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Objectives: Mechanism of action of biological and synthetic
disease-modifying antirheumatic drugs (DMARDs) includes the inhibition
of specific proinflammatory cytokines. This study aimed to elucidate the
cytokines and chemokines inhibited by different treatments (conventional
synthetic DMARD [csDMARD], biological and targeted synthetic
DMARD) in rheumatoid arthritis (RA).
Methods: Fifty-nine RA patients with low disease activity or remission
included in a cross-sectional study were classified by treatment in groups:
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abatacept, certolizumab, rituximab (RTX), tocilizumab, tofacitinib (TOF),
baricitinib (BAR), and csDMARD. Cytokine and chemokine serum levels
were measured by LEGENDplex Human Inflammation panel. Quantitative
variables were compared using Student t orMann-WhitneyU test as appro-
priate, whereas qualitative variables were compared using χ2 or Fisher ex-
act test. p < 0.05 was considered significant.
Results: Certolizumab, RTX, tocilizumab, and TOF showed that most
cytokine pathways inhibited: tumor necrosis factor α, interferon γ, inter-
leukin 1β (IL-1β), IL-12, IL-18, and IL-23; in addition, csDMARDs
showed a similar inhibition patron except for IL-23. Serum level of tumor
necrosis factorα pathway was one of the most inhibited being undetectable
in RTX, TOF, and BAR groups. Interleukin 6 was shown to be inhibited by
abatacept, RTX, and TOF; however, higher levels were observed in
3 patients treated with tocilizumab. Abatacept, certolizumab, RTX, and
TOF downregulated IL-10 in this group of patients but remained detectable
in almost half of the subjects, with the highest levels in the BAR group. The
active pathways that remained themost were CC chemokine ligand 2, IL-8,
IL-17, and IL-33.
Conclusions: Understanding the cytokine chemokine pathways inhibi-
tion could help rheumatologists to prescribe a tailored therapy using the
arsenal of DMARDs for individualized RA treatment in an evidence-based
decision manner.

Key Words: antirheumatic agents, chemokines, cytokines, rheumatoid
arthritis, therapy
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R heumatoid arthritis (RA) is a chronic, inflammatory, autoim-
mune disease that primarily affects the joints and is associated

with autoantibodies that target various molecules including mod-
ified self-epitopes.1

Rheumatoid arthritis affects nearly 1% of the adult popula-
tion worldwide, but its prevalence and incidence vary across geo-
graphic areas and countries.1,2 Differences may stem from a
combination of genetics influence and environmental, socioeco-
nomic, and cultural factors.2 The overall estimated prevalence of
RA in Mexico is 1.6%, but there are major regional variations in
the country.2

The environment, including smoking, diet, obesity, infec-
tions, and microbiota, has been proposed to induce the develop-
ment of RA in genetically predisposed individuals.3 Modern
genetic technologies combined with large, well-characterized clinical
cohorts have improved our understanding of the genetics of the dis-
ease.3 Genome-wide association studies using single-nucleotide
polymorphisms have characterized more than a hundred loci associ-
ated with RA risk. Most of them are implicated in the pathogenesis
and immune mechanisms shared with other chronic inflammatory
diseases.4

In most patients, the pathogenesis of RA begins years before
clinical disease is evident, although acute onset reflecting
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immediate immune disturbance is also possible.1,4 Early-stage RA
patients show synovial inflammation based on mononuclear cell
infiltration, mainly CD4 T cells and macrophages, together with
early stromal cell activation that contributes to undifferentiated ar-
thritis.1,5 The role of macrophages and fibroblasts is more promi-
nent when the disease has established itself, and DNAmethylation
patterns in fibroblast-like synoviocytes, isolated from individuals
with early RA, differ from those of individuals with the estab-
lished disease.1,5 The pathway analysis showed that the main dif-
ferences are found in cell differentiation, adhesion, and
proliferation, all these regulated by chemokines and cytokines in-
volved in autocrine, paracrine, and endocrine signaling.1,4,5

Immunogenetics of RA suggests aberrant pathways of T-cell
activation have a key role during the onset and/or manifestation of
the disease.6 Naive CD4 T cells may differentiate into one of sev-
eral lineages of T helper (TH) cells, including TH1, TH2, and
TH17, and inducible regulatory T cells, as defined by their pattern
of cytokine production and function.7 These cells play a central
role in the local generation of specific autoantibodies along the cy-
tokine and chemokine network. The identification of key cells,
mediators, and mechanisms implicated in the pathogenesis of
RA could provide the basis for the development of new and
double- or multiple-targeted disease-modifying antirheumatic
drugs (DMARDs).5,8

The American College of Rheumatology/European League
Against Rheumatism RA criteria (2010) enabled the classification
of early onset RA patients showing similar disease activity (by
clinical assessment and ultrasound) and less damage, compared
to the previous standard assessment.9 Therefore, these new classi-
fication criteria should ensure an earlier intervention, a shorter dis-
ease, less joint damage, and improvements in the patients’
outcome.9

There are multiple drugs for RA treatment, some of them
used as first-line therapy and some others as second line. In recent
years, the disease progression and outcome of patients with RA
have improved because of the development of biological
DMARDs (bDMARDs) and targeted synthetic DMARDs
(tsDMARDs). Biological treatments for RA target different sig-
naling pathways: CD28/CTLA4 system (abatacept [ABT]), tumor
necrosis factor α (TNF-α) inhibitors (certolizumab [CZP]), CD20
B cell–depleting (rituximab [RTX]), interleukin 6 (IL-6) receptor
inhibition (tocilizumab [TOC]), and Janus kinase (JAK) inhibitors
(tofacitinib [TOF], baricitinib [BAR]).

The mechanism of action of biological and synthetic
DMARD includes the inhibition of specific proinflammatory cy-
tokines; however, it is unknown if these drugs exert their action on
the specific target for which they were developed or have an alter-
native mechanism inhibiting multiple cytokines.

The importance of this research lies on improving the under-
standing of the biological impact in lymphocyte T-cell modula-
tion, which in turn modifies the signaling pathways in RA
patients under DMARD treatment. Our aim was to elucidate the
cytokines and chemokines inhibited by different treatments (con-
ventional synthetic DMARDs [csDMARDs], b/tsDMARDs) in
RA patients with low disease activity or in clinical remission. This
information could help the clinician select the most appropriate
treatment in accordance to the cytokine and chemokine profile.

METHODS

Study Design
We conducted a cross-sectional study where RA patients

(classified by the American College of Rheumatology/European
League Against Rheumatism 2010 criteria) of the outpatient
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
rheumatology clinic at Hospital Civil Dr. Juan I. Menchaca and
Clinica de Investigacion en Reumatologia y Obesidad with low
disease activity or remission according to the Disease Activity
Score for 28-joint count (DAS28) were tested for cytokine and
chemokine serum levels.

Patients
Subjects with RA 18 years or older were included. Inclusion

criteria were as follows: patients in treatment with b/tsDMARD or
csDMARD and low disease activity or remission for at least
3 months. Exclusion criteria included pregnancy, recent clinical
infection, patients with evidence of latent tuberculosis, any other
autoimmune disease, and a history of malignant neoplasm in the
last 5 years. Because of the lack of recommendations for a specific
DMARD according to a cytokine and chemokine profile baseline,
patients were classified by their current treatment in the following
groups: ABT, CZP, RTX, TOC, TOF, BAR, and csDMARD. Sev-
enteen patients outwent monotherapy, 21 were in dual therapy, and
21 were treated with a third or fourth of one of the following drugs:
methotrexate (MTX), chloroquine/hydroxychloroquine (CLQ/HCLQ),
sulfasalazine (SSZ), leflunomide (LFN), or prednisone (PDN).

Procedures
Patients were examined with a structured questionnaire, gen-

eral physical examination (blood pressure, heart and respiratory
rate, and body temperature), disease activity assessment, and lab-
oratory tests. Evaluation of RA disease activity was done with
Clinical Disease Activity Index (CDAI), physical disability with
the Health Assessment Questionnaire (HAQ), and quality of life
with the European Quality of Life 5-Dimension. Laboratory tests
included erythrocyte sedimentation rate (ESR), rheumatoid factor
(RF), and anti–cyclic citrullinated peptide (anti-CCP) antibodies.

Serum levels of cytokines (IL-1β, IL-6, IL-10, IL-12p70,
IL-17A, IL-18, IL-23, IL-33, interferon α [IFN-α], IFN-γ, and
TNF-α) and chemokines (CC chemokine ligand 2 [CCL2],
CXCL8) were measured with the LEGENDplex Multi-Analyte
Flow Assay kit by BioLegend (BioLegend, San Diego, CA) mul-
tiplex assay using a flow cytometer.

The kit consists of a multiplex analysis that quantifies 13
analytes in the same sample where all molecules lay in the assay
detection range of 2.4 to 10,000 pg/mL except for IL-33 that has
a detection range of 12.2 to 50,000 pg/mL. In this assay, specific
monoclonal antibodies for each cytokine or chemokine are on the
bead surface.

The standard curve and the samples were analyzed with an
NxTAttune flow cytometer Applied Biosystems (Thermo Fisher
Scientific, Waltham, MA). Once the flow cytometer is set up
properly, it is able to differentiate specific beads for each analyte
by their size and fluorescence intensity; at least 300 events must
be acquired per analyte.

The results were analyzed with the LEGENDplex v8 soft-
ware (BioLegend). The serum concentration of each analyte was
quantified in picograms per milliliter.

Ethics
The present study was approved by the Institutional Review

Board Committee (registered no. 0266/18) of Hospital Civil Dr.
Juan I. Menchaca of the Universidad de Guadalajara and Review
Board Committee (14-CEI-008-20170526) of Clinica de Investigacion
en Reumatologia y Obesidad. In compliance with the Regulations
of the General Health Law on Health Research (1987) and the
Declaration of Helsinki, all individuals selected for this study
were asked to sign an informed consent form to give their
www.jclinrheum.com e433

www.jclinrheum.com


TABLE 1. Clinic and Demographic Characteristics of the Study
Group

Variable

Age, mean ± SD, y 55.1 ± 12.97
Disease duration, mean ± SD, y 12.87 ± 10.10
BMI, kg/m2 27.153 ± 4.53
HAQ-DI 0.70 ± 0.70
EuroQol 5-D, median (IQR) 6 (5–8)
Female/male, n 52/7
Smokers, n 19
Alcoholism, n 1
Comorbidities
DM2, n 5
HBP, n 14
CV disease, n 3
Osteoporosis, n 10
Cancer, n 0

Autoantibodies
RF positive, n (%) 56 (94.9)
Anti-CCP positive, n (%) 28 (47.5)

Treatment groups
csDMARD, n 11

MTXa monotherapy, n (%) 8 (72.7)
MTX plus ≥ 1 csDMARD,b n (%) 3 (27.3)

ABT, n 11
ABT monotherapy, n (%) 1 (9.1)
ABT plus ≥ 1 csDMARD,c n (%) 10 (90.9)

CZP pegol, n 9
CZPa monotherapy, n (%) 1 (11.1)
CZP plus ≥ 1 csDMARD,d n (%) 8 (88.9)

RTX, n 11
RTX monotherapy, n (%) 4 (36.4)
RTX plus ≥ 1 csDMARD,e n (%) 7 (63.6)

TOC, n 9
TOC monotherapy, n (%) 2 (22.2)
TOC plus ≥ 1 csDMARD,f n (%) 7 (77.8)

TOF, n 4
TOF monotherapy, n (%) 2 (50)
TOF plus ≥ 2 csDMARD,g n (%) 2 (50)

Baricitinib, n 4
BAR monotherapy, n (%) 1 (25.0)
BAR plus MTX,a n (%) 3 (75.0)

Additional treatment
PDN, n (%) 10 (16.9)
Dose (mg), median (IQR) 3.75 (2.50–6.25)

aOne patient with PDN.
bSSZ = 1; CLQ = 1, SSZ + CLQ = 1.
cMTX = 5 LFN = 2; CLQ = 1; SSZ = 1, MTX + CLQ = 1.
dMTX = 4; SSZ = 1, SSZ + LFN = 1; MTX + CLQ = 1; MTX + SSZ =

1.
eMTX= 1,MTX+ SSZ = 3;MTX+AZA= 1;MTX +CLQ = 1;MTX

+ CLQ + SSZ = 1.
fMTX = 4; SSZ = 1, MTX + CLQ = 2.
gMTX + CLQ = 1; MTX + SSZ = 1.

BMI, body mass index; CV, cardiovascular disease; EuroQol 5-D, Euro-
pean Quality of Life 5-Dimension; DM2, type 2 diabetes mellitus; HBP,
high blood pressure; IQR, interquartile range.
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authorization for clinical and anthropometric evaluations and
blood sampling.

Statistical Analysis
Central tendency measures were used to describe the charac-

teristics of the groups; for the quantitative variables, we used
mean, median, or average range as central tendencymeasurements
and SD, interquartile range, or sum of ranges as data dispersion
quantification, and these were compared with the Student t test,
Mann-Whitney U test, 1-way analysis of variance, or Kruskal-Wallis
test as appropriate. The qualitative ones were represented as frequency
with percentage, and they were compared withχ2 or Fisher exact test.
Sample size calculation was not possible because of the high variation
in serum level of cytokines and chemokines. p < 0.05 was considered
statistically significant.

RESULTS
Fifty-nine RA patients who fulfilled the criteria were re-

cruited. Demographic and clinical characteristics are shown in
Table 1.

Patients were classified according to treatment. The
csDMARD group had 11 patients: 8 (72.7%) with monotherapy,
2 (18.2%) in dual therapy, and 1 (9.1%) with 2 or more
csDMARD. The ABT group had 11 patients: 1 (9.1%) with
monotherapy, 9 (81.8%) with dual therapy, and 1 (9.1%) with 2
or more csDMARD. The CZP group had 9 patients, 1 (11.1%)
with monotherapy, 5 (55.6%) with dual therapy, and 3 (33.3%)
with 2 or more csDMARDs. The RTX group had 11 patients: 4
(36.4%) with monotherapy, 1 (9.1%) with dual therapy, and 6
(54.5%) with 2 or more csDMARD. The TOC group had
9 patients: 2 (22.2%) with monotherapy, 5 (55.6%) with dual ther-
apy, and 2 (22.2%) with 2 or more csDMARD. The TOF group
had 4 patients: 2 (50%) with monotherapy and 2 (50%) with 2
or more csDMARD. The BAR group had 4 patients: 1 (25%) with
monotherapy and 3 (75%) with dual therapy (Table 1).

A comparison was made between the characteristics of the
patients with csDMARD versus b/tsDMARD as shown in
Table 2. Difference was found between the anti-CCP titers, with
a higher value of 360.67 IU in the csDMARD group versus
72.76 IU in the b/tsDMARD group (p = 0.003).

The b/tsDMARD group had a tendency to show higher
values of disease activity than the csDMARD group by
DAS28-ESR (3.33 vs. 2.78, p = 0.066) and CDAI (7.98 vs.
3.68, p = 0.088).

Cytokines and Chemokines Levels BetweenGroups

Proinflammatory Cytokines
Interleukin 1β levels were most detected in the BAR group

compared with the rest of the groups, being undetectable in the
TOF group. Interleukin 6 levels were higher (p = 0.03) in the
TOC group (493.23 pg/mL) and undetectable in the TOF group
(Fig. 1A). Interleukin 12 serum levels were detected in only 4 sub-
jects: 2 in ABT, 1 in CZP, and 1 in TOC. Interleukin 17 serum
levels were detectable in 86% of the subjects; however, there
was no difference between treatment groups.We only found a ten-
dency toward higher levels in the csDMARD and BAR groups
and a tendency toward lower levels in the ABT group. Interleukin
18 was poorly detected in the study group. It was undetectable in
the RTX and TOF groups; however, in the ABT group, 55% of
subjects showed identifiable levels. Interleukin 23 serum levels
were measured in 73% of the csDMARD group, but undetectable
in 61% of all subjects, especially in the TOF group. Interleukin 33
levels were higher (p < 0.001) in the BAR group (252.38 pg/mL)
e434 www.jclinrheum.com © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Clinical and Demographic Characteristics of Patients With RA in Treatment With MTX Respect to b/tsDMARD

Study Group

Variable csDMARD (n = 11) b/tsDMARD (n = 48) p value

Age, mean ± SD, y 52.6 ± 10.97 55.6 ± 13.43 0.489a

BMI, kg/m2 26.18 ± 3.03 27.37 ± 4.81 0.437a

Male/female, n 0/11 7/41 0.177b

Disease duration, mean ± SD, y 9.36 ± 6.41 13.68 ± 10.66 0.204a

Smokers, n 4 15 0.743b

Alcoholism, n 0 1 0.629b

DM2, n 2 3 0.200b

HBP, n 1 13 0.206b

CV disease, n 1 2 0.503b

Osteoporosis, n 1 9 0.441b

RF positive, n 11 45 0.622b

Anti-CCP positive, n 3 25 0.626b

RF at diagnosis, mg/dL 431.04 ± 623.89 133.28 ± 168.04 0.147a

Anti-CCP at diagnosis, IU 360.67 ± 77.53 72.76 ± 148.36 0.003a

ESR, mm/h 37.45 ± 23.38 30.1 ± 23.76 0.357a

DAS28-ESR 2.78 ± 0.67 3.33 ± 1.45 0.066a

CDAI 3.68 ± 2.83 7.98 ± 8.05 0.088a

HAQ-DI 0.47 ± 0.48 0.75 ± 0.74 0.126a

EuroQol 5-D, median (IQR) 6 (5–8) 6 (5–7.75) 0.496a

aStudent t test. This p value is very similar to its nonparametric counterpart; variable values are presented as mean ± SD for comparative purposes with
literature available.

bχ2 test.

CV, cardiovascular; DM2, type 2 diabetes mellitus; EuroQol 5-D, European Quality of Life 5-Dimension; HBP, high blood pressure; IQR, interquartile
range; IU, international unit; n, subjects amount.
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and lower in the TOF group, with an average of (23.87 pg/mL)
(Fig. 1B).

Serum levels of the TNF-α pathway was one of the most
inhibited, being undetectable in the RTX, TOF, and BAR groups.
Interferon α2 showed a tendency toward higher levels in the ABT
group (500.05 pg/mL) and a lower level tendency in the RTX
group (4.74 pg/mL). Interferon γ was found to be inhibited in
88% of the subjects, remaining undetectable for the CZP, RTX,
and TOF groups (Table 3).
Anti-inflammatory Cytokines
A tendency of elevated levels of IL-10 was obtained in the

BAR (25.47 pg/mL) and csDMARD groups (15.95 pg/mL).
Chemokines
Interleukin 8 levels were detectable in 80% of the subjects,

showing a tendency toward higher levels (p = 0.05) in the TOC
group (96.27 pg/mL) and a tendency toward lower levels in the
TOF group (3.67 pg/mL) (Fig. 1C). CC chemokine ligand 2 was
the most detected chemokine among the study groups, showing
higher levels in the ABT group (3717.03 pg/mL) and difference
between the RTX (810.27 ± 472.85), CZP (931.87 ± 451.91),
and csDMARD groups (926.21 ± 432.30) (Fig. 1D).

Concentrations of cytokines and chemokines expressed in
medians and interquartile range by treatment are reported in Sup-
plementary Digital Content 1a and 1b, http://links.lww.com/RHU/
A201, showing no difference inside the group as monotherapy or
adding a csDMARD.
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
Correlation Between Cytokines, Chemokines, and
Disease Activity

Higher correlations were found between IL-1βwith IFN-α2,
IL-23, and IL-33. All the same, CCL2 positively correlated with
IFN-α2 and IL-8; IL-10 also positively correlated with IL-33
(shown in Fig. 2).

Also, low correlations between IL-33 with CDAI (r = 0.370,
p = 0.007) and DAS28-ESR (r = 0.283, p = 0.043) were found.

On the other hand, IL-8 displayed a medium to low correla-
tion with age (r = 0.478, p < 0.001), HAQ Disability Index
(HAQ-DI) (r = 0.398, p = 0.006), and disease duration
(r = 0.304, p = 0.016), which indicate this chemokine could be im-
plicated in disease activity and progression, considering that IL-8
also correlated with IFN-α2 (r = 0.362, p = 0.042).

One of the least inhibited cytokines by the cs/b/tsDMARD in
our study group was IL-17, which correlated with RF level at di-
agnosis (r = 0.395, p = 0.005) and IL-33 (r = 0.480, p < 0.001).

Other correlations are shown in Figure 2 and Supplementary
Digital Content 2, http://links.lww.com/RHU/A202.

DISCUSSION
We included in a cross-sectional study 59 RA patients char-

acterized by low disease clinical activity or clinical remission.
As a relevant finding, we observed low levels of cytokines and
chemokines independently of the DMARD treatment: cs/b/
tsDMARD.

It has been demonstrated that serum cytokine profiles of RA
patients are different from those of healthy individuals; RA pa-
tients had increased levels of IL-1β, IL-4, IL-5, IL-6, IL-8
(CXCL8), IL-10, IL-13, IL-17, IL-35, IFN-γ, TNF-α,
www.jclinrheum.com e435
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FIGURE 1. Serum cytokine level comparison between different groups. A, Interleukin 6, 38 samples (64%) were not detectable; (B) IL-8, 12
samples (20%) were not detectable; (C) IL-33, 8 samples (14%) were not detectable; (D) CCL2, 4 samples, (7%) were not detectable.
*Abatacept versus BAR (p = 0.003), CZP versus BAR (p = 0.001), RTX versus BAR (p < 0.001), TOC versus BAR (p = 0.013), TOF versus BAR
(p = 0.003).
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granulocyte-macrophage colony-stimulating factor, and CCL2
(MCP-1),10,11 supporting the hypothesis that RA is a complex
immune-inflammatory condition, which involves dysregulation
of cellular, humoral, and innate immunity, with a high systemic
impact.

A dysregulation in the TH1/TH2 balance, where the proin-
flammatory cytokine TNF-α and the rest of TH1 cytokines play
a key role, has been considered as a cause for RA pathogenesis.
However, the involvement of regulatory T cells and TH17 cells
with the TH17 cytokine profile has challenged this classic
paradigm.

It has been shown that the administration of IL-33 exacer-
bates collagen-induced arthritis in experimental models. A posi-
tive correlation between with RA disease activity and cytokine
levels in serum and/or synovial fluid was found.12 The study of
Xiangyang et al.13 showed correlation between serum levels of
IL-33 with DAS28 in RA patients. The number of painful and
swollen joints was higher in the group positive for IL-33. Mean-
while, C-reactive protein, IL-1β, IL-6, and TNF-α did not differ
between groups. However, in our study, patients showed weak
positive correlation between IL-33, CDAI, andDAS28-ESR; thus,
our patients had low disease activity or remission.

Different treatments have been tested throughout the decades
with different mechanisms of action albeit with the same goal: the
inhibition or downregulation of proinflammatory cytokines such
as IL-1β and TNF-α.

According to our results, the b/tsDMARDs including CZP,
RTX, TOC, and TOF were the most effective for pathway inhibi-
tion: TNF-α, IFN-γ, IL-1β, IL-12, IL-18, and IL-23, just as
csDMARD so too showed a similar inhibition pattern with the ex-
ception of IL-23. Lina et al14 demonstrated that patients with RA
e436 www.jclinrheum.com
who were given a combined treatment of etanercept and MTX
showed significantly decreased levels of IL-1β, TNF-α, IL-6,
IL-17, and IL-23, whereas transforming growth factor β was sig-
nificantly elevated versus MTX alone.

In our study, IL-6 was shown to be inhibited by ABT, RTX,
and TOF; however, higher levels were detected in 3 patients
treated with TOC, probably as a result of a positive feedback loop
induced by blocking its receptors. Yarilina et al.15 used JAK inhib-
itors to suppress activation of blood and RA synovial macro-
phages, including a subset of proinflammatory responses by
TNF-α. It was also reported that the IL-6 receptor was blocked
by TOF, which indicates that signaling inhibition by other cyto-
kines contributes to the clinical efficacy of JAK inhibitors on the
effector phase of immune response. These results raise the possi-
bility that inhibition of TNF-α and IFN signaling help explain the
therapeutic efficacy of JAK inhibitors.15

Differences observed between TOF and BAR in the inhibi-
tion of cytokines and chemokines in our results may be explained
by the affinity of TOF toward JAK1/3 compared with the smaller
JAK3 effect by BAR as has been shown by Dowty et al.16 Li
et al.11 suggest that TOF increases the levels of IL-35 as a possible
mechanism of action occurring in parallel. Indeed, they found a
negative correlation between this cytokine and disease activity.

In this study, ABT, CZP, RTX, and TOF downregulated
IL-10, contrasting with BAR and csDMARD, which showed the
highest levels of this cytokine. According to Herman et al.,17

MTX induces IL-10 secretion and significantly reduces TH1 pro-
file in peripheral mononuclear cells derived from active RA pa-
tients. Equally important, the reduction of IL-10 achieved with
the use of ABT, CZP, or RTX may suggest that the mechanism
of downregulation is mediated by IFN signaling pathways. The
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Serum Cytokine Level Comparison Between Groups

csDMARD
(na = 11)

ABT
(na = 11)

CZP
(na = 9)

RTX
(na = 11)

TOC
(na = 9)

TOF
(na = 4)

BAR
(na = 4)

Molecule Serum Level, Mean
± SD, pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

Serum Level,
Mean ± SD,
pg/mL (nb)

p
valuea

nc (%) of
Undetectable
Serum Level

IL-1β 15.97 ± 10.95 (3) 37.27 (1) 11.96 ± 14.15
(3)

3.15 ± 0.55
(3)

8.53 (1) —d 17.46 ± 17.50
(3)

0.37 45 (76%)

IL-10 15.95 ± 22.03 (9) 7.45 ± 9.12
(3)

10.53 ± 10.53
(2)

2.49 ± 0.52
(3)

12.79 ± 10.61
(5)

3.09 (1) 25.47 ± 31.70
(4)

0.77 32 (54%)

IL-12 — 43.20 ± 5.03
(2)

39.64 (1) — 69.89 (1) — — 0.20 55 (93%)

IL-17 582.03 ± 515.99 (10) 257.88 ±
311.39 (9)

286.05 ±
271.25 (8)

397.55 ±
289.40 (9)

344.14 ±
317.91 (9)

267.38 ±
31.25 (2)

513.43 ±
475.19 (4)

0.50 8 (14%)

IL-18 515.43 ± 194.01 (3) 401.21 ±
373.66 (6)

569.42 ±
215.75 (2)

— 1027.82 ±
468.44 (2)

— 877.46 ±
155.38 (2)

0.19 44 (75%)

IL-23 22.78 ± 27.01 (8) 166.45 ±
280.14 (3)

76.46 ± 67.42
(5)

4.63 (1) 11.89 ± 1.60
(2)

— 45.19 ± 32.52
(4)

0.44 36 (61%)

IFN-α2 36.34 ± 36. 76 (10) 500.05 ±
785.49 (7)

111.93 ±
80.94 (6)

4.74 ± 3.85
(3)

113.08 ±
155.56 (7)

117.66 107.27 ±
92.33 (4)

0.24 21 (36%)

IFN-γ 642.57 ± 50.32 (2) 134.22 (1) — — 721.31 (1) — 552.65 ±
241.72 (3)

0.31 52 (88%)

TNF-α 4.5 (1) 9.48 (1) 11.48 (1) — 11.55 ± 2.93
(2)

— — 0.53 54 (91%)

aSubjects in treatment group.
bSubjects with detectable serum levels.
cSubjects with undetectable serum levels among all treatment groups.
dUndetectable serum levels.
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findings of McInnes et al.18 placed TOF as the most potent inhib-
itor of IL-6, IFN-γ, and IL-10. Excessive inhibition of IL-10 is not
desirable because of its global anti-inflammatory effects in RA.
However, the IL-10 pathway remains unclear across varying treat-
ments, and there are contradictory data among different studies.19

Interferon α2 plays a key role in RA pathogenesis, inducing
cellular proliferation and TH1 polarization through JAK1.
Baricitinib is selective against JAK1/JAK2 and TOF to JAK1/
JAK3. Our results demonstrated that only RTX and TOF were
able to inhibit IFN-α2 in these patients. Indeed, the most active
pathways were CCL2 (93.2%), IL-8 (79.6%), IL-17 (86.4%),
and IL-33 (86.4%).

The interaction between cytokines and their signaling path-
ways are the basis for the development of new strategies with
small molecules or bispecific antibodies.20 Rheumatologists now
have a large variety of highly efficient drugs with different mech-
anisms of action in which the molecular target of the drug is
known, which is not the case for csDMARDs.21

The serum levels of cytokines/chemokines found in our re-
port suggest that additional mechanisms beyond the redundancy
of their pathways are underlying the targeted one. This is a win-
dowof opportunity to look for double- or triple-targeted therapies,
despite the high cost that this approach represents for the industry.
One short phrase: we do not know how many applications will be
approved by the Food and Drug Administration in the future for
the b/tDMARDor csDMARD, one example being theCOVID-19 (co-
ronavirus disease 2019) pandemic, where TOF, HCLQ, and CLQ have
been proven to be apparently effective.22 This effect could be more im-
portant in the long term than their present therapeutic indications.

Existing treatment options have been shown to reduce dis-
ease activity, slow joint damage, and improve patients' related out-
comes and disability. Comprehensive disease control of RA
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
includes a clinical disease remission (DAS28–C-reactive pro-
tein <2.6), inhibition of radiological progression (increment of to-
tal Sharp score ≤0.5), and normal functionality (HAQ-DI <0.5),
but no normalization in the cytokine-chemokine profile is consid-
ered. A drug that achieves a comprehensive disease control and
better immune-regulation would be desirable. In order to follow
the efficacy of targeted therapies, we recommend measuring the
cytokine-chemokine profiles in addition to the standard RA
laboratories.

A great number of published articles related to treatment out-
come using DMARDmonotherapy or in combination are lacking
in endpoints supporting suppression of the targeted cytokine/
chemokine profiles in patients. To date, there are a limited number
of ongoing head-to-head superiority clinical trials in RA that have
been correctly designed to directly compare the efficacy of
targeted therapies. The paradox, however, is that rheumatologists
have little or no idea how to approach tailored therapy in order
to optimize the use of the DMARD arsenal following the cytokine
and chemokine inhibition profiles. This could contribute to an in-
dividualized RA therapy.23
Limitations
The levels of chemokines and cytokines reported in this arti-

cle do not guarantee a persistently low or high cytokines levels by
a particular DMARD through the course of treatment. The small
sample and high variation in cytokine and chemokine serum
levels make the extrapolation of our results difficult. Osiri et al.24

conducted a similar cross-sectional study in which no association
was found with the treatment because of the variability of cytokine
and chemokine serum levels. We expect our article to add to a
field with scarce information and contribute as a basis for future
www.jclinrheum.com e437
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FIGURE 2. Correlation between serum cytokines levels. A, Interleukin-1β versus IFN-α2, (B) IL-1β versus IL-23, (C) IL-1β versus IL-33, (D) IL-10
versus IL-33, (E) CCL2 versus IFN-α2, (F) CCL2 versus IL-8.
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analysis on the DMARD effects over the cytokine and chemokine
network, utilizing another methodological approach (cases and
controls, clinical assays, or cohort studies), focusing on the mole-
cules that are shown to be inhibited by a specific treatment.
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