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Chapter

Interleukin 6 in Patients with
Rheumatoid Arthritis

Yogita Sharma, Neeraj Kumar and Devyani Thakur

Abstract

Rheumatoid Arthritis is a widespread disease causing varying degrees of
disability. It is characterised by flares and remissions and since ancient times,
every culture has tried to get the better of it. Even now, research is aimed at find-
ing novel serum biomarkers as surrogates for disease activity and newer targets to
sharpen therapy. One such target is IL-6.It mediates neutrophil migration, osteo-
clast maturation and pannus formation through vascular endothelial growth factor
(VEGF) stimulation causing synovitis and joint destruction.IL-6 leads to various
systemic manifestations like hepcidin production causing anemia hypothalamo-
pituitary-adrenal (HPA) axis activation causing fatigue and mood changes and
osteoclast activation causes osteoporosis while increase in acute phase reactants
(ESR and CRP). The literature we reviewed and our research, enrolling 40 patients
of RA as well describes the role of IL-6 in pathogenesis and various manifestations
of RA including articular, extra-articular and other comorbid states. It supports
that Serum IL-6 levels correlate with disease activity (DAS-28ESR and BRAF-
MDQ) and that IL-6 remains a viable target for drug therapy.

Keywords: rheumatoid arthritis, pathophysiology IL-6, HPA axis, fatigue, DAS-28,
BRAF-MDQ

1. Introduction

Rheumatoid arthritis (RA), the most common rheumatological disorder seen in
clinical practice, has an estimated prevalence in the Indian community of 0.75%. It
afflicts near about 1% of the world’s population. Like many other connective tissue
disorders, RA affects women more than men (female:male = 2:1 to 4:1) [1]. Itis
characterized by persistent synovial inflammation, bony erosions and progressive
articular destruction, leading to varying degrees of physical disability [2]. The dis-
ease is known to produce periods of flares and remissions, therefore, it needs regular
monitoring and continuous research to improve the quality of life of sufferers [3].

2. Pathogenesis of rheumatoid arthritis

RA primarily affects the musculoskeletal system which includes the synovial
tissue, underlying bone and cartilage. However, being a systemic disease, it also
produces a variety of extra-articular manifestations, such as subcutaneous nodules,
lung involvement, peripheral neuropathy, vasculitis, pericarditis, hematological
abnormalities and fatigue [4].
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The macrophages are the key cells that are responsible for the tissue damage in RA.
These cells are the source of pro-inflammatory cytokines involved in the pathogen-
esis.IL-6 is one of the main cytokine which is the cause of inflammation and immune
dysregulation [4]. However, the exact pathogenic mechanism remains a complex
interplay of genetic, environmental, and immunological factors that produce dys-
regulation of the immune system and a breakdown in self-tolerance a involvement of
IL-6 and the HPA axis in the pathogenesis of fatigue has been shown in RA [5].

3. Interleukin 6 in RA

In RA, numerous cytokines, as we have already seen, are present both in the
blood and in synovial joints. Hence, the cytokine network is complex and drives
most of the clinical features consequently [6].

Elevation in pro-inflammatory cytokine levels leads to higher levels of fatigue in
RA [7]. A significant role is being played by interleukin 6 (IL-6) in the pathogenesis
of RA and promotion of fatigue [8].

4. Biology of IL-6

IL-6 is a pleiotropic cytokine. It is known to have substantial effects on non-
immunological tissues [9]. It stimulates the production of acute-phase proteins,
induces anemia and impairs the HPA axis [10].

Besides the immune system, this cytokine being proinflammatory causes various
effects on multiple extraaticular tissues in the body which includes cardiovascular
system, glucose metabolism through alteration of the insulin sensitivity, neurohor-
monal axis causing various psychological behavioural and haematological abnormal-
ities [11]. Role of IL-6 is being considered in maintaining balance between immune
and non immune systems of the body both in the healthy and disease states [9].

5. Molecular structure of IL-6

From a structural standpoint, IL-6 is a tetrahelix protein containing 184 amino
acids [12]. It acts on various cells including leucocytes, megakaryotes and hepato-
cytes to name a few [11]. The receptor for IL-6 (IL-6R) are formed of an a chain,
CD126, and two chains of glycoprotein 130 (gp130) [13, 14]. The signal transduc-
tion can occur through classical and trans signalling mechanisms.

In classical signalling, when IL-6 binds its membrane bound receptors and forms
an IL-6/Mil-6Ra pair that leads to downstream signalling [12, 15, 18].

In trans signalling, IL-6 binds to its soluble receptor sIL-6-6Ra which further
forms a complex with gp130.This IL-6/sIL-6Ra/gp130 then dimerises and leads to
signal transduction [12, 15-19].

As neuronal cells prominently express gp130 and can therefore be activated via
IL-6 trans-signalling, IL-6 is purported to have a direct effect on the CNS-related
RA symptoms and co-morbidities, particularly, pain, fatigue, and mood [20-23].

6.IL-6 and fatiguein RA

It is well established that the cause of RA-associated fatigue is multidimensional,
involving inflammation, pain, anemia, poor sleep, and psychosocial factors. There
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is also substantial evidence implicating the involvement of IL-6 and the HPA axis in
the pathogenesis of fatigue [5].

The positive effects of IL-6 inhibition on symptoms of fatigue by
Tocilizumab, Sarilumab, and Sirukumab in patients with moderate to severe
RA, as assessed by FACIT-F, have been demonstrated in several clinical studies
[8]. Alleviation of fatigue appears to be one of the first beneficial effects that
patients with RA may experience when using biologic therapies that block IL-6
signaling [9].

This makes the precise measurement of the subjective feeling of fatigue as
important and necessary as the disease activity, to evaluate the potential treatment
effects [24].

Classically, the Bristol RA Fatigue Multi-Dimensional Questionnaire (BRAF-
MDQ) [25] has been used for measuring fatigue in patients of RA. It was developed
from the patient’s perspective and evaluated in a British RA population. It was
published in 2010 [25].

Nicklin et al. showed that the BRAF-MDQ global score correlated strongly with
the MAF, POMS, and FACIT-F while the correlation with the SF-36 vitality subscale
was weak [26].

7. Disease activity in RA

In rheumatoid arthritis, the presentation and course of the disease over time,
are highly variable. The symptoms and signs of RA vary from joint complaints
like pain, stiffness, swelling, and functional impairment, to more constitutional
complaints like fatigue and loss of general health [4].

In the past decades a large number of variables have been tried to assess the
status and course of disease activity in RA.

In daily clinical practice as well as in clinical trials on a group as well as indi-
vidual level, the Disease Activity Score (DAS) and the DAS28 have been developed
to measure disease activity in RA. These scores are a measure of RA disease activ-
ity that have been developed by compiling the information about swollen joints,
tender joints, acute phase response, and general health. The variables required for
calculation of DAS28 score include a 28-Tender joint Count (28-TJC), a 28-Swollen
Joint Count (28-SJC), erythrocyte sedimentation rate (ESR), and a patient global
assessment (PGA) of disease activity on a visual analog scale (VAS). C-reactive
protein (CRP) may be used as an alternative to ESR in the calculation of the DAS or
DAS28 [27].

Previous studies have shown that IL-6 levels were raised in the synovial mem-
brane and synovial fluid of patients with RA [4]. However, the exact correlation of
disease activity with serum IL-6 levels is still debatable in patients of RA. We did a
study to measure the serum levels of IL-6 and disease activity in patients with RA
and aimed to correlate the two statistically.

8. Aresearch

Our study was conducted in the Department of Medicine between November
2016 to March 2018 in a tertiary care hospital of New Delhi. We studied 40
patients of RA (Table 1) who were diagnosed according to the ACR/EULAR 2010
Criteria [28].

Demographic data and disease history regarding onset, duration, course and
progression, received were obtained from the patients (Table1).
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S.no Character RA patients(n = 40)

1. Age (yrs) 3845+ 751

2. Gender (female/male) 31/9

3. Duration of disease 231+171

4, ESR (mm in 1st hour) 33.45+20.16

5. CRP(positive/negative) 23/17

6. IL-6(pg/ml) 3792 +75.29

7. Rheumatoid factor(positive/negative) 29/11

8. Anti CCP(IU/ml) 117.18 + 107.96
Table 1.

Clinical chavacteristics of study population.

A general physical and thorough clinical examination of the musculoskeletal

system was carried out.
DAS 28-ESR [29] was calculated for each patient as follows:

« DAS28score = 0.56 x /tender joint count +0.28 x y/swollen joint count +0.70
x In [ESR] +1.14 x (patient’s global assessment on a scale of 1-100, measured

using Visual analog scale).

The cut-off values of DAS 28 for disease activity are:

>5.1 High disease activity,
>3.2-<51 Moderate disease activity
<3.2-26 Low disease activity,
<26 Remission.

Fatigue was measured using BRAF-MDAQ score [25]

The data was entered in MS EXCEL spreadsheet and analysis was done using
Statistical Package for Social Sciences (SPSS) version 21.0 (IBM, Chicago/USA).
The normality of data was tested by the Kolmogorov—Smirnov test. Quantitative
variables were compared using the Independent T-test/Mann-Whitney Test (when
the data sets were not normally distributed) between the two groups and ANOVA/
Kruskal Wallis test between more than two groups. Qualitative variables were cor-
related using the Chi-Square test. Pearson correlation coefficient/Spearman rank
correlation coefficient was used to assess the association of various parameters with
each other. A p-value of <0.05 was considered statistically significant.

DAS 28 score ranged from 0.51 to 6.1 with a mean of 3.21 and a standard devia-
tion of 1.26. The distribution of the patients by DAS28 is shown below in Table 2.

Total fatigue score ranged from 25 to 65 with a mean of 44.1 and ranged from
minimum score of 25 to maximum score of 65.

IL-6 levels correlated with DAS28 with statistical significance, a p-value of
0.0011 and correlation coetficient of 0.497.

Chi-Square test was used to assess the correlation of DAS28 with sex and RF in
the study population. But the p values of 0.240 and 0.384 respectively showed that
there was no difference in disease activity between male and female patients.

According to DAS28 scores as above, patients were divided into subgroups of
remission, low disease activity, moderate disease activity, and high disease activity.
We studied the effect of various parameters on DAS28.

Higher concentrations of serum IL-6 were associated with higher disease activ-
ity (p = 0.0011, correlation coefficient = 0.497) as shown in Figure 1, however age
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DAS-28
Frequency Percentage
1) Remission(DAS28 < 2.6) 16 40.00%
2) Low disease activity (DAS28:2.6 - < 3.2) 5 12.50%
3) Moderate disease activity (Activity (DAS28: >3.2 - <5.1) 16 40.00%
4) High disease activity ((DAS28 > 5.1) 3 7.50%
Total 40 100.00%
Table 2.

Distribution of disease activity by DAS28.

Correlation between IL-6 and DAS-28

DAS-28

0 50 100 150 200 250 300 350 400
IL-6

Figure 1.
Scattered plot showing corvelation between IL-6 and DAS28.

(p-value = 0.1262), gender(p = 0.240), Anti CCP (p = 0.4296) and RF (p = 0.384)
did not correlate with disease activity as measured by DAS28.

Levels of serum IL-6 were found to be very strongly correlating with BRAF-
MDQ score, with a p-value of <0.0001 and a correlation coefficient of 0.821 as
shown in Figure 2.

In our study, the levels of serum interleukin-6(IL-6) in the patients were high
with a mean of 37.92 + 75.29 pg/ml and ranged from 1.95 to 342.5 pg/ml. This find-
ing was consistent with the results of other studies done previously. In the study
done by Helal et al. [30] serum IL-6 concentration was significantly elevated in
patients with RA ranging between 5 and 130 pg/ml, with a mean of 35.0 + 21.2.

In a study done by Chung et al. [31] on the correlation between increased serum
concentration of IL-6 family cytokines and disease activity in rheumatoid arthritis, the
serum concentrations of IL-6 were 41.76 + 20.28 pg/ml (range:18.0 to 109.1 pg/ml).

IL-6 is one of the cytokines which play a significant role in the pathogenesis
of RA and the promotion of fatigue [6, 10, 32-34].Analytical statistics were also
done to assess the correlation between BRAF-MDQ score and serum IL-6. Levels
of serum IL-6 were found to be very strongly correlated with the BRAF-MDQ
score with a p-value of 0.0001 and a correlation coefficient of 0.821. Our results
were comparable to those of. Helal et al. [30] They too, found a strong correla-
tion between BRAF-MDQ score and serum IL-6 concentration with r = 0.947,

p < 0.001.
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Correlation between IL-6 and BRAF-MDQ
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Figure 2.

Correlation between IL-6 and BRAF-MDQ score.

9. IL-6 in various diseases

Environmental stress factors such as infections and tissue injuries trigger
immediate and transient rise in the levels of IL-6 which activates host defense
mechanisms. As this stress is removed from the host the signal transduction and
inflammatory cascade are terminated [35].

Dysregulated IL-6 production leads to the development of various immune
and non-immune mediated diseases [35]. This was first demonstrated in a case of
cardiac myxoma and remains true till date as seen in the COVID-19 pandemic.

A study done by Hirano et al. [36] in 1988 showed that dysregulation of IL-6
production occurs in the synovial cells of RA. Various gene knockout studies
and IL-6 blockade by administration of anti-IL-6 or anti-IL-6R Ab have shown
to be promising in the prevention and alleviation of disease symptoms [6, 8].
Mitigation of disease symptoms by this strategy has been shown by Alonzi et al.
[37] Ohshima et al. [38] Fujimoto et al. [39] in patients with rheumatoid
arthritis.

10.IL-6 and its systemic effects in SRA

In inflammatory arthritis, Osteoclasts play a major role in causing bony erosions
[40]. Osteoclasts are recruited by IL-6 that acts on hematopoietic stem cells from
the granulocyte-macrophage lineage (Figure 3) [41-43].

IL-6 has also been recognized to play a major role in extracellular matrix turn-
over and levels of IL-6 and CRP correlate with proMMP-3 in patients with early RA
[44] which shows a link between IL-6 and proteinase activity. It stimulates hepato-
cytes to increase the production of acute-phase reactants. The correlation of IL-6
with CRP is seen in RA patients [10].

The anemia of chronic inflammations is seen in RA patients. The iron transport
and release of iron from macrophages are inhibited by protein hepcidin which is
produced by hepatocytes [10, 45].
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Systemic effects of IL-6.

The hepcidin regulates iron metabolism by preventing iron transport and the
release of iron from macrophage [45].

One of the common systemic manifestations of RA is osteoporosis. IL-6 over-
expression results in osteopenia due to osteoclast and osteoblast dysregulation.
This was shown in in-vivo studies with IL-6 transgenic mice resulting in increased
osteoclastogenesis that leads to accelerated bone resorption, reduced bone forma-
tion, and defective ossification [46].

Cardiovascular mortality is predominant in patients with RA. In RA, endothelial
dysfunction and dyslipidemia lead to an increased risk of atherogenesis because of
systemic inflammation [47-49]. The widespread systemic inflamation is proportion-
ate to elevated CRP levels which leads to increased risk of cardiovascular disease [50].

11.IL-6 blockade as a therapeutic target in RA

As IL-6 has been shown to have an array of biological roles and pathological
efsfects in immune diseases, IL-6 targetting would constitute a novel therapeu-
tic option in RA as well. This has been shown in the OPTION study [8] where
Tocilizumab has been shown to reduce diseases activity and led to improvement in
all ACR core set variables when compared with patients who received placebo(less
than 1% on placebo—achieved DAS28 remission). The physical disability was
substantially reduced by Tocilizumab more as compared to placebo, suggest-
ing considerable functional benefits for the patients. Also Tocilizumab lead to
more improvements in health-related quality of life than with placebo. Sustained
improvements in the acute phase response markers including ESR, CRP and, and
hemoglobin, were seen, especially with tocilizumab 8 mg/kg. In TAMARA study s,
Tocilizumab was highly effective in a setting close to real-life medical care with a
rapid and sustained improvement in signs and symptoms of RA [51].
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12. Conclusion

It is well established that synovial cytokines, particularly IL-6 are responsible
for much of the destruction in RA. The review also suggests that IL-6 is involved in
the pathogenesis of various extra-articular manifestations of rheumatoid arthritis
including increased risk of cardiovascular diseases, deranged glucose and lipid
metabolism and various neurohormonal and psychological behavioural changes in
patients with RA. Even, high levels of serum IL-6 are associated with a high disease
activity, as indicated by various studies, including ours (p = 0.0011, correlation
coefficient = 0.497). Also, we found that the levels of serum IL-6 very strongly
correlated with fatigue, as measured by the BRAF-MDQ score.

It is thus, evident that blocking the IL-6 pathway as a therapeutic target in
patients with rheumatoid arthritis, may help in better control of the disease symp-
toms and prevent flares. The extra-articular manifestations can also be controlled
by antagonising IL-6 activity.

So, in conclusion, serum IL-6 is one of the main cytokine that has been involved
in the pathophysiology of RA through its complex signalling pathways and as its
levels correlate with disease activity, it has emerged as a better test for measuring
disease remission and flares. It is simple, convenient and gives a lucid, objective
value to a largely subjective and complicated issue in the course of RA-disease activ-
ity. And therefore, IL-6 can also prove to be a novel therapeutic target in control of
articular as well as extra-articular manifestations of Rheumatoid arthritis.
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