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Background: Rheumatoid arthritis (RA) is a common systemic inflammatory disease. Collagen triple helix repeat containing-1
(CTHRC1) is a unique gene product able to reduce collagen deposition. The present study aimed to assess CTHRCI1 level in RA
patients and to uncover its relation to clinical, laboratory and radiological findings.

Methods: The study included 60 adult RA patients. In addition, there were 60 control subjects who included patients with
osteoarthritis (n = 20) and reactive arthritis (n = 20) and healthy controls (n = 20). Serum CTHRCI levels were assessed by Enzyme-
Linked Immunosorbent Assay (ELISA). Disease activity was calculated using the Disease Activity Score (DAS28-CRP). Radiological
damage was evaluated using the Simple Erosion Narrowing Score (SENS).

Results: There was significantly higher serum CTHRCI levels in RA patients when compared to OA, ReA and control groups
[median (IQR): 4.66 (1.68—11.7) versus 1.88 (1.14-2.94), 1.55 (0.98-3.15) and 1.14 (0.85—1.3) mg/dL, respectively, p < 0.001]. There
was significantly higher CTHRC1 levels in patients with higher disease activity [median (IQR): 2.23 (1.4-4.73) versus 6.55 (4.66—
12.0) mg/dL, p = 0.004]. Patients with higher SENS had significantly higher CTHRC1 [median (IQR): 1.99 (1.4-4.66) versus 9.75
(4.39-12.63) mg/dL, p < 0.001] and DAS28 [median (IQR): 4.25 (2.9-5.2) versus 5.4 (4.65-5.8), p = 0.01].

Conclusion: Serum CTHRCI1 levels are related to disease severity and radiological affection in RA patients.
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Introduction
Rheumatoid arthritis (RA) is a common systemic inflammatory disease with significant affection of patients’ quality of
life and marked economic burden. Related risk factors encompass host (genetic, hormonal, and neuroendocrine) and
environmental (smoking, infectious agents and diet) factors." RA primarily affects small and large joints and adjacent
periarticular tissues in a symmetrical pattern and progressive course. The associated systemic inflammation and related
immune reactions are expressed in a wide spectrum of extra-articular manifestations.”>

Management of RA had witnessed revolutionary changes in the recent years with the introduction of biological
therapies and integrated treatment approaches. However, in spite of the conspicuous achievements in RA diagnosis and
treatment, the disease remains far from being preventable or curable.*

Basic laboratory work-up for diagnosis of RA includes C-reactive protein (CRP), rheumatoid factor (RF), anti-cyclic
citrullinated protein (Anti-CCP). While these biomarkers are evidently useful as diagnostic and prognostic markers, practice
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has identified many shortcomings that undermined their clinical performance. Pursuit of new markers with better reliability is
strongly advocated.’

Collagen is the primary building block of the extracellular matrix of tissues including cartilages and tendons.® Collagen triple
helix repeat containing-1 (CTHRCI1) is a unique gene product able to reduce collagen deposition by inhibiting Smad2/3
activation.” CTHRC]1 proved to have diverse roles affecting bone mass, myelination, collagen synthesis, synoviocytes migration
and angiogenesis.® Overexpression of CTHRC1 was associated with poor survival in some cancers.” '

In RA, CTHRCI1 was found to be overexpressed in activated synoviocytes of murine models which in turn initiates
cartilage destruction.'> Moreover, it was linked to reduced bone resorption and formation.'* Clinically, only 3 reports

15717 and one

showed elevated plasma levels of CTHRCI in RA patients with significant correlation with disease activity
report identified a correlation between CTHRC]1 levels and proinflammatory cytokines in RA patients.'> However, none
of these studies assessed the relation between CTHRC1 levels and radiological damage in RA patients. The present study

aimed to assess CTHRCI1 level in RA patients and to uncover its relation to clinical, laboratory and radiological findings.

Subjects and Methods

The present study was conducted at Al-Azhar University Hospitals, Cairo, Egypt. The study protocol was approved by
Ethical Committee of Al-Azhar Faculty of Medicine for Girls and all participants provided informed consent before the
study in line with Declaration of Helsinki on clinical research involving human subjects.

The study included 60 adult RA patients. They were diagnosed according to the classification criteria recommended by the
American College of American College of Rheumatology and European League Against Rheumatism (ACR/EULAR).'® In
addition, there were 60 control subjects who included patients with osteoarthritis (n = 20) and reactive arthritis (n = 20) and
healthy controls (n = 20). Osteoarthritis (OA) was diagnosed according to the ACR criteria'® while reactive arthritis (ReA) was

diagnosed according to Braun criteria.”

Patients were excluded if they had associated cancers, severe systemic diseases,
systemic infections, autoimmune diseases or osteoporosis. Pregnant or lactating women were also excluded.

Upon recruitment, all participants were subjected to careful history taking and through clinical examination. For
laboratory assessment, a volume of 10 mL of venous blood was withdrawn from each subject under complete aseptic
conditions. The blood sample was divided into three aliquots; 1st aliquot of 2 mL of blood was collected into 3.8% sodium tri-
sodium citrate for measuring ESR by Westergren method. The 2nd aliquot of 2 mL of blood was collected into EDTA tube for
measuring complete blood count (CBC) (Sysmex KX-21, Japan). The 3rd aliquot of 6 mL was collected into 2 serum gel
separator tubes and centrifuged for measuring RF and CRP by qualitative latex agglutination tests and Anti-CCP and
CTHRC1 by Enzyme-Linked Immunosorbent Assay (ELISA). Serum for ELISA analysis was kept at —20 and measured by
AS 1851 DAS, Italy (reader), and 16041412 BioTek, Winooski, Vermont, USA (washer). Serum CTHRCI levels were
assessed by ELISA using commercially available kits (Cat.No E6798Hu, Bioassay Technology Laboratory, Shanghai, China).

Disease activity was calculated using the Disease Activity Score (DAS28-CRP). According to DAS28-CRP results, patients
were classified into 4 categories: remission (<2.6), low (2.6 - <3.2), moderate (>3.2 - <5.1) and high (>5.1) activity.”' Functional
performance was assessed using the modified Health Assessment Questionnaire (HAQ).** Radiological damage was evaluated
using the Simple Erosion Narrowing Score (SENS).?*2* Typically, the original SENS is calculated from hands and feet images.
However, in the present study, we used only radiographic hand images because this is the standard of care at our center.

Data obtained from the present study were presented as mean and standard deviation (SD), median and
interquartile range (IQR) or number and percent. Numerical variables were compared using t-test, Mann—Whitney
U-test or chi-square test as appropriate. Correlation analysis was achieved using Spearman correlation coefficient.
All statistical tests were performed using SPSS version 25 with p value less than 0.05 considered statistically
significant.

Results

The present study included patients with RA (n = 60), OA (n = 20), ReA (n = 20) and healthy controls (n = 20).
Comparison between the studied groups showed significantly higher serum CTHRCI levels in RA patients when
compared to OA, ReA and control groups [median (IQR): 4.66 (1.68—11.7) versus 1.88 (1.14-2.94), 1.55 (0.98—
3.15) and 1.14 (0.85-1.3) mg/dL, respectively, p < 0.001] (Figure 1). Comparison between RA patients with
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Figure | CTHRCI in the studied groups.

remission-to-moderate and patients with high disease activity revealed significantly higher CTHRCI levels in
patients with higher disease activity [median (IQR): 2.23 (1.4-4.73) versus 6.55 (4.66—12.0) mg/dL, p = 0.004]. In
addition, it was noted that patients with high disease activity had significantly higher erosion [median (IQR): 2.0
(1.0-3.0) versus 4.0 (2.5-9.5), p < 0.001], narrowing [median (IQR): 3.0 (2.0-5.0) versus 7.0 (4.0-11.0), p <
0.001] and total SENS [median (IQR): 6.0 (3.0-8.0) versus 11.0 (6.0-20.5), p < 0.001] scores (Table 1).

RA patients were classified into those with SENS < median (n = 26) and others with SENS > median (n =
34). Patients with higher SENS had significantly higher CTHRCI1 [median (IQR): 1.99 (1.4-4.66) versus 9.75
(4.39-12.63) mg/dL, p < 0.001] and DAS28 [median (IQR): 4.25 (2.9-5.2) versus 5.4 (4.65-5.8), p = 0.01]
(Table 2).

Correlation analysis identified significant correlation between CTHRCI1 levels and tender joints count (r = 0.33),
mHAQ (r = 0.47), DAS28 (r = 0.42), erosion score (r = 0.57), narrowing score (r = 0.62) and total SENS (r = 0.62)
(Table 3, Figures 2 and 3).

Table | Relation Between Clinical and Laboratory Findings and Disease Activity

All Patients N=60 Disease Activity p value
Remission-to-Moderate n=31 High n=29
Age (years) median (IQR) 47.0 (42.0-62.0) 46.0 (40.0-59.0) 59.0 (42.0-67.0) 0.27
Male/female n 2/58 2/29 0/29 0.16
Disease duration (years) median (IQR) 12.5 (8.0-18.0) 14.0 (9.0-25.0) 10.0 (8.0-15.0) 0.19
Clinical findings n (%)
Extra-articular manifestations n (%) 34 (56.7) 20 (64.5) 14 (48.3) 0.21
Tender joints median (IQR) 12.0 (8.0-14.0) 8.0 (4.0-10.0) 14.0 (12.0-17.0) <0.001
Swollen joints median (IQR) 4.0 (2.0-6.0) 2.0 (2.0-5.0) 6.0 (3.5-7.0) <0.001
mHAQ median (IQR) 1.19 (0.88-1.63) 0.88 (0.75-1.0) 1.5 (1.38-1.88) <0.001
(Continued)
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Table | (Continued).
All Patients N=60 Disease Activity p value
Remission-to-Moderate n=31 High n=29

Laboratory data median (IQR)
Hb (gm/dL) 10.8 (9.9-11.2) 10.8 (9.9-11.2) 10.8 (9.8-11.6) 0.97
WBCs (x10%/mL) 7.6 (5.6-8.9) 7.4 (6.2-8.5) 7.7 (5.1-9.6) 0.66
Platelets (x10%/mL) 262.0 (192.0-302.0) 280.0 (210.0-301.0) 245.0 (189.0-312.0) 0.53
ESR mm/hr 30.0 (15.0-50.0) 30.0 (20.0-50.0) 30.0 (15.0-40.0) 0.58
CRP (mg/dL) 12.0 (7.0-20.0) 10.0 (6.0-24.0) 12.0 (7.3-20.0) 0.48
RF (IU/mL) 17.2 (10.4-28.6) 132 (10.4-31.2) 17.9 (11.6-28.6) 0.4
Anti-CCP (U/mL) 112.5 (79.0-369.0) 120.0 (89.2-297.2) 110.0 (78.7-408.0) 0.78
CTHRCI (mg/dL) 4.66 (1.68-11.7) 2.23 (1.4-4.73) 6.55 (4.66—12.0) 0.004
Simple Erosion Narrowing Score (SENS) median (IQR)
Erosion score 3.0 (1.0-5.0) 2.0 (1.0-3.0) 4.0 (2.5-9.5) <0.001
Narrowing score 4.5 (3.0-7.0) 3.0 (2.0-5.0) 7.0 (4.0-11.0) <0.001
Total score 7.0 (4.0-11.8) 6.0 (3.0-8.0) 11.0 (6.0-20.5) <0.001

Abbreviations: Anti-CCP, anti-cyclic citrullinated peptide; CRP, C-reactive protein; CTHRCI, collagen triple helix repeat containing |; ESR, Erythrocyte Sedimentation
Rate; Hb, hemoglobin; mHAQ, modified Health Assessment Questionnaire; RF, rheumatoid Factor; WBCs, white blood cells.

Table 2 Relation Between Clinical and Laboratory Findings and Radiological Damage

Simple Erosion Narrowing Score p value
< Median = Median
n=26 n=34
Age (years) median (IQR) 45.0 (40.0-64.0) 53.0 (42.0-61.3) 0.25
Male/female n 25/1 33/1 0.85
Disease duration (years) median (IQR) 12.5 (8.8-25.0) 12.5 (7.8-15.8) 0.52
Clinical findings
Extra-articular manifestations n (%) 15 (57.7) 19 (55.9) 0.89
Tender joints median (IQR) 8.0 (3.8-12.0) 13.0 (10.0-16.0) 0.001
Swollen joints median (IQR) 2.0 (1.8-5.0) 4.5 (3.0-7.0) 0.002
mHAQ median (IQR) 1.0 (0.75-1.25) 1.38 (1.0-1.66) 0.006
Laboratory data median (IQR)
Hb (gm/dL) 10.8 (10.0-11.3) 10.8 (9.8-11.2) 0.53
WBCs (x10%/mL) 7.7 (6.1-9.1) 7.6 (5.3-87) 0.4
Platelets (x10°/mL) 237.5 (204.8-300.0) | 278.0 (192.0-317.0) 0.38
ESR mm/hr 29.0 (20.0-46.3) 32.5 (15.0-50.0) 0.96
(Continued)
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Table 2 (Continued).
Simple Erosion Narrowing Score p value
< Median > Median
n=26 n=34
CRP (mg/dL) 9.0 (6.0-18.0) 12.0 (7.4-24.0) 0.14
RF (IU/mL) 24.0 (9.7-39.5) 15.1 (10.4-22.1) 0.26
Anti-CCP (U/mL) 112.5 (78.5-405.0) 115.0 (79.8-369.0) 0.7
CTHRCI (mg/dL) 1.99 (1.4-4.66) 9.75 (4.39-12.63) <0.001
DAS28 median (IQR) 4.25 (2.9-5.2) 5.4 (4.65-5.8) 0.0l
Disease activity n (%)
Remission 4 (15.4) 3(8.8) 0.12
Low 5(19.2) 3(88)
Moderate 9 (34.6) 7 (20.6)
High 8 (30.8) 21 (61.8)
Table 3 Correlation Between CTHRCI Levels
and Clinical and Laboratory Data in RA
Patients
CTHRCI
r P
Age 0.25 0.056
Disease duration 0.24 0.064
Tender joints 0.33 0.0l
Swollen joints 0.19 0.14
mHAQ 0.47 <0.001
Hb 0.17 0.21
WBCs -0.05 0.7
Platelets —0.15 0.26
ESR -0.071 0.59
CRP -0.17 0.2
RF —0.053 0.69
Anti-CCP 0.11 0.4
DAS28 0.42 <0.001
Erosion score 0.57 <0.001
Narrowing score 0.62 <0.001
Total SENS 0.62 <0.001
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Figure 2 Correlation between CTHRCI and DAS28.
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Figure 3 Correlation between CTHRCI and total SENS.

Discussion

In the present study, RA patients expressed significantly higher levels of serum CTHRCI in comparison with the other studied
groups in conformity with other reports. In their work, Myngbay et al'° recognized CTHRC] as a sensitive and feasible marker
for diagnosis of RA. Furthermore, Hu et al'® suggested that adding CTHRC1 to anti-CCP can improve the diagnosis of RA.
Similar conclusions were reported by Selim et al.'” In our work, comparative and correlation analysis identified a strong
relation between CTHRC levels and disease activity in RA patients in accordance with previous reports.'>'”

While other studies investigating the value of CTHRC1 assessment in RA patients focused on its diagnostic
reliability and relation to disease activity and inflammatory markers, our study further examined in the relation
between CTHRC1 and radiological affection. Interestingly, we could find a significant association between elevated
serum CTHRCI levels and advanced radiological erosion and narrowing in RA patients which is a new finding to

the best of our knowledge.
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The mechanisms responsible for this relation in humans remain to be elucidated. However, CTHRCI1 probably mediates its
effects on RA cartilage through multiple pathways. Augmented CTHRC1 was found to be associated with exaggerated
proinflammatory response as shown by the study of Myngbay et al,'® could detect a significant relation between elevated
CTHRCI1 levels and increased levels of the proinflammatory cytokine interleukin (IL)-1f, IL-6, IL-8 and interferon y in RA
patients. Interestingly, CTHRC1 was highly expressed in gingival tissues of periodontitis patients.”> While the relation between
periodontitis and RA is well-established*® the suggestion that CTHRC1 constitutes a link between periodontitis and RA needs
further investigation.

Moreover, it was found that Wnt5A-Fzd5-LRP5/6-CTHRC1 complex can promote the expression of hypoxia inducible
factor-1o. (HIF-10) leading to high expression of vascular endothelial growth factor (VEGF) and enhancing angiogenesis.>’
Angiogenesis is known to play a major role in RA progression. A plethora of angiogenic factors is primarily produced from
RA synovial tissue and neovascularization helps to maintain synovitis.”* CTHRC] is also involved in the Wnt signaling
pathway significantly contributed to RA pathogenesis.”” Remarkably, experimental evidence suggested that sex disparities in
RA prevalence and severity may be related to the sex-specific expression of some genes including CTHRC1.%°

Findings of the present study may have therapeutic implications. Targeting CTHRC1 was suggested as a therapeutic
approach in many malignant conditions.?' * However, this approach was not investigated in RA until recently which is
a clear research gap that is expected to be addressed in the near future.

In conclusion, the present study suggested that serum CTHRC1 levels are related to disease severity and radiological affection
in RA patients. However, these conclusions are limited by the cross-sectional study design and the relatively small sample size.
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