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ABSTRACT
Background: The cellular communication network factor 1
(CCN1) is one of the matricellular proteins of the CCN family
involved in chronic inflammatory disorders like rheumatoid
arthritis (RA) and involved in human atherosclerotic lesions.
This study was aimed to assess the levels of serum CCN1 in
patients with rheumatoid arthritis (RA), evaluating its
relation to carotid intima-media thickness (CIMT) and
predisposition to subclinical carotid atherosclerosis and its
impact on activity of RA disease.

Materials and Methods: This is a case-control study that
included 105 RA patients classified into active and inactive
groups according to disease activity score (DAS28) with 50
healthy matched controls. Clinical and laboratory
assessments were done including enzyme-linked
immunosorbent assay (ELISA) measurement of CCN1 with a
bilateral assessment of CIMT using high resolution-
ultrasonography. Comparison of CCN1 between RA patients
and controls, a correlation between CCN1, DAS28, swollen
joint count (SJC), tender joint count (TJC), and CIMT were
analyzed. 

Results: There was significant elevation of CCN1 in RA
patients compared to controls (235.62±62.5 vs. 73.11±18.2,
respectively). The cut off value of CCN1 was 99.25 pg/ml,
with an area under the curve (AUC) =0.995, p<0.001, 98 %
sensitivity and 95% specificity. CCN1 was inversely
correlated with DAS28 and its components in both active
and inactive RA patients (r=- 0.92, r=- 0.94, p<0.001). CCN1
was inversely correlated with SJC (r= -0.64, r= - 0.67,
p<0.001), TJC (r=- 0.56, r= - 0.63, p<0.001), and with Larsen x-
ray score (r=- 0.68, r= - 0.78, p<0.001) in both active and
inactive RA patients, respectively. The CCN1 levels in active
RA patients were significantly lower than that in patients
with low disease activity. A significant positive correlation
between CCN1 levels and CIMT in RA patient groups (r=0.88,
r=0.47, p<0.001, respectively) was found. 

Conclusion: Serum CCN1 could be a helpful biomarker in
the diagnosis of RA, associated with RA remission.
Disruption of serum CCN1 is engaged in the pathogenesis of
atherosclerosis in RA patients which could be a clue for a

future treatment strategy of atherosclerosis in RA by
controlling CCN1 disruption. Regular follow-up of RA
patients is recommended for early detection of subclinical
atherosclerosis. New research ideas for controlling CCN1
disruption as new aspects of atherosclerosis treatment in
RA patients are needed.
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INTRODUCTION
Rheumatoid arthritis (RA) is a systemic autoimmune chronic
inflammatory disorder of unknown cause with a female to
male ratio of 3:1 manifested with articular damage and
disability in addition to extra-articular manifestations
affecting multiple organs like the heart, lungs, eyes, and
mouth.1-4 Atherosclerosis is an important complication of RA
mostly due to chronic inflammation, which requires
continuous follow up of those patients.5,6

RA involves symmetric small and large synovial joints
causing pain, swelling, and stiffness.1 Gradual onset
polyarthralgia with symmetrical, intermittent, and migratory
joint involvement, especially in the hands and feet are the
most typical clinical presentations of RA.3,4 The chronic pain
leads to joint destruction and disability that usually
progresses from peripheral to more proximal joints.3

Clinical symptoms in combination with an erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
rheumatoid factor (RF), Anti-cyclic citrullinated peptide
(Anti-CCP), and X-ray are the main lines of RA diagnosis and
follow up.4,7,8 For the detection of RA, combined RF and anti-
CCP have sensitivity and specificity of 90.2% and 83.3%
respectively. However, they cannot differentiate patients with
the active disease from those in remission.8

Thus, there is a need to establish an accurate diagnostic
biomarker for RA.7 The matricellular protein cellular
communication network factor 1 (CCN1) is a novel
extracellular matrix protein of the CCN family that consists
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of six distinct members (CCN1–6) encoded by immediate
early gene due to growth factor response.9 Specific integrins
and heparin cell surface sulfate proteoglycans co-receptors
mediate the function of CCN1.10 Several studies reported high
expression of CCN1 protein in synovial fluid, fibroblast-like
synoviocytes (FLS), and peripheral blood mononuclear cells
of RA patients.11 So, it can be used as a diagnostic marker to
distinguish RA patients from healthy controls and patients
with other autoimmune diseases.11

CCN1 which is also called Cysteine-rich angiogenic inducer
61 (Cyr61) has multiple well-established functions including
the ability to regulate a wide range of cell functions like cell
growth and adhesion and participates in inflammation,
neovascularization, and thrombosis. Disruption of CCN1
leads to several disorders and leads to the bad prognosis of
vascular diseases, cancers, and chronic inflammatory
diseases like RA.10,11 At the same time, CCN1 could strongly
inhibit the migration of immune cells, having anti-
osteoclastogenic and anti-inflammatory properties.11

At the cellular level, purified CCN1 supports cell adhesion,
stimulates cell migration, enhances mitogenesis, promotes
cell survival, and induces chondrogenic differentiation in
limb mesenchyme.12 Also, the expression of genes involved in
angiogenesis and matrix remodeling is induced by CCN1, So,
the control of these processes might underlie the biological
roles of CCN1 in several disorders, such as vessel
morphogenesis, skeletal development, wound repair, and
tumor growth.11

In RA, it was reported that CCN1 mRNA was strongly
increased in lymphoblastoid B cell lines derived from RA
discordant monozygotic twins, being one of the three most
overexpressed genes.11 Also, it was found that CCN1 could not
only stimulate IL-6 production by FLS via the CCN1/αvβ5/
Akt/NF-κB signaling pathway but also promote neutrophil
infiltration via upregulation of IL-8 production in RA-FLS.13 A
recent study demonstrated that CCN1 promoted vascular
endothelial growth factor expression in osteoblasts through
negative regulation of miR-126 via the PKC-α signaling
pathway and increased endothelial progenitor cell
angiogenesis in RA.14

Recently the relationship between CCN1 and vascular
diseases has been reported. CCN1 immunoreactivity was
significantly associated with myocardial ischemia, interstitial
edema, and coronary arteries atherosclerosis.11,15 Few studies
have explored the relationship between RA disease activity
and serum CCN1 levels demonstrating that CCN1 is inversely
correlated with DAS28 in RA patients and all disease activity
indices including swollen joint counts (SJC) and tender joint
counts (TJC), ESR, and CRP. The CCN1 levels were observed
highest in the low TJC/SJC group and decreased in patients
with a high number of TJC/SJC.11 So, this study aimed to
assess the levels of serum CCN1 in patients with RA,
evaluating its impact on disease activity and its relation to
carotid intima-media thickness (CIMT) and predisposition to
subclinical carotid atherosclerosis.

The in vitro effect of CCN1 on cell cultures was explored
previously in several studies, where it was founded that IL-6

production was decreased by CCN1 knockdown in fibroblast-
like synoviocytes (FLS). Also, these studies showed that IL-6
production is activated by CCN1 via the avb5/Akt/NF-kB
signaling pathway. A co-culture system was used consisting
of purified CD4+ T cells and RA FLS and it was founded that
RA FLS stimulated Th17 differentiation, and the pro-Th17
differentiation effect of RA FLS can be attenuated or
stimulated by CCN1 RNA interference or addition of
exogenous CCN1, respectively.16-18

The in vitro effect of CCN1 in atherosclerosis was also reported
in previous studies where it was founded that CCN1 had an
in vitro effect on smooth muscle rich tissues demonstrating
that mechanical strain-dependent induction of the CCN1
gene involves signaling cascades through RhoA-mediated
actin remodeling and the p38 stress-activated protein kinase
(SAPK).19,20 

MATERIALS AND METHODS
Study design and patient population
This case-control study included 105 RA patients according to
Fan et al., 2019 with at least 80% power at two-sided 95%
significance level and the ratio of case/control 2:1.  Recruited
from the rheumatology clinic in Menoufia University (MU),
Egypt, from December 2018 to December 2019 with 50
healthy age and gender-matched controls.

Study participants
RA patients fulfilled the 2010 American College of
Rheumatology (ACR) classification criteria for RA and their
age was > 18 years.21 50 healthy subjects with matched age
and gender were recruited as a control group.

Subjects with peripheral vascular disease, familial
dyslipidemia, and subjects with conditions known to affect
serum CCN1 levels including cancer, infection except after 3
to 6 months, liver diseases, coronary heart diseases,
hypothyroidism, renal disorder (serum creatinine: ≥3.0 mg/dl
or creatinine clearance: ≤30 ml/min), and other autoimmune
diseases were excluded from this study.

Ethical approval and informed consent
This study was approved by the Institutional Review Board of
MU, Egypt (approval IRB no.19102018INTPH1) and was
carried following the Declaration of Helsinki ethics. Informed
consent was taken from all subjects included in this study.

Clinical assessment
All patients underwent history taking including disease
duration, special habits, cumulative steroid dose in the
previous year, and clinical atherosclerosis symptoms like
intermittent claudication, chest pain, fatigue, or confusion.

Clinical and physical assessment including morning stiffness,
TJC, SJC and visual analogue scale during the last week on a
scale between 0 and 10 mm, where 0 is no pain and 10 is the
highest level of pain was done for RA patients.22 Disease
activity was assessed by disease activity score including 28
joint counts (DAS28) categorising the disease activity into
high, moderate, low disease activity, and remission. 
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RA patients were divided into two groups according to
DAS28: patients with moderate to high disease activity
(DAS28 ≥3.2 defined as active RA patients) and patients with
low disease activity to remission (DAS28< 3.2 defined as
inactive RA patients).11 

Laboratory assessment and immunoassays
Complete blood picture, blood urea, serum creatinine, and
ESR (by Westergren pipette)23 were done. Lipid profile was
done including total cholesterol (TC), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and
triglycerides (TG).24 Serum samples of the patients were
analyzed for Anti-CCP antibodies by enzyme-linked
immunosorbent assay (ELISA) (Immunoscan RA CCP2, Euro-
Diagnostica, Arnhem, the Netherlands) according to the
manufacturer's instructions. The results for the Anti-CCP
antibody were reported qualitatively where it is considered
positive at serum levels ≥20.0U/ml.25

RF titer was obtained using the latex agglutination method
(RF Direct Latex; EDALAB, France) and the normal range for
RF is less than 14 IU/ml.25 Laboratory assessment for CRP titer
(SPINREACT, S.A/S.A.U Ctra. Santa Coloma.7 E-17176, and
Spain) was done.

Undiluted serum samples were obtained to assess serum
CCN1 by ELISA kit [ELISA Kit for Cysteine Rich Protein,
Angiogenic Inducer 61(CYR61) – Cloud –Clone Corp, Katy,
Texas, USA] following all internal manufacture procedure.
The absorbance was measured at 450 nm and a standard
curve was used to calculate serum CCN1 concentration.26

Radiological assessment:

Plain x-rays on both hands, wrists, and feet was done and
graded by Larsen score from 0 where the joints are normal to
5 where there are mutilating abnormalities.27 The
radiological findings were graded by the same radiologist
who was blinded to DAS28.

CIMT assessment: 
Bilateral assessment of CIMT was done using high-resolution
ultrasonography (Philips-HD11XE with multi-frequency
linear 7-12 MHz transducer) after 15 minutes rest and the
participants were examined in a supine position with neck
extension and the chin turned contralateral to the side being
examined. All patients and controls underwent the same
scanning technique (Figure. 1). An average of CIMT of right
and left common carotid arteries were used. CIMT ranged
from 0.59-0.95mm is considered abnormal and 1.0 mm or
more is considered high risk.1,28

Statistical analysis
SPSS version 20 with IBM compatible computer was used for
statistical analysis. Number and percent for qualitative data
and mean, standard deviation, and range for quantitative
data were used. For comparison between groups having
quantitative variables and comparison between two groups
not normally distributed Student's t-test and Mann-Whitney
test (U) were used, respectively. A one-way ANOVA test was
used to compare between more than two groups having
quantitative variables. A comparison between more than two
groups with unequal distribution having quantitative
variables was done using the Kruskal Wallis test. To study the
association between two qualitative variables Chi-squared
test (χ2) was used. To correlate between two quantitative
variables, the Pearson correlation coefficient test was used.
Spearman correlation was used to correlate between not
normally distributed quantitative variables. For all statistics,
a p-value of ≤0.05 was statistically significant and ≤0.001 was
highly significant. The receiver-operating characteristic
(ROC) curve was used to determine the cutoff point of CCN1
in terms of sensitivity and specificity.29

RESULTS
A total of 105 RA patients classified into active and inactive
groups according to DAS28 with fifty age and gender-
matched controls were included.

Demographic and clinical characteristics of the studied
groups
Active RA patients included 14 males (31.1%) and 31 females
(68.9%) with a mean age of 48.62±13.33 years. Inactive RA
patients included 18 males (30 %) and 42 females (70 %)
with a mean age of 43.55±12.19 years. Controls were 17
males (34%) and 33 females (66%) with a mean age of
46.72±11.63 years with no statistically significant difference
(p>0.05) between them regarding demographic
characteristics, ensuring homogeneity of both groups (Table
I).

A significant increase in the ESR, VAS, cholesterol, LDL,
CCN1, and CIMT in RA patients compared to controls was
found with significant differences regarding DAS28, SJC, TJC,
Larsen x-ray score, and disease duration between both RA
groups (active & inactive). The mean disease duration for RA
patients was 96.26±56.76 months for the active group and
65.70±47.93 months for the inactive group. RF was positive in
77 RA patients (73.3%) and 78 RA patients had positive Anti-
CCP antibodies (74.3%) (Table I).

Fig. 1: Longitudinal grayscale ultrasound image at the level of
common carotid artery showing intima/ media thickness =
0.66 mm.
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Table I: Demographic and clinical characteristics of the studied groups

Demographic characteristics Studied groups
Active RA Inactive RA Controls Test of P-value Post Hoc
(n=45) (n=60) (n=50) significance test

Mean±SD Mean±SD Mean±SD
Age (years) 48.6±13.33 43.5±12.19 46.7±11.63 F=2.27 0.11 ___
Sex: No. (%)

female 31 (68.9%) 42 (70%) 33 (66%) χ
2 = 0.2 0.90 ___

male 14 (31.1%) 18 (30%) 17 (34%)
Disease duration (months) 96.26±56.76 65.70±47.93 __ U=2.83 0.005 ___
DAS 28 4.59±0.79 2.36±0.55 ___ t=16.91 <0.001 ___
SJC 2.42±0.81 1.50±0.56 ___ U = 6.85 <0.001 ___
TJC 4.40±0.91 2.38±0.86 ___ U = 11.53 <0.001 ___
X-RAY SCORE (Larsen score) 3.31±0.70 1.20±0.73 ___ U = 14.88 <0.001
RF positive No. (%) 35 (77.8%) 42 (70 %) ___ χ

2 = 0.45 0.51
Anti-ccp Positive 
No.    (%) 36 (80%) 42 (70%) ___ χ

2 = 0.87 0.34
ESR (mm/hour) 62.75±21.96 14.61±2.86 10.42±1.65 K= 113.82 <0.001 P1< 0.001

P2 < 0.001
P3= 0.002

VAS 6.42±1.55 3.45±1.36 1.60±0.74 K= 98.15 <0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

CCN1 (pg/ml) 200.82±37.21 261.73±65.14 73.11±18.24 F=188.34 <0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Cholesterol (mg/dl) 172.75±31.98 163.17±21.09 142.15±20.53 F=16.71 <0.001 P1= 0.05
P2 < 0.001
P3 < 0.001

HDL (mg/dl) 41.62±2.46 41.55±3.42 42.15±2.38 F=0.57 0.56 ___
LDL (mg/dl) 112.51±17.44 120.58±17.45 107.28±17.59 F=7.33 0.002 P1= 0.02

P2 = 0.17
P3 < 0.001

Triglycerides (mg/dl) 83.95±20.53 88.71±21.79 87.7±21.78 F= 0.66 0.51 ___
Mean CIMT (mm2) 0.79±0.16 0.72±0.19 0.35±0.03 F=113.16 <0.001 P1= 0.04

P2 < 0.001
P3 < 0.001

t= t-test, U= Mann-Whitney test, F: Anova test, K: Kruskal Wallis test, χ2: chi-square test, P1: between active RA group and inactive RA, P2: between active
RA group and control, P3: between inactive RA group and control group. HDL= high-density lipoproteins, LDL= low-density lipoproteins, CIMT= carotid
intima-media thickness, ESR= erythrocyte sedimentation rate, VAS= visual analogue scale, RF= rheumatoid factor, DAS28= disease activity score, SJC= swollen
joint count, TJC= tender joint count.

Table II: Comparison between RA patients and controls regarding Cyr61, lipid profile, and CIMT

Studied parameters Studied groups Test of P-value
RA Controls significance

(n=105) (n=50)
Mean±SD Mean±SD

CCN1 (pg/ml) 235.62±62.53 73.11±18.24 24.07 <0.001
Cholesterol (mg/dl) 167.28±26.60 142.15±20.53 5.38 <0.001
H.DL(mg/dl) 41.58±3.03 42.15±2.38 1.06 0.28 
L.D.L(mg/dl) 117.12±17.82 107.28±17.59 2.98 0.003   
Triglycerides (mg/dl) 86.67±21.29 87.67±21.78 0.25 0.80
mean CIMT (mm2) 0.75±0.24 0.35±0.03 U=10.49 <0.001

U= Mann-Whitney test, HDL= high-density lipoproteins, LDL= low-density lipoproteins, CIMT= carotid intima-media thickness.

Table III: Clinical performance of Cysteine-rich 61 (Cyr61), RF, & Anti-CCP in RA patients

Studied parameters Optimal Sensitivity Specificity PPV NPV Diagnostic DOR
cutoff point (95%CI) (95%CI) (95%CI) (95%CI) accuracy (95%CI)

(95%CI)
CCN1 (pg/ml) 99.25 19.62 97% 95% 98% 95% 98%

(5.08-75.76) (93–99) (82–99) (93–100) (82–99) (93–100)
RF (mg/dl) 8.11 73% 82% 92% 54% 76% 12.96

(64–81) (67–92) (83–96) (41–67) (68–82) (5.15–32.64)
Anti-CCP (u/ml) 17.08 74% 78% 90% 53% 75% 9.95

(65–82) (61–89) (81–95) (40–66) (67–82) (4.20–23.55)

95% CI= 95% confidence interval, PPV=Positive predictive value, NPV= Negative predictive value, DOR= diagnostic odds ratio.
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According to DAS 28, there were 45 (42.85%) active RA
patients and 60 (57.14%) inactive RA patients. 32 active RA
patients (71.1%, p<0.001) and only 2 inactive RA patients
(3.3%, p<0.001) were on corticosteroid treatment (Table I).

CCN1 levels, lipid profile, and CIMT measurements in RA
patients and controls
There were significant differences regarding Cholesterol and
LDL between RA patients and controls (p<0.001 and p=0.003,
respectively) with no significant differences regarding HDL
(p=0.28) and triglycerides (p=0.80). Serum levels of CCN1
were significantly higher in RA patients compared to healthy
controls (235.62±62.53 vs. 73.11±18.24, p<0.001,
respectively). CIMT was increased in RA patients compared to
controls (0.75±0.24 vs. 0.35±0.03, respectively). This means
that the CCN1 could differentiate RA patients from controls
and is associated with atherosclerosis development risk
(Table II).

Clinical performance of CCN1, RF & Anti- CCP in RA   
Table III illustrates the clinical performance of CCN1, RF, &
Anti-CCP in RA patients. Serum CCN1 can discriminate RA
patients from healthy controls with an area under the curve
of 0.995 (95% CI 0.98 to 0.100, p<0.001). The optimal cutoff
point of CCN1 equals 99.25 pg/ml with a sensitivity of 98%
and specificity of 95% with positive predictive value (PPV) of
98% and negative predictive value (NPV) of 95 % (Table III).

CCN1and CIMT in active and inactive RA patients
Serum levels of CCN1were significantly higher in inactive RA
patients compared to active RA patients (261.73±65.14 vs.
200.82±37.21, p<0.001, respectively). Pearson correlation
showed that CCN1 serum levels were inversely correlated
with DAS28 (r= - 0.94, r= - 0.92, p<0.001), SJC (r= - 0.64, r= -
0.67, p<0.001), TJC (r= - 0.56, r=- 0.63, p<0.001), Larsen score
(r= - 0.68, r= - 0.78, p<0.001), ESR (r=- 0.82, p<0.001), and
VAS (r=- 0.49, p<0.001), in active and inactive RA patient
groups respectively (Table IV).

CIMT was significantly high in RA patients compared to
controls (0.75±0.24 vs. 0.35±0.03, respectively) and Pearson
correlation showed that CCN1 serum levels were positively
correlated with CIMT in active and inactive RA patient
groups (r=0.47, p<0.001, r=0.88, p<0.001), respectively (Table
IV). 

DISCUSSION 
The matricellular protein, CCN1 is encoded by an immediate-
early gene induced by growth factor and it is
transcriptionally activated within minutes of stimulation by
injury stimuli especially inflammation. However, it is
expressed at low levels in quiescent cells.11 

CCN1 controls the cell cycle, stimulates chemostasis, and
augments the growth factor effects.30 It also has an important
role in angiogenesis by promoting the survival of the
endothelial cells and stimulating pro-angiogenic factors.13

The expression of CCN1 was found to be high in peripheral
blood mononuclear cells fibroblast-like synoviocytes (FLS)
and synovial fluid of RA patients.13,31

In this study, a high expression of CCN1 in RA patients was
reported compared to the healthy control group exploring its
value in discriminating RA patients from healthy controls.
This was consistent with previous preclinical studies showing
overexpression of CCN1 in the synovial fluids and peripheral
blood mononuclear cells of RA patients.10,31

RA patients are twice likely to develop sudden cardiac death
attributed mostly (50%) to cardiovascular disease. The
histochemical analysis in individuals who died of sudden
cardiac death revealed that CCN1 was significantly elevated
(80%) and associated with myocardial ischemia and
atherosclerosis of coronary arteries.6,32 Rawla et al., supported
this hypothesis reporting that the prevalence of
cardiovascular diseases in patients with RA is high and
multifactorial.6

CCN1 was significantly high in RA patients compared to
controls with a statistically significant positive correlation
with CIMT. Studies by Rawla et al., and Deng et al., are
consistent with our results reporting the important role of
CCN1 in atherosclerosis pathogenesis.6,32

Several studies have demonstrated the association between
CCN1 and various aspects of atherosclerosis demonstrating
that it is highly expressed in atherosclerotic plaques,
contributing to the development of cardiovascular and
cerebrovascular diseases and peripheral arterial diseases.14,33

Besides, CCN1 levels were associated with rapid mortality in
acute heart failure (AHF) patients and coronary heart disease
(CAD) and could be a potential marker of myocardial
ischemic injury and prognosis in patients with the acute
coronary syndrome (ACS).34,35

Table IV: Correlation between CCN1, disease duration, DAS 28, ESR, VAS, and CIMT in active and inactive RA patients

Studied parameters CCN1 (pg/ml)
Inactive RA (n=60) Active RA (n=45)

P value r P value r
Disease duration (months) - 0.07** 0.66 - 0.27** 0.03 
DAS 28 - 0.92* <0.001 - 0.94* <0.001
SJC - 0.67* <0.001 - 0.64 <0.001
TJC - 0.63 <0.001 - 0.56 <0.001
Larsen score - 0.78 <0.001 - 0.68 <0.001
ESR (mm/hour) - 0.44* 0.002 - 0.82* <0.001
VAS - 0.65* <0.001 - 0.49* <0.001
CIMT (mm2) 0.88* <0.001 0.47* <0.001

*Pearson correlation coefficient, **Spearman correlation coefficient, VAS= visual analogue scale, DAS28= disease activity score, SJC= swollen joint count,
TJC= tender joint count, ESR= erythrocyte sedimentation rate, CIMT= carotid intima-media thickness, RA= rheumatoid arthritis.
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Furthermore, CCN1 expression in human atherosclerotic
lesions was significantly elevated.32 This comes in agreement
with our study reporting that CCN1 is a predisposing factor
for atherosclerosis in RA patients in combination with
hyperlipidemia and other factors including the chronic
inflammatory nature of the disease. 

Interestingly, serum CCN1 was more elevated in inactive RA
patients than those with active disease. Spearman correlation
analysis revealed that CCN1 levels were negatively correlated
with almost all disease activity indices in statistics [Tables I,
IV]. When RA patients were stratified by numbers of TJC and
SJC, the CCN1 levels were the highest in patients with a low
number of TJC and SJC and decreased in active patients with
an increasing number of TJC and SJC. These results were
supported by Fan et.al., and Woo et al.,11,36 who reported
significantly high levels of CCN1 in RA patients compared to
controls (211.57 vs. 37.24, respectively) with negative
correlation with DAS28 (r = − 0.174, p = 0.010). 

There was also a negative correlation between CCN1 and
DAS28 which is complicated in its explanation. In this study,
the negative correlation of CCN1 with disease activity is
attributed to the strong anti-inflammatory protective
activities of CCN1 promoting tissue repair which is
accompanied by inflammation resolution.

To explore the role of CCN1 in pulmonary hypertension
associated with systemic lupus erythematosus, a multi-center
study revealed that patients with higher CCN1 levels had
better survival than those with lower levels.12 However, the
significant-up regulation of CCN1 expression in the
development and progression of arthritis in RA was
reported.31,37

CCN1 has a critical role in promoting recovery and mucosal
healing in colitis.38 Exogenous administration of CCN1
accelerated mucosal restitution of colitis in wild type,
suggesting a therapeutic potential for CCN1 in inflammatory
bowel disease (IBD).38 IBD and RA share important
pathogenesis mechanisms, especially the contribution of the
Th1/Th2 cytokine balance.39

Regarding both sensitivity and specificity, ROC analysis
revealed that CCN1 had higher sensitivity and specificity (98
% and 95%, respectively) compared to both RF and Anti-CCP
with a cutoff point of 99.25 pg/ml (AUC of 0.995, 95% CI 0.98
- 0.100, p-value <0.001) exploring the ability of CCN1 to
discriminate RA patients from healthy controls and
supporting our hypothesis that CCN1 could be used as a
diagnostic tool of RA (Table III).  These results are consistent
with Fan et al., who reported CCN1 sensitivity of 92.09% and
specificity of 98.00 in RA patients.11

This study explored that serum CCN1 levels had a positive
correlation with CIMT predisposing to atherosclerosis as a RA
comorbidity. Serum CCN1 levels were significantly elevated
in RA patients compared to healthy controls with a negative
correlation with RA disease activity. To the best of our
knowledge, this study is one of the early studies exploring the
effect of CCN1 on CIMT in RA patients. However, further
research suggestions for controlling CCN1 disruption as new
aspects of treatment of atherosclerosis in RA are needed.

LIMITATIONS OF THE STUDY
This study has some limitations, firstly, the protective role of
CCN1 in RA needs to be further assessed by using more
precise animal experiments and clinical studies with a larger
sample size. Secondly, a long-term follow-up duration in
order to evaluate the CCN1 level and its correlation with
CIMT in RA patients is needed. Lastly, patients with
hyperlipidemia should have been excluded from this study to
explore the effect of CNN1 on CIMT.

CONCLUSIONS
Serum CCN1 can be a helpful biomarker in RA diagnosis,
associated with RA remission. Disruption of serum CCN1 is
involved in the pathogenesis of atherosclerosis in RA patients
which could be a clue for a future treatment strategy of
atherosclerosis in RA by controlling CCN1 disruption.
Regular follow-up of RA patients is recommended for early
detection of subclinical atherosclerosis. 
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