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Abstract  

Rheumatoid arthritis (RA) is a chronic inflammatory condition characterized by synovial joint 

inflammation. It leads to bone loss and painful cartilage breakdown.YKL-40 is a heparin-human 

cartilage glycoprotein-39 with a molecular weight of 40 kDa that is secreted by some cell types in 

the arthritic joint but has no enzymatic action.YKL-40 may be a marker for inflammation, tissue 

remodeling, or degradation. In this study, we evaluated YKL-40  in RA patients and compared 

them to the control group, as well as the relationship with disease activity score (DAS-28)and 

Anti-Cyclic citrullinated peptide antibody (ACCPAb)The study design was based on the Case-

control study methodology, with 45 patients with Rheumatoid arthritis the diagnosis made in by 

specialist consultation at the Rheumatoid Unit at Baghdad Teaching Hospital of Iraq and 45  

healthy controls.Disease activity score 28 (DAS-28) was calculated. The level of serum YKL-40 

and serum Anti-ccpAb were measured using an enzyme-linked immunosorbent assay (ELISA). 

RA patients had considerably higher serum YKL-40 levels (157.62 62.13 ng/ml) than normal 

controls (124.51 30.72 ng/ml).( p,0.001). Furthermore, anti-ccpAb levels in RA patients were 

considerably higher ( 232.37 U/ml ) than in normal controls (4.76 2.04 U/ml). (p=0.000).There 

were no significant correlations between serum YKL-40 levels and anti-cyclic citrullinated 

peptide ( r,-0.056, P,0.714 ),and ESR ( r,0.008, P,0.957 ),RF(r, 0.086, P,0.655),CRP(r,0.074, 

P,0.576).There was significant differentiability in serum YKL-40 levels between remission and 

server DAS-28 disease activity scores. (p,0.02).on the other hand, there was no significant 

difference in serum YKL-40 levels among RA patients who were treated with groups DMARDs 

(p,0.919). Additionally, The level of serum YKL-40 was shown to have a strong positive 

relationship with disease activity.(r,0.345, P,0.020). In comparison to normal controls, RA 

patients had elevated serum YKL-40 levels, which were positively associated with disease activity 

and showed a large variation in serum YKL-40 levels due to disease activity. As a result, YKL-40 

is a new biomarker that can be used to measure disease activity in RA patients. 
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INTRODUCTION

Rheumatoid arthritis (RA) is a persistent inflammatory circumstance characterized by synovial 

joint irritation. It leads to bone loss and painful cartilage breakdown (1).The syndrome is 

symmetric chronic synovitis, which mostly affects small peripheral joints but can affect almost 

every joint with a synovial membrane(2).Local joint inflammation causes deformity and 

impairment, and it has the potential to propagate across the body, affecting the skin, eyes, heart, 

lungs, kidneys, nervous system, and gastrointestinal system(3-4-5).Up to 1% of the adult 

population worldwide suffers from rheumatoid arthritis (6-7). The patient's history, clinical 

observations (including imaging techniques), and serological laboratory testing are the three 
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foundations of rheumatological disease diagnosis.(8-9).Discovering new biomarkers in RA 

studies that entice scientists to learn about the key roles in different stages of evolution is still a 

matter of attention for RA researchers. "anti-cycliccitrullinated peptide" (ACCPA) and the 

"rheumatoid factor" (Rf) is currently used for diagnosing RA.As a result, novel markers that can 

forecast the clinical course and prognosis of a disease, as well as monitor treatment response, are 

necessary. 

    GLYCOPROTEINE YKL-40

YKL-40 is a mammalian chitinase-like protein The CHI3L1 gene is responsible for encoding this 

protein(10). Chitinases are enzymes that help fungi, helminths, insects, and crustaceans maintain 

homeostasis by digesting chitin and providing cellular and tissue remodeling(11). Mammalian 

chitinases and chitinase-like proteins are both enzymatically active and inactive. The exact 

biologic function of chitinaselike proteins, such as the YKL40 protein in humans, is unknown. 

The most abundant protein secreted by the MG63 human osteosarcoma cell line was discovered to 

be YKL40 in 1989. (12). Human cartilage glycoprotein39 is another name for it(10), chitinase 

3‐like‐1 protein (13),the chondrex(14), and breast degeneration protein 39 (15). It has a molecular 

weight of 40 kDa and a single polypeptide chain of 383 amino acids, with Y (tyrosine), K 

(lysine), and L (leucine) as the three N-terminal amino acids (leucine)(10).The loss of hydrolase 

activity of YKL40 is caused by two mutations of the catalytic glutamic and aspartic acids to 

leucine and alanine, respectively(16). Elevated levels of YKL-40 were shown to be consistent 

with metastasis and poor survival in a variety of human carcinomas, including breast cancer, in 

much independent research(17). colorectal malignancy(18), ovarian tumor(19), Glioma at a high 

grade (20), lymphoma (21), YKL-40 may thus be used as a diagnostic, risk assessment, and 

prognostic biomarker. YKL40 levels have also been linked to tissue remodeling and deterioration 

in inflammatory disorders, according to other studies(22). 

MATERIALS AND METHODS 

A case-control study was used in this study. In the present report, 45 people with Rheumatoid 

Arthritis were involved (10 males and 35 females) additionally to forty-five healthy controls (11 

males and 34  females) compatible with the Rheumatoid arthritis patients in age, sex, and body 

mass index (BMI). The mean age for RA males and females was 46.82 ±  11.85 and the mean age 

for healthy control males and females was 45.34  ± 13.00. A specialist rheumatologist diagnosed 

all of the RA patients in the present report. The current research was carried out at the 

Rheumatology Consultation Clinic/Baghdad Teaching Hospital from the 1st of September 2020  

until the 1st of  December 2020. a complete history was taken from all patients that include: 

smoking, age, residence, family history,  type therapy(DMARD), and disease duration. The 

following disorders were excluded: renal failure, liver syndrome, thyroid or parathyroid 

complication, Cardiovascular disorder, stroke, cancer, and breastfeeding, as well as some other 

autoimmune disorders or overlapping syndromes.The following factors affect ethical issues: 

Approval by the Biochemistry Department and a research committee of Babylon Medical College 

(University of Babylon, Iraq). Both participants in the current study were told about the study's 

goals and methods, and they verbally agreed to participate. All study groups collected five ml of 

venous blood. Blood was separated for 10-15 minutes at 14000 revolutions per minute, then the 

serum was kept at -70C until examination. Serum YKL-40 (Elabscience, China) and anti-cyclic 

citrullinated peptide (anti-CCP) (AESKULISA, Germany) A sandwich enzyme-linked 

immunosorbent assay were used to determine the results (ELISA).For qualitative and semi-

quantitative measures, the rheumatoid factor (RF) was measured using the latex agglutination test. 
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whereas latex-enhanced nephelometry was used to assess C-reactive protein (CRP). Wintrobe 

methods were used to determine the erythrocyte sedimentation rate (ESR). The SPSS statistical 

software for Social Sciences was used to do the statistical analyses (version 26.0 for Windows-

SPSS-Chicago-IL-USA). information normality distribution was examined using the Shapiro-

Wilk test. YKL and ACCP distribution was considered normal. The mean and standard deviation 

are used to describe quantitative statistics. Count and percentage are used to describe qualitative 

statistics. The independent sample Ttest and one-way ANOVA study, as well as Student's t-test, 

were used to compare groups. Pearson correlation test study was used to check the correlation 

between variables.ROC analysis (Receiver Operating Characteristic) was used as an indicator for 

YKL, and ACCP for discrimination of patients from control.The test's accuracy was assessed 

using the district under the curve (AUC) value. Statistical significance was described as a P-value 

of less than 0.05.                                              

CONSEQUENCES 

The general, physiological, and biochemical characteristics of the study participants as shown in 

Table. There was no significant difference in age (P,0.211) and BMI (P,0.089) between patients 

and control; while there was a significant difference in ESR, CRP, and RF p-value was (0.005-

0.000-0.000) respectively between patients and control. Student’s t-test and Chi-square test. 

Gender distribution was similar in patients and control Chi-square test.  

Table 1: general characteristics of RA patients and control group 

 

 

RA: 

rheumato

id 

arthritis, 

ESR= 

erythrocy

te 

sediment

ation 

rate, CRP= C-reactive protein, RF= rheumatoid factor, DAS-28= disease activity score-28. 

consistent with the DAS-28, disease severity was Remission in 5 (11.1%) patients, moderate in 19 

(42.2%) patients, and Severe in 21 (46.7%) patientsThere were no RA patients with low disease 

activity in this review.The serum Anti-ccp level was substantially higher in RA patients, as seen 

in Figure 1 (232.37 ± 254.17 U/mL) compared to healthy controls (4.76  ± 2.08 pg/mL) 

(p<0.000). also Figure 1 shows that serum YKL-40 levels in RA patients were significantly higher 

(157.62± 62.13 ng/mL) than in normal controls (124.51 30.72 pg/mL)(p0.001) Student’s t-test. 

P-value Control RA patients parameters 

0.211 45.60±12.96 46.82±11.85 Age (years) mean ± SD 

0.089 26.3 ± 2.67 27.4 ±3.72 BMI(kg/m
2
) Mean± SD 

0.005** 12.64±3.14 42.78±32.03 ESR Mean± SD 

- - 4.69±1.32 DAS-28 ESR  Mean± SD 

0.803 11(24.44%) 

34(75.56%) 

10(22.22%) 

35(77.78%) 
Male 

Female N(%) 

0.000** - 

45 (100%) 

27 (60%) 

18 (40%) 
RF +ve 

RF-ve  N( %) 

0.000** 9 (20%) 

36(80%) 

25(55.6 %) 

20 (40.4%) 
CRP + ve 

CRP –veN(%) 
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Figure 1.YKL-40 serum concentrations in the RA and healthy controls. 

 

Dependent on the DAS-28 score, Figure.2 shows serum YKL-40 and Anti-ccp levels in RA 

groups. There was a significantly greater serum concentration of  YKL-40  between 

severe(175.93± 64.58ng/mL)  than remission(105.94 ± 28.66ng/mL) based on the type of DAS( 

P,0.028).however, no significant difference between remissionas well as moderate for YKL-40 

(P,0.116).alternatively, serum concentration of ACCP was significantly higher between 

Severe(302.73± 242.48 U/mL), moderate(211.85± 270.41U/mL)   than remission (14.89± 

22.15U/mL) depended on disease activity score ( p=0.005-0.000) correspondingly.Independent 

sample T-test for comparison between the groups. 

 
Figure 2.YKL-40 and Anti-ccpconcentration in RA subject based on DAS-28 score. 

 

Figure 3. depicts serum YKL-40 and Anti-ccp levels in RA patients depending on the type of 

DMARD used.Based on the DMARD category, there was no statistically significant variation in 

serum YKL-40 values(p,0.919). However, there was a majorvariation in Anti-ccp serum 

concentration in RA patients depending on the mode of DMARD therapy (p=0.039). One-way 

ANOVAfor comparison between the groups. 
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Figure 

3.Comparison of serum YKL-40 and Anti-ccp levels based method of DMARD in RA patients 

 

The results found significant positive associations among serum YKL-40 and Anti-ccp 

concentrations through disease activity (r,0.343, P=0.021), (r,0.341, P=0.022), respectively, as 

seen in Figures 4. 

 

Figure4.the relationship between serumthe levels of YKL-40, Anti-ccp, with DAS-28 in RA 

groups 

 

There was no significant correlation between serum YKL-40 levels and biochemical measures 

such as serum RF, C-reactive protein, ESR, and anti-CCP levels ( P value  more than 0.05)            

                    

The ability of plasma YKL-40 amounts to distinguish patients with RA from those without was 

assessed using ROC curve analysis Figure 5. The test revealed that the area under the curve 
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(AUC) was 0. 684 ±0.059 (standard error), 95%CI, 0. 574-0. 794, p,0.004. The test's sensitivity 

and specificity were 71% and 60%, respectively, indicating a good discriminative value.                

                          

 
Figure 5.ROC curve study for predicting serum YKL-40 concentrations in RA. 

 

DISCUSSION 

Rheumatoid arthritis (RA) is a progressive, inflammatory joint condition that affects 

approximately 5 out of every 1000 adults worldwide. Women are 2 to 3 times more likely than 

men to develop the disorder, which may happen at all ages.Prevalence is increasing in the sixth 

decade(23).As a result, is also possible to develop novel biomarkers of synovial inflammation and 

disease development. CHI3L1 or YKL-40  expression is increased in a variety of inflammatory 

and chronic diseases such as rheumatoid arthritis(24). NF-B is a well-known transcription factor 

that plays an important role in the progression and progression of inflammation by regulating as 

well asthe development of cytokines and prostaglandins. Furthermore, YKL-40 secreted by cells 

in response to inflammation activates NF-B, which is required for the expression of inflammatory 

proteins. YKL-40 can also activate pro-inflammatory mediators. and maybe involved in the 

inflammation caused by type 2 helper cells. As a result, these outcomes suggest that YKL-40 is 

involved in inflammatory-related diseases(25). YKL-40 is produced by articular chondrocytes, 

synovial cells, infiltrated macrophages, and neutrophils in RA joints. Furthermore, 

proinflammatory mediators such as IL-6, IFN-, and TNF- were found to be correlated with YKL-

40 levels in RA patients, with anti-rheumatic treatment lowering YKL-40  levels(26). We 

observed that serum YKL-40 levels were higher in RA in comparison to healthy people and that it 

was associated with disease activity, that corresponded to prior research(27,28). The disease 

activity in RA was shown to affect  YKL-40 concentration during this research. This result was 

also confirmed by a beforeresearch that identified that YKL-40 levels were elevated in RA 

patients by high disease activity(29). Also, This study was supported by a previous study that 

found There are hardly any major interactions between serum YKL- 40, CRP, or ESR(24,27). Our 

results on the relationship between YKL- 40 plus Rheumatoid factor and CRP in RA subjects 

differed from those of Lee and Song (28)who revealed a positive significant relationship between 

glycoprotein YKL- 40 Rheumatoid factor and CRP  in RA groups. The disparities in our results 

and those of beforeresearch perhaps attributed to variations in the examined people, syndrome 
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period, baseline condition symptoms, and YKL-40 circumstance, as well as the larger sample size. 

Disease-modifying antirheumatic drugs must be used to treat patients with RA (DMARDs). A 

disease-modifying antirheumatic drug (DMARD) is a medication that reduces the signs and 

effects of RA, increases physical function, and slows the progression of joint damage.Synthetic 

(small chemical molecules given orally) and biologic (proteins given parenterally) DMARDs are 

the 2 kinds (23). Patients that do not respond to two or more traditional synthetic DMARDs are 

unable to reach their recovery goals. European League Against Rheumatism suggests the addition 

of some biological DMARD or a synthetic DMARD, in addition to the methotrexate, based on its 

long-term experience with the effectiveness and protection of biological DMARDs(30). In 

combination with methotrexate or other traditional synthetic DMARD both biological DMARDs 

and synthetic DMARDs have increased potency as compared to medication alone(31).Depending 

on the DMARD category in the present study, there was no statistically relevant difference in 

serum level YK - 40. There was a major variation for Anti-ccp serum level in RA patients based 

on the type of DMARD treatment they received.  

CONCLUSION 

Finally, by comparing RA patients to healthy controls, the current research reported that RA 

patients had greater serum YKL-40 values, which were correlated to disease activity. As a result, 

YKL-40 may be considered a new marker for determining the severity of RA disorder.     

 REFERENCES  

1.  Trier N, Izarzugaza J, Chailyan A, Marcatili P, Houen G. Human MHC-II with shared 

epitope motifs are optimal Epstein-Barr virus glycoprotein 42 ligands—relation to 

rheumatoid arthritis. Int J Mol Sci. 2018;19(1):317.  

2.  Moutsopoulos HM, Zampeli E, Vlachoyiannopoulos PG. Autoimmune Rheumatic 

Disorders: Pathogenetic and Laboratory Aspects. In: Rheumatology in Questions. Springer; 

2018. p. 21–36.  

3.  Dawood M, Lateef N, Tauseef A, Patel J. Association of Hypertrophic Obstructive 

Cardiomyopathy with Rheumatoid Arthritis. Cureus. 2018;10(1).  

4.  Pascale V, Finelli R, Giannotti R, Coscioni E, Izzo R, Rozza F, et al. Cardiac eccentric 

remodeling in patients with rheumatoid arthritis. Sci Rep. 2018;8(1):1–7.  

5.  Fischer A, Lee JS. Lung Disease in Rheumatoid Arthritis. Springer; 2018.  

6.  Trier NH, Holm BE, Heiden J, Slot O, Locht H, Lindegaard H, et al. Antibodies to a strain-

specific citrullinated Epstein-Barr virus peptide diagnoses rheumatoid arthritis. Sci Rep. 

2018;8(1):1–11.  

7.  Kobak S, Bes C. An autumn tale: geriatric rheumatoid arthritis. Ther Adv Musculoskelet 

Dis. 2018;10(1):3–11.  

8.  Olsen NJ, Choi MY, Fritzler MJ. Emerging technologies in autoantibody testing for 

rheumatic diseases. Arthritis Res Ther. 2017;19(1):172.  

9.  Alm LM, Fountain DL, Cadwell KK, Madrigal AM, Gallo G, Poorafshar M. The 

performance of anti-cyclic citrullinated peptide assays in diagnosing rheumatoid arthritis: a 

systematic review and meta-analysis. Clin Exp Rheumatol. 2018;36:144–52.  

10.  Hakala BE, White C, Recklies AD. Human cartilage gp-39, a major secretory product of 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 1913 - 1921 

Received 25 April 2021; Accepted 08 May 2021.  
 

1920 
 
http://annalsofrscb.ro 

articular chondrocytes and synovial cells, is a mammalian member of a chitinase protein 

family. J Biol Chem. 1993;268(34):25803–10.  

11.  Chaplin DD. Overview of the immune response. J Allergy Clin Immunol. 2010;125(2):S3–

23.  

12.  Johansen JS, Williamson MK, Rice JS, Price PA. Identification of proteins secreted by 

human osteoblastic cells in culture. J Bone Miner Res. 1992;7(5):501–12.  

13.  Rehli M, Krause SW, Andreesen R. Molecular characterization of the gene for human 

cartilage gp-39 (CHI3L1), a member of the chitinase protein family and marker for late 

stages of macrophage differentiation. Genomics. 1997;43(2):221–5.  

14.  Harvey S, Whaley J, Eberhardt K. The relationship between serum levels of YKL-40 and 

disease progression in patients with early rheumatoid arthritis. Scand J Rheumatol. 

2000;29(6):391–3.  

15.  Morrison BW, Leder P. neu and ras initiate murine mammary tumors that share genetic 

markers generally absent in c-myc and int-2-initiated tumors. Oncogene. 1994;9(12):3417–

26.  

16.  Fusetti F, Pijning T, Kalk KH, Bos E, Dijkstra BW. Crystal structure and carbohydrate-

binding properties of the human cartilage glycoprotein-39. J Biol Chem. 

2003;278(39):37753–60.  

17.  Shao R. YKL-40 acts as an angiogenic factor to promote tumor angiogenesis. Front 

Physiol. 2013;4:122.  

18.  Johansen JS, Christensen IJ, Jørgensen LN, Olsen J, Rahr HB, Nielsen KT, et al. Serum 

YKL-40 in risk assessment for colorectal cancer: a prospective study of 4,496 subjects at 

risk of colorectal cancer. Cancer Epidemiol Prev Biomarkers. 2015;24(3):621–6.  

19.  Chiang Y-C, Lin H-W, Chang C-F, Chang M-C, Fu C-F, Chen T-C, et al. Overexpression 

of CHI3L1 is associated with chemoresistance and poor outcome of epithelial ovarian 

carcinoma. Oncotarget. 2015;6(37):39740.  

20.  Steponaitis G, Skiriutė D, Kazlauskas A, Golubickaitė I, Stakaitis R, Tamašauskas A, et al. 

High CHI3L1 expression is associated with glioma patient survival. Diagn Pathol. 

2016;11(1):1–8.  

21.  Hottinger AF, Iwamoto FM, Karimi S, Riedel E, Dantis J, Park J, et al. YKL‐40 and 

MMP‐9 as serum markers for patients with primary central nervous system lymphoma. 

Ann Neurol. 2011;70(1):163–9.  

22.  Létuvé S, Kozhich A, Arouche N, Grandsaigne M, Reed J, Dombret M-C, et al. YKL-40 is 

elevated in patients with chronic obstructive pulmonary disease and activates alveolar 

macrophages. J Immunol. 2008;181(7):5167–73.  

23.  Aletaha D, Smolen JS. Diagnosis and management of rheumatoid arthritis: a review. Jama. 

2018;320(13):1360–72.  

24.  Turkyilmaz AK, Devrimsel G, Kirbas A, Cicek Y, Karkucak M, Capkin E, et al. 

Relationship between pulse wave velocity and serum YKL-40 level in patients with early 

rheumatoid arthritis. Rheumatol Int. 2013;33(11):2751–6.  



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 1913 - 1921 

Received 25 April 2021; Accepted 08 May 2021.  
 

1921 
 
http://annalsofrscb.ro 

25.  Yeo IJ, Lee C-K, Han S-B, Yun J, Hong JT. Roles of chitinase 3-like 1 in the development 

of cancer, neurodegenerative diseases, and inflammatory diseases. Pharmacol Ther. 

2019;203:107394.  

26.  Väänänen T, Vuolteenaho K, Kautiainen H, Nieminen R, Möttönen T, Hannonen P, et al. 

Glycoprotein YKL-40: A potential biomarker of disease activity in rheumatoid arthritis 

during intensive treatment with csDMARDs and infliximab. Evidence from the randomised 

controlled NEO-RACo trial. PLoS One. 2017;12(8):e0183294.  

27.  Jafari-Nakhjavani MR, Ghorbanihaghjo A, Bagherzadeh-Nobari B, Malek-Mahdavi A, 

Rashtchizadeh N. Serum YKL-40 levels and disease characteristics in patients with 

rheumatoid arthritis. Casp J Intern Med. 2019;10(1):92.  

28.  Lee YH, Song GG. YKL-40 levels in rheumatoid arthritis and their correlation with disease 

activity: a meta-analysis. J Rheum Dis. 2019;26(4):257–63.  

29.  Matsumoto T, Tsurumoto T. Serum YKL-40 levels in rheumatoid arthritis: correlations 

between clinical and laboratory parameters. Clin Exp Rheumatol. 2001;19(6):655–60.  

30.            Pebriani, R. ., Jafar, N. ., Wahiduddin, Hidayanti, H. ., Burhanuddin, & Ummu 

Salamah. (2021). The Effect of Extract  

of Canarian Nuts on Reduction of Total Cholesterol Levels of Hyperglicemic Rat. Journal 

of Scientific Research in Medical and Biological Sciences, 2(1), 19-29. 

https://doi.org/10.47631/jsrmbs.v2i1.128 

31.  Kiely P, Walsh D, Williams R, Young A. Outcome in rheumatoid arthritis patients with 

continued conventional therapy for moderate disease activity—the early RA network 

(ERAN). Rheumatology. 2011;50(5):926–31.  

32.  Fleischmann R, Mysler E, Hall S, Kivitz AJ, Moots RJ, Luo Z, et al. Efficacy and safety of 

tofacitinib monotherapy, tofacitinib with methotrexate, and adalimumab with methotrexate 

in patients with rheumatoid arthritis (ORAL Strategy): a phase 3b/4, double-blind, head-to-

head, randomised controlled trial. Lancet. 2017;390(10093):457–68.  

33.            Mumtaz, M., & Hussain, N. . (2020). Rheumatoid Arthritis and the Role of VEGF 

Gene: An Overview. Journal of Scientific Research in Medical and Biological 

Sciences, 1(2), 75-90. https://doi.org/10.47631/jsrmbs.v1i2.93 

 

 


