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Aim of the work: To assess serum collagen triple helix repeat containing 1 (CTHRC1) protein level in
rheumatoid arthritis (RA) patients and compare it with healthy controls. In addition, to evaluate the rela-
tion of its level with RA activity and severity
Patients and methods: The study included 60 adult RA patients and 60 matched controls. Disease activity
score (DAS28), modified health assessment questionnaire (MHAQ) and RAmedical records-based index of
severity (RARBIS) were assessed in RA patients. Serum CTHRC1 levels were measured in patients and con-
trols by enzyme linked immunosorbent assay (ELISA)
Results: They were 49 females and 11 males patients with a mean age of 43.6 ± 10.8 years and disease
duration of 8.8 ± 0.9 years. The mean of DAS28 was 4.9 ± 2 (1.95–8.6). Serum CTHRC1 levels were signif-
icantly higher in patients than controls (1009.5 ± 79.4 vs. 470.7 ± 8.2 ng/ml, p < 0.001).The optimum cut-
off value of CTHRC1 to discriminate patients from control was > 583.5 ng/ml with sensitivity of 98.3% and
specificity of 100%. CTHRC1 significantly correlated with DAS28 (r = 0.81, p < 0.001), MHAQ (r = 0.14,
p = 0.002), RARBIS (r = 0.41, p = 0.006), erythrocyte sedimentation rate (ESR) (r = 0.57, p < 0.001), C-
reactive protein (CRP) (r = 0.41, p = 0.002), rheumatoid factor (RF) (r = 0.31, p = 0.037) and anti-cyclic
citrullinated peptide (anti-CCP) (r = 0.27, p = 0.036). The significant predictors of increase CTHRC1 among
patients were elevation in DAS28 (ß=287.6; p = 0.007, CI = 83.4–491.9) and MHAQ (ß=369.7; p = 0.042,
CI = 14.5–724.9)
Conclusion: Serum CTHRC1 is a promising biomarker for evaluation of RA patients. It can be used as a
marker for RA diagnosis and in monitoring the disease activity and severity.
� 2021 Egyptian Society of Rheumatic Diseases. Publishing services provided by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction inflammatory diseases. CCP autoantibodies provide high specificity
Rheumatoid arthritis (RA) is a chronic autoimmune progressive
disease of synovial joints [1]. It is a multifactorial disease as genetic
and non-genetic factors contribute in a complex disease pathology
[2]. The diagnosis of RA is mainly based on clinical manifestations,
radiological findings and laboratory investigations include inflam-
matory markers, such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR); autoantibodies, like rheumatoid factor
(RF) and anti-cyclic citrullinated peptide antibodies (anti-CCP).
However, CRP and ESR are non-specific laboratory indicators,
which are affected by many factors as aging and can only reflect
short-term inflammatory status [3]. RF is detected in 60–70% of
RA patients [4] with limited specificity as it is often absent early
in the disease course and can be found in other autoimmune and
for RA with moderate sensitivity [5].
Early diagnosis of RA has an important matter in clinical prac-

tice, as it helps in effective control of disease activity, reduces the
permanent disability which has essential rule in the long term out-
come of the disease and its progression [6]. Many Egyptian studies
on RA investigated the role of different biomarkers in determining
clinical significance and monitoring the disease activity [7,8], some
of them have been focused on the diagnostic potency [9,10].

Persistent synovitis leads to pannus formation, a new patholog-
ical tissue formation that invades and erodes adjoining cartilage
and bone. Pannus is a main cause for pain, swelling, tissue destruc-
tion, joint deformities and bone erosion in RA patients [11].
Fibroblast-like synoviocytes (FLS), especially the invasive and
migratory cadherin-11-positive subtype [12], are the main compo-
nents of synovial pannus tissue and considered active drivers in RA
pathogenesis [11].

Collagen triple helix repeat containing 1 (CTHRC1) protein is
expressed in a number of embryonic and neonate tissues, including
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developing cartilage and bone [13]. CTHRC1 was found strongly
associated with the murine proteoglycan-induced arthritis severity
and collagen antibody-induced murine arthritis (CAIA)[14]. More-
over, CTHRC1 expression in murine experimental arthritis is
increased in the synovium and revealed specifically in activated
murine and human RA-FLS[14] located at the synovial intimal lin-
ing and at the bone-pannus interface [15].

The aim of this work was to assess serum collagen triple helix
repeat containing 1 (CTHRC1) protein level in rheumatoid arthritis
(RA) patients and compare it with healthy controls. In addition, to
evaluate the relation of its level with RA activity and severity.
Table 1
Clinical manifestations and laboratory investigations of rheumatoid arthritis patients.

Parameter
mean ± SD (range) or n
(%)

RA patients
(n = 60)

General Morning stiffness 60 (100.0)
Fatigue 47 (78.3)
Fever 5 (8.3)
Anorexia 11 (18.3)
Weight loss 26 (43.3)
Hypertension 7 (11.7)

Musculoskeletal Arthralgia 60 (100.0)
Arthritis 58 (96.7)
Deformity 25 (41.7)
Myalgia 42 (70.0)
Limitation of movements 26 (43.3)
Trigger finger 15 (25.0)
Subcutaneous nodules 24 (40.0)

Eye Dryness 11 (18.3)
Red burning eyes 2 (3.33)

Cardio-pulmonary Dyspnea 46 (76.7)
Cough 23 (38.3)
Chest pain 7 (11.7)

Renal Dysuria 21 (35.0)
GIT Abdominal colic 6 (10.0)
Laboratory

investigations
Hemoglobin (g/dl) 12.19 ± 1.59 (8.9–16.1)
WBCs (x103/ul) 6.54 ± 1.9 (3.3–13.1)
Platelets (x103/ul) 328.75 ± 8.3 (182–512)
ESR (mm/1st hr) 38.66 ± 3.99 (5–132)
CRP (mg/l) (+ve in 54) 14.74 ± 3.03 (0.23–

153.9)
AST (U/L) 19.5 ± 1.22 (6.7–34)
ALT (U/L) 20.98 ± 3.87 (6–45)
Serum albumin (g/L) 42.6 ± 3.68 (30–49.26)
Blood urea (mmol/L) 4.62 ± 0.54 (1.8–28)
Serum creatinine (umol/
l)

58.66 ± 1.87 (30–90)

RF (IU/ml) (+ve in 44) 131.18 ± 22.3 (3.3–
699)

Anti CCP (U/ml) (+ve in
40)

79.3 ± 11.53 (0.5–200)

RA: rheumatoid arthritis, GIT: gastrointestinal, WBC: white blood cell, ESR: ery-
throcyte sedimentation rate, CRP: C-reactive protein, AST: aspartate aminotrans-
ferase, ALT: alanine aminotransferase, RF: rheumatoid factor, anti CCP abs: anti-
cyclic citrullinated peptide antibodies
2. Patients and methods

This cross-sectional study was carried out at the Rheumatology
and Rehabilitation Department, Faculty of Medicine, Assiut Univer-
sity. It included 60 RA patients aged � 18 years diagnosed accord-
ing to the 2010 American College of Rheumatology (ACR) and
European League Against Rheumatism (EULAR) classification crite-
ria [16]. Sixty age and gender matched healthy individuals were
enrolled as a control group. Patients with malignancy or any other
autoimmune disease were excluded. The study was approved by
the ethics committee of the Faculty of Medicine, Assiut University,
Egypt. Informed consent was obtained from all participants after
explanation of the study aims and procedures.

The socio-demographic data, detailed medical history and thor-
ough clinical examination were assessed for all patients. Therapeu-
tic history and radiographic findings were recorded. Swollen joint
count (SJC) and tender joint count (TJC) were estimated. The visual
analogue scale (VAS) was reported by the patients and physician
according to the patient global assessment (PGA) and physician
global assessment (PhGA) of the disease activity respectively. RA
activity was evaluated using disease activity score 28 (DAS28)
[17] and categorized accordingly into remission < 2.6; low 2.6
to � 3.2; moderate > 3.2 to � 5.1; and high > 5.1. The modified
health assessment questionnaire (MHAQ) [18] was used to evalu-
ate functional status of the patients. Disease severity was assessed
by RA medical records-based index of severity (RARBIS) [19]. Lab-
oratory investigations included Complete blood picture (CBC), liver
function tests: [serum albumin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT)], kidney function tests:[blood urea
(BUN), serum creatinine], ESR, CRP, RF and anti-CCP antibodies
were performed for RA patients.

Serum CTHRC1 levels were measured in patients and controls
by collecting 5 ml venous blood into plain tubes after complete
aseptic conditions, left to clot for 30 min at 37 �C and centrifuged
at 3000 rpm. The separated serum was stored at �80 �C for subse-
quent determination of serum CTHRC1.Quantitative determination
of CTHRC1concentration was done using Sino Gene Clon Biotech
Co., Enzyme-Linked Immunosorbent Assay (ELISA) Kit, China. Cat-
alog no. SG-12024

Statistical analysis: Data analysis was undertaken using SPSS
version 20. Data were presented as frequencies and percentages
or mean and standard deviation. After testing data normality,
non-parametric tests were performed. Mann Whitney U test and
Kruskal Wallis test were used for comparison. Spearman’s correla-
tion was considered. Receiver operating characteristic (ROC) curve
analysis was done to identify diagnostic ability of CTHRC1 to pre-
dict disease among patients and controls. Multivariate linear
regression analysis was used to identify factors predicting increase
in CTHRC1 among RA patients. The p-value < 0.05 was considered
significant.
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3. Results

The study included 60 RA patients; 49 (81.7%) females and 11
(18.3%) males. Their age mean was 43.6 ± 10.8 (20–65) years and
disease duration was 8.8 ± 0.9 (0.5–28) years. The controls were
matched for gender: 50 (83.3%) females and 10 (16.7%) males
and age (39.8 ± 12.6; 20–60 years) (p = 0.81, p = 0.06).The clinical
manifestations and laboratory investigations of RA patients are
presented in table 1.

Regarding the medications used; hydroxychloroquine (HCQ)
was used by 59 (98.3%), methotrexate (MTX) by 47 (78.3%),
leflunomide (LFN) by 40 (66.7%) of the study patients. While 5
patients (8.3%) were treated by sulfasalazine (SAZ) and anti-
tumor necrosis factor-a (antiTNF-a) drugs were used by 3(2.1%).
Steroids and non– steroidal anti-inflammatory drugs (NSAIDs)
were used by 42/58 (70% and 96.7%) respectively. The mean SJC
and TJC were 3.7 ± 0.9 (0–24), 12.3 ± 1.3 (0–28) respectively. The
PGA and PhGA were 4.4 ± 0.3 (2–10) in both. The mean of DAS28
was 4.9 ± 2 (1.95–8.6). 9 patients were in remission; 12/9/30 had
low/ moderate/ high disease activity respectively. The mean MHAQ
was 0.9 ± 0.3 (0.13–1.5) while RARBIS was 9.3 ± 2.2 (4–13).

The mean of serum CTHRC1 level in RA patients (1009.5 ± 79.
4 ng/ml; 579.5–3715 ng/ml) was significantly higher than in con-
trols 470.7 ± 8.2 ng/ml; 333.5–583.5 ng/ml)(p < 0.001) (Fig. 1).
The diagnostic ability of CTHRC1 for differentiation between



Fig. 1. Box plot for serum CTHRC1 levels in rheumatoid arthritis patients and
controls.

Table 2
Association between CTHRC1 levels with disease activity level in rheumatoid arthritis
patients.

Activity level
mean ± SD (Range)

CTHRC1 ng/ml in RA patients (n = 60) p-
value

DAS28 Remission (n = 9) 614.9 ± 20.5 (579.5–636) <0.001
Low (n = 12) 675.3 ± 14.2 (648.5–691)
Moderate (n = 9) 732.4 ± 18.3 (702.5–758)
High (n = 30) 1344.7 ± 133.6 (767.5–3715)

*Kruskal Wallis Test
Bold values are significant at p < 0.05
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patients and controls is illustrated by ROC curve analysis (Fig. 2)
and showed that the optimum cut-off values above which CTHRC1
can predict disease was > 583.5 ng/ml with sensitivity of 98.3%,
specificity of 100%, positive predictive value (PPV) of 100%, nega-
tive predictive value (NPV) of 98.4% and area under the curve
(AUC) 0.99, 95% confidence interval (CI) was 0.998 – 1 (p < 0.001).

Serum CTHRC1significantly correlated with DAS28 (r = 0.81,
p < 0.001), MHAQ (r = 0.41, p = 0.002) and RARBIS (r = 0.41,
p = 0.006). No significant correlation was found with age or disease
duration. Significant correlations were found between serum
CTHRC1 with ESR (r = 0.57, p-<0.001), CRP (r = 0.41, p = 0.002),
RF (r = 0.31, p = 0.037) and anti CCP antibodies (r = 0.27, p = 0.036).

The increase of disease activity was associated with an increase
in serum CTHRC1 levels (Table 2). No significant differences can be
detected in serum CTHRC1 levels between RA patients with posi-
tive RF and anti-CCP antibodies and those had negative results
(p = 0.57, 0.53 respectively) .

Multivariate linear regression for the increase in serum CTHRC1
levels among patients revealed that the DAS28 (ß=287.6; p = 0.007,
CI = 83.4–491.9) and MHAQ score (ß=369.7; p = 0.04, CI = 14.5–7
24.9) were significant predictors.
Fig. 2. Receiver operating characteristic (ROC) curve for prediction rheumatoid
arthritis by serum CTHRC1 level.
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4. Discussion

Rheumatoid arthritis is chronic progressive autoimmune dis-
ease that involves mainly the joint synovial tissue and is accompa-
nied by pannus hyperplasia and progressive bone destruction,
which leads ultimately to joint function loss [20]. Although several
genetic and environmental factors have been associated with an
increased RA risk, the eventual pathogenesis remains obscure
[21]. RA has significant variation in clinical presentation, the pres-
ence of specific serological markers and the extent of joint and
bone degradation [22]. Diversity of the disease manifestations,
atypical early presentation and negative serology can lead to mis-
diagnosis and delay the best time for treatment [23]. It is still of
important clinical significance to search for new indicators useful
in RA diagnosis and monitoring.

CTHRC1 is a secreted modulator of Wnt signaling, which is a
main joint remodeling regulator [24] and promotes cell prolifera-
tion and migration [15]. CTHRC1 expression pattern in pannus,
its role in FLS function relevant to cartilage damage in RA and its
association with disease severity in murine arthritis highlighted
its role as a marker for RA diagnosis and disease activity monitor-
ing [25]. Recent studies [20,25] with relatively hopeful results
investigated the role of CTRHC1 in RA diagnosis.

In this study, the mean of serum CTHRC1 levels in patients was
significantly higher than in controls. This is consistent with find-
ings of other studies [15,20,25]. In this work, the diagnostic ability
of CTHRC1 for differentiation between RA patients and controls can
significantly predict disease at a cut off value of > 583.5 ng/ml with
sensitivity of 98.3%, specificity of 100%, AUC 0.99.The present study
finding was superior to Myngby et al [25] and Hu and co-workers
[20] who reported availability of CTRHC1 to differentiate RA and
controls with sensitivity of 62%, 84.5% and a specificity of 86%,
75.6% respectively.

CTHRC1 protein overexpression in smooth muscle cells and
embryonic fibroblasts is associated with increased cell migration
properties [26]. The endogenous CTHRC1 expression has been
found in many types of metastatic solid cancer and the inhibition
of its expression results in decreased cell migration in vitro [27].
Immuno-histochemical analysis of many human primary cancers
and metastases has revealed limitation of CTHRC1 expression to
the stromal cells of solid tumors [28,29]. Furthermore being a rec-
ognized marker of enhanced cancer metastases, CTHRC1 is over-
expressed in inflammatory conditions of murine arthritis [15].
The CTHRC1 gene was strongly associated with the murine colla-
gen antibody-induced arthritis (CAIA) severity,CTHRC1 mRNA is
highly inducible in CAIA synovial joints inflammation and CTHRC1
protein content increases > 10 folds within 3 days from a unde-
tectable basic level [14].Interestingly, whileCTHRC1 is strongly
expressed in patients with solid tumors, plasma CTHRC1 did not
elevate in those patients [29–31].This discrepancy indicates that
CTHRC1 regulation in the circulation might depend on tissue vas-
cularization, protein stability and different sites of protein produc-
tion. Being as arthritis inducible, specific for the arthritic pannus
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and able to be secreted into circulation, CTHRC1 could be a promis-
ing marker for RA [15].

A potential role of CTRHC1 in RA has been determined as its
levels significantly correlated with disease activity score (DAS28).
Moreover, the higher level of the disease activity of RA patients,
the higher levels of CTHRC1 indicating the possible benefit of using
serum CTHRC1 levels in monitoring RA disease activity.

This study also revealed a significant correlation between
serum CTHRC1 levels and ESR, CRP, RF as well as anti CCP abs.
These findings were compatible with Shekhani and co-workers
[15] results that demonstrated higher human CTRHC1 plasma
levels associated with increased CRP and DAS28. Myngby and col-
leagues [25] showed that CTHRC1 levels in RA patients were signif-
icantly elevated when compared to patients with osteoarthritis
and reactive arthritis as well as healthy controls. It also revealed
a significant relation of CTRHC1 with SJC, CRP, RF, ACPA and dis-
ease activity.

In this study, significant correlations were present between
serum CTRHC1 serum and RA severity assessed by RARBIS score
as well as functional status of RA patients evaluated by MHAQ
score. To the best of our knowledge, no other studies assessed such
relations.

This study is limited by a relatively small sample size and its
cross-sectional design make it is difficult to evaluate the associa-
tion between CTHRC1 and RA disease progression. Further longitu-
dinal studies with larger sample size may be needed to assess the
predictive potential of serum CTHRC1 in RA.

In conclusion, serum CTHRC1 is a promising biomarker for eval-
uation of RA patients. It can be used in RA diagnosis with high sen-
sitivity and specificity. Remarkable relations found in serum
CTHRC1 levels with disease activity and severity makes it a possi-
ble valuable marker for monitoring RA patients.
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