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Abstract

Background: The involvement of Wnt-1-induced secreted
protein-1 (WISP1/CCN4) in several inflammatory reac-
tion has recently been proposed. Nevertheless, this pro-
tein’s involvement in rheumatoid arthritis (RA) remains
debated. Associations between poorly diagnosed RA and
several classical markers derived from demography and
biochemistry have been reported.

Aim: We sought to investigate the reliability and effec-
tiveness of serum concentrations of CCN4, vascular cell
adhesion molecule-1 (VCAM-1), matrix melloprotenase-3
(MMP-3), and granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) in monitoring and predicting RA
and bone damage, and their correlation with RA disease
course.

1658-3612 © 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
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Methods: The study analyzed 128 patients with RA,
comprising 68 newly diagnosed and 60 previously diag-
nosed patients, as well as 60 controls. Biomarker levels
were measured with enzyme linked immuno-sorbent as-
says. Routine laboratory parameters such as serological,
clinical, biochemical, and hematological parameters were
additionally measured. Demography, anthropometry,
and clinical symptom data were collected through in-
terviews and a questionnaire. The joint disease activity
score 28 (DAS28) was used to determine disease activity.

Results: Concentrations of four biomarkers were signifi-
cantly higher in the RA group than the healthy controls.
Elevated biomarker concentrations were also observed in
patients with high, rather than moderate or low, DAS28-
ESR activity status, except for monocyte count, hemat-
ocrit (%), and urea level. Furthermore, CCN4 level
positively correlated with VCAM-1, MMP-3, and GM-
CSF levels, DA-S28-CRP and DAS28-ESR. The levels
of three predictive markers, CCN4, VCAM-1, and MMP-
3, were elevated in non-treated patients, whereas GM-
CSF level showed no difference. The highest area under
the curve was 73.3% for CCN4, with 93.3% sensitivity
and 64.7% specificity.

Conclusion: Our data suggest that CCN4 can be reliably
used to indicate activity and therapeutic response asso-
ciated with RA, thus facilitating earlier RA diagnosis.

Keywords: DAS28-ESR; Disease activity; MMP-3; Rheu-
matoid arthritis; VCAM-1; Wnt-1-induced secreted protein-1

© 2024 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Introduction

In contrast to many other autoimmune conditions,
rheumatoid arthritis (RA) is chronic and systemic. In terms
of pathology, RA is characterized by continuous inflamma-
tory synovitis, pannus development, and excessive lympho-
cyte infiltration. Subsequently, the cartilage and bone tissues
in the joint are destroyed. RA develops under the influence of
several risk factors, such as infectious, hormonal, and he-
reditary factors.' Response to therapy is routinely monitored
through specific indicators, primarily the disease activity
score in 28 joints (DAS28) and C-reactive protein (CRP).’
Responses to therapy vary, thus strongly indicating the
involvement of various biochemical pathways in RA
development.™ Hence, the current work focused on
investigating key biomarkers to improve prediction of the
therapeutic response.

Optimization of treatment and the determination of long-
term prognosis require several steps, first and most impor-
tantly determining RA prognosis as early as possible. RA
can be distinguished from various other entities affecting the
joints according to serological marker testing. RA can be
treated if early diagnosis is achieved, and the disease enters
remission in approximately 50% of cases.” Having infections

often leads to false positive test results, which can also occur
in response to alterations in thyroglobulin, alpha-
fetoprotein, sex hormone binding proteins, troponin 1,
various cytokines, hepatitis B virus serology, and latex
agglutination. In the case of autoimmune reactions, test
findings can be affected by the concentrations of autoanti-
bodies in the plasma. Rheumatoid factor (RF) is detected in
approximately 60—80% of patients with chronic RA, but
only approximately 50—60% of those with an earlier RA
diagnosis. RA ultimately occurs in only 11—-20% of patients
with musculoskeletal complaints and positive RF test re-
sults.® Although both ACPAs and RFs have fairly accepted
values for diagnosis, the discovery of other markers is
necessary to improve RA diagnosis.” Among those
markers, CCN4 has unfortunately not been included in
relevant  recently  published literature reviews.>’
Nevertheless, after the introduction of multiple-biomarker
disease activity (MBDA) testing for RA in 2016, the num-
ber of subjective indicators have used has increased. The
MBDA is composed of 12 serum biomarkers (vascular cell
adhesion molecule-1 (VCAM-1), epidermal growth factor
(EGF), vascular endothelial growth factor A (VEGF-A),
Interleukin-6 (IL-6), tumor necrosis factor receptor
(TNFRI), matrix melloprotenase-1 (MMP-1), matrix
melloprotenase-3 (MMP-3), leptin, resistin, and CRP). The
MBDA has recently been demonstrated to mirror RA ac-
tivity, and to provide a prediction of radiological progression
and the risk of flares after drug reduce. In testing of RA
serological markers, several markers have been subjected to
extensive investigations of their potential to reflect disease
activity, monitor progress, and track patient responsiveness
to therapy. However, these markers have received insuffi-
cient of interest among most specialists in this field.'”

Recent studies have focused on finding evidence for un-
derstanding the contribution of the CCN family to RA.
Increasing knowledge of the mechanisms through which this
family of proteins pathologically and physiologically in-
fluences the course of several forms of arthritis might result
in the development of therapeutic strategies that successfully
target CCN functions and molecular pathways, and alleviate
morbidity in patients. Wnt-1-induced secreted protein-1
(WISP1/CCN4) is a member of the CCN family of matri-
cellular proteins, which also includes cysteine-rich 61 (Cyr61/
CCN1), connective tissue growth factor (CTGF/CCN2),
nephroblastoma overexpressed gene (NOV/CCN3), Wnt-1-
induced secreted protein-2 (WISP-2/CCNS5), and Wnt-1-
induced secreted protein-3 (WISP-3/CCNG6).!! VCAM-1
has high significant in prediction of the risk of osteoar-
thritis (OA) development.12

Although this molecule influences inflammation-
associated events during the development of RA, few
studies have described the relationship between alterations in
VCAM-1 levels and disease activity in RA."

RA cannot be controlled in all cases by blocking indi-
vidual cytokines or cell types. Therefore, alternative cyto-
kines or mechanisms contributing to RA pathogenesis must
urgently be studied.'* Granulocyte-macrophage colony-
stimulating factor (GM-CSF) is a growth factor known to
regulate hemopoiesislS and to be crucial in regulating the
activity of mature myeloid cells, including macrophages.
Preclinical investigations, as well as observations of
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arthritis flares after treatment with GM-CSF, have sup-
ported the crucial role of this molecule in pathogenesis. Most
clinicians use GM-CSF for the treatment of post-
chemotherapy neutropenia. Researchers have raised con-
cerns that treatment protocols targeting GM-CSF might
have severe side effects, including neutropenia and pulmo-
nary alveolar proteinosis. This molecule plays crucial roles in
processes through which macrophages differentiate, survive,
and are activated. Therefore, inhibition of its activity might
affect macrophage function and possibly confer clinical ad-
vantages in patients with RA.'* Moreover, MMP3 is an
enzyme studied for its ability to reflect disease activity,
monitor disease progress, and track therapeutic
responsiveness. However, the level of interest in this
enzyme to date has been insufficient. Most MMPs are
secreted as inactive pre-proteins, whose activation is ach-
ieved via cleavage by extracellular proteinases. Among these,
MMP3 has proteinase functions, and is synthesized and
secreted by synovial fibroblasts and chondrocytes. This
enzyme has an active role in the destruction of joints in RA.'°

The present work is novel because serum CCN4 levels in
patients with RA can be used to monitor the efficiency of
treatment in responsive, newly diagnosed patients during
early disease stages, before therapies that could cause irre-
versible damage are administered. Herein, we aimed at
assessing serum levels of CCN4, VCAM-1, MMP-3, and
GM-CSF in patients with RA; their relationship with disease
activity; and the most important risk factors. Hence, the
current work focused on investigating key biomarkers to
better predict the response to therapy, and on evaluating the
reliability and effectiveness of these molecules as biomarkers

for monitoring and prediction of RA activity, and joint and
bone damage.

Materials and Methods
Study design

The present work constituted a cross-sectional investiga-
tion from October 2022 to July 2023. The study included 250
adult men and women (20—73 years of age). Only 128 pa-
tients with RA meeting the 2010 American College of
Rheumatology/European League against Rheumatism
(ACR/EULAR) classification criteria'’ were chosen from
rheumatology consulting clinics. Clinical RA diagnosis was
conducted by a specialist rheumatologist visiting the Al-
Fayhaa teaching hospital, Al-Basrah teaching hospital, and
Al-Sadder teaching hospital in Basrah, Iraq (see Figure 1).

Patients and control participants

Of the 128 patients with RA, 68 were newly diagnosed and
suspected of having had RA for more than 6 months (and
had not started any clinical and serological investigations);
these patients ranged in age from 27 to 73 years. RA was
clinically confirmed by a specialist rheumatologist, and these
patients were classified as group I (new patients with RA).
On the basis of patient status, nonsteroidal anti-
inflammatory drugs (piroxicam capsules, 20 mg; naproxen
tablets, 500 mg; celecoxib capsules, 200 mg; diclofenac tab-
lets, 50 mg; and meloxicam tablets, 15 mg) were prescribed as

Asses eligibility (October 2022 to July 2023) in

Alfayhaa Teaching Hospital, Al-basrah Teaching Hospital and AL-sader Teaching hospital
No. of total participate patients= (250) .No. of participate healthy control =60

l

Escladed Only One hundred twenty-eight patients with RA who met the 2010 American College of
2 = Rheumatology/ European League against Rheumatism (ACREULAR) classification criteria

122
Patients

Suspected Patients with

Treatment patients with

RA (new patients) n=68

RA (OMd patients) n=60

Questioner (primary symptoms, co-morbidity and demographic information)

|

ACR Classification criteria<6 and DAS28 ESR and DAS 28 CRP were cakulating

l
l

Blood EDTA (2ml)

|

Blood sample collection (Sml) and laboratory investigation —— Healthy control group
Serum (3ml)
Serological test Immunological test

Hematologv test

CBC+ESR

Clinical biochemistry

LIPID PROFILE+LFT+RFT+TSH

RF, CRP, anti-CCP CCN4+VCAM-1+MMP-3+ GM-CSF

Figure 1: Flowchart of study design.
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treatments. Sixty patients with a previous diagnosis of RA
(serologically positive), ranging in age from 20 to 70 years,
were diagnosed according to ACR/EULAR classification
criteria'” with disease with more than 12 months’ duration;
these patients were classified as group II (pre-existing
patients). These patients were selected during a routine visit
to the Basra General Hospital’s Biological Treatment
Center and received various treatment protocols, including
disease modifying anti-rheumatic drugs (DMARDs), non-
steroidal anti-inflammatory drugs (NSAIDs), steroids, and
biological treatments. The total number of patients (128) was
divided into three subgroups (low, moderate, or high) ac-
cording to disease severity (DAS28-ESR). These patients
were compared with the healthy group comprising 60 healthy
men and women, matched in age range (24—71 years), who
were recruited among the hospital staff and healthy volun-
teer relatives from various areas. The exclusion criteria were
identical to those of the patients. Diagnosis, treatment, and
follow-up were performed in the abovementioned hospitals.
Data collection was achieved via interviews based on a
questionnaire created by the researchers. In each clinic, a
single investigator evaluated all patients’ clinical histories
and physical examination findings. The list of parameters
analyzed in the preliminary tests included demographic data,
clinical findings, disease activity (number of sensitive or
swollen joints among 28 joints), drug history, presence of
articular and extra-articular symptoms, presence of
concomitant comorbid diseases, and outcomes of laboratory
examinations.

Retrieval of demographic and anthropometric data

The demographic and anthropometric data included age,
body weight, height, family history, menopausal status, dis-
ease duration, clinical symptoms, and marital status. Phys-
ical examination information included joint pain, joint
swelling, morning stiffness, and spindle shape. Body mass
index was calculated with the World Health Organization
(WHO) approach, as the patient’s height in meters squared
divided by the weight in kilograms. The WHO classification
system was used to categorize patients into underweight (less
than 18.5 kg/mz), normal (18.5—25 kg/mz), overweight (25 to
<30 kg/m?), or obese (>30 kg/m?) BMI.'®

Exclusion criteria

The exclusion criteria were advanced cases with severe
joint deformity; age below 20 years; pregnancy; other con-
ditions of autoimmunity; acute severe infection; acute car-
diovascular disease; diabetes mellitus; hypertension;
malignancy; smoking; treatment with angiotensin-
converting enzyme inhibitors, oral contraceptives, or sta-
tins; and diseases potentially causing dyslipidemia, e.g., hy-
pothyroidism and nephrotic syndrome.

Routine laboratory assessment

Blood sample collection

A 5 mL volume of whole blood was withdrawn by veni-
puncture from patients with RA during their morning visit
to the Consulting Clinic/Al-Fayhaa General Hospital

(before starting the treatment protocol) or when they
attended the Biological Therapy Center/Basra General
Hospital for biological therapy. Similarly, 5 mL blood
samples were withdrawn from the control group. A 2 mL
volume of the blood sample was placed in an ethylene dia-
minetetraacetic acid tube (AFCO, Jotden) and directly used
for complete blood count analysis, and 3 mL was placed in
plain gel tubes (AFCO, Jotden). The whole blood samples
were allowed to clot at room temperature (18—25 °C) for
15—30 min. Subsequently, serum was separated by centri-
fugation at 1,000—2,000xg for 10 min. Serum aliquots
(1.5 mL) were kept in micro-centrifuge tubes and subse-
quently divided into three Eppendorf tubes (Eppendorf,
Germany) containing 0.5 mL each, then stored in a —80 °C
freezer (Vest frose, Denmark) at the Consulting Clinic/Al-
Fayhaa General Hospital until analysis of the studied
markers.

Hematology profiles

The vital hematological parameters were measured in
2 mL blood in a test tube coated with ethylene diaminetetr-
acetic acid anticoagulant. An automated hematology
analyzer (Ruby, Germany) was used to perform the complete
blood count and measuring the absolute counts of white
blood cells (WBC), neutrophils, monocytes, lymphocytes,
and red blood cells (RBC), along with hemoglobin level.
Hemoglobin levels in patients with anemia should be 12.0 g/
dl for adult women and 13.0 g/dl for adult men, according to
WHO reference values.'’

Erythrocyte sedimentation rate tests

As a non-specific screening examination, the erythrocyte
sedimentation rate (ESR) was calculated by using the
Westergren test. Data are expressed in units of millimeters
per hour (mm/hr),zo

Clinical biochemistry tests

Sera from venous blood specimens (approximately 2 mL
in plain tubes) were used to assess kidney and liver func-
tion; determine the concentrations of serum creatinine, uric
acid, and urea; and perform, liver function tests (alanine
transaminase (ALT), total bilirubin, direct bilirubin,
aspartate aminotransferase (AST), and alkaline phospha-
tase (ALKP)) with an Abbott diagnostic (Architect, USA)
fully automated system, according to the manufacturer’s
instructions.

Estimation of CRP, RF, cyclic citrullinated peptides, and
thyroid-stimulating hormone

Measurement of CRP, RF, anti-cyclic citrullinated pep-
tides (anti-CCP), and thyroid-stimulating hormone (TSH) in
the sera of patients and controls was performed with a Cobas
E 411 analyzer (Roche, Germen) as a fully automated sys-
tem, according to the manufacturer’s instructions (test
CRP4X, test ID 0-736; test RF-II, test ID 0-757; Elecsys
Anti-CCP, test number 810; TSH test number 1820). The
normal reference values were 0—5 mg/dL for CRP; 0—14 IU/
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mL for RF; 0—20 IU/mL for anti-CCP; and. 0.27—4.2 plU/
mL for TSH.

Enzyme linked immunosorbent assays

Evaluation of the serum concentrations of human CCN4,
VACM-1, and MMP3 proteins, and the cytokine GM-CSF,
was performed with enzyme linked immunosorbent assays
(ELISAs) with commercially available kits, according to the
manufacturer’s protocol (Elabscience, USA).

Assessment of RA activity

DAS28 was determined according to the evaluation of
swollen joint count in 28 joints (SJC28), whereas the tender
joint count in 28 joints is referred to as TJC28. The global
assessment used the general visual analog scale, with a
scoring system from 0 (best) to 100 (worst). Finally, the
calculation of DAS28-ESR was achieved with the following
formulas:

DAS28-ESR = 0.56,/ (TJC28) + 0.28 / (SIC28) + 0.70 Ln
(ESR) + 0.014 (GH).

DAS28 (CRP) = 0.56*/ (TJC28) + 0.28*%/
(SJC28) + 0.014* GH + 0.36 *In (CRP+1) + 0.9 6 RA
disease activity was determined according to the following
scores: remission (DAS28 < 2.6), low activity LDA
(2.6 < DAS28 < 3.2), moderate activity MDA
(3.2 < DAS28 < 5.1), and high activity HAD (DAS28 > 5.1).

Statistical analysis

For statistical analysis of the collected data, SPSS version
26 (SPSS Inc., Chicago, IL, USA) was used. Qualitative data

are reported as numbers and percentages. Testing of quan-
titative data for normality of distribution was performed
with the Shapiro—Wilk and Kolmogorov—Smirnov tests.
Parametric data are reported as mean + SD (SD), whereas
non-parametric data are reported as median with minimum
and maximum values, in addition to mean & SD. Variations
between two groups of parametric data were tested for sig-
nificance with Student’s t-test, whereas significance between
non-parametric data groups was investigated with the
Mann—Whitney U test. For more than two groups of non-
parametric data, the Kruskal—Wallis test was applied. To
investigate correlations between quantitative data sets, we
used the Spearman non-parametric correlation test. Equa-
tions for significant correlations are shown in simple linear
regression curves. Sensitivity and specificity were measured
for the targeted markers, and the ROC curve and area under
the curve (AUC) are presented.

Positive predictive value (PPV) = (TP/(TP + FP) x 100)
and negative productive value (NPV) = (TN/
(TN 4+ FN) x 100) were determined by application of
multivariate binary logistic regression analysis for the
assessment of certain risk factors’ effects on the erosion and
development of RA disease. P-values less than 0.05 were
considered significant.

Results

Table 1 shows the distribution of patients according to
sociodemographic, anthropometric, and medical
information, categorized according to whether the patient
was new or pre-existing. Among 128 patients, 106 (82.8%)
were women, and 22 (17.2%) were men. The average age,
disease duration, and body mass index were 48.9 + 11.5
years, 43.3 + 12.0 months, and 30.2 + 4.5 kg/mz, respec-
tively. The age distribution showed insignificant variations

Table 1: Demographic and disease features of patients with rheumatoid arthritis.

Characteristics New patients with RA Pre-existing patients with RA Total patients with RA P-value
N = 68 N =60 N =128

Demographic *N (%) N (%) N (%)

Age (year)

**Mean £+ SD 50.0 £+ 12.01 47.7 + 10.88 489 £ 11.5 0.100

Minimum—maximum (27-73) (20—70) (20—73)

20—39 12 (17.74) 8 (13.4) 20 (15.6) 0.020

40—59 42 (61.76) 46 (76.6) 88 (68.8)

>60 14 (20.5) 6 (10) 20 (15.6)

Sex

Male 12 (17.6%) 10 (16.7) 22 (17.2) 0.001

Female 56 (82.4%) 50 (83.3) 106 (82.8)

Address

Rural 21 (30.9) 18 (30.0) 38 (29.7) 0.002

Urban 47 (69.1) 42 (70.0) 90 (70.3)

Duration of disease

Mean £ SD 2.0+04 84.9 +21.5 43.3 £12.0 0.002

Range, month (0.5—12) (24—240) (0.5—240)

Family history of RA in a first-degree relative

Positive 36 (52.9) 32 (53.3) 68 (53.1) 0.010

Negative 32 (47.1) 28 (46.7) 60 (46.9)

(continued on next page)
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Table 1 (continued)

Characteristics New patients with RA Pre-existing patients with RA Total patients with RA P-value
N = 68 N = 60 N =128

Demographic *N (%) N (%) N (%)

Menopausal state

Premenopausal 18 (26.5) 17 (28.3) 36 (28.1) 0.002

Post menopause 38 (55.9) 34 (56.7) 72 (56.3)

**BMI 30.2 £ 3.6 30.1 £ 5.4 30.2 £ 4.5 0.200

Normal 4 (5.8) 4 (6.6) 8 (6.25) 0.03

Underweight 0 2 (3.34) 2 (1.5)

Overweight 30 (44.1) 26 (43.3) 56 (43.7)

Obese 34 (50) 28 (46.66) 62 (48.4)

RF positivity 43 (63.2) 56 (93) 99 (77.3) 0.002

Anti-CCP positivity 60 (88.2) 42 (70) 102 (79.6) 0.003

Seropositivity (RF + anti-CCP) 41 (60.2) 42 (70) 83 (76.8) 0.001

*Frequency and percentages (n, %) are used to display categorical variables. **Continuous data are shown as mean + SD.

between the new and pre-existing RA patient groups
(p = 0.100), with a higher proportion of participants 40—59
years of age. Insignificant differences in BMI values were
also observed. Patients in the new and pre-existing groups
who were obese accounted for the highest proportion
(50.0%, 46.6%, respectively); P = 0.030. Regarding resi-
dential address, the highest proportions in both groups were
from urban areas, with comparable percentages (70.1%,
29.7%, respectively) to rural areas (p = 0.002). Menopause
status differed significantly (p = 0.010) between the new and
pre-existing RA patient groups. Most patients (56.3%) were
postmenopausal, whereas 28.1% were premenopausal
(p =0.002). Moreover, 68 (53.1%) of patients with RA had a
family history involving a first-degree relative with the dis-
ease. The values of RF and anti-CCP seropositivity rates
were 77.3% and 79.6%, respectively (p < 0.050), and 76.8%
of all patients with RA were seropositive RF+ anti-CCP.
As shown in Table 2, significant differences were found in
almost all factors and markers tested in all patients with RA

and controls, except for HCT, platelets, serum TSH, blood
urea, and serum HDL, whose levels did not significantly
differ between these groups. The indicators that were
higher in patients with RA were BMI, total WBC count,
neutrophil count, lymphocyte count, monocyte count,
RBC count, ALT level, AST level, alkaline phosphatase
level, direct bilirubin level, total bilirubin level, triglyceride
level, total serum cholesterol level, LDL level, random
blood glucose level, anti-CCP level, CRP level, RF level,
ESR level, CCN4 level, VCAMI1 level, MMP3 level, and
GM-CSF level. The indicators that were significantly higher
in controls included MCH level, MCYV level, HGB level, and
serum creatinine level, as shown in Table 2 (p < 0.050).
When the activity of rheumatoid arthritis was considered,
levels of all studied factors were statistically significantly
different according to DAS28-ESR activity status, except for
monocyte count, HCT (%), and urea level (Table 3). The
mean values of DAS28-ESR and DAS28-CRP significantly
differed (P = 0.0001) (Table 3). The average value of DAS28-

Table 2: Comparison of demographic, hematological, clinical biochemical, inflammatory, and immunological parameters among the

studied groups.

Parameter Total patients with RA Healthy controls P-value
N =128 N = 60
Sex, female/male 106/22 33/27 0.0001%
% (82.8%)/(17.2%) (55%)/(45%)
Age mean + SD (year) 489 £ 11.5 49.6 + 12.0 0.100
Range (20—73) (24-71)
BMI (kg/m? 30.2 £ 4.5 26.1 £7.1 0.0001
WBC (10°/uL) 7.4 +2.6 6.4+ 1.8 0.008
Neutrophils (103/uL) 45+38 3.1 +1.3 0.0001
Lymphocytes (10°/uL) 2.3 +£0.8 1.9+ 0.9 0.003
Monocytes (103/uL) 0.6 £0.4 0.5+0.2 0.034
RBCs (10°/uL) 4.6 +0.4 47+ 1.0 0.100
HGB (g/dL) 12.1 £ 1.4 13.7 £ 1.0 0.010
HCT (%) 38.7 + 4.0 39.1 £ 4.5 0.500
MCYV (fL) 81.2 £ 14.6 89.8 £2.9 0.010
MCH (pg) 26.1 £ 3.1 28.7£0.9 0.100
PLT (10°/uL) 297.0 + 104.3 277.6 + 64.4 0.300
TSH (pIU/mL) 2.8+09 3.0+ 1.9 0.100
S-Creatinine (mg/dL) 0.6 + 0.1 0.7 £ 0.1 0.100
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Table 2 (continued)
Parameter Total patients with RA Healthy controls P-value
N =128 N =60

Urea (mg/dL) 24.8 + 8.1 243 + 7.8 0.900
ALT (U/L) 23.1 £ 11.2 16.8 £+ 8.0 0.010
AST (U/L) 20.8 + 7.3 17.5 £ 4.5 0.002
D.BILI (mg/dL) 0.31 £ 0.1 0.2 +0.10 0.010
T.BILI (mg/dL) 0.6 +0.3 0.4 +0.1 0.0001
ALKP (U/L) 97.8 £ 37.6 73.0 =494 0.001
T. cholesterol (mg/dL) 176.0 + 43.7 138.2 + 30.7 0.001
LDL (mg/dL) 108.8 + 31.7 86.9 £ 15.7 0.0001
HDL (mg/dL) 48.1 £ 13.5 46.1 + 9.4 0.100
Triglyceride (mg/dL) 147.6 + 66.5 84.8 + 33.1 0.0001
Glucose (mg/dL) 118.2 £ 40.9 102.4 + 26.2 0.0100
Anti-CCP (IU/mL) 27.6 £ 11.6 40+ 1.5 0.0001
CRP (mg/dL) 17.8 £ 7.7 3.1+£0.8 0.0001
RF (IU/mL) 20.0 + 10.5 754+ 1.8 0.0001
ESR (mm/hr) 38.44 + 26. 143 £ 5.1 0.0001
CCN4 (pg/mL) 4437.7 £ 1726.6 439.5 + 205.8 0.0001
VCAM-1 (ng/mL) 1743.2 £ 1192.4 302.5 + 65.4 0.0001
MMP3 (ng/mL) 256.0 + 154.6 52.5 4222 0.0001
GM-CSF (pg/mL) 126.5 & 52.7 3.0+ 1.9 0.0001

Data are mean + SD. *P value is significant at 0.050.
BMI: Body Mass Index; WBC: White Blood Cells; RBC: Red Blood Cells; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean
Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin; PLT: Platelets; TSH: Thyroid Stimulating Hormone; ALT: Alanine
Transaminase; AST: Aspartate Aminotransferase; ALKP: Alkaline Phosphatase; BILID: Direct Bilirubin; BILIT: Total Bilirubin; LDL:
Low Density Lipoprotein; HDL: High Density Lipoprotein; Anti-CCP: Anti-Cyclic Citrullinated Peptide; CRP: C-Reactive Protein; RF:
Rheumatoid Factor; ESR: Erythrocyte Sedimentation Rate; DAS28-ESR: Disease Activity Score 28-ESR; DAS28-CRP: Disease Activity
Score28-CRP; CCN4: Wnt-1 Induced Secreted Protein-1 (WISP1/CCN4); VCAM-1: Vascular Cell Adhesion Molecule 1; MMP-3: Matrix
Metalloproteinase-3; GM-CSF: Granulocyte-macrophage Colony-Stimulating Factor.

Table 3: Comparative analysis of serum levels of CCN4, VCAM-1, MMP3, and GM-CSF, and inflammatory, hematological, and
clinical biochemistry parameters in patients with RA, divided into groups classified according to DAS28-ESR, compared with healthy

controls.
Parameter Total patients with RA, N = 128 Healthy controls P-value
Low Moderate High
N=4 N =174 N =50 N = 60
Sex, F/M 2/2 54/20 50/0 33/27 *0.0001
% (1.5)/3.6 40.6/36.4 37.6% 55%/45%
Age, year 62.5 £ 10.9 48.57 £ 12.6 48.4 £ 9.0 49.6 £ 12.0 *0.0001
Range (53-72) (20—73) (28—69) (24-71)
BMI (kg/m?) 289 £ 2.6 29.6 + 4.4 31.2 + 4.7 26.1 £7.1 *0.0001
WBCs (10%/uL) 6.5+ 0.6 7.5+£2.1 7.22 £1.77 6.47 £ 1.80 0.0300
Neutrophils (103/uL) 3.6 £0.9 4.8 £4.7 4.1+ 1.8 31+£13 *0.001
Lymphocytes (10°/uL) 2.5+0.0 23+£0.7 24 +0.8 1.9 £0.9 *0.010
Monocytes (103/uL) 04+02 0.7+ 0.4 0.6 £0.1 0.5+0.2 *0.030
RBCs (10°/uL) 53 +0.1 4.6 £ 0.5 45403 4.7 +£1.07 *0.0001
HGB (g/dL) 142 £ 04 12.1 £ 14 11.8 £ 1.2 13.7 £ 1.0 *0.0001
HCT (%) 46.3 £2.3 38.6 £ 3.9 38.1 £ 3.6 39.1 £4.5 *0.010
MCYV (fL) 86.7 + 2.5 81.8 £ 11.5 79.8 £ 18.8 89.8 £2.9 *0.0001
MCH (pg) 26.7 +£0.2 26.1 +£2.8 26.1 + 3.7 28.7 £ 0.9 *0.0001
PLT (10°/uL) 197.5 £+ 30.6 283.3 £ 118.7 3252+ 724 277.65 + 64.4 *0.0001
TSH (uIU/mL) 1.7 £ 0.86 2.7+1.0 3.0 £ 0.9 2.5+0.8 *0.008
S. Creatinine (mg/dL) 0.6 £0.0 0.6 £0.1 0.59 £ 0.1 0.7 £0.1 *0.001
Urea (mg/dL) 19.7 + 4.9 259 +£9.1 23.7+ 6.4 243 + 7.8 0.500
ALT (U/L) 27.5+ 4.0 258 £ 5.4 0.3+ 0.1 0.2 £ 0.1 *0.020
AST (U/L) 17.5 £ 6.3 21.26 + 7.29 20.57 + 7.66 17.55 + 4.55 *0.009
D.BILI (mg/dL) 0.2+ 0.0 0.3 + 0.1 0.3 £0.1 0.2 £0.1 *0.0001
T.BILI (mg/dL) 0.3 £ 0.05 0.6 £0.3 0.6 £0.3 0.4 £+0.1 *0.001

(continued on next page)
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Table 3 (continued)

Parameter Total patients with RA, N = 128 Healthy controls P-value

Low Moderate High

N=4 N =74 N =50 N = 60
ALKP (U/L) 157.5 + 106.8 90.2 + 33.3 104.2 + 30.0 73.0 =294 *0.0001
T. Cholesterol (mg/dL) 155.0 £ 11.5 166.0 + 46.5 192.5 + 35.4 138.2 + 30.7 *0.0001
LDL (mg/dL) 89.5 £ 1.7 103.57 £ 30.34 118.10 £ 32.86 86.92 + 15.72 *0.0001
HDL (mg/dL) 415+ 0.5 47.1 + 125 50.1 & 15.2 46.1 £ 9.4 *0.020
Triglycerides (mg/dL) 103.5 £ 0.5 136.4 + 52.6 157.8 + 74.7 84.8 + 33.1 *0.0001
Glucose (mg/dL) 99.7 + 4.1 112.4 +47.8 132.1 £+ 28.6 102.4 £+ 26.2 *0.010
Anti-CCP (IU/mL) 19.6 £ 9.4 27.2 £ 12.3 28.9 + 10.5 4.0+ 1.5 *0.0001
CRP (mg/dL) 20+ 1.9 12.43 4+ 20.81 19.305 £ 12.67 3.11 £ 0.82 *0.0001
RF (IU/mL) 10.0 £ 2.2 20.4 + 10.7 20.1 £ 10.1 7.5+ 1.8 *0.0001
ESR (mm/hr) 5.0+ 0.7 31.0 £ 11.9 52.1 £ 18.0 14.30 £ 5.1 *0.0001
DAS28-ESR 2.7 £0.07 44+0.5 58+0.5 = *0.0001
DAS28-CRP 2.9 +£0.1 3.94 £ 0.6 4.86 = 0.5 = *0.0001
CCN4 (pg/mL) 834.5 + 30.1 3486.8 + 1094.7 6133.3 £ 763.3 439.5 + 205.8 *0.0001
VCAM-1 (ng/mL) 583.0 £ 194 960.7 £ 139.0 2994.1 £ 788.2 302.5 + 654 *0.0001
MMP-3 (ng/mL) 87.4 £ 0.3 196.9 + 94.1 356.9 £ 175.4 52.5+£222 *0.0001
GM-CSF (pg/mL) 66.3 £ 1.3 93.5 £ 29.9 180.2 + 31.5 3.02+1.9 *0.0001

Data are mean 4+ SD. *P value is significant at 0.05.

ESR in patients with RA with HAD was 5.8 4+ 0.5, and was
higher than that in patients with LDA and MDA
(2.73 £ 0.07, 4.4 £+ 0.5, respectively); in contrast, the mean
value of DAS28-CRP was 4.8 4+ 0.5 in patients with HAD
(P = 0.0001) (Table 3). We observed higher serum levels of
CCN4, VCAM-1, MMP3, and GM-CSF proteins in pa-
tients with RA with HAD (6133.3 + 763.3 pg/mL,
2994.1 + 788.2 ng/mL, 3569 + 1754n g/mL, and
180.2 + 31.5 pg/mL, respectively) rather than with LDA and
MDA (P = 0.0001). The results also revealed a significantly
lower average concentrations of hemoglobin in the patients
(11.86 £ 1.25 g/dL) than the healthy participants (P = 0.001).
This finding applied to the values of the inflammatory factors
as well as the serum concentrations of anti-CCP, CRP, RF,
and ESR in patients with RA with HAD (28.9 £+ 10.5 IU/mL,
19.305 + 12.6 mg/dl, 20.1 + 10.1 IU/mL and
52.12 + 18.09 mm/h, respectively), which were higher than
those in patients with LDA and MDA (P = 0.0001), as
indicated in Table 3.

Significant differences in serum levels on the basis of the
DAS28-ESR and DAS28-CRP were observed (P = 0.001).

Table 4 provides a summary of the outcomes of comparisons
of DAS28-ESR and DAS28-CRP. At baseline, a higher
number of patients met the higher disease activity criteria
(>5.1) for DAS28-ESR than DAS28-CRP. The levels in
patients with HAD were higher than those in patients with
other disease activity degrees (remission, LDA, and MDA),
as shown in Table 4.

Serum levels of CCN4, VCAM-1, and MMP-3 showed
significant differences according to treatment modality
(P = 0.001, P = 0.050, and P = 0.010, respectively). All
predictive markers (CCN4, VCAM-1, and MMP-3) showed
elevated levels in non-treated patients, except for GM-CSF.
These data confirmed that the lowest concentrations of
CCN4 and MMP-3 were observed in patients treated with
biological protocols, whereas the lowest level of VCAM-1
was observed in patients treated with DMARD protocols
(Table 5).

As shown in Table 6, in patients with RA, the ESR and
DAS28-CRP levels significantly correlated with CCN4,
VCAMI1, MMP3, GM-CSF, and DAS28-ESR levels. A
significant correlation was observed between CRP and

Table 4: Associations of serum concentrations of CCN4, VCAM-1, MMP-3, and GM-CSF with disease activity in the group of new

patients with RA.

Disease activity CCN4 VCAM-1 MMP-3 GM-CSF

DAS28-ESR LDA *834.5 £+ 30.13 583.0 £ 19.4 87.4 £ 0.34 66.3 £ 1.38
MDA 2993.1 £+ 1020.9 1034.9 + 630.2 181.9 &+ 69.8 108.5 £ 28.0
HAD 5757.3 £ 452.9 2627.4 £+ 534.5 368.5 + 46.41 182.2 + 22.1
P-value 0.0001** 0.0001** 0.0001** 0.0001**

DAS28-CRP Remission 565.7 £ 111.3 693.7 £ 121.1 237.4 £ 99.1 83.0 £ 32.2
LDA 1458.4 + 581.6 621.0 & 36.30 108.2 &+ 19.43 77.5 £ 13.6
MDA 4081.8 + 1451.2 1628.8 £+ 907.1 249.0 £+ 100.5 137.1, P £ 39.1
HAD 5316.8 £ 1546.5 2426.8 + 1212.8 348.6 + 139.0 172.5 £ 56.9
P-value 0.0001** 0.0001** 0.0001** 0.0001**

*Results are presented as mean + SD. **P value is considered significant at or below 0.050.
LDA: Low disease activity; MDA: Moderate disease activity; HAD: High disease activity.
Remission (DAS28 < 2.6), LDA (2.6 < DAS28 < 3.2), MDA (3.2 < DAS28 < 5.1), and HAD (DAS28 > 5.1).
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Table S: Association of serum levels of CCN4, VCAM-1, MMP-3, and GM-CSF with treatment protocol and patient response in the
group of treated patients with RA.

Treatment protocol CCN4 VCAMI1 MMP3 GM-CSF
Negative *6223.5 £+ 2164.1 2239.8 + 1437.4 4344 + 87.4 120.11 £ 55.2
NSAIDs 5603.1 £+ 1607.2 2184.9 + 1269.5 427.1 + 359.1 121.17 + 45.0
DMARDs 4268.8 + 869.9 1172.4 + 736.9 239.6 + 142.2 134.73 + 55.2
Steroid 5179.0 £ 1437.2 1839.1 £+ 1457.3 326.43 £+ 232.6 110.7 £+ 39.26
Biological 3577.3 £ 1480.1 1377.7 £ 909.5 219.8 £ 138.3 112.7 £ 75.71
DMRD + steroid 4999.1 + 420.1 1299.5 £ 1094.1 227.2 £ 99.4 144.83 + 64.3
NSAID + DMARD 5199.1 £ 1346.7 1679.5 + 867.4 231.6 £ 71.03 112.5 £ 22.51
*P-value 0.0001** 0.05%* 0.01* 0.580

Data are mean + SD.*P value is significant at 0.050.

NSAID: Non-steroidal anti-inflammatory drug; DMARD: Disease-modifying antirheumatic drug.

DAS28-ESR values (r = 0.245, P = 0.040). All these corre-
lations were directly proportional (Table 6).

Attempts to find correlations among CCN4, VCAMI,
GM-CSF, MMP3, and DAS28-ESR levels with TSH, LDL,
ALKP, age, and BMI values in patients with RA indicated
generally significant statistical correlations, except for CCN4

Table 6: Assessment of correlations among serum levels of
CCN4, VCAM-1, MMP-3, GM-CSF, and DAS28-ESR with
inflammatory markers and DAS28-CRP.

Parameter = PC CCN4 VCAM-1 MMP3 GM-  DAS28-
CSF ESR
RF r 0379 0.179 0.100  0.170  0.143
dU/mL) P 0.01 0.144 0.416 0.165 0.244
CRP r 0224 0.120 0.056  0.236  0.245*
(mg/dL) P 0.066 0.331 0.648 0.052 0.044
Anti-CCP r 0202 0.135 0.128 0.174  0.183
IU/mL) P 0.023 0.273 0.297 0.156 0.136

ESR r o 0.485%% 0.451%*F 0.342%* 0.458** 0.459**
(mm/hr) P 0.0001 0.0001 0.004  0.0001 0.0001

DAS28-CRP r  0.779** 0.763**  0.753** 0.817** 0.851**
P 0.0001 0.0001 0.0001 0.0001 0.0001

*Correlation is considered significant at or below a probability
value of 0.05 (two-tailed).
**Correlation is considered significant at or below a probability
value of 0.01 (two-tailed).

Table 7: Assessment of correlations of serum levels of CCN4,
VCAM-1, MMP3, and GM-CSF with various parameters.

Parameter PC TSH LDL ALKP Age BMI
DAS28-ESR r  0.538** (0.349** 0.232  0.289* 0.381**
P 0.0001 0.004 0.05 0.01 0.001
CCN4 r 0.573*%*% 0.435** 0.179 0.278*% 0.257*
(pg/mL) P  0.0001 0.0001 0.144 0.02 0.035
VCAM-1 r 0.516%* 0.390** 0.289* 0.243* 0.416**
(ng/mL) P  0.0001 0.001 0.01 0.045  0.0001
MMP3 r 0.583*%*% 0.357*F 0.159 0.293* 0.321**
(ng/mL) P  0.0001 0.003 0.195 0.015 0.008
GM-CSF r o 0.519%% 0.331%% 0.247% 0.255*% 0.351**
(pg/mL) P  0.0001 0.006 0.04 0.03 0.003

*Correlation is considered significant at or below a probability
value of 0.05 (two-tailed).
**Correlation is considered significant at or below a probability
value of 0.01 (two-tailed).

with ALKP, and MMP3 with ALKP. All correlations were
directly proportional, except for correlations with age, which
were inversely proportional (Table 7).

Figures 2 and 3 show a graphical presentation of
significant correlations among the studied quantitative
variables. In addition, they show simple linear regression
equations between two correlated variables.

To explore the possibility of using the indicators as
screening markers for RA, we determined the AUC for each
indicator. As shown in Figure 4, receiver operating
characteristic curve analysis of the indicators CCN4,
VCAM-1, MMP3, GM-CSF, anti CCP, RF, and DAS28-
ESR indicated AUC values of 73.7%, 58.3%, 53.8%,
44.2%, 47.4%, 70%, and 62.3%, respectively. The AUCs
were statistically significant with a 95% CI, as shown in
Table 8.

Table 9 clarifies that the cut-off value of serum CCN4 at
3828.9 pg/mL had 93.3% sensitivity and 64.7% specificity.
Its predictive measures were 70% PPV and 91.7% NPV. The
AUC of RF was 70%, thus confirming the reliability 70%
(60.7%—79.3%). This area was statistically significant, and
the results were reliable. The serum RF cut-off value of 18.75
IU/mL had a sensitivity of 63.3% and a specificity of 79.4%.
The predictive measures were 73.1% PPV and 71.1% NPV.
Finally, regarding validity, DAS28-ESR showed a sensitivity
of 30% and specificity of 97.1%; regarding predictivity, it
showed a 90% PPV and 61.6% NPV. These results led to a
65.7% total agreement rate and a 34.4% total misclassifica-
tion rate (Table 9).

Discussion

The present work involved a comprehensive study
exploring which biomarkers are reliable in terms of disease
activity monitoring, predictive ability, and indication of
therapeutic response in RA. Some typical clinical, de-
mographic characteristics and serological data of Iraqi RA
patients were also investigated. Our patient Iraqi RA sample
showed the same demographic, clinical, and serological data
distribution patterns as those in studies from other areas
worldwide,”">” and had high similarity to those from
developing countries and Brazil.”> Our results revealed
higher disease prevalence in women, a finding attributed to
the influence of sex hormones and their complicated
interactions with immune responses.24

Because no research has assessed the role of CCN4 in RA,
a better understanding of the mechanisms through which
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Figure 2: Assessment of regression between DAS28-ESR and predictable inflammatory markers. A: CCN4, B: VCAM-1, C: MMP3, D:

GM-CSF, and E: DAS28-CRP.

CCN4 proteins influence the pathophysiological mechanisms
associated with various types of arthritis is needed. Ac-
cording to our findings in Table 2, overall, patients with RA
had significantly higher levels of CCN4, VCAM-1, MMP-3,
and GM-CSF proteins than healthy participants
(p = 0.0001). The outcome data indicated elevated CCN4
levels in patients with RA with HDA. We further observed a
direct association with RA activity, as indicated by DAS28,
which showed higher values in patients with elevated RA
activity than in patients with moderate or low disease ac-
tivity. Furthermore, CCN4 levels showed positive associa-
tions with VCAM-1, MMP-3, GM-CSF, DAS28-CRP, and
DAS28-ESR. Furthermore, a positive correlation was
observed between CCN4 and the levels of several clinical
biochemistry parameters, such as TSH and LDL, as well as
demographic characteristics, e.g., age and BMI. Moreover,
our study indicated greater mean serum CCN4 levels in non-
treated patients with RA than patients with RA treated

with various protocols. More precisely, the study indicated
a decrease in the mean serum CCN4 level (3577.31480.1
pg/mL) after biological therapy initiation with respect to
baseline levels (6223.52164.1 pg/mL); P = 0.050. VCAM-1
expression is strongly associated with RA.” The present
data indicated a significantly higher VCAM-1 levels in pa-
tients than healthy participants, in agreement with previ-
ously reported ﬁndings.z(’ Serum VCAM-1 levels increased,
as did serum MMP-3, GM-CSF, anti-CCP, RF, ESR, and
CRP. The VCAM-1 level in the blood reflected the altered
state of RA and, to a certain degree, response to therapy. The
current data support that RA, a chronic inflammatory dis-
ease, is associated with elevated levels of VCAM-1, a protein
that significantly increases the secretion of proinflammatory
c:ytokines.27 In this context, Pulito et al. have discussed how
the induction of VCAM-1 is caused by proinflammatory
cytokines and hypoxia.28 VCAM-1 affects immune system
function, and is involved in lymphocyte formation and
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immune system adjustment. Elevated VCAM-1 in the serum
has been associated with immune system disorders.”’
Additionally, elevated serum VCAM-1 levels are found in
patients with high, rather than moderate or low, RA activity.
A correlation between lower VCAM-1 levels in treated than
new patients with RA, on the one hand, and RA activity and
responsiveness to treatments, on the other hand, is proposed.
This study confirmed that the lowest level of VCAM-1 was
observed in patients treated with a DMARD protocol than
in patients in the other groups. More precisely, lower
VCAM-1 levels (1172.4 + 736.9 ng/mL) were found after
DMARD therapy initiation than were observed in non-
treated patients with RA (2239.8 + 1437.4 ng/mL;
P < 0.050). This finding was in agreement with those from
previous studies.’”*! The immune system gradually recovers
normal function as the symptoms and inflammatory
reactions lessen, thus causing the serum VCAM-1 level to
gradually decrease.”’

According to our findings, DAS28-ESR and serum
VCAM-1 in patients with RA were significantly positively
correlated, in agreement with findings from a prior study.3 2
A noteworthy finding indicated that VCAM-1 and CCN4,
MMP-3, GM-CSF, DAS28-CRP, ESR, TSH, and LDL
levels; age; and BMI were significantly positively correlated.
This result is somewhat consistent with those from a recent
study,32demonstrating elevated VCAM-1 in patients with
RA, in correlation with other parameters such as disease
activity, oxidative stress, and inflammatory markers.

The role of CCN4 in RA has not been fully revealed.
CCN4 uses autocrine mechanisms for accelerating cell
growth, inducing transformation in morphology, elevating
saturation density, and stimulating tumorigenesis.3 * In
addition, CCN4 stimulates osteoblasts to differentiate.’*

Furthermore, the critical functions of CCN4 during several
cellular processes, such as cell proliferation, adhesion,
migration, and differentiation, along with the regulation of
extracellular matrix differentiation, are well documented.**
According to a previous investigation by Liu et al., the
action of CCN4 in increasing VCAM-1 secretion is medi-
ated through its interaction with the avB5/a6P1 integrin re-
ceptor and the subsequent activation of Syk, PKC39, and
JNK, thereby enhancing AP-1 binding, trans-activation of
VCAM-1 expression, and monocyte adhesion to OASFs.»
Despite the yet uncertain RA mechanisms of pathogenesis,
extensive investigations have revealed that the migration of
mononuclear cells makes an essential contribution to the
preservation of synovial inflammation.’®  Adhesion
molecules, such as VCAM-1, regulate the processes
through which these cells adhere to, and infiltrate into, sites
of inflammation.’’ These molecules comprise
transmembrane glycoproteins that mediate interactions
among cells, as well as between cells and their extracellular
matrix. VCAM-1 exerts adhesion functions via its
involvement in multiple vital activities associated with
normal physiology, as well as disease pathology. These
activities include WBC and vascular cell viscosity during
inflammation, immune cell recognition, lymph node
homing, tumor invasion and metastasis, and intracellular
signal transduction.”® We presumed that CCN4 was
responsible for the elevated serum VCAM-1 levels. Because
synovial samples are difficult to obtain, and are typically
unreliable in the clinical diagnosis of RA, the present work
instead measured serum levels of predictive biomarkers. In
addition, those biomarkers exert local production in
inflamed joints and subsequently are secreted into the cir-
culation. An association has been proposed between
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Figure 4: Receiver operating characteristic analysis of the predictive biomarkers. A: CCN4, B: VCAM-1, C: MMP-3, D: GM-CSF, E:

Anti-CCP, F: RF, G: DAS28-ESR.

biomarker levels in the serum and in the synovial fluid,
thereby reflecting the degree of activity of rheumatoid
synovitis.”

The effects of GM-CSF on RA patient outcomes is
currently unknown and requires further study. Except in
cases of RA, GM-CSF levels are elevated in joints; thus,

inhibiting GM-CSF as a biological target might decrease
inflammatory or damaging reactions.”’ Our data indicated
that serum GM-CSF levels are elevated in RA patients
with HDA in comparison with patients with moderate or low
disease activity (in terms of DAS28), compared with control.
Furthermore, GM-CSF levels were positively correlated with
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Table 8: Receiver operating characteristic analysis of the pre-
dictive biomarkers.

Predictive AUC  Std. error® Sig.” 95% confidence
biomarker interval

Lower Upper

bound bound
CCN4 **0.737 0.045 0.0001** 0.649  0.826
VCAM-1 0.583 0.053 0.104 0.480  0.686
MMP3 0.538 0.052 0.456 0.437  0.639
GM-CSF 0.442 0.053 0.256 0.338 0.546
Anti-CCP 0.474 0.054 0.606 0.368 0.579
RF **0.700 0.047 0.0001** 0.607  0.793

DAS28-ESR  **0.623 0.050 0.017* 0.526 0.721

AUC: Area Under the Curve; Std. Error: Standard Error; Sig:
Significant.

# Under the nonparametric assumption.

® Null hypothesis: true area = 0.5.

VCAM-1, MMP-3, DAS28-CRP, and DAS28-ESR. In
addition, GM-CSF levels correlated with demographic data
such as age and BMI, as well as clinical biochemical pa-
rameters such as TSH, LDL, and ALKP. A previous study in
patients with RA'* has reported expression of GM-CSF in
the synovial membrane, and elevated GM-CSF levels in sy-
novial fluid.*' GM-CSF plays a crucial role in the processes
through which macrophages differentiate, survive, and are
activated. Therefore, the inhibition of GM-CSF activity
might influence macrophage function and confer clinical
advantages in RA. GM-CSF is not a growth factor with roles
solely in the proliferation of myeloid cells; it is also crucial in
the regulation of the functions of mature myeloid cells,
including chemotaxis and cell adhesion, dendritic cell func-
tion, expression of cytosis, and microbial killing.42’43
Finally, all patients with RA showed higher MMP-3
serum levels than the controls (p = 0.0001). This finding is
largely similar to previously reported ﬁtldings.44"45
Correlation analysis between MMP-3 and age revealed a
significant correlation (p = 0.010), in contrast to findings
from a prior study.43 In addition, we found higher MMP-3
levels in the total sample of patients with HAD than in pa-
tients with moderate or low disease activity as well as con-
trols. A significant correlation was found between these
levels and disease activity, expressed in terms of DAS28. This
finding is consistent with those from a prior study46 and
reflects the degree of synovitis.47 Because the investigations
targeted the relationship between MMP-3 and RA treat-
ment, the present work aimed at examining this connection
to predict treatment responsiveness in RA. In this context,
our results revealed that serum MMP-3 levels were signifi-
cantly correlated exclusively with ESR (p = 0.001). This
finding supports those from a prior study% reporting a
significant correlation between MMP-3 and several labora-
tory parameters, namely ESR, CRP, and RF. However, the
correlation between MMP-3 and anti-CCP was insignificant.
Peake et al. have reported that MMP-3 levels had an insig-
nificant correlation with ESR, as supported by the present
work.*  More precisely, the mean MMP-3 levels
decreased after the onset of the biological treatment
(219.8 £ 138.3 ng/mL), in comparison to the baseline value

Table 9: Sensitivity, specificity, positive predictive value,
negative predictive value, total agreement rate, and total
misclassification rate of predictive biomarkers in screening RA.

Predictive *Optimal  Sen. Spec. PPV NPV TAR TMR
biomarker  cutoff value (%) (%)

CCN4 3828.9 %93.3 64.7 70.0 “91.7 “78.2 21.9

VCAM-1 3003 33.3 997.1 990.9 “62.3 67.2 32.9

MMP3 390.6 20.0 “94.1 75.0 57.1 59.4 40.6

GM-CSF 189.5 26.5 853 61.5 569 57.8 422

Anti-CCP  31.5 46.7 67.6 56.0 59.0 57.8 42.2

RF 18.75 ®63.3 79.4 73.1 "71.1 ®71.9 28.1

DAS28-ESR 5.3 30.0 "97.1 P90 61.1 65.7 34.4

P-value is significant at 0.05. *Positive if greater than or equal to
optimal cutoff value.
Sen: Sensitivity; Spec: Specificity; PPV: Positive Predictive Value;
NPV: Negative Predictive Value; TAR: Total Agreement Rate;
TMR: Total Misclassification Rate.

% high percentage

® moderate percentage

¢ low percentage

(434.4 £+ 87.44 ng/mL; P < 0.050), in agreement with prior
ﬁndings"1 indicating that this elevation at the time of
diagnosis is attributable to the effects of activated
inflammatory cytokines that induce synovial cells and
neutrophils to enhance MMP-3 expression.49 These
findings support that elevated MMP-3 might reflect disrup-
tive mechanisms within the joints, thus indicating poor
prognosis during earlier stages of RA.>’ Outcome data in RA
are closely associated with disease alctivity.5 ! Therefore,
disease activity scores are routinely used to provide
guidance regarding individual treatment protocols and to
assess the efficiency of treatment in clinical trials. The
present study revealed significant differences in CCN4,
VCAM-1, MMP-3, and GM-CSF levels according to dis-
ease severity (as indicated by both DAS28-ESR and DAS28-
CRP). In parallel, the bulk of research in the past decade has
indicated a decreased DAS28-CRP value in comparison with
that of DAS28-ESR.”*”

To explore the possibility of using the indicators for
screening; reliable predictive markers of disease activity; or
follow-up markers for RA, we determined the AUC for each
indicator. Higher AUC indicates better model discrimination
between tests, as shown in the graphs. The total number of
patients tested was 128, of whom 60 were treated patients
with RA, and 68 were newly diagnosed untreated patients
with RA. CCN4 had the highest AUC value, followed by RF
and DAS28-ESR. The remaining values were considered
negligible, including anti-CCP and GM-CSF. CCN4 and
other biomarkers were tested with receiver operating char-
acteristic curve analysis, and yielded an AUC value of
73.7%. Consequently, when CCN4 sensitivity and the false
positive rate were linked, they confirmed reliability 73.7%.
Furthermore, the significant p-value suggested a significant
relationship between the model and outcome, in agreement
with previous studiesﬂ,”. Furthermore, in a study by
Hattori et al., at the 113 ng/mL value of sMMP-3, the
sensitivity and specificity were 57.32% and 78.57%, respec-
tively, in discriminating patients who achieved remission.*’
Hattori et al. have reported a limit value of MMP-3 of less
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than 76.7 ng/mL, with a sensitivity of 47.27%, a specificity of
83.05%, and an AUC of 63.73% after remission>®. Our data
showed differences with respect to those from other studies in
terms of the cut-off, sensitivity, and specificity values of
biomarkers used to discriminate between RA patient groups.
This variability was caused by several factors, including the
sample size, age, types of kits used in biomarker tests,
treatment types, and follow-up periods. According to our
results, CCN4 is a protein that might stimulate the produc-
tion of other predictive markers, and that contributes pri-
marily to the inflammatory process of RA, and leads to joint
erosion and destruction. Therefore, it may be used as a
confirmation test by rheumatologists to follow up on patient
condition and to use instead of RF for diagnosis.

On the basis of these findings, we hypothesize that CCN4
plays a crucial role in the development of RA and could be
used as a potential biomarker of RA activity. This biomarker
might result in future therapeutic approaches that focus on
the functions and mechanisms of action of this molecule, and
may decrease patient morbidity. Notably, the present find-
ings can be considered reliable; all study participants were
age and sex matched, and no comorbidities occurred. This
comprehensive study highlights the importance of all in-
flammatory, serological, and biochemical indicators in
diagnosing RA, in contrast to previous studies that focused
on specific parameters.

The limitations of this study were its small sample size;
lack of assessment of other CCN family members; and reli-
ance on serum instead of knee synovial fluid. Further studies
should be performed to examine intracellular signaling
pathways and genetic variation in the WISPI gene in a large
number of patients with RA.

Conclusions

In conclusion, our study suggests that CCN4, VCAM-1,
MMP-3, and GM-CSF may be useful predictive bio-
markers for identifying patients with RA. In particular,
CCN4 may serve as a valid biomarker for disease activity,
disease outcome predictability, and therapeutic response in
RA, thus contributing to the early diagnosis of RA.
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