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Abstract

Aim of the study: In this study, serum lipokalin 2 (LCN-2) levels and its clinical and radiological 
significance in patients with rheumatoid arthritis was evaluated.

Material and methods: The study enrolled 37 patients with RA and 34 healthy controls. Serum 
LCN-2 level was measured using ELISA method. Patients with DAS 28 scores ≤ 3.2, and > 3.2 were 
allocated into lower and high/moderate disease activity groups, respectively. Additionally patients were 
divided into 2 groups as early RA (disease duration ≤ 2 years) and established RA (duration of the dis-
ease ≥ 2 years). Functional disability was evaluated using Health Assessment Questionnaire (HAQ). 
Radiographs were scored using the modified Larsen score.

Results: Serum LCN-2 (p = 0.029) levels were significantly higher in patients with RA than in the 
controls. Serum LCN-2 level did not correlate with laboratory and clinical parameters of disease ac-
tivity like erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), DAS 28, Health Assessment 
Questionnaire Score (HAQ) and Nottingham Health Profile (NHP). Similarly, any correlation could 
not be found between structural joint damage and serum LCN2 levels.

Conclusions: These results indicate that serum LCN-2 levels may be used as an indicator for 
structural damage like erosions in the early stage of the disease but do not able to be used to monitor 
disease activity.
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Rheumatoid arthritis (RA) is a chronic systemic autoim-
mune inflammatory disease characterized by symmetrical 
synovitis, progressive joint damage, pain, fatigue, disability 
and increased levels of proinflammatory cytokines such as 
(interleukin 1 [IL-1] and interleukin 6 [IL-6]). Although the 
exact etiology of this disease is not known, recent studies 
show that lipocalin 2 (LCN-2) is a known inflammatory bio-
marker that has a positive correlation with body mass index 
and various metabolic syndromes [1, 2]. 

Lipocalin 2, also known as neutrophilgelatinase-as-
sociated lipocalin, is a glucoprotein that was first isolated 
from the renal cells of mice and those of humans. LCN-2 is 
a 25-kDa protein having monomeric, homodimeric, and het-
erodimeric forms. It is mostly synthesized from the adipose 
tissue and hepatic cells [3]. After further research, LCN-2 
was observed to be expressed from various other cells. For 

example, during inflammation it is synthesized from epi-
thelial cells [4-6]. LCN-2 plays a role in various cellular 
events, including immune response, differentiation, and tu-
morogenes [6]. LCN-2 is a chemokine isolated from fatty 
tissue and its structure is similar to that of the proteins that 
cover fatty acids. With increased LCN-2 gene expression in 
the fatty tissue and livers of the genetically obese animals 
and decreased LCN-2 gene expression in obese animals that 
are given anti-diabetic drugs, the idea that this protein is 
a proinflammatory agent is strengthened [7]. Early diagnosis 
of rheumatoid arthritis is important for preventing joint dam-
age via treatment. For patients having typical symptoms, the 
disease could be easily diagnosed, often in the first year of 
disease onset. For many patients with atypical symptoms, it 
could take more time to diagnose. Therefore, specific and 
sensitive serological tests are required for diagnosis. 
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This study aimed to investigate the association between 
LCN-2 levels and disease severity as measured by disease 
activity, functional capacity, and structural damage evaluat-
ed by using conventional radiography.

Material and methods
Patients who met the American College of Rheuma-

tology (ACR) classification criteria for RA and were who 
followed up for at least one year were enrolled [8]. Pa-
tients with a diagnosis of autoimmune diseases other than 
RA, acute and chronic infections, malignancies, serious 
pulmonary, hepatic, or renal or endocrine diseases; those 
who smoked; those who had hypertension (arterial blood 
pressure ≥ 140/90 mm Hg or on anti-hypertensive drugs), 
hypercholesterolemia, or were pregnant with a body mass 
index (BMI) > 30 kg/m2; and those aged < 20 years or > 70 
years were excluded from the study. Age and sex-matched 
30 healthy controls were included in the study. The study 
was approved by the local ethics committee and informed 
consent was obtained from all participants.

Clinical evaluations

Severity of pain, fatigue, and patient and physicians 
global assessment of disease activity were assessed on 
a Visual Analogue Scale (VAS). Duration of morning 
stiffness was noted in minutes. Disease activity was eval-
uated using Disease Activity Scores-28 (DAS-28) [9]. 
Patients with DAS 28 score of ≤ 3.2 were evaluated as 
having lower disease activity, while DAS 28 score of > 3.2 
indicated patients with high/moderate disease activity [10]. 
Additionally, patients were divided into 2 groups based on 
the disease duration: early RA (disease duration ≤ 2 years) 
and established RA (duration of the disease ≥ 2 years). 
Functional disability was evaluated using the “Health As-
sessment Questionnaire” (HAQ) and Nottingham Health 
Profile (NHP) [11, 12]. 

Laboratory evaluations 

Routine laboratory test results were recorded (eryth-
rocyte sedimentation rate [ESR], blood chemistry, whole 
blood cell count, and urinalysis). Rheumatoid factor (RF) 
Anti-Cyclic citrullinated peptide (Anti-CCP and C-reactive 
protein (CRP) levels were measured using nephelometric 
methods.

Lipocalin-2 assay

Venous blood samples were drawn from the patients 
and healthy controls as described previously [13] and cen-
trifuged at 4000 rpm for 10 minutes. The sera were kept at 
–20°C until the analysis. Serum LCN-2 was studied with 
ELISA method human neutrophil gelatinase associated li-
pocalin (NGAL) in accordance with the user manual of the 
commercial kit (Awareness Technology, Inc. Palm City, 

Florida, USA). The minimum detection limit of lipocalin-2 
was 12 ng/ml, the intra-assay variation and the interassay 
variation being < 10%. The results are presented in ng/
ml unit. 

Radiological evaluation

Standard, plain hand radiographs of the patients taken 
within the last 6 months were examined. Structural damage 
in the hand radiographs were evaluated by the radiologist 
who was blinded to the patients’ clinical and laboratory 
data. Radiographs were scored using the “Modified Larsen 
Score”. In this scoring system, 24 areas in both hands were 
scored (each area 0 to 5 points, total score 0-120 points) 
[14].

Statistical evaluation 

Statistical analysis of the study was performed using 
“Statistical Package Program for Social Sciences” (IBM 
SPSS Statistics for Windows, Version 20.0. Armonk, NY: 
IBM Corp.). The results of the study were evaluated using 
parametric and nonparametric statistical methods for data 
with normal and non-normal distribution, respectively. In-
tergroup comparisons were performed using independent 
groups T test for parametric and Mann-Whitney U tests for 
non-parametric values. Correlations between parameters 
were evaluated using Spearman correlation coefficient. In 
statistical evaluations, p<0.05 was accepted as the level of 
significance. The results were expressed as mean ± stan-
dard deviation (SD).

Results
A total of 37 patients (29 women and 8 men) were in-

cluded. Patients with RA and controls were age matched 
(P=0.086). Mean disease duration was 12.81 ±6.75 years. 
Twenty-eight (75%) patients were RF positive and 30 pa-
tients (81%) were CCP positive. There were 17 patients 
(45.9%) taking DMARD; 14 (37.8%) patients using one 
or more DMARD treatment together with methotrexate;  
3 patients (8, 1%) using DMARD treatment without meth-
otrexate; 2 patients (5.4%) using exclusively biological 
agent; and 18 patients (48.6%) using a biological agent 
with methotrexate. There was not a  meaningful differ-
ence between serum LCN-2 levels of RA patients with bi-
ological agents (803.07 ±447.13 ng/ml) and serum LCN-2 
levels of patients using DMARD (750.74 ±563.55 ng/ml) 
(p = 0.587).

In the RA group, average serum LCN-2 level was 
found to be 803.80 ±508.62 ng/ml. Serum LCN-2 levels of 
male patients in RA group were found as (695.12 ±240.73 
ng/ml), and serum LCN-2 levels of female patients were 
found as (830.84 ±560.26ng/ml). A meaningful differ-
ence wasn’t found between male and female genders (p = 
0.502). In control group, serum LCN-2 level was 597.66 
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Table 1. Comparison of demographic, clinical and labora-
tory parameters between RA patients and healthy controls

Rheumatoid 
arthritis (n = 37)

Controls
(n = 34)

p

Age (years) 48.95 ±7.63 45.76 ±7.72 0.086

Female/Male 29/8 17/17 0.012

BMI 28.55 ±4.46 29.08 ±4.20 0.608

Duration of the 
disease (years)

12.81 ±6.75 

Morning stiffness 
(min.)

111.62 ±79.14

Pain (0-10 cm VAS) 5.81 ±1.72 

Fatigue  
(0-10 cm VAS)

5.86 ±1.58

Patients global  
(0-10 cm VAS)

5.92 ±1.55

Physicians global 
(0-10 cm VAS)

5.86 ±1.65

Number of the 
swollen joints (0-28)

1.70 ±2.22

Number of the tender 
joints (0-28)

7.08 ±4.84

Erythrocyte 
sedimentation rate 
(mm/h)

27.76 ±15.71 9.85 ±8.91 0.001

C reactive protein 
(g/dl)

19.78 ±34.56 5.04 ±3.77 0.001

Rheumatoid factor 
(IU/ml)

99.10 ±126.30 10.67 ±0.61 0.001

Anti-Cyclic 
citrullinated peptide 
(IU/ml)

285.68 ±303.82

Serum LCN-2 
(ng/ml)

803.80 ±508.62 597.66 
±182.33

0.029

Disease Activity 
Score 28 

4.27 ±1.29

Health Assessment 
Questionnaire 20 
(0-3)

31.32 ±9.11 3.82 ±5.99 0.001

Modified Larsen 
Score (0-120)

56.11 ±31.20

VAS – Visual Analogue Scale, LCN-2 – Lipocalin 2

Table 2. Comparison of patients between high/moderate 
(DAS 28 > 3.2) and low disease activity (DAS 28 ≤ 3.2) 

High/moderate 
disease activity

 (n = 27)

Low disease 
activity (n = 10)

p

Age (years) 48.11 ±8.38 51.20 ±4.70 0.281

Female/Male 20/7 9/1 0.296

Duration of the 
disease (years)

11.63 ±6.49 16.00 ±6.73 0.080

Rheumatoid 
factor (IU/ml)

118.53 ±140.31 46.64 ±52.35 0.126

Anti-cyclic 
citrullinated 
peptide (IU/ml)

275.74.94 ±289.41 312.52 ±355.19 0.749

ESR (mm/h) 30.56 ±16.24 20.20 ±11.78 0.075

C-reactive 
protein (g/dl)

25.36 ±39.12 4.73 ±3.23 0.108

Serum LCN-2 
(ng/ml)

821.38 ±536.13 756.33 ±448.30 0.735

ESR – erythrocyte sedimentation rate, LCN-2 – lipocalin 2

±182.33 ng/ml. Serum LCN-2 levels of male control par-
ticipants were found as (578.87 ±197.12 ng/ml), and serum 
LCN-2 levels of female control participants were found as 
(616.67 ±170.23 ng/ml). A meaningful difference wasn’t 
found between male and female control group participants 

(p = 0.554). Serum LCN-2 (p = 0.029) levels were sig-
nificantly higher in patients with RA than in the controls 
(Table 1). Serum LCN-2 (p = 0.735) levels were similar 
between moderate/high and low disease activity RA sub-
groups (Table 2).

There was not a meaningful difference between se-
rum LCN-2 levels of RF(+) patients (847.51 ±540.49 ng/
ml) and serum LCN-2 levels of RF(–) patients (620.89 
±344.53 ng/ml) (p = 0.197) in the same way, there was not 
a meaningful difference between serum LCN-2 levels of 
anti-CCP(+) patients (816.70 ±544.82 ng/ml) and serum 
LCN-2 levels of anti-CCP(–) patients (667.99 ±307.44 ng/
ml) (p = 0.950).

In the rheumatoid arthritis group, any correlation could 
not be determined between serum LCN-2 levels and age, 
positive RF, positive anti-CCP, duration of disease, and 
ESR or CRP levels. In the RA and control groups, no 
correlations were found between serum LCN-2 level and 
BMI (respectively r = 0.294, p = 0.077 and r = –0.153, 
p = 387). Serum LCN-2 levels did not correlate with any 
other laboratory or clinical parameters of disease activity. 
Serum RF and CCP levels did not correlate with LCN-
2 levels. However, a significant correlation was detected 
between modified Larsen scores and serum LCN-2 levels  
(r = 0.395, p = 0.015). There was a statistical meaningful 
difference between serum LCN-2 levels of RA patients 
with modified Larsen score > 40 (991.87 ±625.66 ng/ml) 
and serum LCN-2 levels of RA patients with modified 
Larsen score ≤ 40 (605.79 ±266.74 ng/ml) (p = 0.039).
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Discussion 
Our study reveals that LCN-2 levels are higher in pa-

tients with RA than in healthy individuals, and is associat-
ed with joint damage assessed by modified Larsen scores.

Previous studies have indicated the role of neutrophil 
dysfunction in the etiopathogenesis of RA [15]. Anticyto-
kine treatments can control the progression of the disease; 
however, in case of discontinuation of these medications, 
the disease is exacerbated because of persistence of neutro-
phil infiltration into the synovia [16]. Therefore, treatment 
strategies directed at effector cells playing a crucial role in 
the etiopathogenesis of RA have been established.

Adipose tissue-derived adipokines and cytokines play 
important roles in energy homeostasis, inflammation, and 
insulin resistance [7]. Tissue distribution and expression of 
LCN-2 in neutrophils, bone marrow, and tissues exposed 
to microorganisms, such as the trachea, lung, stomach, 
salivary gland, and colon [17] indicate its involvement in 
inflammatory responses. In neutrophils, LCN-2 secretion 
is highly regulated by infection and the activation of in-
flammation [18]; lipopolysaccharide (LPS) and TNF-α  
are the two strong inducers of LCN-2 production.

In our study, LCN-2 levels are higher in patients with 
RA than in healthy individuals. Similarly, Katano et al. 
[15] found in their study that serum LCN-2 levels were 
higher in RA patients than in osteoarthritis patients and 
healthy controls. However, contrary results were also re-
ported [19].

In our literature survey, we did not encounter any study 
that assessed the association between LCN-2 levels and 
disease activity in patients with RA. Based on our findings, 
we can assume that serum LCN-2 levels in RA patients are 
not directly correlated with inflammatory activation.

In our study, a significant correlation was found be-
tween serum LCN-2 levels and modified Larsen scores, 
which demonstrates a possible association with joint dam-
age. To the best of our knowledge, this association has not 
been assessed previously. 

We found no differences in terms of serum LCN2 lev-
els among RA patients who applied different treatment 
protocols. The data is highly limited regarding potential in-
teraction between LCN-2 and anti-rheumatic drugs, which 
warrants further research. 

The main limitation of our study is its cross-sectional 
design and relatively small sample size. In this study, de-
termining only LCN-2 without concerning other adipoki-
neses is another limitation of the study. On the other hand, 
our wide exclusion criteria prevented us from adding more 
patients to the study. 

In conclusion, our study demonstrated increased serum 
levels of LCN-2 in patients with RA compared to that in 
healthy controls. We did not demonstrate an association 
between disease activity and LCN-2; however, we showed 
a relationship between LCN-2 and joint damage. Our find-

ings indicate the possible role of LCN-2 in the RA disease 
process and possibly joint damage. 

The authors declare no conflict of interest.
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