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Rheumatoid arthritis (RA) remains a cause of morbidity and mortality in many patients
while new treatments have changed the face of the disease. Despite the emergence
of these new drugs, cardiovascular (CV) diseases remain more frequent in RA patients
compared with the general population. However, predictive biomarkers of RA severity
and precise guidelines to manage the CV risk in these patients are still lacking. Pro-
inflammatory cytokines contribute both to RA and CV pathogenesis. Focusing on
IL-17A, high levels of bioactive IL-17A were associated with destruction in RA but
also during myocardial infarction. The study aimed to assess the relationship between
bioactive IL-17A, destruction and the occurrence of CV events (CVE) in RA patients
with a very long follow-up. Thirty-six RA patients were followed between 1970 and
2012 in Lyon, France. They were tested for bioactive IL-17A and clinical and biological
characteristics were recorded at baseline. Then, the occurrence of CVE was registered
during the follow-up. To study the bioactive fraction of IL-17A, the bioassay used the
ability of human umbilical vein endothelial cells to produce IL-8 in presence of RA plasma
samples with or without an anti-IL-17A antibody. Bioactive IL-17A level at baseline was
higher in RA patients who later experienced a CVE compared to those without (0.77 vs
0.21 ng/ml, p-value = 0.0095, Mann-Whitney test) and synergized with joint destruction
(p-value = 0.020, Kruskal-Wallis test). Through its effects on vessels and thrombosis,
high levels of bioactive IL-17A could represent a long-term marker of CV risk.

Keywords: interleukin-17, rheumatoid arthritis, cardiovascular diseases, joint destruction, cardiovascular
prevention

INTRODUCTION

Active rheumatoid Arthritis (RA) leads to joint destruction but is also associated with premature
cardiovascular events (CVE) (1). Thirty percent of CVE in RA patients can be attributed to
RA inflammation-related parameters (joint destruction, auto-antibodies), and, these parameters
combined with traditional CV risk factors could account for up to 70% of all CVE (2). It remains
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crucial to identify predictive biomarkers of CVE in RA and to
institute guidelines to manage this CV risk. These biomarkers
could be pro-inflammatory cytokines as chronic inflammation
contributes to both CV pathogenesis and RA (3). Among them,
interleukin (IL)-17A plays a role both in RA development
and progression, and increases cardiovascular risk by inducing
inflammation, coagulation and thrombosis (4-7). Because the
effect of circulating IL-17A can be positively or negatively
modulated by other mediators [e.g., tumor necrosis factor-alpha
(TNFa), IL-25], it is critical to focus on the bioactive fraction of
IL-17A that takes into account these interactions (8). A bioassay
was previously developed to study specifically bioactive IL-17A.
Using this bioassay, increased levels of bioactive IL-17A were
found in RA patients with joint destruction compared to those
without (9) and patients with myocardial infarction showed a
peak of bioactive IL-17A at admission (10).

To investigate the link between these two aspects and to
identify predictive biomarkers of CVE in RA, this bioassay was
used to measure bioactive IL-17A from 36 RA patients with a
very long follow-up.

MATERIALS AND METHODS

Patients

Patients included in this study were followed between 1970 and
2012 at the Clinical Immunology and Rheumatology department
in a tertiary hospital in Lyon, France. Patients have to fulfill the
American College of Rheumatology criteria for RA diagnosis
(11). Clinical data were collected for each patient and recorded in
a computer database from the beginning to the end of the follow-
up. For the 36 RA patients included in this study, biological
samples were collected at time of entry. Samples were then kept
frozen in a biocollection. Patients with history of CVE before
sample collection were excluded. Parameters were collected at
the time of IL-17A sample collection: joint destruction, assessed
using the wrist Larsen score, age, sex, anti-citrullinated protein
antibodies (ACPA) positivity and disease activity score-28 (DAS-
28). RA was considered as destructive if the wrist Larsen score
was >2, as non-destructive if the Larsen score was equal to 0 or 1.
Then, the occurrence of CVE, defined as myocardial infarction,
stroke and peripheral acute ischemia, was recorded during the
follow-up. Efforts were made so that at sample collection, patients
with CVE were comparable with patients without CVE in terms
of age, sex, ACPA positivity and DAS-28. All patients signed an
informed consent. The study complied with the local Ethical
Committee of the Hospitals of Lyon and was approved by the
Ministry of Research (reference number: AC-2010-1164).

Functional Assay for Bioactive IL-17A

To explore the link between the occurrence of CVE, joint
destruction and the circulating IL-17 bioactivity, a functional
assay was performed (9). Blood samples from 36 RA patients were
collected and kept frozen in a bio-collection. The assay is based on
the ability of human umbilical vein endothelial cells (HUVEC)
to produce IL-8 in response to inflammatory cytokines (e.g.,
TNFa, IL-25) that are present in RA plasma samples. To measure

the specific contribution of IL-17A in IL-8 production, plasma
samples (diluted at 10%) are first pre-incubated with or without
a blocking anti-IL-17A monoclonal antibody (10 pg/ml, R&D
Systems, Paris, France) and then added to HUVEC for 48 h. The
difference between IL-8 production by ELISA with and without
anti-IL-17A antibody represents the contribution of the bioactive
fraction of IL-17A (9). IL-17A inflammatory and pro-coagulant
effects have been well characterized on these HUVEC (5).

Statistical Analysis

First, RA patients were divided into two groups according to their
CVE status. Fisher’s exact tests were used to compare qualitative
variables between these two groups. Mann-Whitney tests were
performed to compare quantitative variables and bioactive IL-
17A levels between CVE + and CVE- patients. A similar analysis
was performed between destructive and non-destructive RA
patients. Then, patients were divided into four groups according
to their CVE status and wrist joint destruction score at sample
collection and a Kruskal-Wallis test was used. Differences with
p-values <0.05 were considered statistically significant. Statistical
analysis were performed using GraphPad Prism version 8.4.3
(GraphPad Software, La Jolla, CA, United States)".

RESULTS

Patient Characteristics

Among 36 patients, 27 were females (75.00%), the mean age
at sample collection was 61.89 (£SD 11.66) years, the mean
DAS-28 at date of collection was 3.67 (£1.25), 58% of patients
(19/33) were ACPA+, the mean wrist Larsen score at sample
collection was 2.25 (£1.46). Twenty-three patients (64%) were
considered as having a destructive RA (Larsen score >2). These
patients were then followed-up for a mean duration of 19.81
(£11.55) years. The occurrence of a CVE, defined as myocardial
infarction, stroke and peripheral acute ischemia, during follow-
up was reported. Patients with a CVE (16/36 patients) had
a large majority of myocardial infarction (9/16), followed by
stroke (4/16) and peripheral acute ischemia (3/16). At sample
collection, patients with CVE during follow-up were comparable
with patients without CVE in terms of age, sex, ACPA positivity
and DAS-28 (Table 1). Other patient characteristics are described
in Table 1.

Bioactive IL-17A Is Associated With CVE

Occurrence and Destruction in RA
First, we confirmed that patients with destruction had higher
bioactive IL-17A level than those without [0.63 ng/ml (+SEM
0.14) vs 0.16 ng/ml (£0.055), p-value = 0.018, Mann-Whitney
test] (Figure 1A) (9). Bioactive IL-17A was higher in patients
with CVE compared to those without [mean 0.77 ng/ml (=SEM
0.19) vs 0.21 ng/ml (£0.056), p-value = 0.0095, Mann-Whitney
test] (Figure 1B).

Then, patients were divided into four groups according to
their CVE status (16 CVE + and 20 CVE-) and wrist joint
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TABLE 1 | Population characteristics.

Population description (N = 36 patients)

Variable Values p-values Missing data
Global characteristics All patients (N = 36) CVE+ (N = 16) CVE- (N = 20)

Female sex, no. (%) 27 (75.00%) 11 (68.75%) 16 (80.00%) 0.47 -
BMI, kg/m? 26.16 + 6.15 26.23 +6.73 26.10 + 5.85 0.82 2 (5.56%)
Age at sample collection, years 61.89 + 11.66 62.31 £ 10.44 61.55 +£ 12.80 0.78 -
Length of follow-up, years 19.81 £ 11.55 22.69 + 11.34 17.50 + 11.47 0.19 -
CVE, no. (%) 16 (44.44%) - - - -
Myocardial infarction 9 (66.25%) - - - -
Stroke 4 (25.00%) - - - -
Peripheral acute ischemia 3 (18.75%) - - - -

RA characteristics at sample collection

ACPA positivity, no. (%) 19 (57.58%) 10 (71.43%) 9 (47.37%) 0.29 3(8.33%)
Wrist Larsen score 2.25+1.46 2.88+1.15 1.76 £1.62 0.015 -
Larsen score <2, no. (%) 13 (36.11%) 3 (18.75%) 10 (50.00%) -
Larsen score >2, no. (%) 23 (63.89%) 13 (81.25%) 10 (50.00%) -
DAS-28 3.67 £1.25 3.64 +£1.31 3.69 +£1.25 0.98 -

CV risk factors

Never smoked, no. (%) 18 (561.43%) 6 (37.50%) 12 (63.16%) 0.18 1(2.78%)
High blood pressure, no. (%) 21 (61.76%) 12 (80.00%) 9 (47.37%) 0.079 2 (5.56%)
Diabetes, no. (%) 6 (18.18%) 3 (21.43%) 3 (15.79%) >0.99 3(8.33%)
Dyslipidaemia, no. (%) 18 (60.00%) 10 (71.43%) 8 (50.00%) 0.28 6 (16.67%)
Treatments

NSAIDs, no. (%) 23 (74.19%) 12 (92.31%) 11 (61.11%) 0.095 5 (13.89%)
Steroids, no. (%) 24 (68.57%) 13 (81.25%) 11 (57.89%) 0.17 1(2.78%)
Methotrexate, no. (%) 33 (94.29%) 16 (100.00%) 17 (89.47%) 0.49 1(2.78%)
Biologics, no. (%) 17 (48.57%) 50.00%) 9 (47.37%) >0.99 1(2.78%)
Immunosuppressive agents, no. (%) 5 (14.29%) 25.00%) 1(5.26%) 0.16 1(2.78%)
Other DMARDs, no. (%) 19 (54.29%) 43.75%) 12 (63.16%) 0.32 1(2.78%)

Quantitative variables are reported as mean + standard deviation. Fisher’s exact tests were used to compare qualitative variables. Mann-Whitney tests were used to
compare quantitative variables. RA, rheumatoid arthritis; CVE, cardiovascular event(s); BMI, body mass index; ACPA, anti-citrullinated protein antibodies; DAS-28, disease
activity score-28; NSAIDs, non-steroidal anti-inflammatory drugs, DMARDs, disease-modifying anti-rheumatic drugs.

destruction score at sample collection (non-destructive RA with
Larsen score <2, n = 13, and destructive RA with Larsen score
>2, n =23). Patients with both joint destruction and CVE had the
highest bioactive IL-17A levels (p-value = 0.020, Kruskal-Wallis
test, Figure 2).

DISCUSSION

These results showed for the first time that bioactive IL-17A was
increased in RA patients who later experienced a CVE compared
to those who did not. Results also suggested a synergistic
interaction between joint destruction and CVE occurrence,
through a common pathway associated with high IL-17A levels.
It further demonstrates the dynamic continuum between local
and systemic inflammation, leading first to destruction, and to
increased CVE at later time points (4, 5, 9).

The role of IL-17A in RA pathogenesis was first evidenced
from observations made on synovial tissue and fluid from
RA patients (12). Then, in vitro and in vivo experiments
confirmed that IL-17A mediates, synergistically with TNFa,

cartilage destruction and bone erosion that characterized RA
synovitis (13-15). Beyond its local detection into the synovium,
bioactive IL-17A circulating level was also correlated with joint
destruction in RA patients (9). This is particularly relevant
given the fact that IL-17A has pleiotropic and systemic effects,
especially on the CV system (16). Indeed, IL-17A, and moreover
when combined with TNFaq, induces endothelial dysfunction,
vascular inflammation and atherosclerosis and finally promotes
occurrence of CVE (5-7, 17). In a more acute situation, a peak
of bioactive IL-17A occurred at the time of admission in patients
with myocardial infarction (10). Therefore, the long-term release
of IL-17A and TNFa from RA synovitis into the circulation
can lead to systemic effects, especially on the CV system. This
uncontrolled local inflammation might then contribute to the
increased CV mortality observed in RA patients (16). While our
study was focused on IL-17A specific role, other molecules are
involved in RA pathogenesis and interact in a complex network.
For instance, the role of TNFa, IL-6 and IL-1 is now well
described in RA but also in the development of CV diseases
(18). Results indicated that IL-17A amplifies the effects of TNF,
IL-1, and others on matrix metalloproteinases, IL-6 and IL-8

Frontiers in Immunology | www.frontiersin.org

August 2020 | Volume 11 | Article 1998


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Robert et al.

Bioactive IL-17A in RA

A B
* *%
|
3.0 3.0
] [ ]
= 2.57 — 2.5-
< 2.0 £ 2.0
- - -
N <
-
5 1.5+ . 4 1.5- .
[ [
2 L 3 at
© 1.0 o 1.0
k! 2 o
o ° —:i:—' @ *
0.5 0.5 . i
° Hgm ° LR
% L [ § $ °e "
n [ ]
0.0 ¢ = T = 0.0 T T
Non-destructive RA Destructive RA CVE- CVE+
n=13 n=23 n=20 n=16
FIGURE 1 | Bioactive IL-17A is associated with destruction and with the occurrence of CVE in RA patients. Thirty-six patients were tested for IL-17A bioactivity,
reported as mean value (+=SEM). (A) Patients were divided according to RA destruction [13 patients had non-destructive RA (Larsen score <2), 23 had destructive
RA (Larsen score >2)]. Mann-Whitney test was used, *p < 0.05. RA, rheumatoid arthritis; IL, interleukin. (B) Patients were divided according to their CVE status (20
CVE- and 16 CVE+). Mann-Whitney test was used, **p < 0.01. CVE, cardiovascular event; IL, interleukin.
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FIGURE 2 | Synergistic interactions between bioactive IL-17A and joint destruction for the occurrence of CVE in RA patients.
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production often in a synergistic pattern (19, 20). In this context,
a cell-based bioassay was developed to emphasize the specific role
of IL-17A in RA (9, 12).

Despite the relative low number of biological samples
available, the long-term follow-up of the study is unusually
high with the chance of having samples from entry. This
allowed to draw a preliminary conclusion on the interaction
between IL-17A, destruction and the CV risk. The study of
CVE occurrence in RA is particularly complex because of the
long-term follow-up that is needed, care changes over-time, loss
of follow-up and heterogeneity of drugs. The benefit of IL-
17 inhibitors was still unclear and these results illustrate the
high disease heterogeneity regarding the possible contribution
of this cytokine to the local and systemic expression of severe
RA (8). Explanations partially came from many mediators
that interfere with IL-17A function; some have synergistic
effects (e.g., TNFa) and others antagonist ones (e.g., IL-
25) (8, 16). For instance, the inhibition of IL-17RA, one
of the subunit of the IL-17 receptor, also inhibits the anti-
inflammatory effect mediated by IL-25, whose receptor shares
one common subunit, IL-17RC, with IL-17A (4, 21). Moreover,
in RA patients that do not achieve a suitable response to
anti-TNFs, increased levels of IL-17 production and T-helper
(Th) 17 cell frequencies were observed (22, 23). However,
blocking IL-17A alone with secukinumab (an anti-IL-17A)
after insufficient response or intolerance to anti-TNF was
heterogenous but limited for the whole RA population (24-
26). Using ixekizumab (another anti-IL17A), results were more
promising in a phase 2 study and need to be confirmed (27).
Given the synergistic interactions between IL-17A and TNFa,
recent trials studied the dual inhibition of both IL-17 and
TNFa pathways in RA patients with inadequate response to
anti-TNFs (28). The IL-17 pathway was targeted in a more
extensive way, using bimekizumab, an antibody that neutralizes
both IL-17A and IL-17F (29). Certolizumab pegol was used
to target TNFa either alone or combined with bimekizumab.
The combination of both biologics allowed a better response
in RA patients with an inadequate response to certolizumab
pegol alone (28). These findings support that blocking multiple
pathways may provide additional benefits in RA. In our
context, the long-term evaluation of CV safety would be of
a great interest.

Blocking directly pro-inflammatory cytokines with biologics
is a way to lower inflammation but the use of other drugs, as
statins, could be of a major interest in these patients exposed
to chronic inflammation that developed premature CVE (30).
For instance, statins acting through the cholesterol pathway were
shown to inhibit the effects of IL-17 and TNFa on coagulation
and platelet aggregation in cultured endothelial cells (31). Use

REFERENCES

1. Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. (2016)
388:2023-38. doi: 10.1016/S0140-6736(16)30173-8

2. Crowson CS, Rollefstad S, Ikdahl E, Kitas GD, van Riel P, Gabriel SE, et al.
Impact of risk factors associated with cardiovascular outcomes in patients
with rheumatoid arthritis. Ann Rheum Dis. (2018) 77:48-54. doi: 10.1136/
annrheumdis-2017-211735

of these classical and novel treatments could be another way to
prevent the effects of IL-17 on blood vessels in these high CV
risk RA patients.

Therefore, IL-17A, possibly of joint origin, may be one of
the determinants of the CV risk in RA patients. The long-term
follow-up over 15 years revealed that CV risk is determined
at an early stage as shown by the predictive value of IL-17A
bioactivity that synergizes with destruction. To confirm these
promising results, the IL-17 story needs to be performed in
larger and planned clinical trials and also in other chronic
inflammatory diseases (8, 32). Its use may offer new perspectives
in the prevention of CVE in inflammatory diseases and in the
general population. One obvious limitation is the complexity of
such long term follow-up.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study complied with the local Ethical Committee of the
Hospitals of Lyon and was approved by the Ministry of Research
(reference number: AC-2010-1164). The patients provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

AH, MR, and NN-T were responsible for collection and assembly
of the data. PM, AH, MR, FM, and NN-T undertook data
analysis, interpretation, and critical revision of the manuscript.
PM and AH were responsible for study concept and design.
FM and MR performed the statistical analysis. PM and
NN-T managed administrative, technical, and logistic supports.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported in part by the IHU prometteur OPERA
(N°ANR-10-IBHU-004). MR and FM are supported by the Ecole
de I'Inserm Liliane Bettencourt. NN-T is supported by the IHU
prometteur OPERA. PM is a senior member of and supported by
the Institut Universitaire de France.

3. Mason JC, Libby P. Cardiovascular disease in patients with chronic
inflammation: mechanisms underlying premature cardiovascular events in
rheumatologic conditions. Eur Heart ]. (2015) 36:482-9c. doi: 10.1093/
eurheartj/ehu403

4. Miossec P, Kolls JK. Targeting IL-17 and TH17 cells in chronic inflammation.
Nat Rev Drug Discov. (2012) 11:763-76. doi: 10.1038/nrd3794

5. Hot A, Lenief V, Miossec P. Combination of IL-17 and TNFalpha
induces a pro-inflammatory, pro-coagulant and pro-thrombotic phenotype

Frontiers in Immunology | www.frontiersin.org

August 2020 | Volume 11 | Article 1998


https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.1136/annrheumdis-2017-211735
https://doi.org/10.1136/annrheumdis-2017-211735
https://doi.org/10.1093/eurheartj/ehu403
https://doi.org/10.1093/eurheartj/ehu403
https://doi.org/10.1038/nrd3794
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Robert et al.

Bioactive IL-17A in RA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

in human endothelial cells. Ann Rheum Dis. (2012) 71:768-76. doi: 10.1136/
annrheumdis-2011-200468

. Bouchnita A, Miossec P, Tosenberger A, Volpert V. Modeling of the effects

of IL-17 and TNF-alpha on endothelial cells and thrombus growth. C R Biol.
(2017) 340:456-73. doi: 10.1016/j.crvi.2017.10.002

. Robert M, Miossec P. Effects of interleukin 17 on the cardiovascular system.

Autoimmun Rev. (2017) 16:984-91. doi: 10.1016/j.autrev.2017.07.009

. Robert M, Miossec P. IL-17 in rheumatoid arthritis and precision medicine:

from synovitis expression to circulating bioactive levels. Front Med. (2018)
5:364. doi: 10.3389/fmed.2018.00364

. Ndongo-Thiam N, Miossec P. A cell-based bioassay for circulating bioactive

IL-17: application to destruction in rheumatoid arthritis. Ann Rheum Dis.
(2015) 74:1629-31. doi: 10.1136/annrheumdis-2014-207110

Bochaton T, Mewton N, Thiam N, Lavocat E Baetz D, Dufay N, et al. Early
kinetics of serum Interleukine-17A and infarct size in patients with reperfused
acute ST-elevated myocardial infarction. PLoS One. (2017) 12:¢0188202. doi:
10.1371/journal.pone.0188202

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JE Cooper NS,
et al. The American rheumatism association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum. (1988) 31:315-24. doi:
10.1002/art.1780310302

Chabaud M, Durand JM, Buchs N, Fossiez F, Page G, Frappart L, et al. Human
interleukin-17: a T cell-derived proinflammatory cytokine produced by the
rheumatoid synovium. Arthritis Rheum. (1999) 42:963-70. doi: 10.1002/1529-
0131(199905)42:53.0.CO;2-E

Chabaud M, Lubberts E, Joosten L, van Den Berg W, Miossec P. IL-17 derived
from juxta-articular bone and synovium contributes to joint degradation in
rheumatoid arthritis. Arthritis Res. (2001) 3:168-77. doi: 10.1186/ar294

Osta B, Roux JP, Lavocat F, Pierre M, Ndongo-Thiam N, Boivin G, et al.
Differential effects of IL-17A and TNF-alpha on osteoblastic differentiation
of isolated synoviocytes and on bone explants from arthritis patients. Front
Immunol. (2015) 6:151. doi: 10.3389/fimmu.2015.00151

Zrioual S, Ecochard R, Tournadre A, Lenief V, Cazalis MA, Miossec P.
Genome-wide comparison between IL-17A- and IL-17F-induced effects in
human rheumatoid arthritis synoviocytes. J Immunol. (2009) 182:3112-20.
doi: 10.4049/jimmunol.0801967

Beringer A, Miossec P. Systemic effects of IL-17 in inflammatory arthritis. Nat
Rev Rheumatol. (2019) 15:491-501. doi: 10.1038/s41584-019-0243-5
Williams JW, Huang LH, Randolph GJ. Cytokine circuits in cardiovascular
disease. Immunity. (2019) 50:941-54. doi: 10.1016/j.immuni.2019.03.007
Noack M, Miossec P. Selected cytokine pathways in rheumatoid arthritis.
Semin Immunopathol. (2017) 39:365-83. doi: 10.1007/s00281-017-0619-z
Chabaud M, Fossiez E Taupin JL, Miossec P. Enhancing effect of IL-17 on
IL-1-induced IL-6 and leukemia inhibitory factor production by rheumatoid
arthritis synoviocytes and its regulation by Th2 cytokines. J Immunol. (1998)
161:409-14.

Chabaud M, Garnero P, Dayer JM, Guerne PA, Fossiez F, Miossec P.
Contribution of interleukin 17 to synovium matrix destruction in rheumatoid
arthritis. Cytokine. (2000) 12:1092-9. doi: 10.1006/cyt0.2000.0681

Lavocat FE Ndongo-Thiam N, Miossec P. Interleukin-25 produced by
synoviocytes has anti-inflammatory effects by acting as a receptor antagonist
for interleukin-17A function. Front Immunol. (2017) 8:647. doi: 10.3389/
fimmu.2017.00647

Chen DY, Chen YM, Chen HH, Hsieh CW, Lin CC, Lan JL. Increasing levels of
circulating Th17 cells and interleukin-17 in rheumatoid arthritis patients with
an inadequate response to anti-TNF-alpha therapy. Arthritis Res Ther. (2011)
13:R126. doi: 10.1186/ar3431

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Alzabin S, Abraham SM, Taher TE, Palfreeman A, Hull D, McNamee K,
et al. Incomplete response of inflammatory arthritis to TNFalpha blockade
is associated with the Th17 pathway. Ann Rheum Dis. (2012) 71:1741-8.
doi: 10.1136/annrheumdis-2011-201024

Dokoupilova E, Aelion J, Takeuchi T, Malavolta N, Sfikakis PP, Wang Y, et al.
Secukinumab after anti-tumour necrosis factor-alpha therapy: a phase III
study in active rheumatoid arthritis. Scand J Rheumatol. (2018) 47:276-81.
doi: 10.1080/03009742.2017.1390605

Tahir H, Deodhar A, Genovese M, Takeuchi T, Aelion J, Van den Bosch E, et al.
Secukinumab in active rheumatoid arthritis after anti-TNFalpha therapy: a
randomized, double-blind placebo-controlled phase 3 study. Rheumatol Ther.
(2017) 4:475-88. doi: 10.1007/s40744-017-0086-y

Blanco FJ, Moricke R, Dokoupilova E, Codding C, Neal J, Andersson M, et al.
Secukinumab in active rheumatoid arthritis: a phase III randomized, double-
blind, active comparator- and placebo-controlled study. Arthritis Rheumatol.
(2017) 69:1144-53. doi: 10.1002/art.40070

Genovese MC, Greenwald M, Cho CS, Berman A, Jin L, Cameron GS,
et al. A phase II randomized study of subcutaneous ixekizumab, an anti-
interleukin-17 monoclonal antibody, in rheumatoid arthritis patients who
were naive to biologic agents or had an inadequate response to tumor necrosis
factor inhibitors. Arthritis Rheumatol. (2014) 66:1693-704. doi: 10.1002/art.
38617

Glatt S, Taylor PC, McInnes IB, Schett G, Landewe R, Baeten D, et al. Efficacy
and safety of bimekizumab as add-on therapy for rheumatoid arthritis in
patients with inadequate response to certolizumab pegol: a proof-of-concept
study. Ann Rheum Dis. (2019) 78:1033-40. doi: 10.1136/annrheumdis-2018-
214943

Glatt S, Helmer E, Haier B, Strimenopoulou F, Price G, Vajjah P, et al
First-in-human randomized study of bimekizumab, a humanized monoclonal
antibody and selective dual inhibitor of IL-17A and IL-17F in mild
psoriasis. Br ] Clin Pharmacol. (2017) 83:991-1001. doi: 10.1111/bcp.
13185

Karpouzas GA, Ormseth SR, Hernandez E, Budoff MJ. Impact of cumulative
inflammation, cardiac risk factors, and medication exposure on coronary
atherosclerosis progression in rheumatoid arthritis. Arthritis Rheumatol.
(2020) 72:400-8. doi: 10.1002/art.41122

Hot A, Lavocat F, Lenief V, Miossec P. Simvastatin inhibits the
pro-inflammatory and pro-thrombotic effects of IL-17 and TNF-
alpha on endothelial cells. Ann Rheum Dis. (2013) 72:754-60.
doi: 10.1136/annrheumdis-2012-201887

Robert M, Miossec P. Interleukin-17 and lupus: enough to be a target? For
which patients? Lupus. (2020) 29:6-14. doi: 10.1177/0961203319891243

Conflict of Interest: NN-T and PM hold a patent on the determination of
bioactive IL-17.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Robert, Hot, Mifsud, Ndongo-Thiam and Miossec. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Immunology | www.frontiersin.org

August 2020 | Volume 11 | Article 1998


https://doi.org/10.1136/annrheumdis-2011-200468
https://doi.org/10.1136/annrheumdis-2011-200468
https://doi.org/10.1016/j.crvi.2017.10.002
https://doi.org/10.1016/j.autrev.2017.07.009
https://doi.org/10.3389/fmed.2018.00364
https://doi.org/10.1136/annrheumdis-2014-207110
https://doi.org/10.1371/journal.pone.0188202
https://doi.org/10.1371/journal.pone.0188202
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1002/1529-0131(199905)42:53.0.CO;2-E
https://doi.org/10.1002/1529-0131(199905)42:53.0.CO;2-E
https://doi.org/10.1186/ar294
https://doi.org/10.3389/fimmu.2015.00151
https://doi.org/10.4049/jimmunol.0801967
https://doi.org/10.1038/s41584-019-0243-5
https://doi.org/10.1016/j.immuni.2019.03.007
https://doi.org/10.1007/s00281-017-0619-z
https://doi.org/10.1006/cyto.2000.0681
https://doi.org/10.3389/fimmu.2017.00647
https://doi.org/10.3389/fimmu.2017.00647
https://doi.org/10.1186/ar3431
https://doi.org/10.1136/annrheumdis-2011-201024
https://doi.org/10.1080/03009742.2017.1390605
https://doi.org/10.1007/s40744-017-0086-y
https://doi.org/10.1002/art.40070
https://doi.org/10.1002/art.38617
https://doi.org/10.1002/art.38617
https://doi.org/10.1136/annrheumdis-2018-214943
https://doi.org/10.1136/annrheumdis-2018-214943
https://doi.org/10.1111/bcp.13185
https://doi.org/10.1111/bcp.13185
https://doi.org/10.1002/art.41122
https://doi.org/10.1136/annrheumdis-2012-201887
https://doi.org/10.1177/0961203319891243
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Synergistic Interaction Between High Bioactive IL-17A and Joint Destruction for the Occurrence of Cardiovascular Events in Rheumatoid Arthritis
	Introduction
	Materials and Methods
	Patients
	Functional Assay for Bioactive IL-17A
	Statistical Analysis

	Results
	Patient Characteristics
	Bioactive IL-17A Is Associated With CVE Occurrence and Destruction in RA

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


