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Abstract

Background

Chemerin has a potential role in perpetuating inflammation in autoimmune diseases. Never-
theless, to date, there is no conclusive information on whether high chemerin levels increase
the severity of rheumatoid arthritis (RA). Therefore, this study evaluated whether serum
chemerin is a biomarker of disease activity in RA patients.

Methods

Study design: cross-sectional. The assessment included clinical and laboratory characteris-
tics, body mass index (BMI) and fat mass. The severity of the disease activity was identified
according to the DAS28-CRP index as follows: A) RA with a DAS28-CRP<2.9 (remission/
mild activity) and B) RA with a DAS28-CRP>2.9 (moderate/severe activity). Serum
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chemerin concentrations were measured by ELISA, and >103 ng/mL was considered a
high level. Logistic regression analysis was applied to determine whether high chemerin
levels were associated with disease activity in RA after adjusting for confounders. Multiple
regression analysis was performed to identify variables associated with chemerin levels.

Results

Of 210 RA patients, 89 (42%) subjects had moderate/severe disease activity and had higher
serum chemerin levels than patients with low disease activity or remission (86 + 34 vs 73+
27; p = 0.003). Serum chemerin correlated with the number of swollen joints (r=0.15; p =
0.03), DAS28-CRP (r=0.22; p =0.002), and C-reactive protein levels (r = 0.14; p = 0.04),
but no correlation was observed with BMI and fat mass. In the adjusted logistic regression
analysis, high chemerin levels (>103 ng/mL) were associated with an increased risk of
moderate/severe disease activity (OR: 2.76, 95% CI 1.35-5.62; p = 0.005). In the multiple
regression analysis, after adjusting for potential confounders, serum chemerin levels were
associated with higher DAS28-CRP (p = 0.002).

Conclusions

Higher chemerin levels increased the risk of moderate and severe disease activity in RA.
These results support the role of chemerin as a marker of inflammation in RA. Follow-up
studies will identify if maintaining low chemerin levels can be used as a therapeutic target.

Introduction

Rheumatoid arthritis (RA) is an inflammatory, chronic, progressive disease involving synovial
joints and characterized by bone and cartilage erosions associated with a progressive decrease
in joint functioning, leading to disability and impaired quality of life [1]. One of the main clini-
cal challenges in RA, is the persistence of joint inflammation in many patients despite treat-
ment with synthetic disease-modified antirheumatic drugs (synthetic DMARDs) or with
biologic disease-modified antirheumatic drugs (biologic DMARDs) [2-4].

Several biomarkers of disease activity have been proposed in these patients, of them the
most used are C-reactive protein (CRP) or erythrocyte sedimentation rate (ESR) included in
most indices of disease activity, including the Disease Activity Score of 28 Joints (DAS28) [3,
5]. Recently, some adipokines were found to be involved in several inflammatory processes
lead by the immune system [6]. Among these adipokines, chemerin has been identified as a
molecule implicated in the inflammation mediated by immune mechanisms [7]. Chemerin is a
chemoattractant adipokine secreted by immature dendritic cells and macrophages that binds
to the G-protein coupled receptor CMKLR1 (ChemR23) [8]. Chemerin participates in adipo-
cyte regulation and has proinflammatory activity in endothelial cells [9]. Chemerin stimulates
macrophage and dendritic cell adhesion and maturation. Chemerin also has a role in the acti-
vation of fibroblast cells and synoviocytes [7]. Some previous studies have described a possible
relationship between chemerin and inflammation in RA patients [7, 10]. Ha et al. identified
increased chemerin in RA compared with controls, and the severity of the disease activity was
correlated with the elevated chemerin levels [11]. Additionally, several published works have
identified that chemerin levels can decrease in response to biologic DMARDs [12-14]. Of
these studies, Herenius et al. identified a decrease in chemerin in RA patients treated with
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adalimumab [12]. Similarly, Makrilakis et al. found that after 6 months of treatment with toci-
lizumab, there was a decrease in the serum levels of chemerin [13]. Finally, Fioravanti et al.
found that although tocilizumab can induce a decrease in chemerin levels, this reduction was
not correlated with other parameters of disease activity [14].

Recently, our group have reported the results of a study assessing the relation between che-
merin levels and functional disability [15]. In this report performed in a small group of patients
with RA, was identified that those subjects with impairment in the functioning had increased
serum chemerin levels, mainly among patients who had high disease activity [15]. In persons
with noninflammatory rheumatic disorders, chemerin levels are associated with obesity and
metabolic syndrome [16]. In early RA patients managed using the treat to target strategy,
Tolusso et al. identified that chemerin levels can be considered a predictor of early remission
of inflammation [17]; however, other studies are required to validate these findings. These
data published in the literature support the hypothesis that chemerin levels are related to dis-
ease activity in RA [11, 15, 18]. Nevertheless, there are no previous studies assessing the rela-
tion between the persistence of disease activity in RA patients treated with DMARDs and
serum chemerin levels.

Therefore, the objective of this study was to evaluate whether serum chemerin is an inde-
pendent biomarker of moderate or severe disease activity in RA patients.

Patients and methods

We included 210 women with RA being attended at a secondary-care hospital in Guadalajara,
Mexico. They voluntarily agreed to be included in this study.

Ethics and consent

This observational study was designed following the principles of the 64™ Declaration of Hel-
sinki (last revision Fortaleza, Brazil 2013) and the national regulations for research studies

in humans. The Research and Ethics Committee of the Hospital General Regional #110 del
Instituto Mexicano del Seguro Social in Guadalajara, Mexico, approved this study (code of
approval: R-2016-1303-11). All participants in this study signed a voluntary informed consent
form before study inclusion.

Inclusion criteria. a)>18 years old, b) women and c¢) met the 1987 American College of
Rheumatology (ACR) criteria [19]. All patients were being treated at the time of the study with
synthetic DMARD:s and/or biologic DMARDs. We excluded patients with a history of ische-
mic cardiopathy, myocardial infarction and stroke, overlapping syndromes, thyroid disease,
chronic renal failure (serum creatinine >1.5 mg/dL), active infections, psoriasis, cancer, or
pregnancy. All patients of reproductive age had to be using a contraceptive method. Patients
with type 2 diabetes mellitus were allowed to participate in the study if they were taking oral
antidiabetics. Patients using insulin were excluded. Patients with hypertension were allowed to
participate if they were taking antihypertensive drugs at stable doses and if they had controlled
hypertension. Patients with overweight or obesity were allowed to participate, and body mass
index was considered a variable to be adjusted in the statistical analysis.

Study development. Trained researchers performed a structured review of the epidemio-
logical, clinical, and therapeutic characteristics. Disease activity was assessed using the Disease
Activity Score of 28 Joints (DAS28). The DAS28 index includes four components: i) 28 swollen
joint counts, ii) 28 tender joint counts, iii) a global health index perceived by the patient, and
iv) an acute phase reactant (ESR or CRP) [20, 21]. We used the DAS28-CRP index to identify
two groups: A) RA patients with a DAS28-CRP<2.9 (RA in remission/mild activity) and B)
RA patients with a DAS28-CRP>2.9 (RA with moderate/severe activity) [20].

PLOS ONE | https://doi.org/10.1371/journal.pone.0255854  September 10, 2021 3/13


https://doi.org/10.1371/journal.pone.0255854

PLOS ONE

Serum chemerin levels: A potential biomarker of joint inflammation in women with rheumatoid arthritis

We assessed physical functioning limitations using the Spanish adaptation of the Health
Assessment Questionnaire Disability Index (HAQ-DI) [22]. In the HAQ-DI, RA patients self-
reported the amount of difficulty perceived when performing daily living activities, reflecting
the impairment of functioning in the previous week. A higher score in the HAQ-DI indicates
more functional disability [22].

Determination of Body Mass Index (BMI)
BMI was determined using the Quetelet formula (weight (kg)/height (m)?) [23].

Determination of fat mass (%)

Fat mass (%) was assessed by trained researchers using dual-energy X-ray absorptiometry
(DXA) (LUNAR 2000, Prodigy Advance; General Electric™ equipment, Madison, WI, USA).

Chemerin level determination

Serum chemerin levels were quantified using an enzyme-linked immunosorbent assay
(ELISA) (Quantikine, R&D Systems Human Chemerin Immunoassay). The sensitivity of this
assay was 7.80 pg/mL, and the samples were double-checked.

Other laboratory studies

Rheumatoid factor IU/mL (RF) and C-reactive protein mg/dL (CRP) were quantified using
nephelometry. Anti-cyclic citrullinated peptide antibodies (anti-CCP) were determined by
ELISA using second-generation anti-CCP (anti-CCP2) RU/mL (Euroimmun, Medizinische
Labordiagnostika, Germany). Cutoff points: RF >20 IU/mL; CRP >10 mg/L; anti-CCP2 >5
RU/mL.

Statistical analysis

Quantitative variables are expressed as the mean + standard deviation (SD), and qualitative
variables as frequencies (%). Student’s t-tests were computed to compare means between
groups. Chi-square tests were used to compare proportions between groups. Pearson correla-
tion tests were used to identify the strength of the association between chemerin, DAS28-CRP,
BM]I, fat mass (%) and other quantitative variables. Because there is no established cutoff point
of high levels of chemerin, we identified higher levels in our RA population by selecting the
cutoff point from levels equal to or above the 80th percentile of our data; then the cutoff for
high chemerin levels was considered >103 ng/mL.

A multivariate logistic regression model was used to identify variables associated with dis-
ease activity. The final model was obtained using forward stepwise analysis with adjusted odds
ratios (ORs) and 95% confidence intervals (95% CIs). A multivariate multiple regression analy-
sis was used to test the variables related to chemerin concentrations. All variables with a p
value <0.1 in the bivariate analysis were included in the multivariate analysis. We used R ver-
sion 4.0.3 (R Core Team 2020) to perform the statistical analyses. Figures were constructed in
R using the ggplot2 package. A p-value <0.05 was considered statistically significant.

Results

Fig 1 shows the study flowchart. Although 264 women with RA being treated at an outpatient
clinic were screened for inclusion, we excluded 54 patients for the following reasons: hypothy-
roidism n = 17, cancer n = 2, overlapping syndromes n = 7, current infection n = 15, serum
creatinine >1.5 mg/dL n = 1, psoriasis n = 1, history of ischemic cardiovascular disease n = 4,
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Rheumatoid arthritis (RA) patients
Screened from the Hospital 110

(Guadalajara city)
n=264 Excluded, n=54

I -Comorbid diseases, n=32
-Current infection, n=15
Included patients -Degraded blood sample, n=7
n=210 (see the text)

Clinical evaluation
Clinimetrics
-Disease activity Score-28 joints (DAS28-CRP)
-Functional disability index (HAQ-DI)

/\

RA Remission/Mild Disease Activity RA Moderate or Severe Disease Activity
(DAS28-CRP<2.9) (DAS28-CRP>2.9)
n=121 n=89
-Clinical Characteristics -Clinical Characteristics
- Anthropometry -Anthropometry
-DXA: fat mass (%) -DXA: fat mass (%)
-Treatment -Treatment
l [
Serum chemerin Serum chemerin
levels levels

Fig 1. Study flowchart.
https://doi.org/10.1371/journal.pone.0255854.9001

and inadequate blood sample for the quantification of chemerin n = 7. Consequently, we
included 210 women with RA for the analysis. Of the 210 patients with RA, 121 were classified
as remission or mild disease activity, and 89 were classified as moderate or severe disease
activity.

Comparison of clinical characteristics between RA in remission/mild
activity versus RA with moderate or severe activity

Table 1 describes the characteristics of all patients with RA. The mean age of these women
with RA was 56.59 + 11.25 years and they had a mean disease duration of 12.59 + 8.58 years.
Among these patients, 99% were receiving synthetic DMARDs. Among the total patients
who were included, 77% were receiving glucocorticoids. In data that are not shown in the
tables, all but one of the patients was receiving synthetic DMARDs: methotrexate (63%),
leflunomide (36%), sulfasalazine (31%), chloroquine (14%) or azathioprine (14%). Combina-
tion therapy with >1 DMARD was being used by 107 patients (51%). Biologic DMARDs
were used by 25 (12%) of the RA patients [etanercept 18 (8.6%), rituximab 5 (2.4%), inflixi-
mab 1 (0.5%), and adalimumab 1 (0.5%)]. There were no differences in the medication regi-
men between the moderate/severe disease activity or mild/remission disease activity groups.
Some of the patients used medications for comorbidities; of them, we found that among the
patients with diabetes mellitus, 83% (24) used metformin and 17% (5) used glibenclamide;
among the patients with high blood pressure, 10% (8) used beta-blockers, 10% (8) calcium
blockers, 49% (40) angiotensin converting enzyme inhibitors, and 31% (25) angiotensin II
receptor antagonists.

In data that are not shown in tables, we compared the serum chemerin levels between RA
patients with and without diabetes mellitus without observing statistical differences between
these groups (78.09 £ 29.03 ng/mL vs 83.76 + 38.60 respectively, p = 0.454). Similarly, the
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Table 1. Comparison of clinical characteristics between rheumatoid arthritis patients with remission or mild activity and those with moderate or severe activity.

Overall Disease Activity
Variables RA Moderate or severe activity (>2.9) Remission or mild activity (<2.9) p value
n=210 n=_89 n=121
Age, mean + SD 56.59 + 11.25 56.54 £ 9.51 56.62 + 12.42 0.958
Smoking, n (%) 18 (9) 9 (10) 9(7) 0.494
Menopause, n (%) 164 (78) 74 (83) 90 (74) 0.129
BMI, mean + SD 27.73 £4.35 27.96 £ 4.12 27.55+4.52 0.499
Fat mass (%), mean + SD 46.33 £5.94 47.04 £ 5.81 45.81 £6.00 0.141
Comorbidities
Diabetes mellitus, n (%) 29 (14) 17 (19) 12 (10) 0.057
Hypertension, n (%) 81 (39) 37 (42) 44 (36) 0.443
Disease duration, years, mean + SD 13+9 13+9 12+9 0.425
HAQ-DI Score, mean + SD 0.50 + 0.56 0.90 + 0.58 0.21 £0.31 <0.001
Functional disability, n (%) 78 (37) 63 (71) 15 (12) <0.001
Swollen joints, mean + SD 13+33 2.90 + 4.56 0.13 £ 0.69 <0.001
Painfuljoints, mean + SD 2.17 £4.77 493 +6.35 0.14 £ 0.47 <0.001
Severity of pain, mean + SD 37.04 £ 28.40 55.96 + 24.70 23.13 £22.29 <0.001
Treatment
Glucocorticoids, n (%) 161 (77) 67 (75) 94 (78) 0.684
Synthetic-DMARDs, n (%) * 209 (99) 89 (100) 120 (99) NC
Biologic-DMARDs, n (%) 25 (12) 8(9) 17 (14) 0.263
Laboratory measurements
Rheumatoid Factor (UI) (+), n (%) 130 (72) 56 (75) 74 (70) 0.474
ESR (mm/Hr), (+), n (%) 127 (64) 57 (70) 70 (60) 0.128
CRP (mg/L), (+), n (%) 118 (56) 55 (62) 63 (52) 0.160
Anti-CCP (RU/mL), (+), n (%) 128 (73) 50 (69) 78 (77) 0.240
Chemerin (ng/mL), mean + SD 78.88 £ 30.48 86.16 + 33.67 73.50 + 26.80 0.003

Frequency of data obtained from the patients: RF: 181 patients; ESR: 198 patients; anti-CCP: 175 patients. Other variables were measured at the time of the study in the
total number of patients. Abbreviations: DMARDs: Disease-Modifying Antirheumatic Drugs; Anti-CCP: Anti-Cyclic Citrulinated Peptide.

(*) Fisher’s exact test.
NC = not calculated.

https://doi.org/10.1371/journal.pone.0255854.t001

presence of diabetes mellitus was compared between the RA group with high levels of che-
merin (>103 ng/mL) versus RA group with normal levels of chemerin (13% vs 18% respec-
tively, p = 0.452).

In addition, Table 1 shows the comparison between clinical characteristics of patients with
remission/mild activity and those with moderate/severe activity despite treatment with bio-
logic DMARD:s or synthetic DMARDs. Compared to women with mild disease activity or
remission, in women with moderate or severe disease activity, a higher HAQ-DI score
(p<0.001) and elevated serum chemerin levels (p = 0.003) were identified. Women with mod-
erate or severe disease activity had a higher frequency of functional disability (71%) (p<0.001).

Correlation between chemerin levels and clinical variables

Table 2 shows the correlations between serum chemerin levels and clinical variables. A positive
correlation was found between chemerin and DAS 28-CRP (p = 0.002), CRP (p = 0.039), and
swollen joints counts (p = 0.029). No other correlations were found between chemerin levels
and any other variables.
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Table 2. Correlation between chemerin levels and clinical variables.

Variables Chemerin
r P

Age 0.017 0.809
Disease duration -0.108 0.120
Body mass index (kg/m?) 0.043 0.535
Fat mass (%) 0.098 0.158
Swollen joints count 0.150 0.029
Painful joints count 0.119 0.087
Severity of pain 0.127 0.065
Disease Activity Score (DAS 28-CRP) 0.215 0.002
C-reactive protein (mg/dL) 0.142 0.039
Rheumatoid factor (UI) 0.049 0.516
Erythrocyte sedimentation rate (mm/Hr) 0.067 0.349
Anti-CCP (RU/mL) -0.039 0.604

Correlations were obtained using the Pearson correlation test. Abbreviations: Anti-CCP: Anti-Cyclic Citrullinated
Peptide.

https://doi.org/10.1371/journal.pone.0255854.t1002

Fig 2 shows the comparisons of chemerin concentrations between the group with DAS28-
CRP>2.9 versus DAS28-CRP<2.9. RA patients with moderate/severe disease activity had
higher chemerin levels compared to RA in remission/mild disease activity (p = 0.003).

Comparisons of means between groups were performed using Student t-tests. A p-value
of < 0.05 was considered significant.

Factors associated with moderate/severe disease activity in patients with
rheumatoid arthritis

Table 3 shows the results of a logistic regression analysis evaluating the risk factors for moder-
ate or severe disease activity. In RA patients with high chemerin levels (>103 ng/mL), the risk
of moderate/severe disease activity was increased (OR: 2.76, 95% CI 1.35-5.62).

Factors associated with chemerin serum levels in patients with rheumatoid
arthritis

Additionally, in data that are not shown in the tables, we performed a multiple regression anal-
ysis, testing the variables associated with the serum levels of chemerin. After adjusting for age
(B coefficient = 0.028; p = 0.677), disease duration (B coefficient = -0.109; p = 0.107), body
mass index (B coefficient = 0.030; p = 0.665), fat mass (%) (B coefficient = 0.072; p = 0.293)
and diabetes mellitus (B coefficient = 0.059; p = 0.389), disease activity (DAS28-CRP) (B coeffi-
cient = 0.215; p = 0.002) remained associated with serum chemerin levels.

Discussion

We demonstrated that in women with RA treated with synthetic DMARD:s or biologic
DMARD:, elevated chemerin concentrations were related to moderate or severe disease activ-
ity after adjusting for potential confounders. Serum chemerin concentrations were correlated
with DAS28-CRP, swollen joint counts, and CRP, whereas a trend that was not statistically sig-
nificant was observed between serum chemerin and the number of painful joints.
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Fig 2. Comparison of serum chemerin levels between RA with moderate/severe disease activity versus RA in remission/mild
activity.

https://doi.org/10.1371/journal.pone.0255854.9002

Some previous studies have investigated the relationship between chemerin and disease
activity in RA. Ha et al. investigated 71 patients with RA and found that chemerin levels were
correlated with DAS28 and that these levels were higher in active RA [11]. Herenius et al. eval-
uated 49 subjects with RA treated with adalimumab and observed that chemerin levels were
correlated with DAS28 and ESR [12]. Mohammed Ali et al. found that serum chemerin levels

Table 3. Factors associated with moderate/severe disease activity in patients with rheumatoid arthritis in the multivariate analysis.

Dependent variable: moderate/severe disease activity

B SE OR 95% CI p-value B SE OR 95% CI p-value
Age -0.038 0.019 0.96 0.92-0.99 0.047 NIM NIM NIM NIM NIM
Menopause 1.088 0.518 2.96 1.07-8.19 0.036 NIM NIM NIM NIM NIM
Disease duration 0.024 0.018 1.02 0.98-1.06 0.173 NIM NIM NIM NIM NIM
Fat mass % 0.019 0.026 1.02 0.97-1.07 0.460 NIM NIM NIM NIM NIM
Body Mass Index -0.038 0.048 0.96 0.87-1.05 0.429 NIM NIM NIM NIM NIM
Diabetes mellitus 0.862 0.440 2.36 1.00-5.61 0.050 NIM NIM NIM NIM NIM
Chemerin >103 ng/mL 1.077 0.382 2.93 1.39-6.21 0.005 1.01 0.36 2.76 1.35-5.62 0.005

Multivariable logistic regression analysis. Dependent variable presence of moderate/severe disease activity. OR: odds ratios; 95% CI: 95% confidence intervals. Crude
ORs were obtained using the Enter method. Adjusted ORs were obtained using the Forward stepwise method. NIM: not in the model.

https://doi.org/10.1371/journal.pone.0255854.t003
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were correlated with DAS28 in their RA patients [18]. The results of these studies support our
findings. However, the small sample of RA patients and the presence of confounders that
might modify the relation between chemerin with disease activity make necessary to include
multivariate analysis, therefore our study also included a logistic regression demonstrating
that chemerin concentrations are associated with moderate/severe disease activity.

Chemerin has been proposed as a proinflammatory adipokine in arthritis [24]. Changes
in chemerin levels may be related to the inflammatory response in synovial cartilage, which
involves chondrocytes, macrophages, dendritic cells, and natural killer cells [25]. In our study,
we found a correlation between chemerin and CRP. Similar to our findings, Herenius et al.
and Maijer et al. also found a correlation with CRP [12, 26]. Also consistent with these find-
ings, our group previously reported that serum levels of chemerin were correlated with disabil-
ity function in a small group of patients with RA [15].

Few studies have highlighted the use of chemerin as a predictor of active disease. Tolusso
et al. analyzed the utility of chemerin with cutoff values > 95.7 ng/mL (a cutoff value similar to
our study of >103 ng/mL). Tolusso observed that their patients with those higher chemerin
levels had an increased risk of active disease, and this increase remained after adjusting for
other variables [17]. However, our study is the first to identify an increase of 2.76-fold in the
risk of moderate/severe disease activity. Previous studies performed in patients without rheu-
matic disease have reported that patients with diabetes mellitus have higher levels of chemerin
[27, 28]. Remarkably, in the present study, we did not observe an increase in chemerin in
patients with diabetes mellitus, probably because we did not include patients with uncontrolled
diabetes or patients receiving insulin.

Our findings highlight that the inflammatory events driven by chemerin are complex.
Chemerin has a chemotactic function for immune cells, promoting cellular migration under
inflammatory conditions [29]. Chemerin also participates in activating NF-KB, upregulating
the expression of adhesion molecules on endothelial cells, and enhancing monocyte adhesion
[30]. Experimental and clinical studies have shown that chemerin production can be stimu-
lated by interleukins (IL), including IL-1B, and it is correlated with CRP, TNF-a and IL-6 in
RA [31, 32]. Furthermore, chemerin increases the production of tumor necrosis factor-alpha
(TNF-a), IL1-B, and IL-6 by human articular chondrocytes [33]. These previous studies
highlighted the relationship between chemerin and proinflammatory molecules.

The present study identified a relationship between high chemerin levels and the severity of
disease activity in RA patients; therefore, the results of this work generate new questions about
the role of chemerin in the persistence of the inflammatory process in RA. Chemerin is an adi-
pokine synthesized mainly in adipose tissue and liver, and diverse immune cell subsets, includ-
ing plasmacytoid dendritic cells, macrophages and NK cells, express the chemerin receptor
CMKLRI1, which when activated promotes chemotaxis and modulates the immune response.
In the present study, we identified an association between chemerin levels and CRP and the
number of swollen joints; these findings indicate the relevance of chemerin in inflammation
in RA.

Nevertheless, our study has some limitations. One of them is that this study was not able to
identify changes in chemerin levels. Longitudinal studies are required to demonstrate whether
variations in this adipokine might produce changes in other variables in RA. Future studies
should be performed to identify whether patients who have persistently elevated chemerin lev-
els might have differences in their therapeutic response to synthetic or biologic DMARDs.
Another limitation of this study was the lack of the inclusion of men with RA. We only
included women to avoid any possible bias secondary to the hormonal differences that can
influence our main variables. Future studies should be conducted on men with RA to identify
whether the results observed in the present study persist.
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In conclusion, higher chemerin levels increased the risk of moderate and severe disease
activity in RA patients. The serum chemerin levels are correlated with higher CRP levels, as
well as an increase in the number of swollen joints. This study demonstrates that the associa-
tion observed between high chemerin levels, and the inflammation assessed by DAS28-CRP
was independent of BMI, fat mass and diabetes mellitus, and other potential confounder
factors and remains in the multivariate analysis. These findings support the hypothesis that
serum chemerin levels could be used as a new biomarker to identify patients with a more
severe RA without an adequate response to DMARD:s. Nevertheless, future follow-up studies
will be required to identify whether elevated chemerin levels defined by our cutoff level can
potentially predict the future failure of treatment in patients starting DMARDs. Subsequent
studies should evaluate the potential value of maintaining normal chemerin levels as a thera-
peutic target in these patients.

Acknowledgments

Members of the Research Group for the Assessment of Prognosis Biomarkers in Autoimmune
Disorders.

Senior researchers

Jorge I. Gamez-Nava, Ernesto G. Cardona-Muiioz, Laura Gonzalez-Lopez, Department of
Physiology, Centro Universitario de Ciencias de la Salud, University of Guadalajara;
Alfredo Celis, Department of Public Health Sciences, Centro Universitario de Ciencias de
la Salud, University of Guadalajara; Miguel Huerta, Xochitl Trujillo, Centro Universitario
de Investigaciones Biomedicas, University of Colima; Juan M. Ponce-Guarneros, Maria L.
Vazquez-Villegas, Unidad de Medicina Familiar #4 Guadalajara, Jalisco, y #97, Magdalena,
Jalisco, Instituto Mexicano del Seguro Social.

Associated researchers

Research in Clinical and laboratory analyses: Jessica Murillo-Saich, Division of Rheumatol-
ogy, Allergy and Immunology, UC San Diego School of Medicine, La Jolla, CA, USA; Ana
M. Saldana-Cruz, Norma A. Rodriguez-Jimenez, Melissa Ramirez-Villafafia, Instituto de Ter-
apeutica Experimental y Clinica, Centro Universitario de Ciencias de la Salud, University
of Guadalajara; Betsabe Contreras-Haro, Alberto D. Rocha-Muiloz, Departament of Bio-
medical Sciences, Departament of Health-Disease as an individual Process, and Division
de Ciencias de la Salud, Centro Universitario de Tonala, University of Guadalajara; Cesar
A. Nava-Valdivia, Departament of Microbiology and Patology, Centro Universitario de
Ciencias de la Salud, University of Guadalajara.

Statistical team

Alfredo Celis, Department of Public Health Sciences, Centro Universitario de Ciencias

de la Salud, University of Guadalajara; Emilio E. Perez-Guerrero, Instituto de Investigacion
en Ciencias Biomedicas, Centro Universitario de Ciencias de la Salud, University of
Guadalajara.

Research fellows

Fabiola Gonzalez-Ponce, Esther N. Sanchez-Rodriguez, Eli E. Gomez-Ramirez, Heriberto
Jacobo-Cuevas, Yussef Esparza-Guerrero, Jose J. Gomez-Camarena, Alejandra Martinez-
Hernandez, Instituto de Terapéutica Experimental y Clinica, Departament of Physiology,

PLOS ONE | https://doi.org/10.1371/journal.pone.0255854  September 10, 2021 10/13


https://doi.org/10.1371/journal.pone.0255854

PLOS ONE

Serum chemerin levels: A potential biomarker of joint inflammation in women with rheumatoid arthritis

Centro Universitario de Ciencias de la Salud, University of Guadalajara; Maria O. Carrillo-
Escalante, Doctorado de Salud Publica, Departament of Public Health Sciences, Centro
Universitario de Ciencias de la Salud, University of Guadalajara.

Author Contributions
Conceptualization: Fabiola Gonzalez-Ponce, Jorge I. Gamez-Nava, Laura Gonzalez-Lopez.

Data curation: Ana M. Saldafia-Cruz, Maria L. Vazquez-Villegas, Juan M. Ponce-Guarneros,
Miguel Huerta, Xochitl Trujillo, Betsabe Contreras-Haro, Maria O. Carrillo-Escalante,
Esther N. Sanchez-Rodriguez, Eli E. Gomez-Ramirez, Cesar A. Nava-Valdivia.

Formal analysis: Jorge I. Gamez-Nava, Emilio E. Perez-Guerrero, Alberto D. Rocha-Muiloz.
Funding acquisition: Jorge I. Gamez-Nava, Laura Gonzalez-Lopez.

Investigation: Ana M. Saldana-Cruz, Maria L. Vazquez-Villegas, Juan M. Ponce-Guarneros,
Miguel Huerta, Xochitl Trujillo, Betsabe Contreras-Haro, Maria O. Carrillo-Escalante,
Esther N. Sanchez-Rodriguez, Eli E. Gomez-Ramirez, Cesar A. Nava-Valdivia.

Methodology: Fabiola Gonzalez-Ponce, Jorge I. Gamez-Nava, Laura Gonzalez-Lopez.
Resources: Ernesto G. Cardona-Muiioz.
Supervision: Ernesto G. Cardona-Muiioz, Laura Gonzalez-Lopez.

Writing - original draft: Fabiola Gonzalez-Ponce, Jorge I. Gamez-Nava, Emilio E. Perez-
Guerrero, Ernesto G. Cardona-Muiioz, Laura Gonzalez-Lopez.

Writing - review & editing: Fabiola Gonzalez-Ponce, Jorge I. Gamez-Nava, Emilio E. Perez-
Guerrero, Ana M. Saldafia-Cruz, Maria L. Vazquez-Villegas, Juan M. Ponce-Guarneros,
Miguel Huerta, Xochitl Trujillo, Betsabe Contreras-Haro, Alberto D. Rocha-Muiioz, Maria
O. Carrillo-Escalante, Esther N. Sanchez-Rodriguez, Eli E. Gomez-Ramirez, Cesar A. Nava-
Valdivia, Ernesto G. Cardona-Muiioz, Laura Gonzalez-Lopez.

References

1. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, et al. 2010 Rheumatoid arthri-
tis classification criteria: an American College of Rheumatology/European League Against Rheumatism
collaborative initiative. Arthritis Rheum. 2010; 62(9):2569-81. https://doi.org/10.1002/art.27584 PMID:
20872595.

2. Genitsaridil, Flouri I, Plexousakis D, Marias K, Boki K, Skopouli F, et al. Rheumatoid arthritis patients
on persistent moderate disease activity on biologics have adverse 5-year outcome compared to persis-
tent low-remission status and represent a heterogeneous group. Arthritis Res Ther. 2020; 22(1):226.
https://doi.org/10.1186/s13075-020-02313-w PMID: 32993800.

3. Solomon DH, Bitton A, Katz JN, Radner H, Brown EM, Fraenkel L. Review: treat to target in rheumatoid
arthritis: fact, fiction, or hypothesis? Arthritis Rheumatol. 2014; 66(4):775-82. https://doi.org/10.1002/
art.38323 PMID: 24757129.

4. Altawil R, Saevarsdottir S, Wedrén S, Alfredsson L, Klareskog L, Lampa J. Remaining Pain in Early
Rheumatoid Arthritis Patients Treated With Methotrexate. Arthritis Care Res (Hoboken). 2016; 68
(8):1061-8. https://doi.org/10.1002/acr.22790 PMID: 26784398.

5. FarheenK, Agarwal SK. Assessment of disease activity and treatment outcomes in rheumatoid arthritis.
J Manag Care Pharm. 2011; 17(9 Suppl B):S09-13. https://doi.org/10.18553/jmcp.2011.17.89-b.s09
PMID: 22073934.

6. GiardulloL, Corrado A, Maruotti N, Cici D, Mansueto N, Cantatore FP. Adipokine role in physiopathol-
ogy of inflammatory and degenerative musculoskeletal diseases. Int J Immunopathol Pharmacol. 2021;
35:20587384211015034. https://doi.org/10.1177/20587384211015034 PMID: 33983056.

7. Kaneko K, Miyabe Y, Takayasu A, Fukuda S, Miyabe C, Ebisawa M, et al. Chemerin activates fibro-
blast-like synoviocytes in patients with rheumatoid arthritis. Arthritis Res Ther. 2011; 13(5):R158.
https://doi.org/10.1186/ar3475 PMID: 21959042.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255854  September 10, 2021 11/13


https://doi.org/10.1002/art.27584
http://www.ncbi.nlm.nih.gov/pubmed/20872595
https://doi.org/10.1186/s13075-020-02313-w
http://www.ncbi.nlm.nih.gov/pubmed/32993800
https://doi.org/10.1002/art.38323
https://doi.org/10.1002/art.38323
http://www.ncbi.nlm.nih.gov/pubmed/24757129
https://doi.org/10.1002/acr.22790
http://www.ncbi.nlm.nih.gov/pubmed/26784398
https://doi.org/10.18553/jmcp.2011.17.s9-b.s09
http://www.ncbi.nlm.nih.gov/pubmed/22073934
https://doi.org/10.1177/20587384211015034
http://www.ncbi.nlm.nih.gov/pubmed/33983056
https://doi.org/10.1186/ar3475
http://www.ncbi.nlm.nih.gov/pubmed/21959042
https://doi.org/10.1371/journal.pone.0255854

PLOS ONE

Serum chemerin levels: A potential biomarker of joint inflammation in women with rheumatoid arthritis

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Wittamer V, Grégoire F, Robberecht P, Vassart G, Communi D, Parmentier M. The C-terminal nona-
peptide of mature chemerin activates the chemerin receptor with low nanomolar potency. J Biol Chem.
2004; 279(11):9956-62. https://doi.org/10.1074/jbc.M313016200 PMID: 14701797.

Yamawaki H. Vascular effects of novel adipocytokines: focus on vascular contractility and inflammatory
responses. Biol Pharm Bull. 2011; 34(3):307-10. https://doi.org/10.1248/bpb.34.307 PMID: 21372376.

Eisinger K, Bauer S, Schaffler A, Walter R, Neumann E, Buechler C, et al. Chemerin induces CCL2 and
TLR4 in synovial fibroblasts of patients with rheumatoid arthritis and osteoarthritis. Exp Mol Pathol.
2012; 92(1):90-6. https:/doi.org/10.1016/j.yexmp.2011.10.006 PMID: 22037282.

Ha YJ, Kang EJ, Song JS, Park YB, Lee SK, Choi ST. Plasma chemerin levels in rheumatoid arthritis
are correlated with disease activity rather than obesity. Joint Bone Spine. 2014; 81(2):189-90. https:/
doi.org/10.1016/j.jbspin.2013.07.013 PMID: 23932723.

Herenius MM, Oliveira AS, Wijbrandts CA, Gerlag DM, Tak PP, Lebre MC. Anti-TNF therapy reduces
serum levels of chemerin in rheumatoid arthritis: a new mechanism by which anti-TNF might reduce
inflammation. PLoS One. 2013; 8(2):e57802. https://doi.org/10.1371/journal.pone.0057802 PMID:
23460910

Makrilakis K, Fragiadaki K, Smith J, Sfikakis PP, Kitas GD. Interrelated reduction of chemerin and
plasminogen activator inhibitor-1 serum levels in rheumatoid arthritis after interleukin-6 receptor
blockade. Clin Rheumatol. 2015; 34(3):419-27. https://doi.org/10.1007/s10067-014-2704-1 PMID:
24912961.

Fioravanti A, Tenti S, Bacarelli MR, Damiani A, Li Gobbi F, Bandinelli F, et al. Tocilizumab modulates
serum levels of adiponectin and chemerin in patients with rheumatoid arthritis: potential cardiovascular
protective role of IL-6 inhibition. Clin Exp Rheumatol. 2019; 37(2):293-300. PMID: 30148441.

Vazquez-Villegas ML, Gamez-Nava JI, Saldafia-Cruz AM, Celis A, Sanchez-Rodriguez EN, Perez-
Guerrero EE, et al. Functional disability is related to serum chemerin levels in rheumatoid arthritis. Sci
Rep. 2021; 11(1):8360. https://doi.org/10.1038/s41598-021-87235-6 PMID: 33863926.

Li'Y, Shi B, Li S. Association between serum chemerin concentrations and clinical indices in obesity or
metabolic syndrome: a meta-analysis. PLoS One. 2014; 9(12):e113915. https://doi.org/10.1371/
journal.pone.0113915 PMID: 25469985.

Tolusso B, Gigante MR, Alivernini S, Petricca L, Fedele AL, Di Mario C, et al. Chemerin and PEDF Are
Metaflammation-Related Biomarkers of Disease Activity and Obesity in Rheumatoid Arthritis. Front
Med (Lausanne). 2018; 3; 5:207. https://doi.org/10.3389/fmed.2018.00207 PMID: 30123797.

Mohammed Ali DM, Al-Fadhel SZ, Al-Ghuraibawi NHA, Al-Hakeim HK. Serum chemerin and visfatin
levels and their ratio as possible diagnostic parameters of rheumatoid arthritis. Reumatologia. 2020; 58
(2):67-75. https://doi.org/10.5114/reum.2020.95359 PMID: 32476678.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al. The American Rheuma-
tism Association 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum.
1988; 31(3):315-24. https://doi.org/10.1002/art.1780310302 PMID: 3358796.

Fleischmann RM, van der Heijde D, Gardiner PV, Szumski A, Marshall L, Bananis E. DAS28-CRP and
DAS28-ESR cut-offs for high disease activity in rheumatoid arthritis are not interchangeable. RMD
Open. 2017; 3(1):e000382. https://doi.org/10.1136/rmdopen-2016-000382 PMID: 28255449.

Prevoo ML, Van’t-Hof MA, Kuper HH, Van-Leeuwen MA, Van-de Putte LB, Van-Riel PL. Modified dis-
ease activity scores that include twenty-eight-joint counts. Development and validation in a prospective
longitudinal study of patients with rheumatoid arthritis. Arthritis Rheum. 1995; 38:44—48. https://doi.org/
10.1002/art.1780380107 PMID: 7818570

Cardiel MH, Abello-Banfi M, Ruiz-Mercado R, Alarcon-Segovia D. How to measure health status in
rheumatoid arthritis in non-English speaking patients: validation of a Spanish version of the Health
Assessment Questionnaire Disability Index (Spanish HAQ-DI). Clin Exp Rheumatol. 1993; 11(2):117—
21. PMID: 8508553.

Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure of fatness. Int J Obes. 1985; 9(2):147—
53. PMID: 4030199.

Godmez R, Conde J, Scotece M, Gémez-Reino JJ, Lago F, Gualillo O. What's new in our understanding
of the role of adipokines in rheumatic diseases? Nat Rev Rheumatol. 2011; 7(9):528-36. https://doi.
org/10.1038/nrrheum.2011.107 PMID: 21808287.

Del Prete A, Salvi V, Sozzani S. Adipokines as potential biomarkers in rheumatoid arthritis. Mediators
Inflamm. 2014; 2014:425068. https://doi.org/10.1155/2014/425068 PMID: 24799765.

Maijer KI, Neumann E, Muller-Ladner U, Drop DA, Ramwadhdoebe TH, Choi lY, et al. Serum Vaspin
Levels Are Associated with the Development of Clinically Manifest Arthritis in Autoantibody-Positive
Individuals. PLoS One, 2015; 10(12):e0144932. https://doi.org/10.1371/journal.pone.0144932 PMID:
26670468.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255854  September 10, 2021 12/13


https://doi.org/10.1074/jbc.M313016200
http://www.ncbi.nlm.nih.gov/pubmed/14701797
https://doi.org/10.1248/bpb.34.307
http://www.ncbi.nlm.nih.gov/pubmed/21372376
https://doi.org/10.1016/j.yexmp.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/22037282
https://doi.org/10.1016/j.jbspin.2013.07.013
https://doi.org/10.1016/j.jbspin.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23932723
https://doi.org/10.1371/journal.pone.0057802
http://www.ncbi.nlm.nih.gov/pubmed/23460910
https://doi.org/10.1007/s10067-014-2704-1
http://www.ncbi.nlm.nih.gov/pubmed/24912961
http://www.ncbi.nlm.nih.gov/pubmed/30148441
https://doi.org/10.1038/s41598-021-87235-6
http://www.ncbi.nlm.nih.gov/pubmed/33863926
https://doi.org/10.1371/journal.pone.0113915
https://doi.org/10.1371/journal.pone.0113915
http://www.ncbi.nlm.nih.gov/pubmed/25469985
https://doi.org/10.3389/fmed.2018.00207
http://www.ncbi.nlm.nih.gov/pubmed/30123797
https://doi.org/10.5114/reum.2020.95359
http://www.ncbi.nlm.nih.gov/pubmed/32476678
https://doi.org/10.1002/art.1780310302
http://www.ncbi.nlm.nih.gov/pubmed/3358796
https://doi.org/10.1136/rmdopen-2016-000382
http://www.ncbi.nlm.nih.gov/pubmed/28255449
https://doi.org/10.1002/art.1780380107
https://doi.org/10.1002/art.1780380107
http://www.ncbi.nlm.nih.gov/pubmed/7818570
http://www.ncbi.nlm.nih.gov/pubmed/8508553
http://www.ncbi.nlm.nih.gov/pubmed/4030199
https://doi.org/10.1038/nrrheum.2011.107
https://doi.org/10.1038/nrrheum.2011.107
http://www.ncbi.nlm.nih.gov/pubmed/21808287
https://doi.org/10.1155/2014/425068
http://www.ncbi.nlm.nih.gov/pubmed/24799765
https://doi.org/10.1371/journal.pone.0144932
http://www.ncbi.nlm.nih.gov/pubmed/26670468
https://doi.org/10.1371/journal.pone.0255854

PLOS ONE

Serum chemerin levels: A potential biomarker of joint inflammation in women with rheumatoid arthritis

27.

28.

29.

30.

31.

32.

33.

Akgul Balaban Y, Yilmaz N, Kalayci M, Unal M, Turhan T. IRISIN AND CHEMERIN LEVELS IN
PATIENTS WITH TYPE 2 DIABETES MELLITUS. Acta Endocrinol (Buchar). 2019; 15(4):442-446.
https://doi.org/10.4183/aeb.2019.442 PMID: 32377240.

Han J, Kim SH, Suh YJ, Lim HA, Shin H, Cho SG, et al. Serum Chemerin Levels Are Associated with
Abdominal Visceral Fat in Type 2 Diabetes. J Korean Med Sci. 2016; 31(6):924-31. https://doi.org/10.
3346/jkms.2016.31.6.924 PMID: 27247502.

Kaur J, Adya R, Tan BK, Chen J, Randeva HS. Identification of chemerin receptor (ChemR23) in
human endothelial cells: chemerin-induced endothelial angiogenesis. Biochem Biophys Res Commun.
2010; 391(4):1762-8. https://doi.org/10.1016/j.bbrc.2009.12.150 PMID: 20044979.

Dimitriadis GK, Kaur J, Adya R, Miras AD, Mattu HS, Hattersley JG, et al. Chemerin induces endothelial
cell inflammation: activation of nuclear factor-kappa beta and monocyte-endothelial adhesion. Oncotar-
get. 2018; 9(24):16678-16690. https://doi.org/10.18632/oncotarget.24659 PMID: 29682177.

Lehrke M, Becker A, Greif M, Stark R, Laubender RP, von Ziegler F, et al. Chemerin is associated with
markers of inflammation and components of the metabolic syndrome but does not predict coronary
atherosclerosis. Eur J Endocrinol. 2009; 161(2):339—44. https://doi.org/10.1530/EJE-09-0380 PMID:
19497986.

Kralisch S, Weise S, Sommer G, Lipfert J, Lossner U, Bluher M, et al. Interleukin-1beta induces the
novel adipokine chemerin in adipocytes in vitro. Regul Pept. 2009; 154(1-3):102-6. https://doi.org/10.
1016/j.regpep.2009.02.010 PMID: 19233230.

Berg V, Sveinbjornsson B, Bendiksen S, Brox J, Meknas K, Figenschau Y. Human articular chondro-
cytes express ChemR23 and chemerin; ChemR23 promotes inflammatory signalling upon binding the
ligand chemerin (21-157). Arthritis Res Ther. 2010; 12(6):R228. https://doi.org/10.1186/ar3215 PMID:
21192818.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255854  September 10, 2021 13/13


https://doi.org/10.4183/aeb.2019.442
http://www.ncbi.nlm.nih.gov/pubmed/32377240
https://doi.org/10.3346/jkms.2016.31.6.924
https://doi.org/10.3346/jkms.2016.31.6.924
http://www.ncbi.nlm.nih.gov/pubmed/27247502
https://doi.org/10.1016/j.bbrc.2009.12.150
http://www.ncbi.nlm.nih.gov/pubmed/20044979
https://doi.org/10.18632/oncotarget.24659
http://www.ncbi.nlm.nih.gov/pubmed/29682177
https://doi.org/10.1530/EJE-09-0380
http://www.ncbi.nlm.nih.gov/pubmed/19497986
https://doi.org/10.1016/j.regpep.2009.02.010
https://doi.org/10.1016/j.regpep.2009.02.010
http://www.ncbi.nlm.nih.gov/pubmed/19233230
https://doi.org/10.1186/ar3215
http://www.ncbi.nlm.nih.gov/pubmed/21192818
https://doi.org/10.1371/journal.pone.0255854

