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Abstract
Objective  The present study aimed to examine the effects of cDMARD and bDMARD therapy on both gene expressions 
and protein levels of TNF-α, IL-6, IL-10 and fatty acid levels in patients with RA.
Method  Plasma TNF-α, IL-6, and IL-10 levels were examined by the ELISA method, while TNF-α, IL-6, and IL-10 gene 
expression levels were examined by RT-qPCR, and fatty acid levels were examined by GC/MS.
Results  IL-10 gene expression levels significantly increased in RA patients receiving cDMARD treatment compared to those 
of the control group. Also, eicosadienoic acid, myristoleic acid and capric acid levels were significantly lower in the patient 
groups compared to those in the control group.
Conclusion  The drugs used in the treatment of RA had no effect on the fatty acid levels whereas had effects on the mRNA 
and protein levels of the target cytokines.
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Key Points
• There are some studies investigating inflammatory cytokines in rheumatoid arthritis but no study includes fatty acid levels besides the 

cytokines. Therefore, this study has an important contribution for original articles because of including fatty acid levels besides the cytokines 
on rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory auto-
immune joint disease characterized by cartilage and bone 
damage as well as extra-articular involvement [1]. The 

worldwide prevalence of RA is 0.24% based upon the Global 
Burden of Disease 2010 Study and affect approximately 0.24 
to 1% of the population [2]. It has been demonstrated in 
previous studies that the prevalence of RA disease increases 
with age. The incidence of RA is higher in northern Europe 
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and North America compared to southern Europe and its 
incidence is 16.5 cases/100,000 in southern Europe, 29 cases 
and 38 cases in northern Europe and in North America, 
respectively. The prevalence and incidence rate of RA is 
twice as high in women as in men [1, 2].

The exact etiology of RA remains unknown [3, 4]. The 
most important point in the pathogenesis of RA is joint 
inflammation and cartilage destruction resulting from the 
infiltration of immune cells into the synovium and impaired 
adaptive immune responses [4]. The synovium is infiltrated 
by innate immune cells including monocytes, dendritic 
cells, and mast cells, and adaptive immune cells includ-
ing T-helper-1, T-helper-17, B cells, and plasma cells in 
the pathogenesis of the disease. Various cytokines and 
chemokines including tumor necrosis factor-alpha (TNF-
α), interleukin-6 (IL-6), and granulocyte-monocyte colony-
stimulating factor regulate the inflammation in the syn-
ovium. These cytokines and chemokines activate endothelial 
cells, attracting immune cells to the synovial region and 
causing exacerbation of inflammation. The activated fibro-
blasts and inflammatory cells accumulating in the area of 
inflammation lead to osteoclast formation, resulting in joint 
destruction [2]. Also rheumatoid factor (RF) and anticitrul-
linated protein antibodies (ACPA), which are autoantibodies 
whose levels increase in the disease, are another feature of 
RA. Furthermore genetic and environmental factors includ-
ing smoking, bacteria, and viruses may be other factors in 
the development of the disease [3, 4].

The increase in oxidative stress and decrease in antioxi-
dant capacity are particularly striking in patients with RA. 
Previous studies have shown significant increases in mito-
chondrial ROS production in RA patients [4, 5]. Oxidative 
stress and chronic inflammation observed in RA patients is 
associated with an increased dysregulation in lipid metabo-
lism [4]. Inflammatory cytokines, which play a role in the 
pathogenesis of the disease, contribute not only to oxidative 
stress but also to the development of dyslipidemia in RA 
patients [4, 6]. And it has been suggested that changes in 
lipid metabolism may play a role in the pathogenesis of RA 
and contribute to the severity of the disease [4].

Conventional disease-modifying anti-rheumatic drugs 
(cDMARD), biological DMARD drugs (bDMARD), and 
targeted synthetic DMARD are used in the treatment of 
RA. The cDMARD group includes methotrexate, lefluno-
mide, hydroxychloroquine, gold salts, and sulfasalazine. 
TNF inhibitors (adalimumab, etanercept, infliximab, 
golimumab, and certolizumab) and non-TNF inhibitors 
(tocilizumab, abatacept, rituximab) are included in the 
bDMARD group. In addition, JAK inhibitors (tofacitinib) 
are in the targeted group of synthetic DMARDs [1, 2].

It has been shown that cDMARD and bDMARD ther-
apies used in patients with RA cause changes in gene 

expressions and protein levels of cytokines which play a role 
in the inflammatory process [4–6]. Additionally, some stud-
ies suggested that fatty acid levels are also affected by these 
drugs. However, there is limited study exploring the treat-
ment effects on fatty acids with conflicting results in RA. 
The present study aimed to compare the effects of cDMARD 
and bDMARD therapy on both gene expressions and protein 
levels of TNF-α, IL-6, IL-10, and fatty acid levels in patients 
with RA.

Materials and methods

Study groups

Forty patients who admitted to Hatay Mustafa Kemal Uni-
versity Hospital Rheumatology Clinics and were followed up 
as a result RA diagnosis comprised the study group while 20 
patients with matching age and sex attributes to those of the 
treatment groups were included in the study as the control 
group. The patients were diagnosed with RA according to 
the 2010 ACR-EULAR classification criteria [7]. Rheuma-
toid arthritis patients were divided into two groups as 20 
patients receiving cDMARD therapy, and 20 patients receiv-
ing bDMARD therapy.

Patients with dyslipidemia, hormone deficiency, and 
autoimmune disease other than RA were excluded from the 
study. The control group consisted of non-pregnant healthy 
individuals over the age of 18 and with no active/chronic 
infections, rheumatological diseases, hypertension, diabe-
tes, or/and any other chronic diseases known as heart dis-
ease. The approval (2020/115) was obtained from the Ethics 
Committee of Hatay Mustafa Kemal University Faculty of 
Medicine. Each patient signed a consent form and the pre-
sent study was performed in accordance with the Helsinki 
Declaration.

Obtaining plasma and leukocytes from whole blood

Five-milliliter blood samples from the patient and control 
groups were taken into tubes containing EDTA. The samples 
brought to the laboratory under the cold chain were centri-
fuged at + 4 °C for 10 min at 3000 × g. After centrifuga-
tion, 1.5-mL plasma from the upper phase was transferred to 
sterile Eppendorf tubes and kept at − 86 °C until the time of 
ELISA analysis. The leukocyte layer formed after centrifu-
gation was collected to new nuclease-free tubes for RNA 
isolation and treated with Red Blood Lysis Buffer [8]. Then, 
1 mL of TRIzol Reagent (Thermofisher Scientific, USA) 
was added to the cell pellets and the samples were homog-
enized. Following homogenization, the samples were stored 
at − 86 °C until molecular analysis.
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Total RNA isolation

The samples in Trizol at − 86 °C were thawed at room tem-
perature for 20 min and total RNA was isolated according 
to the modified Trizol method [9]. The samples were passed 
through chloroform-isopropyl alcohol and ethyl alcohol 
steps and the obtained total RNAs were diluted with 30–50 
µL of nuclease-free water (NFW) according to the pellet 
size. Following the dilution process, the concentration and 
purity (A260/280 ratio) of the samples were checked by 
nucleic acid meter (SMA-1000 Spectrophotometer, Merin-
ton, China). The RNA integrities of samples were checked 
by electrophoresis with 1% agarose gel (100 V and 30 min).

cDNA synthesis and RT‑qPCR application

To eliminate possible genomic DNAs, DNA digestion was per-
formed via genomic DNA digestion kit (DNase I, RNase free, 
Thermo Scientific, USA, Cat no: EN0525). Then, the cDNA 
synthesis was performed according to the protocol of the High-
Capacity cDNA Reverse Transcription kit (Applied Biosys-
tems, USA). Thermal cycler (BioRad T100, USA) protocol 
for cDNA synthesis was as follows: 10 min at 25 °C, 120 min 
at 37 °C, and 5 min at 85 °C, respectively. The final volume of 
the samples was completed with 200 µL nuclease-free water 
and stored at − 20 °C until the time of RT-qPCR application.

Expression levels of TNF-α, IL-6, and IL-10 genes were 
determined using the kit containing SYBR Green Dye (Power 
SYBR® Green PCR Master, ThermoFisher Scientific, USA, 
Cat no: 4367659). Each sample was run in duplicate and 
GAPDH was used as the reference gene. The reaction proto-
col was as follows in real-time PCR (Rotor Gene Q, Qiagen, 
USA): 10 min at 95 °C, followed by 15 s at 95 °C, 60 s at 
60 °C, and 40 cycles. Primer sequences of genes used for the 
amplification was checked by Primer-Blast (NCBI). In addi-
tion, melting curve analysis was performed at the end of the 
RT-qPCR reaction for studied genes (Table 1).

ELISA measurements

The analyses for plasma TNF-α, IL-6, and IL-10 values 
were carried out by the enzyme-linked immunosorbent 

assay (ELISA) using commercially available kits (Ther-
moscientific MultiscanGo; Bioassay Technology, catalog 
no: E0102Hu, E0090Hu and E0102Hu, respectively). The 
assay ranges for the TNF-α kit were 3–900 ng/L, sensitivity 
1.52 ng/L, and the intra- and interassay coefficients of vari-
ance (CV%) were < 8% and < 10%, respectively. The assay 
ranges for the IL-6 kit were 2–600 ng/L, while sensitivity 
was 1.03 ng/L, and the intra- and interassay CV% values 
were determined to be < 8% and < 10%, respectively. The 
assay ranges for the IL-10 kit were 5–1500 pg/mL, sensi-
tivity was 2.59 pg/mL, and the intra- and interassay CV% 
values were < 8% and < 10%, respectively. All the findings 
are given in pg/ mL.

Lipid profile and estradiol measurements

After 12 h of fasting, blood samples were taken from the 
patients into gel-coated biochemistry tubes. The samples 
were kept for coagulation for 30 min and then centrifuged 
at 4000 rpm for 10 min. Total cholesterol, triglyceride, HDL, 
and LDL levels in obtained serum samples were studied by 
spectrophotometric method in Advia 1800 autoanalyzer 
(Siemens, Germany). Serum estradiol levels were measured 
by Advia Centaur XP Immunoassay autoanalyzer (Siemens, 
Germany).

Fatty acid analysis

To determine the composition of the fatty acids in the 
serum phospholipids of the blood samples, firstly, serum 
was separated and shaken at 180 rpm for 90 min and treat-
ing with 10 mL ether. Then, the sample was centrifuged 
at 1000 rpm and the supernatant was taken into a separate 
tube. Blood phospholipids were extracted by evaporating 
ether in a dry block heater at 70 °C. The extracted phos-
pholipids were taken into Teflon-capped tubes, 4 mL of 2% 
methanolic NaOH was added and kept in a dry block heater 
at 95 °C for 5 min. Fatty acid methyl esters were formed 
by adding 5 mL of 14% boron trifluoride in methanol and 
keeping it in a dry block heater at 95 °C for 6 min. Then, 
2 mL n-Heptane (Merck, USA) was added to the samples. 
After 2 min at 95 °C, the tubes were inverted and saturated 

Table 1   Forward and reverse 
sequences of the amplified 
genes in the study

Genes Forward and reverse sequences Bp Reference

GAPDH F: 5′-TGC​ACC​ACC​AAC​TGC​TTA​GC-3′
R: 5′-GGC​ATG​GAC​TGT​GGT​CAT​GAG-3′

87 Hruz et. al [10]

TNFα F: 5′-AGA​ACT​CAC​TGG​GGC​CTA​CA-3′
R: 5′-GCT​CCG​TGT​CTC​AAG​GAA​GT-3′

177 Designed by authors

IL-6 F: 5′-GGT​ACA​TCC​TCG​ACG​GCA​TCT-3′
R: 5′-GTG​CCT​CTT​TGC​TGC​TTT​CAC-3′

81 Keller et. al [11]

IL-10 F: 5′-GGA​GGT​GAT​GCC​CCA​AGC​TGA-3′
R: 5′-AAT​CGA​TGA​CAG​CGC​CGT​AGC-3′

111 Vors et. al [12]

2343Clinical Rheumatology (2022) 41:2341–2349



1 3

using NaCl. In the final step, the tubes containing the sam-
ples were centrifuged at 200 rpm for 2 min. The supernatant 
phase containing the methyl esters was transferred to 1.5-mL 
volume vials. Fatty acid values of the samples were deter-
mined using a gas chromatography device equipped with 
a flame ionization detector (Shimadzu GC-2025, Japan), 
an auto-injector (Shimadzu AOC-20i, Japan), and a Restek 
Rt-2560 column (100 m length, 0.25 mm ID × 0.20 µm film 
thickness). Injector and detector temperatures were set to 
250 °C. Hydrogen was used as the carrier gas and the gas 
flow was 1.20 mL/min, with a total injection volume of 1 
µL. At each sample exchange, the syringe was washed with 
n-Heptane three times before the run and six times after 
the run. A gradient program was used for temperature. The 
initial temperature of the column furnace was 100 °C and 
the furnace was held at this temperature for 2 min. The tem-
perature was then increased by 4 °C/min up to 250 °C and 
this temperature remained at 250 °C for 15 min. The total 
analysis time was 54 min and 30 s. To confirm the fatty 
acids, the obtained peaks were compared with the internal 
standard (FAME Mix, Restek, USA).

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation, and categorical data were given as numbers and 
percentages. The Kolmogorov–Smirnov test or Shapiro–Wilk 
tests were performed to test the distribution of the data. The 
one-way ANOVA test was utilized for the normally distrib-
uted data while the Kruskal–Wallis Test was applied to ana-
lyze non-normally distributed data. Analysis of categorical 
data was conducted using the chi-square test. We also used 
covariance analysis (ANCOVA) to assess the differences 
between the groups after adjusting age for the potential con-
founder effect. Correlations were assessed using Pearson 
correlation or Spearman Rho test. The analyses were carried 
out using the SPSS software version 23.0 (IBM Corporation, 
Armonk, NY, USA). P value < 0.05 was considered as sta-
tistically significant. Also, as previously reported [13], gene 
expression data were evaluated using the 2−ΔΔCt method and 
all results were presented as fold-change [13].

Results

Demographic, clinical, and laboratory data of the study 
groups are shown in Table 2. The mean age of the bDMARD 
group was significantly higher than those of the control and 
cDMARD groups. In the cDMARD group, patients were 
treated with leflunomide (n = 4), sulfasalazine (n = 2), and 
methotrexate (n = 14). In the bDMARD group, 8 patients 
were treated with adalimumab, 8 patients with etanercept, 2 
patients with infliximab, and 2 patients with certolizumab. 

The standard daily steroid dose used by the patients was 
below 15 mg prednisone. Comorbidities including hyper-
tension in 4 patients and asthma in one patient in the 
cDMARD group and also hypertension and diabetes mel-
litus in 3 patients, hypertension in 2 patients, and asthma in 
one patient in the bDMARD group were observed. No sig-
nificant difference was observed in lipid profile levels (total 
cholesterol, HDL, LDL, and triglyceride) and in estradiol 
levels between the study and control groups.

P u r i t y  ( 1 . 7 6  ±  0 . 0 1 )  a n d  c o n c e n t r a t i o n 
(260.08 ± 25.44 ng/µL) values of isolated RNA were suit-
able for gene expression studies. Fold-change results of 
the target genes are given in Fig. 1 and protein results of 
patient and control groups are shown in Fig. 2. There was 
no significant difference in IL-10 protein levels between all 
three groups, whereas IL-10 gene expression levels were 
significantly higher in the cDMARD group compared to 
bDMARD and healthy controls. There was no significant 
difference in gene expression and protein levels of TNF-α 
and IL-6 between study groups and healthy controls.

Fatty acid analysis of study groups are given in Table 3. 
C10:0 (capric acid), C14:1 (myristoleic acid), and C20:2n6 
(eicosadienoic acid) fatty acid levels were significantly 
decreased in the cDMARD and bDMARD groups com-
pared to the control group. In addition, C14:1 (myristoleic 
acid) levels in the bDMARD group were found signifi-
cantly lower than those of the cDMARD group.

The correlation analyses of the protein levels of TNF-
α, IL-6, and IL-10 and fatty acids are shown in Table 4. 
A positive significant correlation was observed between 
TNF-α and IL-6 (r = 0.328, p < 0.05), TNF-α and IL-10 
(r = 0.597, p < 0.001), and IL-6 and IL-10 (r = 0.336, 
p < 0.001); however, no significant correlation was 
observed between inflammatory markers and fatty acids.

Discussion

For the first time in the literature, the protein levels and 
gene expression levels of inflammatory markers and fatty 
acid analysis were investigated in patients who received 
bDMARD and cDMARD treatment. IL-10 gene expres-
sion levels significantly increased in RA patients receiv-
ing cDMARD treatment compared to those in the con-
trol group. Also, eicosadienoic acid, myristoleic acid and 
capric acid levels were significantly lower in the patient 
groups compared to those of the control group.

Various studies have shown that cDMARD and 
bDMARD treatments decrease serum levels and gene levels 
of proinflammatory cytokines IL-6 and TNF-α, which play 
a very important role in the pathogenesis of the RA disease 
[14–18]. The administration of bDMARD group drugs was 
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initiated in the treatment of RA after cDMARD group drugs. 
The exact action mechanism of cDMARD group drugs 
remains unknown. On the other hand, bDMARD group 
drugs act on soluble extracellular and cell membrane-associ-
ated proteins [3]. In the present, inflammatory markers were 
examined in patients who received cDMARD and bDMARD 

treatment in RA patients, and it was found that there were 
no statistically significant differences between the groups 
and the control group. Similarly, examining the effects of 
inflammatory markers at the gene level in patients receiv-
ing cDMARD and bDMARD treatment, it was observed 
that there were no significant differences between both the 

Table 2   Demographic, clinical, 
and laboratory data of patient 
and control groups

a Comparison between control and bDMARD group
b Comparison between cDMARD and bDMARD group
cDMARD conventional synthetic disease-modifying anti-rheumatic drugs, bDMARD biological disease-
modifying anti-rheumatic drugs, F female, M male, BMI body mass index, RA rheumatoid arthritis, RF 
rheumatoid factor, CCP anticyclic citrullinated peptide, VAS-pain Visual Analog Scale for pain, DAS28 
Disease Activity Score for 28 Joints, ESR erythrocyte sedimentation rate, CRP C-reactive protein, HDL 
high-density lipoprotein, LDL low-density lipoprotein

Parameters cDMARD (n = 20) bDMARD (n = 20) Control (n = 20) p value

Age (year) 45 ± 8.72 53.8 ± 12.5 a,b 45 ± 8.1 0.021
Gender (F/M) (20/0) 17/3 17/3  > 0.05
BMI 26.6 ± 3.89 27.6 ± 3.84 26.5 ± 3.78  > 0.05
RA duration (years) 8.5 ± 7.58 8.87 ± 8,88 -  > 0.05
Smoking (%) 40 40 40  > 0.05
Swollen joint count, n 1.61 ± 1.60 1.58 ± 2.43 -  > 0.05
Tender joint count, n 5.33 ± 3.51 6.14 ± 4.88 -  > 0.05
Positive serum test for RF (%) 55 45 -
Positive serum test for CCP (%) 50 25 -
VAS-pain 40.5 ± 18.4 36.2 ± 23.6 -  > 0.05
DAS28-CRP 3.54 ± 0.98 3.32 ± 1.44 -  > 0.05
ESR (mm/h) 17.6 ± 12.8 18.9 ± 11.1 -  > 0.05
CRP (mg/dL) 6.89 ± 6.78 9.54 ± 9.68 -  > 0.05
Total Cholesterol (mg/dL) 189 ± 43.1 181.9 ± 42.8 160.5 ± 31.5  > 0.05
Triglyceride (mg/dL) 127 ± 76.6 144 ± 54.4 105.8 ± 44.1  > 0.05
HDL (mg/dL) 53.2 ± 9.22 45.2 ± 14.8 49.5 ± 10.6  > 0.05
LDL (mg/dL) 111.3 ± 37.1 107.7 ± 34.2 89.9 ± 27.2  > 0.05
Estradiol (pg/mL) 140.49 ± 87.32 127.82 ± 92.7 141.39 ± 74.91  > 0.05

Fig. 1   Gene expression levels 
of patient and control groups. 
TNF-α tumor necrosis factor-
alpha, IL-6 interleukin-6, IL-10 
interleukin-10, Cont control, 
cDMARD conventional syn-
thetic disease-modifying anti-
rheumatic drugs, bDMARD 
biological disease-modifying 
anti-rheumatic drugs. *Com-
parison between control and 
cDMARD group (p = 0.04)
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patient groups and the control group. Both cDMARD and 
bDMARD drugs caused suppression at the gene level. The 
long-term effects of adalimumab plus methotrexate in com-
parison with MTX in patients with early RA were examined 
in different clinical studies. Smolen et al. reported a higher 
proportion of patients treated with adalimumab plus metho-
trexate achieved the low disease activity target compared 
with methotrexate alone. On the other hand, in patients who 
responded to adalimumab plus methotrexate, outcomes were 
almost the same regardless of whether adalimumab was con-
tinued or discontinued [19]. In another study Detert et al. 
showed that there was no clinically significant difference 
between the groups at week 48 [20]. According to the results 
of the studies mentioned, it can be said that cDMARD and 
bDMARD treatments are similarly effective in RA patients 
[19, 20]. In light of all these results, it can be argued that the 
anti-inflammatory effects of both cDMARD and bDMARD, 
albeit with different mechanisms, have similar anti-inflam-
matory activities.

IL-10 is a cytokine with strong anti-inflammatory and 
immunosuppressive effects [21]. Qu et al. have reported that 
serum IL-10 levels decreased significantly in RA patients 
compared to those in healthy individuals [22]. Osiri et al. 
reported that there were no significant differences between 
the serum IL-10 levels in patients receiving bDMARD-
cDMARD-combined treatment and the patients receiving 
cDMARD treatment [23]. In another study, no significant 
differences were found between the RA patients and the 
control group in terms of serum IL-10 levels; however, 
it has been stated that IL-10 expression was significantly 
higher in RA patients [24]. In the present study, serum 
IL-10 levels and gene expression levels were investigated 
in RA patients receiving cDMARD and bDMARD treat-
ment and in healthy individuals. Also, it was found that, 
although the gene expression levels of IL-10 had a tendency 

to increase in the bDMARD group compared to that in the 
control group, there were no significant changes (p > 0.05). 
Moreover, gene expression levels of IL-10 were upregulated 
approximately four-fold in the cDMARD group compared 
to that in the control group (p < 0.05). However, the level of 
the protein encoded by this gene was found to be similar in 
all groups. Although the treatment applied in the cDMARD 
group increased the activity of IL-10 at the level of mRNA 
in leukocytes, it was thought that post-transcriptional fac-
tors such as some microRNAs might be effective in find-
ing similar plasma protein levels [25, 26]. Because, some 
studies have reported that some miRNAs, such as miR-98 
and miR-155, play a role in suppressing IL-10 protein levels 
[27, 28]. It has been known that the regulation of molecular 
mechanisms in the organism is affected by numerous factors 
including miRNAs. It was thought that further studies are 
needed on the effects of the drugs and applications preferred 
in the treatment of RA on the mRNA and protein levels of 
the target cytokines.

Inflammation is one of the mechanisms that play a major 
role in the pathogenesis of RA. Studies have shown that, 
in addition to cytokines, fatty acids may also play a role in 
inflammation [29–31]. Studies on the changes in fatty acid 
levels with drug treatment in RA patients have shown vary-
ing results. In one study, it was observed that arachidonic 
acid levels decreased significantly in RA patients who were 
treated with cDMARD (TNF-α inhibitor) in the 3-month 
period following the treatment compared to those in healthy 
individuals [32]. In the present study, fatty acid levels were 
investigated in patients receiving cDMARD and bDMARD 
treatment. Capric acid and eicosadienoic acid levels signifi-
cantly decreased in cDMARD and bDMARD groups com-
pared to those in the control group. However, myristoleic 
acid levels significantly decreased in the bDMARD group 
compared to those in the control group and the cDMARD 

Fig. 2   Protein results of patient 
and control groups. TNF-α 
tumor necrosis factor-alpha, 
IL-6 interleukin-6, IL-10 
interleukin-10, Cont control, 
cDMARD conventional syn-
thetic disease-modifying anti-
rheumatic drugs, bDMARD 
biological disease-modifying 
anti-rheumatic drugs
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group, and also in the cDMARD group compared to those 
in the control group. However, it was observed that drug 
treatments did not affect short-, medium-, and long-chain 
fatty acids in RA patients. Accordingly, the present study 
found that both cDMARD and bDMARD applications had 
no effect on fatty acid levels in the treatment of RA.

Myristoleic acid is an omega-5 monounsaturated fatty 
acid. It is found in human adipose tissue and also in vari-
ous foods. In animal experiments and cell culture studies, 

myristoleic acid has been reported to have various effects 
including osteoclast inhibition [33] anti-obesity, and anti-
cancer effects on prostate cancer [34]. On the other hand, 
in the study conducted by Romanowicz et al., myristoleic 
acid levels in the umbilical cord structure were significantly 
higher in preeclampsia patients compared to those in the 
control group [35]. There are a limited number of studies 
on myristoleic acid in the literature. Varying results were 
obtained in these studies. To the best of our knowledge, the 
present study is the first that evaluated myristoleic acid lev-
els in RA patients.

G protein-coupled receptors (GPCR) consist of seven 
transmembrane receptors that activate the G protein. Some 
orphan receptors which are activated by free fatty acids and 
their derivatives were identified in different studies. Free 
fatty acid receptors (FFAR), FFAR1 (GPR40), and FFAR4 
(GPR120) are activated by medium- and long-chain fatty 
acids. Of these pathways, GPR40/FFAR1 inhibits osteoclas-
togenesis and stimulates bone formation, while GPR120/
FFAR4 causes osteoblastic bone formation by inhibiting 
osteoclastic development and bone resorption [36]. Studies 
have suggested that GPCR-signaling pathways play a role in 
the inflammatory and immune response of RA [37] These 
decreases in eicosadienoic acid, myristoleic acid, and capric 
acid levels in patients with RA may play a role in the patho-
genesis of the disease by leading to a decrease in the effects 
of the GPR40/FFAR1 and GPR120/FFAR4 pathways.

In the present study, fatty acid profiles of RA patients 
who were treated with different treatment regimens were 
investigated. Different results have been reported in previous 
studies comparing the changes in fatty acid profiles in RA 
patients to those in healthy individuals. These differences 
may be due to different experimental approaches, because 
some studies evaluated plasma fatty acid levels [32] while 
others evaluated phosphatidylcholine or total phospholipid 
[4]. The present research assessed the composition of fatty 

Table 3   Fatty acid results of patient and control levels

* p < 0.05; **p < 0.01; NS not significant
a Comparison between control and bDMARD group
b Comparison between control and cDMARD group
c Comparison between cDMARD and bDMARD group
SFA saturated fatty acids, PUFA polyunsaturated fatty acids, MUFA 
monounsaturated fatty acids, UFA unsaturated fatty acid

Fatty Acids Control bDMARD cDMARD p p

C10:0 (%) 1.04 ± 0.12 a,b 0.57 ± 0.12 0.62 ± 0.06 0.005 **
C12:0 (%) 0.43 ± 0.02 0.42 ± 0.06 0.53 ± 0.08 0.521 NS
C14:0 (%) 2.24 ± 0.19 2.66 ± 0.22 2.55 ± 0.17 0.364 NS
C14:1 (%) 0.32 ± 0.02 a,b 0.22 ± 0.02 0.25 ± 0.02 c 0.028 *
C15:0 (%) 0.48 ± 0.03 0.50 ± 0.03 0.89 ± 0.35 0.450 NS
C15:1 (%) 1.22 ± 0.09 1.08 ± 0.08 1.17 ± 0.08 0.573 NS
C16:0 (%) 33.38 ± 0.54 32.27 ± 0.76 31.73 ± 0.58 0.190 NS
C16:1 (%) 2.56 ± 0.20 2.22 ± 0.26 2.38 ± 0.18 0.642 NS
C17:0 (%) 0.40 ± 0.02 0.63 ± 0.23 0.51 ± 0.10 0.567 NS
C17:1 (%) 0.87 ± 0.11 0.84 ± 0.10 0.87 ± 0.15 0.988 NS
C18:0 (%) 8.22 ± 0.34 7.70 ± 0.43 7.39 ± 0.27 0.236 NS
C18:1 n9 

trans (%)
0.39 ± 0.07 0.43 ± 0.10 0.33 ± 0.03 0.557 NS

C18:1 n9 cis 
(%)

18.71 ± 0.74 19.89 ± 0.89 19,27 ± 0.72 0.629 NS

C18:2 n6 
trans (%)

0.99 ± 0.04 1.09 ± 0.08 0.95 ± 0.04 0.204 NS

C18:2 n6 cis 
(%)

20.57 ± 0.79 21.28 ± 0.87 22.32 ± 0.78 0.318 NS

C20:0 (%) 0.48 ± 0.03 0.52 ± 0.05 0.61 ± 0.12 0.620 NS
C18:3 n6 (%) 0.32 ± 0.02 0.60 ± 0.33 0.67 ± 0.43 0.793 NS
C21:0 (%) 0.26 ± 0.04 0.40 ± 0.24 0.55 ± 0.31 0.738 NS
C20:2 n6(%) 0.28 ± 0.03 a,b 0.19 ± 0.03 0.18 ± 0.01 0.031 *
C20:3 n6 (%) 0.72 ± 0.06 0.71 ± 0.04 0.69 ± 0.05 0.945 NS
C20:4 n6 (%) 4.62 ± 0.19 4.10 ± 0.23 4.05 ± 0.20 0.160 NS
C20:5 n3 (%) 0.16 ± 0.01 0.23 ± 0.07 0.15 ± 0.10 0.325 NS
C24:1 (%) 0.53 ± 0.04 0.60 ± 0.06 0.49 ± 0.03 0.258 NS
C22:6 n3 (%) 0.47 ± 0.03 0.51 ± 0.05 0.54 ± 0.05 0.860 NS
∑SFA 46.98 ± 0.59 45.68 ± 0.60 44.94 ± 0.54 0.254 NS
∑MUFA 24.62 ± 0.64 25.31 ± 0.64 24.94 ± 0.82 0.143 NS
∑PUFA 28.18 ± 0.64 28.74 ± 0.65 29.93 ± 0.92 0.308 NS
∑UFA 52.80 ± 0.45 54.05 ± 0.50 54.88 ± 0.65 0.212 NS
∑n-6 27.53 ± 0.62 28.00 ± 0.65 29.21 ± 0.88 0.282 NS
∑n-3 0.64 ± 0.05 0.75 ± 0.12 0.73 ± 0.05 0.927 NS

Table 4   The correlation analyses of the protein levels of TNF-α, 
IL-6, and IL-10 and fatty acids

Parameters TNF-α IL-6 IL-10

TNF-α r = 0.328
p < 0.05

r = 0.597
p < 0.001

IL-6 r = 0.328
p < 0.05

r = 0.336
p < 0.001

IL-10 r = 0.597
p < 0.001

r = 0.336
p < 0.001

Capric acid r = 0.101
p > 0.05

r = 0.093
p < 0.05

r = 0.123
p > 0.05

Myristoleic acid r = 0.145
p > 0.05

r = 0.139
p > 0.05

r = 0.167
p > 0.05

Eicosadienoic acid r = 0.176
p > 0.05

r = 0.158
p > 0.05

r = 0.188
p > 0.05
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acids in serum phospholipids and the results were inter-
preted accordingly.

The current study has some limitations. Lipid metabolism 
is affected by various factors such as lifestyle, physical activ-
ity, and diet. However, information on the factors mentioned 
was not collected in the current study.

It was found that IL-10 gene expression levels sig-
nificantly increased in RA patients receiving cDMARD 
treatment compared to those of healthy individuals. Also, 
eicosadienoic acid, myristoleic acid, and capric acid fatty 
acid levels significantly decreased in RA patients receiving 
cDMARD treatment compared to those of the control group. 
It is thought that future studies can investigate the effects of 
drugs used in the treatment of RA on the mRNA and protein 
levels of target cytokines.
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