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ABSTRACT KEYWORDS

This study was designed to investigate the correlation of neutrophil/ IL-37/1L-17 ratio;
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), and interleukin inflammation; interleukin-17;
(IL)-37/IL-17 ratio with the incidence/treatment of rheumatoid arthritis ~ interleukin-37; rheumatoid

(RA). Firstly, fifty-eight patients with RA treated at the first affiliated ~ 2"thvitis
hospital of Xinjiang Medical University from January 2018 to
January 2019 were selected as the RA group; forty-nine healthy volunteers
were enrolled in the control group. RA patients were treated with disease-
modifying anti-rheumatic drugs (DMARDs). Next, the NLR, PLR, IL-37, IL-17
and 28-joint disease activity score using erythrocyte sedimentation rate
(DAS28-ESR) were deleted in two groups. Subsequently, Spearman corre-
lation analysis was adopted for the correlations of various indicators
before and after treatment in two groups. According to the analysis
results, the levels of NLR, PLR, IL-37, and IL-17 before treatment in the
RA group were higher than those in the control group (P <.05), but the
difference in the IL-37/IL-17 level between the two groups was not
significant (P >.05). After treatment, NLR, PLR, and IL-37/IL-17 levels
were significantly reduced in RA patients (P <.05). NLR and PLR were
significantly positively correlated with DAS28-ESR, ESR and C-reactive
protein (CRP), of which represented the disease activity of RA. NLP was
strongly correlated with IL-37/IL-17. Collectively, NLR, PLR, IL.-37, and IL-17
are closely related to the occurrence of RA. In addition, NLR and IL-37/IL-
17 are more suitable than PLR in reflecting the therapeutic effect.
Therefore, IL-37/IL-17 can be considered as a new indicator for reflecting
the treatment effectiveness of RA.

Introduction

Rheumatoid arthritis (RA) is a long-term autoimmune disease associated with
progressive disability, systemic complications, early death, and socioeconomic costs
(Glant et al., 2014; Scott et al., 2010). Clinically, RA is characterized by polyarticular,
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symmetrical and invasive arthritis of the small joints of hands and feet, often accompanied by
involvement of extra-articular organs and positive serum rheumatoid factor (RF). Chronic
inflammation in the joints is usually a continuous, recurrent process, which is manifested as
vascular inflammation, subcutaneous nodules, neurological tissue lesions, and stiffness and
swelling of the limbs. The total number of RA patients in China has reached more than
four million with peak age around 30-50 years, and the natural life span of RA patients has
been shortened by 5 to 10 years (Firestein & McInnes, 2017; Malmstrom et al., 2017). At
present, the etiology and pathogenesis of RA are relatively complex and remain to be
explained completely.

It was well known that RA is characterized with increased burden of inflammation (Cakir
et al., 2016). Currently, the T-lymphocyte-mediated inflammation is an important inflam-
matory factor that induces RA. The role of neutrophils, platelets, neutrophil/lymphocyte
ratio (NLR), and platelet/lymphocyte ratio (PLR) associated with inflammatory response in
RA have received widespread attentions in recent years (Boilard et al., 2010; Qi et al., 2016;
Steiner & Smolen, 2002). PLR has been introduced as a novel hemogram-derived inflam-
matory index in various conditions, such as thyroiditis (Erge et al., 2023) and other thyroid
conditions (Afsin & Aktas, 2021), gastrointestinal diseases (Buse Balci & Aktas, 2022),
cancers (Atak et al., 2021), diabetes mellitus (Atak et al., 2019), and irritable bowel disease
(Aktas et al., 2020). Moreover, increased NLR has been noted in inflammatory disorders,
such as inflammatory bowel disease (Posul et al., 2015), gastrointestinal diseases (Buse Balci
& Aktas, 2022), cardiac conditions (Sahin et al., 2013), and thyroiditis (Aktas et al., 2017). In
addition, interleukin (IL)-37 and IL-7 were reported to be related to inflammation inhibi-
tion (Dinarello et al., 2016; Shabgah et al., 2014).

Early diagnosis and treatment based on indicators such as joint function scores and
inflammatory reactants, are the main strategies to prevent the development of joint dys-
function (Lin et al., 2020). However, due to the lack of more specific indicators for
monitoring the development and treatment efficacy of RA, the process of RA is rather
difficult to control, and the teratogenic rate remains very high, which seriously affects the
life quality of patients. Therefore, it is urgent to explore the diagnostic and therapeutic
indicators of RA.

Recent studies have revealed that NLR and PLR levels are closely related to inflam-
matory responses, including diseases such as RA (Jung et al., 2019), malignant tumors
(Rajwa et al., 2018), myocardial infarction (Sun et al., 2018), and Henoch-Schonlein
purpura (Makay et al., 2014). However, the role of NLR and PLR levels in the progres-
sion and treatment efficacy of RA has been rarely investigated. In addition, IL-37, as
a novel anti-inflammatory cytokine, was up-regulated in a variety of autoimmune
diseases, chronic infections and tumors according to previous studies (Boraschi et al.,
2011; Nold et al., 2010). As for IL-17 factor, it can mediate inflammatory cells to
infiltrate joints (Kolls & Lindén, 2004). Thus, the IL-37, IL-17 or IL-37/IL-17 levels
might be associated with the progression or treatment effects of RA, and this has been
rarely investigated so far. Therefore, this study intended to investigate the correlation of
the related indicators (NLR, PLR, IL-37, IL-17 and IL-37/IL-17 etc.) with the develop-
ment and treatment of RA. We analyzed the difference of these indicators between
healthy individuals and RA patients (before and after treatment). We found that NLR
and IL-37/IL-17 could reflect the therapeutic effect of RA by correlation analysis. Our
study may contribute to the prediction and treatment of RA patients.
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Materials and methods
Patients

The case data were derived from patients treated at the first affiliated hospital of Xinjiang
Medical University from January 2018 to January 2019. A total of 58 patients with active RA
were randomly selected as RA group, and 49 healthy volunteers who received health
examinations at the same hospital were selected as control group. The inclusion criteria
of RA patients were shown as follow: 1) all patients met the diagnostic criteria for RA (RA
diagnostic criteria of American Rheumatology Association 2010); 2) patients suffered from
highly active period of RA, and the 28-joint disease activity score using erythrocyte
sedimentation rate (DAS28-ESR) was higher than 5.5. Exclusion criteria were listed as
follows: patients had 1) upper respiratory tract infection, urinary system infection, tuber-
culosis and other infections that may affect the research results; 2) previous knee infection,
joint tuberculosis, or history of surgery; 3) poor treatment effects. The blood sample of RA
patients was collected before and after treatment; healthy volunteers were collected the
blood sample once at the start of enrollment. This study was approved by Ethics Committee
of First Affiliated Hospital of Xinjiang Medical University (Ethical approval number:
20171223-K01). All individual participants included in the study were informed consent.

Intervention

All RA patients received disease-modifying anti-rheumatic drugs (DMARDs). Patients were
treated by methotrexate combined with another DMARD (such as leflunomide, triptery-
gium wilfordii or iguratimod).

Measurement indicators

DAS28-ESR

DAS28-ESR is an effective reference for evaluating the activity of RA (Sharif et al., 2018).
The detailed evaluation included following four parts: 1) the number of tender joints; 2)
number of swollen joints; 3) erythrocyte sedimentation rate (ESR, mm/hour)
(Westergren Methods); 4) overall health status evaluation (0-100 points). DAS28-ESR
score = 0.56 *sqrt (1) +0.28 *sqrt (2) +0.70 *1n (3) +0.014 * (4). According to the
DAS28-ESR criteria, DAS28 < 2.6 indicated remission, 3.2 < DAS28 < 5.1 represented
active status, and DAS28 > 5.1 indicated high active status of disease.

NLR and PLR measurement

Peripheral venous blood (2 ml) was collected from patients in the morning. The neutro-
phils, platelets and lymphocyte were detected by using coulter counter instruments
(Beckman Coulter, Brea, California, USA). Next, the NLR and PLR values were calculated.

Measurement of IL-37, IL-17, and IL-37/IL-17 ratio, anti-CCP and CRP

Enzyme-linked immunosorbent assay (ELISA) kit (Sigma, USA) were used to detect the
level of IL-37, IL-17 and anti-cyclic citrullinated peptide (anti-CCP) in peripheral venous
blood. Briefly, the IL-37, IL-17 and anti-CCP levels were measured using a Tecan Freedom
Evolyzer-2200 automatic enzyme immunoassay analyze (Switzerland). Then, the IL-37/IL-
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17 ratio was calculated. After that, the standard curve was drawn through the absorbance
value of the standard samples. The values of actual experimental samples were then
calculated based on the standard curve. Additionally, C-reactive protein (CRP) were
detected by turbidimetric scattering method.

Statistical analysis

SPSS and R software were responsible for data processing. Count data were expressed as %
and analyzed through Chi-square test. Kolmogorov-Smirnov normality test was performed
to check the normality of data. The measurement data with a normal distribution were
expressed as mean + standard deviation (SD), and the difference between the two groups
were compared with t-test, analysis of variance and LSD-t test. Data with a skewed
distribution were expressed as median (quartile), and Mann-Whitney U test were used to
analyze the differences between the two groups. Spearman correlation analysis was
employed to measure the correlation between two variables. P < .05 indicated a significant
difference.

Results

Comparison of baseline baseline data and related indicators between the RA group
and control group

Firstly, we compared the baseline data and related indicators between RA patients and
healthy individuals. As shown in Table 1, there were no significant differences in age and
gender between these two groups (P> .05). The average disease duration for RA patients
was 20.97 +0.75 months. Besides, the levels of most of related indicators (ESR, CRP,

Table 1. Comparison of baseline data and main indicators between the two groups.

RA group Control group

(n=58) (n =49) e P
Age, year 55.43+1.68 50.31+2.23 1.87 NS
Gender, n(%) 0.56 NS
Female 40 (68.97%) 37 (75.51%)
Male 18 (31.03%) 12 (24.49%)
Duration of disease, month 20.97 +0.75 / / /
DAS28-ESR 6.59+£0.39 / / /
ESR, mm/h 34.58 +£0.27 14.59 +0.78 25.82 <.01
CRP, mg/dL 39.88+3.50 237 +£0.03 9.85 <.01
IL-17, pg/L 7494+ 494 51.53+16.07 10.53 <.01
IL-37, pg/L 336.85 +44.29 169.70 £42.11 31.23 <.01
Lymphocyte, *10°/mL 1.1240.12 1.19+0.13 -2.80 <.01
Neutrophil count, *1 0°/mL 3.43+033 2.25+035 8.69 <.01
Platelet count, *10°/mL 176.06 £ 43.61 140.80 £ 34.61 4.60 <.01
NLR 2.88 £0.56 1.88 £0.31 19.54 <.01
PLR 143.32 £32.00 121.78 £35.11 333 <.01
IL-37/1L-17 4.49 +0.99 4.34+1.33 0.65 NS
RF, IU/mL?® 237.00 [80.75, 456.12] 7.14[8.92, 11.35] —19.45 <.01
Anti-CCP, RU/mL 229.55 + 149.32 3.07+£0.93 11.55 <.01

NS means no significant difference./indicates not applicable. ®Data exhibits a skewed distribution, and was expressed as
median (inter quartile range, IQR). Abbreviation: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28-ESR,
disease activity score with 28 joint using erythrocyte sedimentation rate; IL-17, Interleukin-17; IL-37, Interleukin-37; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RF, rheumatoid factor; anti-CCP, anti-cyclocitrulline
peptide.
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neutrophil count, platelet count, RF, anti-CCP, IL-37, IL-17, NLR, and PLR) in RA patient
were higher than those in healthy individuals (P <.01). Notably, there was no significant
difference in the IL-37/IL-17 ratio between the two groups. A total of 6 months were taken
from the treatment to the assessment of the blood.

Comparison of related indicators before and after treatment of RA

To find the indicators reflecting the treatment efficacy, the possible indicators related to RA
were compared in RA patients before and after treatment. As shown in Table 2, the DAS28-
ESR, ESR, CRP, RF, neutrophil count, platelet count, IL-17, IL-37, NLR, PLR and IL-37/IL-
17 levels were significantly decreased in the RA group after treatment (P <.01).

Further, NLR, PLR and IL-37/IL-17 were compared and shown in Figure 1. It could be
observed that the levels of NLR and PLR in RA patients were notably reduced upon six
months of treatment (P < .01), but those in the control group were not significantly different
(P> .05). Notably, IL-37/IL-17 was significantly decreased in RA patients after treatment

Table 2. Comparison of relevant indicators before and after RA treatment.

RA (n=58) Control group
Before After (n=49) t/F/H Value P
ESR, mm/h 3458 +2.27 18.83£3.5 1459 £1.78 139.90 <.01
CRP, mg/dL 39.88 +23.50 7.23+£3.7 2.37+0.30 127.65 <.01
DAS28-ESR 6.59 +0.39 3.58+0.65 / 30.25 <.01
IL-17, pg/L 7474 +494 58.61+5.85 51.53 +£16.07 10.53 <.01
IL-37, pg/L 336.85 +44.29 139.32+£44.29 169.70 £ 42.11 339.10 <.01
Lymphocyte count, *10%/mL 1.12+0.12 1.18+0.12 1.19+0.13 481 <.01
Neutrophil count, *1 0°/mL 3.43+033 231+0.63 2.25+0.35 112.93 <.01
Platelet count, *10°/mL 176.06 + 43.61 137.38 +36.88 140.80 + 34.61 15.04 <.01
NLR 2.88+0.56 1.80 £ 0.24 1.88 +0.31 95.96 <.01
PLR 143.32 £32.00 118.77 £27.57 121.78 £35.11 10.36 <.01
IL-37/IL-17 4.49 +0.99 2.55+0.55 434+133 83.25 <.01
RF, IU/mLA 237.00 [80.75, 456.12]  99.15 [36.02, 234.27]  7.14 [8.92, 11.35] 95.62 <.01

P-values are related to the comparison between the RA patients before and after treatments. AData was expressed as median
(inter quartile range, IQR). Pairwise comparison: ESR, CRP, IL-17, IL-37, IL-37/IL-17 among three groups, all P <.05;
Neutrophil count, Platelet count, NLR, and PLR, there was no statistical difference between after treatment and the control
group, both P> .05. Abbreviation: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28-ESR, disease activity
score with 28 joint using erythrocyte sedimentation rate; IL-17, Interleukin-17; IL-37, Interleukin-37; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RF, rheumatoid factor; anti-CCP, anti-cyclocitrulline peptide.
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Figure 1. Comparison of rheumatoid arthritis (RA) with NLR, PLR and IL-37/IL-17 in RA group before/after
treatment and control group. R software was adopted for analysis and mapping. Abbreviation: IL-17,
interleukin-17; IL-37, interleukin-37; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.
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Table 3. Pairwise correlation of indicators in RA group.

Group NLR PLR IL-37/IL-17 DAS28-ESR ESR
Group”"
NLR —0.785**
PLR —0.357** 0.227*
IL-37/1L-17 —0.766** 0.650%* 0.383**
DAS28-ESR —0.866** 0.699** 0.352*%* 0.687**
ESR —0.835** 0.711** 0.350%* 0.666** 0.987**
CRP —0.804** 0.610** 0.341** 0.633** 0.775** 0.775**

The correlation was performed using Spearman correlation analysis. **P <.01. Grouping: 0 = before treatment, 1 = after
treatment. Abbreviation: CRP, C-reactive protein; DAS28-ESR, disease activity score with 28 joint using erythrocyte
sedimentation rate; IL-17, Interleukin-17; IL-37, Interleukin-37; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio.

a b c
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x . x X |
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Figure 2. Correlation among NLR, PLR, IL-37/IL-17 and DAS28-ESR. The correlation analysis and mapping
were carried out using R software. P < .05 indicated a significant difference. Abbreviation: DAS28-ESR, 28-
joint disease activity score using erythrocyte sedimentation rate; IL-17, interleukin-17; IL-37, interleukin-
37; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

(P <.01). Moreover, compared with the control group, the IL-37/IL-17 was markedly lower
in RA patients receiving treatment (P <.01).

Pairwise correlation analyses among the related indicators in RA patients

Subsequently, we analyzed the correlation between the treatment efficacy and related
indicators in RA patients. The results showed that NLR (r=-0.785), PLR (r=-0.357)
and IL-37/IL-17 (r = —0.766) were all negatively correlated with the grouping (before and
after treatment) (Table 3). Moreover, NLR, PLR, and IL-37/IL-17 were positively correlated
with DAS28-ESR, ESR and CRP, of which represented the disease activity of RA (Table 3).
Among these three indicator, NLR was strongly correlated with DAS28-ESR, ESR and CRP
(r> 0.6, Figure 2). Hence, NLR and IL-37/IL-17 would be more suitable in reflecting the
therapeutic effect of RA than PLR. In addition, as displayed in Figure 3, PLR, NLP and IL-
37/IL-17 were positively correlated with each other, while there was no significant differ-
ence in the correlation between PLR and IL-37/IL-17.

Discussion

RA is considered to be one of the most representative autoimmune diseases. Current
studies have shown that antigen-driven, lymphocyte-mediated, genetic and
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Figure 3. Correlation among NLR, PLR and IL-37/IL-17. The correlation analysis and mapping were carried
out by using R software. Differences were considered statistically significant at P <.05. Abbreviation: IL-
17, interleukin-17; IL-37, interleukin-37; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

environmental factors are involved in the occurrence and development of RA (Gibofsky,
2014; Sharif et al., 2018). Until now, few indicators have been developed for monitoring
the occurrence and development of RA. Cytokines [such as IL-1, IL-2, IL-3, IL- 4, IL-6,
IL-8, interferon (IFN) and tumor necrosis factor-a (TNF-a), etc.] play an important role
in the pathogenesis of RA (Shuang et al, 2019). IL-37 is a new member of the IL-1
cytokine family, which serves as a key cytokine regulating inflammation and involves in
the immune response in vivo (Conti et al., 2017; Mastrangelo et al., 2018; Song et al.,
2018). IL-17 and TNF-a usually participates in unfavourable prognosis of RA simulta-
neously. IL-17 combined with TNF-a can synergistically promote the synthesis of
prostaglandin E (PGE) by osteoblasts and chondrocytes, stimulate the secretion of
cytokines by synovial cells, and increase joint cartilage damage. Zhao et al., (2014)
found that IL-37 and IL-17 levels were highly expressed in RA patients and positively
correlated. Our data showed that the IL-37 and IL-17 levels were higher in RA patients
than healthy volunteers, and after treatment, the IL-37 and IL-17 levels were decreased
in RA patients. It is consistent with previous research. However, numerous studies
showed that IL-37 can severely inhibit many inflammatory cytokines, such as IL-1, IL-
6, interferon-y (IFN-y), TNF-a, etc (Charrad et al.,, 2016; Yang et al., 2015; Ye et al,
2014). Recently, it was reported that IL-37 can inhibit the proliferation of T-helper 17
cells through decreasing the level of cytokine IL-17 in cells, thereby alleviating the
disease activity of RA (Ye et al., 2014). The IL-37 and IL-17 levels in the development
and treatment of RA still need further investigations.

Inspired by the previous studies, we speculated that the ratio of IL-37/IL-17 might be
associated with changes in RA condition. Both IL-37 and IL-17 were increased during initial
stage of RA, while IL-37 could decrease the levels of IL-17, resulting in a high IL-37/IL-17
ratio. After effective treatments, the levels of IL-37 in RA patients would fall off, and the
levels of IL-17 would rebound partially, leading to a decline in IL-37/IL-17 ratio. Our results
confirmed that the IL-37/IL-17 was decreased after treatment in RA patients. But there was
no significant difference in IL-37/IL-17 ratio between RA patients and healthy individuals.

In addition, some studies have revealed that NLR and PLR levels are related to RA disease
activity (Chandrashekara et al., 2017; Sargin et al., 2018). However, Jung et al. (Jung et al.,
2019) found that NLR and PLR were associated with disease activity in polymyalgia
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rheumatica, and could not predict prognosis in patients with RA. Therefore, the role of NLR
and PLR in RA disease activity remains controversial.

In this study, we investigated whether NLR, PLR, and IL-37/IL-17 ratio are relevant to the
occurrence and treatment of RA. Before treatment, NLR, PLR, IL-37,IL-17, ESR and CRP in RA
patients were markedly higher than that in healthy individuals. It was worth mentioning that the
difference of IL-37/IL-17 ratio in these two groups was not statistically significant. After six
month of treatment, NLR, PLR and IL-37/IL-17 decreased substantially as well as RA activity
indicator ESR, CRP and DAS28-ESR, indicating the effectiveness of the treatments. Hence, IL-
37/IL-17, NLR and PLR, can be considered as indicators for monitoring the progress and
treatment of RA. To further investigate the functions of these indicators, a bi-variate correlation
analysis was performed on IL-37/IL-17, NLR and PLR. The analysis result suggested that NLR
and IL-37/IL-17 were more suitable in reflecting the development and treatment of RA, as they
exhibited much more positive correlation with ESR, CRP and DAS28-ESR than PLR.

There are several limitations in this study due to the research method. First, the sample
size (58 RA patients) of this study is still rather small, especially those cases of treatment
failure are not included in this study. In addition, this study mainly represents the char-
acteristics of RA patients treated with biological immunodrugs (TNF-a inhibitors). Our
future research direction is to conduct in-depth research on the changes of IL-37/IL-17 in
RA at different stages and with different treatments, thereby providing a reference for better
RA prediction. In general, IL-37/IL-17, NLR and PLR could serve as monitoring indicators
of RA progression and treatment, contributing to promptly assessing the treatment effec-
tiveness and adjusting the strategy to avoid delayed treatment. Overall, this study provided
a basis for evaluating the effectiveness in RA patients during DMARD treatment.

Conclusion

Levels of NLR, PLR, IL-37, and IL-17 were related to the occurrence of RA. The level of NLR
and IL-37/IL-17 will be more suitable in reflecting the effectiveness of RA treatment
than PLR.
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