMP3 was cor-
related with ACPA (r = 0.379, p<0.01), while negatively 
associated with T.Ca (r = -0.311, p<0.01) and I.Ca (r = 
-0.318, p<0.01). Duration of disease is significantly associ-
ated with zlnVEGF (r = 0.325, p<0.01), zlnOPN (r = 0.383, 
p<0.001), and B-composite (r = -0.433, p<0.001). While 
zlnTNFα is negatively and significantly associated with 
the duration of disease (r = -0.303, p<0.01), and zlnTNFα 
(r = -0.281, p<0.05). CRP is significantly associated with 
B-composite (r = -0.375, p<0.01) and zlnVEGF (r = -0.357, 

Parameter zlnMMP3 zlnTNFα zlnVEGF zlnOPN zlnINFγ zlnCSF2 B-Composite I-Composite

Age -0.094 -0.152 -0.055 -0.168 -0.151 -0.156 -0.191 0.256*

BMI -0.110 -0.025 0.048 -0.003 -0.148 -0.089 -0.035 -0.146

T. Ca -0.261* -0.053 -0.121 -0.129 -0.027 -0.150 -0.308** -0.131

I. Ca -0.210* -0.100 -0.150 -0.141 -0.082 -0.151 -0.304** -0.187

S. Uric acid -0.122 -0.029 0.085 -0.024 -0.061 -0.098 -0.030 -0.106

zlnMMP3 1 -0.061 -0.166 0.093 0.174 0.124 0.531** 0.134

zlnTNFα -0.061 1 0.013 -0.002 0.075 -0.075 -0.028 0.541**

zlnVEGF -0.166 0.013 1 -0.078 -0.052 -0.103 0.504** -0.082

zlnOPN 0.093 -0.002 -0.078 1 0.100 0.154 0.606** 0.144

zlnINFγ 0.174 0.075 -0.052 0.100 1 0.111 0.128 0.649**

zlnCSF2 0.124 -0.075 -0.103 0.154 0.111 1 0.098 0.604**

B-Composite 0.531** -0.028 0.504** 0.606** 0.128 0.098 1 0.112

I-Composite 0.134 0.541** -0.082 0.144 0.649** 0.604** 0.112 1

Table 3. Correlation matrix of the measured biomarkers with the demographic and among other biomarkers in all the study subjects.

*: Significant correlation (p<0.01); **: Significant correlation (p<0.001); BMI: Body mass index; DAS28: Disease Activity Score-28; T.Ca: Total calcium; I.Ca: 
Ionized calcium; CSF2: Colony-stimulating factor; MMP3 (Stromelysin-1): Matrix metalloproteinase-3; TNFα: Tumor necrosis factor-alpha; OPN: Osteopontin; 
INFγ: Interferon gamma; VEGF: Vascular endothelial growth factor; z: z-score; ln: natural logarithm; B-Composite: Bone cytokines composite expressed as 
zlnMMP3+zlnVEGF+zlnOPN; I-Composite: Inflammatory cytokines composite expressed as zlnTNFα+zlnINFγ+zlnCSF2.

Regression Explanatory variables β t p Fmodel p R2

#1. DAS28 Model 5.235 0.012 0.127

zlnINFγ 0.313 -2.208 0.015

#2. Duration of disease Model 7.323 <0.001 0.259

zlnMMP3 -0.234 -3.0021 <0.001

Sex 0.244 2.877 <0.001

#3. CRP Model 5.912 0.006 0.218

zlnOPN -0.106 2.168 0.027

#4. RF Model 6.432 0.001 0.311

GM-CSF 1.848 2.025 <0.001

#5. ACPA Model 7.927 <0.001 0.501

zlnMMP3 0.281 3.077 0.002

Table 4. Results of multiple regression analysis with the routinely measured parameters in rheumatoid arthritis patients in addition to DAS28 
and the duration of disease as dependent variables.

DAS28: Disease Activity Score-28; CSF2: Colony-stimulating factor; MMP3 (Stromelysin-1): Matrix metalloproteinase-3; OPN: Osteopontin; INFγ: Interferon 
gamma; CRP: C-reactive protein; RF: Rheumatoid factor; ACPA: anti-citrullinated protein antibodies; z: z-score (standard score); ln: natural logarithm.
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p<0.01). DAS28 is associated with the zlnINFγ. ACPA is 
significantly and negatively associated with I-composite 
(r = -0.336, p<0.01).

Table 4. presents the results of different automatic 
multiple regression analyses with the routine measured 
parameters (ACPA, CRP, and RF) in addition to DAS28 
and the duration of disease as dependent variables. Re-
gression #1 explained that 12.7% of the variance in the 
DAS28 score on zlnINFγ. Regression #2 shows that the 
regression can explicate 25.9% of the variance in disease 
duration on B-composite (positively associated) and zl-
nMMP3 (inversely associated). Regression #3 shows that 
21.8% of the CRP variance was explicated by zlnOPN 
(inversely associated) and B-composite (positively associ-
ated). Regression #4 shows that 31.1% of the RF variance 
was explained by zlnCSF2 (positively associated). More 
than half (50.1%) of the variation in ACPA level can be 
explained by the regression on serum calcium, MMP3, 
and I-composite in Regression #5.

Effects of background variables
We also examined the effects of drugs taken on the se-
rum levels of the measured parameters in RA patients 
by using univariate-GLM analysis. The analysis shows 
no significant effects of taking sulfasalazine (F = 2.981, 
df = 1/100, p=0.071) and methotrexate (F = 2.110, df = 
1/100, p=0.971) on the serum level of the eight measured 
biomarkers. There was a slight significant effect of pred-
nisolone on TNFα (p = 0.032; partial η2 = 0.048) and 
INFγ (p = 0.047, partial η2 = 0.066), naproxen on CSF2 
(p = 0.039, partial η2 = 0.072), and tofacitinib on TNFα 
(p = 0.0292 partial η2 = 0.061). The other administered 
drugs have no remarkable effect. The drug administra-

tion's overall effects on the measured parameters were 
only minimum (partial η2< 0.059).

Predictive value of the measured biomarkers
Table 5. shows the ROC parameters of the measured bio-
markers for the diagnosis of rheumatoid arthritis. Only 
the biomarkers that showed a significant efficacy was 
cited in Table 5. Figure 1. shows only the top 3 sensitive 
biomarkers (p<0.001) for RA's diagnosis in a suspected 
subject. The serum concentration of 62.7 pg/ml represents 
the cut-off value that when the suspected subjects have 
higher serum INFγ than it, may refer to the presence of 
RA with sensitivity = 86.4% and specificity = 84.1%. The 
cut-off value of MMP3 was 17.7 ng/ml with sensitivity 
= 70.5% and specificity = 79.5%. While TNFα have sen-
sitivity = 65.6% and specificity = 68.2% at cut-off value 
of 36.2 pg/ml. While the other biomarkers (CSF2, OPN, 
and VEGF) showed lower sensitivities and specificities 
than the top 3 biomarkers.

DISCUSSION

The initial stage in ensuring the quality of the research 
was to enroll subjects who were not suffering from renal 
issues with normal urea and creatinine levels as seen in 
Table 1. The most important finding of the current study 
is the increased serum MMP3, TNFα, IFNγ, and CSF2 in 
RA patients compared with the HC group. The elevation 
in these biomarkers values suggested a more inflammatory 
state in RA group. Tissue damage is thought to be con-
trolled by cytokines (Alstergren and Kopp 2006). TNFα is 
commonly acknowledged as a pro-inflammatory cytokine 
involved in RA pathophysiology (Vervoordeldonk and Tak 
2002; Yamanaka 2015; Guo et al. 2019). The outcome of 
other previous research showed higher levels of TNFα in 
RA patients (Thilagar et al. 2018). As a result of elevated 
TNFα, osteoclast precursor cells are stimulated, caus-
ing bone resorption (Bartold et al. 2005). TNFα triggers 
an infection or inflammatory immunological response. 
However, it promotes an increase in osteoclast precursors 
and osteoclast development, causing bone resorption (Ces-
sak et al. 2014). A comprehensive evaluation confirmed 
the advantages of anti-TNF medication for RA patients' 
rheumatic joints (Zamri and de Vries 2020).

The rise in IFNγ levels in the patients' group is attribut-
able to the inflammatory character of RA, as several cell 
types, including T-cells, B-cells, NK cells, and monocytes/
macrophages, produce IFN (Lees 2015). CD8+ T lympho-
cytes in the RA synovium are the primary source of IFNγ. 
T cells, on the other hand, are required for the genera-
tion of tissue-degrading enzymes and proinflammatory 
cytokines, and CD4 T cells are an important regulator of 

Figure 1. ROC analysis curve for the biomarkers (IFNγ, MMP3, and 
TNFα) that have the highest area under the curve as predictors for 
rheumatoid arthritis compared with the reference line.
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these processes (Klimiuk et al. 1999, Petrasca et al. 2020). 
IFNγ signaling can regulate many genes (Rusinova et al. 
2013) that may affect the inflammatory process and the 
destruction or degeneration of synovial membranes. The 
presence of IFNγ receptors is associated with RA symp-
toms, and an increase in IFNγ-induced inflammation is 
a sign of therapy success and RA remission (Page et al. 
2010; Lee et al. 2017).

MMP3 levels were found to be elevated in our RA 
patients' group, which was previously reported (Czec-
zuga and Zajkowska 2008; Mamehara et al. 2010; Ma et 
al. 2015; Tuncer et al. 2019). However, one study showed 
no significant difference in MMP3 in RA and control 
groups (Abd-Allah et al. 2012). When it comes to bone 
damage detection, the serum level of MMP3 is a good 
predictor, and suppressing MMP3 levels may be an es-
sential treatment approach for individuals with early RA 
(Fiedorczyk et al. 2006; Houseman et al. 2012; Tokai et al. 
2018). According to a recent research, serum MMP3 levels 
are better at predicting clinical remission of RA disease 
than CRP levels (Hattori et al. 2019). It is possible that 
serum MMP3 will serve as a biomarker for histological 
synovitis and the diagnosis of RA (Ma et al. 2014), joint 
erosions in the early stages of the disease, and monitoring 
disease activity (Tuncer et al. 2019).

As seen previously, RA patients have a higher serum 
level of CSF2 than the control group (Fiehn et al. 1992; 
Nakamura et al. 2000). CSF2 is expressed in the synovial 
membrane and is higher in the synovial fluid of patients 
with RA (Field and Clinton 1993; Bell et al. 1995). CSF2 
receptors are also upregulated by RA subjects in synovial 
tissue and circulating mononuclear cells (Field and Clinton 
1993; Berenbaum et al. 1994). Populations of synovial tis-
sue macrophages are associated with articular damage, and 
a drop in macrophage numbers is a responsive biomarker 
for treatment response in RA patients (Haringman et al. 
2005). Since CSF2 plays a central role in macrophages' 
differentiation, activation, and survival, inhibiting CSF2 
activity may affect the function of macrophages and pro-
vide RA with clinical benefit. In RA pathogenesis, CSF2 

contributes to the differentiation and pathogenicity of 
Th17 cells (Wijbrandts et al. 2007; Codarri et al. 2011; 
El-Behi et al. 2011). 

According to the results of Table 2, multivariate GLM 
analysis showed no significant effects of the cofounders 
(age and BMI) on the levels of the measured biomarkers. 
The biomarkers' levels are significantly affected only by 
RA disease in the subject with a big effect size (partial 
η2 = 0.415). Tests for between-subject effects revealed 
that 22.7% of the variance in the IFNγ level. At the same 
time, 14.1% of the variance in the MMP3 level was due to 
the RA disease. This analysis excluded any effect of the 
cofounders on the levels of the measured parameters. A 
multivariate general linear model (GLM) analysis was 
used to delineate the relationships between diagnosis and 
biomarkers while controlling for confounding variables 
(age and BMI). As a result, to establish the relationship 
between diagnosis and each biomarker, we conducted an 
inter-subject effect analysis. This analysis revealed the 
importance of activating monocytes/macrophages in RA 
because IFNγ activates monocytes/macrophages activated 
in RA and contributes to the progression and advancement 
of the disease (Udalova et al. 2016). Furthermore, IFNγ 
deficiency or defects in the IFNγ-receptors may have an 
important effect on the activity and the serum level of 
IFNγ in RA disease (Lee et al. 2017; Sharma et al. 2018). 

MMP3 enzyme can degrade collagen molecules, lam-
inin, proteoglycans, elastin, and fibronectin (Verma and 
Hansch 2007), which are components of the connective 
tissues’ matrix joints, bones, tendons, and their reduc-
tion causes destruction in the joints and exaggerate 
the RA state. The increase in MMp3 from the synovial 
fibroblasts or B cells is well-known as a producer of 
MMP3 (Tetlow et al. 1993). Since MMP3 has a major 
role in connective tissue remodeling, it may affect their 
calcium contents and even serum calcium level, as seen in 
Table 3. However, previously, serum MMP3 is correlated 
with systemic inflammation and not an independent 
joint damage marker (So et al. 1999). In previous work, 
plasma OPN levels were strongly associated with MMP3 

Variable Cut-off concentration Sensitivity % Specificity % Youden’s J statistics AUC 95% CI of AUC p-value

IFNγ 62.7 pg/ml 86.4 84.1 0.67 0.863 0.784-0.942 <0.001

MMP3 17.7 ng/ml 70.5 79.5 0.46 0.804 0.713-0.896 <0.001

TNFα 36.2 pg/ml 65.6 68.2 0.40 0.718 0.609-0.828 <0.001

CSF2 69.2 pg/ml 53.6 52.4 0.31 0.668 0.556-0.780 0.017

OPN 4.65 ng/ml 44.4 47.4 0.27 0.624 0.505-0.743 0.038

VEGF 167.2 pg/ml 42.3 49.8 0.24 0.480 0.357-0.602 0.042

Table 5. Receiver operating characteristic-area under curve analysis of the measured biomarkers for the diagnosis of rheumatoid arthritis.

AUC: area under curve; CI: Confidence interval; CSF2: Colony-stimulating factor; MMP3 (Stromelysin-1): Matrix metalloproteinase-3; TNFα: Tumor necrosis 
factor-alpha; OPN: Osteopontin; INFγ: Interferon-gamma; VEGF: Vascular endothelial growth factor.
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levels, and after treatment, the responders' plasma OPN 
levels decreased dramatically (Iwadate et al. 2014). Also, 
B-composite showed a significant negative correlation 
with serum calcium. As B-composite represents the 
bone biomarkers, it is important to notice that bone 
biomarkers' elevation, as a composite, is more indicative 
than each biomarker alone. Previous work showed that 
circulating pro-inflammatory molecules are inversely 
correlated with the calcium status parameters and se-
rum calcium level (Poddar et al. 2016). The increase in 
the inflammatory composite (I-composite) with age is 
due to each component's cumulative effects. Therefore, 
I-composite is better than each parameter separately as 
a tool for studying inflammatory effects. The TNFα level 
presented a positive correlation with age (Milan-Mattos et 
al. 2019). Because age is considered a major risk factor for 
many chronic inflammatory diseases (Larbi et al. 2008; 
Ferrucci and Fabbri 2018), immune aging contributes to 
many autoimmune diseases.

The results of Table 4. indicated the direct effect of 
INFγ on the severity of disease expressed as DAS28. This 
result indicated the importance of pro-inflammatory 
biomarkers INFγ on disease progression (Meyer et al. 
2010). Duration of the disease depends on the magnitude 
of the MMP3 and B-composite. As the disease extends, 
the bone composite increases with time. In one study, 
MMP3 level was not correlated to the age, disease dura-
tion, and the DAS28 scores. However, MMP3 is signifi-
cantly correlated to CRP and ESR, which are markers 
of inflammation (Sun et al. 2014). MMP3 was associated 
with age (Kodama et al. 2018). Furthermore, CRP was 
explained by B-composite. These results indicated the 
dependence of the level of bone-related cytokines on the 
inflammation state biomarkers. However, other research-
ers showed that raised serum biomarkers might not act 
as a risk factor for low bone mineral density (Sponholtz 
et al. 2014). A significant fraction of the RF level can be 
explained by CSF2. The same explanations can be used, 
i.e. the inflammation state in RA is the major cause of 
the biomarker’s changes. ACPA level is affected by serum 
calcium, MMP3, and I-composite levels, as seen in Re-
gression #5 of Table 4. Previously, ACPA had the highest 
predictive value for RA development (van de Stadt et al. 
2011; van Heemst et al. 2015). However, the concomitant 
existence of RF could increase the risk of RA production. 
(Rantapää-Dahlqvist et al. 2003; Kokkonen et al. 2011). A 
significant correlation between ACPA-positivity status 
and arthritis progression has also been confirmed in 
multiple patients that have subsequently developed RA. 
(van Gaalen et al. 2004; Rakieh et al. 2015).

Figure 1. and Table 5. showed a good predictive value 
of the serum INFγ, MMP3, and TNFα for the presence 
of RA in a suspected subject. MMP3 is a biomarker for 

connective tissues, while INF and TNF are inflammatory 
parameters. Thus, RA is a result of a cascade of inflamma-
tory processes in the joints and bone tissues. However, the 
diagnostic cut-off value is rather high. MMP3 expression 
is a good indicator for disease activity in patients with 
RA (Ma et al. 2015). MMP3 levels elevated as the stage 
and type of RA progressed and eventually reduced after 
effective therapy (Uemura et al. 2015). MMP3 levels in 
the serum were favorably linked with serum CRP or RF 
levels or with joint destruction (Li et al. 2013). However, a 
statistically significant correlation was observed between 
MMP3 and CRP and ESR (So et al. 1999; Hattori et al. 
2019). Elevation of serum MMP3 in RA patients is a sign 
of inflammation (Mamehara et al. 2010) and serves as an 
early marker of developing joint destruction and a good 
prognostic indicator of active rheumatoid arthritis illness 
(Ma et al. 2014; Ma et al. 2015; Galil et al. 2016). Joint 
injury may be detected with the use of a blood test for 
serum MMP3, which is linked to systemic inflammation  
(Mamehara et al. 2010). 

Different immune cells, such as neutrophils, release 
pro-inflammatory indicators, such as prostaglandins, 
cytokines, and reactive oxygen intermediates, which 
contribute to synovitis (Cascao et al. 2010). Mast cells in 
the synovium also release large quantities of cytokines, 
chemokines, proteases, and vasoactive amines, all of 
which are harmful to the joint tissues (Nigrovic and Lee 
2007; Hueber et al. 2010). ACPA has been widely accepted 
as a biomarker for RA activity and types (Schuerwegh 
et al. 2010). ACPA has been widely used to diagnose 
RA with specificity (Hill et al. 2008). ACPA endorsed 
inflammatory cytokines production in RA patients and 
accumulated at the citrulline site, causing bone damage 
(Umeda et al. 2017).

CONCLUSION

The top 3 sensitive predictors for RA are INFγ, MMP3, 
followed by TNFα. A significant part of CRP variance was 
explained by zlnOPN and B-composite, while CSF2 can 
explain a significant RF variance. Duration of the disease 
can be explained and B-composite (positively associated). 
About half (50.1%) of the variation in ACPA level can be 
explained by the regression on serum calcium, MMP3, and 
I-composite. B-composite is associated with the duration 
of disease and CRP. I-composite is negatively associated 
with the ACPA level. The overall results indicated the 
importance of composite from the biomarkers with 
common properties as a new biomarker for estimating 
disease characteristics.

Concerning the limitations of the study, the first 
drawback is the small scale of the research sample. Test 
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experiments with a larger sample size will be needed to 
ensure sufficient generalization of the analysis’ results. 
The second limitation is that the study recruited only male 
subjects, and we excluded women to eliminate the effect 
of the estrogens on the measured parameters. The third 
limitation is the relatively significant inter-assay CV% 
of the ELISA kits, which were less than 10% for all kits.
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