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New poss ib i l i t ies  o f  pharmacotherapy 
for  immune-mediated  in f lammator y  
rheumat ic  d iseases :  
a focus on inh ib i tors  o f  in ter leuk in-17
Nasonov E.L.1, 2

In recent years, more attention has been focused on Th17 cells that synthesize interleukin-17 (IL-17) in contrast to Th1

and Th2 cells, the marker cytokines of which are interferon-г (IFN-г) and IL-4, respectively. It is precisely these patho-

logical activation and expansion of Th17 cells that are supposed to play a key role in the development of a wide spec-

trum of immune-mediated inflammatory rheumatic diseases (IMIDs), including rheumatoid arthritis (RA), psoriasis,

ankylosing spondylitis (AS), psoriatic arthritis (PsA), inflammatory bowel disease, and systemic lupus erythematosus,

which were previously considered as Th1-dependent diseases associated primarily with the hyperproduction of IL-2 and

IFN-г. This has served as a powerful stimulus to design new biological agents, the mechanism of action of which is

based on blocking the pathological effects of IL-17, others associated with the activation of Th17 cells of cytokines, or

small molecules interfering with transcription factors that regulate the synthesis of these cytokines. This review discusses

current studies of the mechanisms regulating the formation and functional activity of IL-17 family cytokines, as well as

evidence of the importance of these cytokines in the pathogenesis of IIDs. Special attention is paid to the clinical effi-

cacy and safety of anti-IL-17A monoclonal antibody secukinumab used to treat psoriasis, PsA, AS, and RA.
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НОВЫЕ ВОЗМОЖНОСТИ ФАРМАКОТЕРАПИИ ИММУНОВОСПАЛИТЕЛЬНЫХ 
РЕВМАТИЧЕСКИХ ЗАБОЛЕВАНИЙ: ФОКУС НА ИНГИБИТОРЫ ИНТЕРЛЕЙКИНА 17

Насонов Е.Л.1, 2

В последние годы большее внимание привлечено к Th17-клеткам, синтезирующим интерлейкин 17 (ИЛ17),

в отличие от Th1- и Th2-клеток, «маркерными» цитокинами которых являются соответственно интерферон γ
(ИФНγ) и ИЛ4. Полагают, что именно патологическая активация и экспансия Th17-клеток играют ведущую

роль в развитии широкого спектра иммуновоспалительных заболеваний (ИВЗ) человека, включая ревмато-

идный артрит (РА), псориаз, анкилозирующий спондилит (АС), псориатический артрит (ПсА), воспалитель-

ные заболевания кишечника, системную красную волчанку, которые ранее рассматривались как Th1-зависи-

мые заболевания, связанные в первую очередь с гиперпродукцией ИЛ2 и ИФНγ. Это послужило мощным

стимулом для разработки новых генно-инженерных биологических препаратов, механизм действия которых

основан на блокировании патологических эффектов ИЛ17, других связанных с активацией Th17-клеток ци-

токинов, или «малых молекул», интерферирующих с факторами транскрипции, регулирующими синтез этих

цитокинов. В обзоре обсуждаются современные исследования, касающиеся механизмов регуляции образо-

вания и функциональной активности цитокинов семейства ИЛ17, и доказательства значения этих цитоки-

нов в патогенезе ИВЗ. Особое внимание уделяется клинической эффективности и безопасности монокло-

нальных антител к ИЛ17А – препарату секукинумаб при псориазе, ПсА, АС и РА.

Ключевые слова: ось ИЛ-17/ИЛ-23; интерлейкин 17; псориаз; псориатический артрит; анкилозирующий

спондилит; ревматоидный артрит.
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According to modern concepts, the central stage in regu-

lation of acquired immunity, which plays a fundamental role in

protecting the body from potentially pathogenic factors of ambi-

ent (and internal) environment, is occupied by differentiation of

naive CD4+ T-cells into T-helper (Th) cells, which synthesize a

wide range of cytokines that coordinate the immune response.

About 20 years ago T.R. Mosmann and R.L. Coffman [1] for-

mulated an extremely seminal concept of existence of two major

subpopulations of these cells - Th1 and Th2: the former induce

cell-mediated response against intracellular infections (viruses,

bacteria) and participate in the development of chronic

(autoimmune) inflammation, while the latter act against extra-

cellular infectious agents (bacteria, parasites, including

helminths), toxins and participate in the development of allergic

diseases. Later on other subpopulations of CD4+ T-cells were

identified; each of them occupies their own place in the variety

of physiological mechanisms of immune defence or pathogene-

sis of human immune-mediated inflammatory diseases

(IMIDs), malignant neoplasms and other pathological condi-

tions (Fig. 1). 

The biggest attention is focused on Th17 cells that synthe-

size interleukin (IL)-17 in contrast to Th1 and Th2 cells, the

marker cytokines of which are interferon-γ (IFN-γ) and IL-4,

respectively [2]. It is precisely these Th17 cells’ pathological

activation and expansion that are supposed to play a key role in

the development of a wide range of human IMIDs, including

rheumatoid arthritis (RA), psoriasis, ankylosing spondylitis

(AS), psoriatic arthritis (PsA), inflammatory bowel diseases

(IBDs), and systemic lupus erythematosus (SLE), which were

previously considered Th1-dependent diseases [3]. Moreover, in

recent years there have been discussions of Th17 cells participa-

tion in carcinogenesis, atopy, atherogenesis, transplantation

immunity, obesity [3]. This has served as a powerful stimulus to

design new biological agents, the mechanism of action of which

is based on blocking the pathological effects of IL-17, or “small

molecules” interfering with transcription factors that regulate

the synthesis of these cytokines [3]. 

IL-17, previously identified as cytotoxic T lymphocyte-

associated antigen 8 [4], was discovered in 1995 [5]. There are six

ligands in the IL-17 cytokine family, including: IL-17A, IL-17B,

IL-17C, IL-17D, IL-17E and IL-17F (Table 1) [6]. IL-17A is a

dimeric glycoprotein (molecular weight 15 kDa), which consists

of 155 amino acids. It is the main representative of structurally

related IL-17-cytokines, primarily IL-17F, which has a 50%

homology with IL-17A. Homology with other members of the

IL-17 family varies from 20% to 50%, which determines both

the similarity and differences in their biological effects. IL-17A

circulates in the blood stream as a homodimer consisting of two

chains of IL-17A or as a IL-17A/IL-17F heterodimer. IL-17A,

which is a "marker" cytokine of the IL-17 family, has the

strongest "pro-inflammatory" activity. Along with IL-17A,

IL-17B, IL-17C and IL-17D are also classified as "pro-inflam-

matory" cytokines, although their role in the development of

inflammation is understudied. IL-17E (also known as IL-25)

has the weakest homology with IL-17A and is involved in Th2

cells generation. 
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Fig. 1. Main subpopulations of CD4 + T-helper lymphocytes
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The family of IL-17 receptors (IL-17R) was first identified

in 1995 and is considered to be a unique type of receptors that

differ in structure from other cytokine receptors (Fig. 2) [7]. It

includes 5 subunits, IL-17RA → IL-17RE, which have a com-

mon transmembrane domain. At the same time, IL-17A,

IL-17F and IL-17A/F with various affinity bind to the same

receptor complex, consisting of IL-17RA and IL-17RC sub-

units. IL-17RA is a subunit of IL-25R, including IL-17RA and

IL-17RB. There is a theory that IL-17RA blockade can poten-

tially suppress the "anti-inflammatory" effect mediated by

IL-17E (IL-25) [8], which may have a negative effect on the effi-

cacy of monoclonal antibodies (MoAbs) to IL-17 receptors.

Binding of IL-17 to the corresponding receptor results in the

"assembly" of adapter proteins (ACT, TRAF) regulating the acti-

vation of important signalling pathways, including NF-κB,

C/EBP (CCAT/enhancer-binding proteins), AP1 (activation

protein-1) and other transcription factors, regulating “pro-

inflammatory" cytokines gene function [6, 7]. 

The differentiation and proliferation of Th17 cells, first

cloned from the synovial tissue of RA patients in 1999 [9], has

several stages (initiation, amplification and stabilization), and is

regulated by various cytokines and growth factors (Fig. 3, Table
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Fig. 2. Characteristics of IL-17 receptors and signalling. ACT1 - NF-κB activator; AP1 – activator protein 1; TRAF – TNF receptor-associated fac-
tor; C/EBP – CCAAT-enhancer-binding protein

Table 1 Functional characteristics of IL-17 cytokines

Cytokines Synonyms Basic IL-17 synthesizing cells Main IL-17 effector functions

IL-17A/ СTLA8 Th17, γδ T cells, RORγt + ILC, Synthesis of IL-1β, IL-6, IL-8, IL-11, CXCL1, 
IL-17F mast cells, macrophages, neutrophils, G-CSF, GM-CSF, antimicrobial peptides, 

keratinocytes, iNKT, etc. activation of NF-κB, MAPK 
signalling pathways, neutrophils 

IL-17В IL-20, NIRF

IL-17С CX2 Epithelial cells Synthesis of antimicrobial peptides

IL-17D IL-27

IL-17Е IL-25 Th17, eosinophils, basophils Synthesis of IL-4, IL-5, IL-13, IgE, 
eotoxin, eosinophilia, basophilia

Note. NIRF – neuronal interleukin 17-related factor; iNKT – invariant natural killer T; ILC – innate lymphoid cells; CXCL1 – chemokine
(C-X-C motif) ligand 1; G-CSF – granulocyte colony-stimulating factor; GM-CSF – granulocyte-macrophage colony-stimulating factor;
NF-κB – nuclear factor kappa-light-chain-enhancer of activated B cells; MAPK – mitogen-activated protein kinase.
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2). In contrast to IL-12, which has been identified as a key

cytokine that induces IFN synthesis, which is characteristic of

the Th1 type immune response, the activation of the Th17

immune response is associated with another cytokine, IL-23

[10]. IL-23 and IL-12 are members of the IL-12 cytokine fami-

ly and have a heterodimeric structure and carry a common sub-

unit (p40). IL-23 comprises p40- and p19-subunits and acts via

IL-12Pβ1 and IL-23P, while IL-12 comprises p40 and p35.

Although IL-12 and IL-23 are structurally alike, they have dif-

ferent functional activity, regulating the polarization of the

immune response in the Th1 and Th17 types, respectively [11].

The leading stage in the functioning of Th17 cells is the binding

of IL-23 to the corresponding receptor, which forms the basis of

the so-called IL-23/IL-17 axis, the activation of which deter-

mines the pathogenic potential of Th17 cells [12]. In the pres-

ence of IL-21 and IL-6, and also probably the transforming

growth factor β (TGFβ), which initiate Th0-differentiation into

Th17 cells and IL-23P expression, IL-23 induces the activation

of the main transcription factor of Th17 cells - RORt (retinoic

acid-receptor-related orphan receptor) or RORC in humans.

Other transcription factors more or less related to the activation

of the IL-23/IL-17 axis, include STAT3 (signal transducer and

activator of transcription 3) - Jak2/tyk2, IRF4 (interferon regu-

latory factor 4), AHR (aryl hydrocarbon receptor), BATF (Basic

leucine zipper transcription factor ATF-like), Runx1 (runt-

related transcription factor 1), and others [12]. It is noteworthy

that RORt not only controls the expression of Th17-specific

genes but also suppresses the expression of a number of proteins

characteristic of other T-cell subpopulations. A significant role

in the regulation of Th17 cells functional activity is attributed to

CD4 + T-regulatory cells (Treg), the balance between which

underlies the immune homeostasis and tolerance. Treg cells,

inhibiting RORt expression, suppress the formation of Th17

cells, but under the influence of "pro-inflammatory" cytokines

can be transformed into Th17 cells, which represents the so-

termed Th17/Treg plasticity phenomenon [13]. An important

cytokine associated with activation of the IL-23/IL-17 axis is

IL-22 (a member of the IL-10 cytokine family), which is syn-
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Fig. 3. The stages of "pathogenic" Th17 cells formation. Na?ve T cells activation in the presence of TGFβ
initiates Th17 cells differentiation. Th17 cells begin to synthesize IL-21, which "amplifies" the formation of
Th17 cells along the "autocrine" pathway. IL-21 induces the expression of IL-23 receptors on differentiating
Th17 cells, making them "sensitive" to IL-23 signalling. IL-23 stabilizes the Th17 phenotype, which begins
to synthesize IL-17A, IL-17F, IL-22, thereby ensuring that Th17-cells perform effector functions

Table 2 The main cytokines that regulate the differentiation of Th17 cells and are synthesized by Th17 cells

Differentiation of Th17 cells
Inhibition of Th17 cell Functional activity of cytokines synthesized 

differentiation by Th17 cells or regulating their function

IL-23 IFNγ IL-17А
• Survival and expansion of Th17 cells • Regulation of local tissue inflammation by coordinating the expression 
• Th17-cytokine synthesis induction of "pro-inflammatory" and "neutrophilic" cytokines and chemokines
• Decrease in ability of Th17-cells IL-17F
to dedifferentiation and plasticity • Recruitment of neutrophils and immune response to extracellular pathogens

IL-6 IL-2 IL-21
• Activation of RORγt and IL-21 expression • Enhancing the Th17 proliferation by inducing the IL-23P expression

TGFRβ IL-4 IL-22
• The transition of Th0 to Th17 cells • Synthesis of antimicrobial peptides and expression of "pro-inflammatory" 
(in combination with IL-6 and IL-23) cytokines by keratinocytes and other nonhematopoietic cells

IL-1β IL-27 IL-26
• Th17 differentiation • Enhancement of Th17 "pro-inflammatory" response by epithelial cells GM-CSF
• Increased expression of ROR?t and IRF4 • Enhancement of the Th17 cells pro-inflammatory function
• Maintaining the synthesis of Th17-cytokines • Differentiation of M1 (inflammatory) macrophages
after the polarization of the immune response MIP3α

• CCR6 ligand 
TNF-α

• Pleiotropic activator and immunity regulator, activating Th17 cells 
and acting synergistically with IL-17

Note. CCR6 – C chemokine receptor type 6; CD196; IRF4 – interferon regulatory factor 4. 
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thesized by a special population of T cells - Th22 cells, and Th17

cells and other cells involved in the innate immunity [14]. On

the one hand, IL-22 exhibits synergistic effects with IL-17 and

TNF-α regarding the development of inflammation, while on

the other hand it plays an important role in protecting tissues

from damage (including with infectious agents) and in healing

and regeneration processes. It is noteworthy that IL-22 prevents

the formation of Foxp3 + Treg and induces the resistance of

effector T cells to Treg mediated immunosuppression. 

It should be especially emphasized that, along with Th17

cells, IL-17 is synthesized by many cellular populations that are

localized in various tissues (lungs, intestinal mucosa, skin, etc.)

and participate in the regulation of not acquired, but innate

immunity. These include CD8 + T cells, RORt T cells, invariant

natural killer cells (T-iNKT), mucosal-associated invariant T-

cells (T-MAIT), helper T cells and natural killer cells (NKT

cells), killer cell immunoglobulin like receptor (KID3DL2),

natural Th17 cells, lymphoid tissue inducer cells (LTi), group 3

innate lymphoid cells (ILC3), as well as macrophages, neu-

trophils and mast cells [15].

IL-17 has a variety of effects (pleiotropic) on different cell

populations, which determines the fundamental physiological

(protection against infections) and pathophysiological (chronic

immune inflammation) role of this cytokine. The basic physio-

logical function of Th17 cells and IL-17 is the immune defence

of the body from extracellular bacterial and fungal infections

that penetrate the human body through epithelial and mucous

barriers [16]. An example of IL-17's important role in anti-

infectious immunity is hyper-IgE syndrome (associated with the

genetic mutation of STAT3 gene), in which an increase in the

sensitivity to Staphylococcus aureus and Candida albicans

infection is closely related to the Th17 defect. The development

of chronic mucocutaneous candidiasis (an infectious skin dis-

ease most often caused by C. albicans) is due to a genetic defect

of IL-17RA, IL-17F, Act1, IL-17RS and RORC and autoanti-

body response to IL-17A, IL-17F and IL-22, which blocks their

protective function. 

IL-17A (and also IL-17F), binding to IL-17R, expressed

on cells involved in the development of inflammation (vascular

endothelium, macrophages, fibroblasts, osteoblasts and chon-

drocytes, etc.) [17], induces the production of "pro-inflammato-

ry" cytokines and chemokines (Table 3). It should be empha-

sized, however, that IL-17 itself has a relatively weak activity, but

exhibits a powerful synergistic effect with other cytokines (TNF-

α, IL-1β, IL-22, IFNγ, GM-CSF) with respect to both induc-

tion of other "pro-inflammatory" cytokine synthesis and effects

of chronic inflammation in general. The synergy between IL-17

and TNF-α is of particular importance. There is evidence that

IL-17 stabilizes the TNF-α mRNA, thereby enhancing its syn-

thesis, and induces the expression of type II TNF-α receptors on

various cells that participate in TNF-dependent inflammation

[3]. 

The ro le  o f  the  IL-23/ IL-17 ax is  
in  the  deve lopment  o f  IMIDs
As already noted, convincing data have now been obtained

on the important role of Th17-immune response in the patho-

genesis of a wide range of human IMIDs [3, 17-19]. 

Psoriasis
Psoriasis is the most frequent human IMID, characterized

by a high incidence of comorbid diseases, including cardiovas-

cular pathology and diabetes mellitus, metabolic syndrome,

depression, and possibly PsA, as part of the so-called psoriatic

disease [20, 21]. Characteristic features of psoriasis are the pro-

liferation of keratinocytes and the accumulation in the affected

skin of immune cells (T cells, macrophages, leukocytes) and

myeloid (CD11 +) dendritic cells (DC) that are involved in the

polarization of the immune response both in Th17 and Th1

types [22-24]. These cells produce a wide range of cytokines

that, affecting keratinocytes and other skin resident cells, induce

hyperproliferation of the epidermis, neoangiogenesis and

inflammation of the skin in general. A unique place in the

immunopathogenesis of psoriasis is occupied by cathelicidin

(cathelicidin/LL-37) and ADAMTS-like protein 5 [25, 26],

whose presentation of DCs induces the IL-23 synthesis. In the

skin of psoriatic patients an increase in the content of Th17 cells,

γδT cells, IL-C3 cells, NK cells, mast cells synthesizing IL-17,
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Table 3 Cytokines and other IL-17 induced mediators

Mediators Cells

Cytokines IL-6 Chondrocytes, keratinocytes, fibroblasts, synoviocytes, 
macrophages, endothelial cells, myofibroblasts, astrocytes

TNF-α Macrophages
IL-1β Macrophages, chondrocytes, astrocytes, synoviocytes
IL-10 Macrophages
IL-12 Macrophages

GM-CSF Fibroblasts, synoviocytes

Chemokines IL-8 (CXCL8) Keratinocytes, fibroblasts, synoviocytes, epithelial cells, endothelial cells, 
panacinous myofibroblasts of the large intestine and pancreas

GROα (CXCL1) Synoviocytes, epithelial cells, chondrocytes
CINC Interstitial epithelial cells

MIP2 (CXCL2) Synoviocytes, epithelial cells
CXCL5 Chondrocytes

RANTES (CCL5) Endothelial cells
MIP3 (CCL20) Synoviocytes

Other Complement 3 Skin fibroblasts, subepithelial myofibroblasts of the large intestine
Factor B Skin fibroblasts

TLR 2,4,9 Synoviocytes
ICAM-1 Skin fibroblasts, keratinocytes

NO Chondrocytes, epithelial cells
PGЕ2 Macrophages, chondrocytes, synoviocytes
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IL-23, IL-22, IL-23R, and TNF-α has been observed [27]. The

integral and individual effect of IL-17, IL-22 and TNF-α on

keratinocytes leads to the induction of gene transcription,

encoding the synthesis of antimicrobial proteins (S100A7) and

peptides (LL-37 cathelicidin), as well as “pro-inflammatory”

mediators: chemokine ligand 20 (CCL20), CXCL1, 2,3,8,

IL-19, IL-20, IL-15, IL-36. The development of epidermal

hyperplasia and vascular proliferation are caused by the action of

both cytokines (IL-22, IL-19, IL-36) and "classical" growth fac-

tors, such as epidermal growth factor, TGF, fibroblast growth

factor, endothelial growth factor and platelet-derived growth

factor. It is noteworthy that, according to genetic studies, the

carriage of a specific single-chain polymorphism of IL-23R and

IL-22B genes is associated with a "sensitivity" to the develop-

ment of psoriasis, which brings psoriasis closer to other diseases

associated with the IL-23/IL-17 axis activation.

Spondyloarthritis and psoriatic arthritis
Spondyloarthritis (SpA) is a heterogeneous group of dis-

eases including AS, PsA, reactive arthritis and arthritis associat-

ed with IBD [28]. It is noteworthy that according to the modern

"rheumatological" classification of PsA, which develops in at

least one third of patients suffering from psoriasis, falls into the

SpA group of diseases, but despite the development of spondyli-

tis, enthesitis and dactylitis, characteristic of SpA, phenotypi-

cally differs from SpA. It is believed that psoriasis without joint

damage and PsA should be considered as options for the devel-

opment of "psoriatic disease", the differences between which are

determined by the "profile" of cytokine synthesis and genetic

factors [21]. In any case, along with psoriasis, AS and PsA are

classic examples of diseases whose development is associated

with the activation of the IL-23/IL-17 axis [29-33].

As in psoriasis, there is a correlation between the develop-

ment of PsA and the carriage of single-nucleotide (protective)

polymorphism of IL-23R and IL-23 encoding genes, as well as

the polymorphism of the ACT1 gene (TRAF3IP2) involved in

IL-17R mediated signalling [34, 35]. An increase in the expres-

sion of IL-12p19 – IL-23R, IL-17A – IL-17R was noted in the

affected skin and synovial membrane of PsA patients. In vitro

experiments have shown that IL-17 induces the hyperproduc-

tion of IL-6, IL-8 and matrix metalloproteinase 3 (MMP3) by

synoviocytes isolated from the joints of PsA patients. There was

an increase in the number of IL-17 + cells and CD22 + CD4 +

cells in the peripheral blood of psoriasis and PsA patients. There

are data on the correlation between the content of another sub-

population of IL-17 cells – CD8 + in synovial tissue, the activ-

ity of inflammation and the severity of joint destruction. In the

synovial fluid of PsA patients an increase in the content of Th17

cells and the concentration of IL-17, IL-17R, IL-23, correlating

with the severity of arthritis, was noted. 

AS is the main representative of the SpA group, the cardi-

nal feature of which is damage to axial skeleton, associated with

the development of inflammation in the area of ligaments inser-

tion to the spine and sacroiliac joints (enthesis) [28]. Unlike RA

and PsA, which are characterized by bone tissue destruction, a

unique feature of AS is the formation of new bone tissue [33]. In

addition to the well-proven role of HLA-B27 in AS, recent stud-

ies have demonstrated the relation between the polymorphism of

the IL-23P coding gene and the propensity to develop AS [34,

35]. Large-scale genome screening has enabled to establish that

the carriage of the IL-23P rs11209026 (arg381Gln) variant pre-

vents the development of AS and is associated with a decrease in

STAT3 phosphorylation and IL-17 synthesis. It is suggested,

that other genes associated with the IL-23/IL-17 axis are also

involved in the development of AS (as well as psoriasis and

IBD), including IL-6R, IL-12B, IL-27, CADR9 (nuclear tran-

scription factor Y subunit B-4-like), STAT3 and TYK2, as well

as epigenetic "autographs" of these genes [35, 36]. According to

experimental data, the inflammation associated with the activa-

tion of the IL-17/IL-23 axis leads to the development of arthri-

tis, enthesitis [37-39] and new bone tissue in AS. An increase in

the concentration of a wide range of "pro-inflammatory"

cytokines, including IL-17A, IL-6, TGFβ [40-42], IL-23 [41-

44] in the sera of AS patients and the content of various Th17

and Th22 subpopulations in the peripheral blood of SpA patients

[45-49]. It has also been established that an increase in the num-

ber of KIR3DL2 + Th17 cells interacting with the HLA-B27

homodimer is observed in the blood and synovial tissue of AS

patients [50], which contributes to the “survival” and enhance-

ment of IL-17 synthesis by these cells. The recent studies have

shown that there is an increase in the number of Th17 memory

cells expressing the T-cell receptor (TCR) αβ + CCD161, in the

peripheral blood of early (non-axial) SpA patients [51]. It is

noteworthy that an increase in the concentration of IL-17A and

the number of Th17 cells is observed predominantly in men, but

not in women with SpA [52] and does not depend on the con-

centration of sex hormones. This indicates certain differences in

the SpA pathogenic mechanisms in women and in men and

allows explaining the nature of a more severe lesion of the axial

skeleton in the latter, despite similar pain and functional status

[53]. It should be noted that not only Th17 cells but also cells of

the innate immune system actively synthesize IL-17 especially

in the affected tissues of SpA patients [54-57]. In particular, it

has been shown that ILC3 cells when stimulating IL-23 synthe-

size an excessive amount of IL-17, IL-22 and other "pro-inflam-

matory" cytokines [57]. 

Another important aspect of this problem is related to the

role of intestinal inflammation in SpA pathogenic mechanism

[58–60]. According to experimental data, “transgenic" mice

carrying the HLA-B27 and β2-microglobulin genes observed the

development of intestinal inflammation that correlates with an

increase in the IL-12 and IL-17 expression in the inflamed tis-

sue [61, 62]. A violation of the intestinal microbiota in trans-

genic HLA-B27 rats was discovered in comparison with wild rats

[63]. Pathological changes in the intestinal microflora (dysbio-

sis) have been revealed in patients suffering from AS, PsA, and

IBD, and are associated with differentiation of cells synthesizing

IL-17 and IL-22 [64, 65]. In recent studies, it has been shown

that in AS patients an increase in IL-23 expression and an

abnormal content of DC, T- and IL-C3 cells that synthesize

IL-17 and IL-22 in the intestinal mucosa are observed [66, 67].

In the terminal section of the small intestine, an increase in the

expression of IL-23p19 mRNA was observed in patients with

SpA and Crohn's disease. In this case, monocytes infiltrating the

intestinal wall, synthesize IL-23, and Panet cells synthesize

IL-17 and IL-23 [68]. 

Of special interest is the study of the role of the IL-23 /

IL-17 axis activation in the development of enthesitis, a charac-

teristic manifestation of SpA [39, 69, 70]. It is believed that local

synthesis of IL-23 is triggered under the influence of mechanical

stress and/or dysbiosis in HLA-B27 carriers, including as part of

“unfolded protein response” associated with HLA-D27 mis-

folding. This, in turn, leads to the activation of resident T cells

localized in enthesis that begin to synthesize both IL-17 (and

TNF-α) that induce the development of inflammation, and

IL-22 that causes osteoproliferation.
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Rheumatoid arthritis
At present, a large number of studies have convincingly

demonstrated the important role of IL-17 in the immunopatho-

genesis of RA, which are summarized in a series of reviews [18,

71, 72]. In IL-17 deficient mice induction of collagen arthritis is

complicated [73], and the administration of IL-17A inhibitors

attenuates articular inflammation and radiographic signs of joint

destruction in experimental arthritis [74-77]. In patients with

RA the concentration of IL-17A in the serum and synovial fluid

is significantly higher than in patients with osteoarthritis (OA)

and in the controls [78-82], and correlates with the activity and

severity of the pathological process, in particular with the hyper-

production of antibodies to cyclic citrullinated peptides (anti-

CCP) [78-80]. It is noteworthy that the pathogenic role of Th17

cells is especially evident at the early stage of RA. Thus, the con-

centration of IL-17 in the sera of patients with early RA (<9

weeks) is significantly higher than in the later stages of the dis-

ease [82], and the level of IL-17 in healthy people who subse-

quently developed RA is higher than in patients after the onset of

the disease [83]. Nucleotide polymorphism of CCR6 regulatory

variant (specific marker of Th17 cells) correlates with increased

expression of CCR6, IL-17 concentration and the risk of RA

development [84]. There is evidence that it is in the early phase

of RA that the "plasticity" of Th cells is realized, in particular,

manifested in the conversion of Th17 cells into Th1 cells, lead-

ing to the formation of so-called "non-classic Th1 cells" [85]. It

has been shown in recent studies, that an increase in the number

of Th17 cells carrying CD161 is noted in patients with early RA,

which are considered to be a "marker" for the transformation of

Th17 cells from Th1 cells [86]. It is noteworthy that methotrex-

ate (MT), the most effective drug for RA treatment, normalizes

the number of Th17 cells, which justifies high MT efficacy in the

early stage of RA [87]. It has been shown in recent studies, that

in the course of the treatment with TNF- inhibitors, those

responding to therapy have a significant decrease in the concen-

tration of IL-17A and circulating Th17 cells in the peripheral

blood. In contrast, in patients resistant to TNF- inhibitors, an

increase in the level of Th17 and IL-17A concentration was

noted, despite a decrease in the level of TNF-. At the same time,

the high basal level of IL-17 was the only independent predictor

of resistance to treatment with TNF- inhibitors [88]. Resistance

to TNF- inhibitors is associated with an increase in the number

of Th17 cells in the peripheral blood, p40 (IL-12 and IL-23 sub-

unit) concentrations, and a tendency for more pronounced pro-

duction of IL-17 ex vivo by peripheral mononuclear cells isolat-

ed from the blood of RA patients. In addition, the high basal

level of Th17 cells is associated with a lack of positive dynamics

of DAS28 index on the background of therapy [89]. 

In general, the study of the distribution of the Th17-cell

subpopulations and Th17-cytokines in SpA and RA indicates,

on the one hand, the significance of activation of the IL-17/IL-

23 axis in the immunopathogenesis of both diseases; and the

existence of various mechanisms for the regulation of the

"pathological" Th17-immune response in these diseases on the

other hand. We will note only some facts, the true pathophysio-

logical and clinical significance of which requires further study.

For example, there was a correlation between IL-22 expression

and the frequency of detection of Th17 cells in AS, but not in

RA patients [47]. At the same time, the number of Th22 and

Th17 cells correlates with the activity of inflammation in RA,

but not with SpA. Although IL-23 (and also CCL20) is

expressed in the synovial membrane of the joints in both dis-

eases, the IL-23 serum level is only associated with disease activ-

ity in RA [48]. The severity of synovial cell hyperplasia correlates

with the level of IL-17, IL-23 and CCL20 in RA, but not in SpA.

Synovial tissue of SpA patients (unlike in RA patients) contain

mast cells (c-Kit +) that actively synthesize IL-17. In case of

SpA there was an increase in the number of γδ T cells expressing

IL-23P, an increase in which in the peripheral blood is associat-

ed with hyperproduction of IL-17. In general, all these data

indicate a more pronounced activation of the innate Th17

immune response in SpA than in RA, and the prevalence of the

autoinflammatory component in the immunopathogenesis of

the disease, in contrast to the acquired Th17 and Th1 types of

immune response underlying the autoimmune pathological

process, observed in RA patients [90]. Comparative analysis of

gene expression (Affymetrix array) in the skin and synovial

membrane in PsA patients has shown that the "genetic profile"

of changes in the synovial membrane is more reminiscent of

pathological changes in the skin than in joints with other types

of arthritis [91]. At the same time, according to the

immunomorphological study of the material obtained from joint

biopsy in patients with RA, PsA and OA, marked heterogeneity

of IL-17A, IL-17F and their receptors expression in the synovial

tissue was noted [92]. This makes it possible to partially explain

the results of clinical studies, which indicate significant differ-

ences in the effectiveness of therapy with IL-17 inhibitors in

these diseases.

Behcet's disease
Behcet's disease (BD) is a systemic vasculitis of unknown

etiology, characterized by recurrences of ulcerative process in

the oral cavity and genitals, eye lesions, joint damage, gastroin-

testinal tract, central nervous system and other organs failure

[93]. In the serum of BD patients, IL-17 concentration correlat-

ing with the activity of the disease was noted [94-96], and an

increase of IL-23 mRNA content in leukocytes, IL-23 in serum

and IL-17 synthesis in supernatants of cultured leukocytes [96].

Certain polymorphisms of IL-23R–IL-12RB2 associated with

the risk of BD development have been identified in a large-scale

genetic studies [97, 98]. 

Systemic lupus erythematosus
SLE is a chronic autoimmune disease of unknown etiolo-

gy, characterized by a systemic immune-inflammatory lesion of

vital organs and an extraordinary variety of clinical manifesta-

tions [99]. A characteristic feature of SLE is pronounced activa-

tion of humoral and cellular immunity, the most vivid manifes-

tation of which is the synthesis of autoantibodies to a wide spec-

trum of core antigens. In recent studies, data have been obtained

that indicate the potential pathogenic significance of the Th17-

type immune response in this disease. Thus, according to exper-

imental studies MRL and B6 mice with a spontaneously devel-

oping lupus-like disease demonstrate an increased IL-17 con-

centration in serum [100, 101]. It is not possible to induce the

development of lupus nephritis in the mice deficient in the IL-17

synthesis [102, 103]. An increase in the concentration of IL-17

[104-107], IL-6, IL-23 [107] in the sera of SLE patients and the

level of circulating Th17 cells [107] correlates with the clinical

activity of the disease and the severity of kidney damage from

biopsy data [107]. Infiltration with Th17 cells was observed in

renal biopsy specimens from patients with lupus nephritis [108,

109], and IL-17 concentration in renal tissue correlates with the

severity of microhematuria, proteinuria, serum urea level, and

clinical activity of SLE [110]. Along with IL-17 there is an

increase in the concentration of IL-23 in the sera of patients
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with SLE [111, 112]. It was found that overexpression of IL-23

is driven by an increase in the binding of the IFN-regulatory fac-

tor 3 and the promoter site of IL-23p19 [113]. It was also noted

that in SLE patients the expansion of IL23R + cells including

subpopulations of both CD4 + and CD8 + lymphocytes is

observed, and an increase in the levels of IL-23 + and IL-17 +

cells correlates with the SLE activity [114]. It is believed that an

increase in the concentration of IL-23, IL-22, as well as the con-

tent of T cells synthesizing IL-22, can determine the hetero-

geneity of SLE as a clinical syndrome. For example, a high level

of IL-23 (and IL-22-synthesizing T cells) is associated with skin

lesion and serositis to a greater extent than with kidney damage

[115, 116], and a high level of IL-17 is associated with CNS

damage rather than with the overall activity of SLE. It is note-

worthy that in IL-17 deficient mice there is no synthesis of anti-

ssDNA, anti-RNP and antichromatin antibodies, but the syn-

thesis of anti-dsDNA is preserved. 

Sjogren's Syndrome
Sjogren's syndrome (SS) is a systemic autoimmune disease

characterized by autoimmune damage to the salivary and

lacrimal glands, as well as by systemic manifestations that affect

the skin, lungs, kidneys, and nervous system [117]. In recent

years, numerous data have been obtained, indicating the impor-

tant role of Th17 cells in the immunopathogenesis of this disease

[118-121]. In the inflamed tissue of the salivary glands of

patients with SS, massive infiltration with Th17 cells is observed

[122, 123], which along with IL-17 synthesize IL-21, IL-22,

IL-23 and IL-6 [124, 125]. An increase in the concentration of

IL-22 in the sera of SS patients correlates with the severity of

xerostomia, an increase in the concentration of rheumatoid fac-

tor (RF), anti-SSB antibodies and hypergammaglobulinemia

[126]. In the peripheral blood of patients with SS, an increase in

the Th17 cell subpopulation (CD4 + CD161 +) associated with

activity (ESSDAI index ≥4), laboratory parameters (ESR,

hypergammaglobulinemia, thrombocytopenia, anti-SSB) and

severity of disease has been observed [127].

Pharmacotherapy o f  IL-17-assoc ia ted  IMIDs :
focus on secuk inumab
The therapeutic efficacy of Th17 cell inhibition and IL-17

synthesis in human IMIDs has been first demonstrated in

patients with psoriasis treated with ustekinumab, which is a

MoAb to IL-12/IL-23 [128]. However, since these antibodies

inhibit not only Th17 but also the Th1 type of immune response,

the clinical value of inhibition of Th17 activation alone has not

been proven. This served as the basis for the development of

therapeutic approaches related to direct inhibition of the effects

of IL-17 in human IMIDs [129] 

Secukinumab (SEC, Secukinumab, Novartis) is a fully

human IgG1 MoAb that binds to human IL-17A with a high

affinity and neutralizes the activity of this cytokine. This medic-

inal product is intended for subcutaneous (s.c.) administration,

although the effectiveness of intravenous (i.v.) infusion is the

subject of special studies [130]. 

A study of pharmacokinetic parameters was performed in

patients with psoriasis and PsA: after the administration of SEC,

the serum level of IL-17A (free and associated with SEC) reach-

es the plateau, and then slowly decreases, which reflects the

kinetics of MoAbs to IL-17A clearance associated with IL-17A.

The dynamics of concentration of IL-17F was not observed,

which indicates the selectivity of SEC in respect of IL-17A.

Based on the study of the pharmacokinetic parameters of SEC in

patients with psoriasis, it was found that after the administration

of a saturating dose (once a week for a month) the maximum

SEC concentration in serum is reached within 31-34 days. The

peak concentration in the equilibrium state (Cmax ss) after the

s.c. administration of 300 mg and 150 mg of the drug after 20

weeks is 55.2 μg/ml and 27.6 μg/ml, respectively. After a single

intravenous injection, the absolute bioavailability of the SEC is

73%, and the volume of distribution is 7.10 – 8.60 l, which indi-

cates a limited marginal distribution of the agent. The duration

of half-life of SEC in patients with psoriasis is 27 days. In PsA

patients, the bioavailability of SEC is 85%, the clearance of the

drug is independent of age and increases with increasing body

weight. Data concerning the interaction of SEC with the

CYP450 enzyme have not been obtained. There were no adverse

interactions with the administration of SEC together with MT

and glucocorticoids.

Materials relating to the main studies of SEC administra-

tion to patients with psoriasis, PsA and AS are summarized in

Table 4. 

Psoriasis
Phase II randomized placebo-controlled study (RCT)

investigated the efficacy of SEC in 125 patients with moderately

severe/severe psoriasis. The injection of SEC once every 4 weeks

resulted in a significant improvement in the PASI75 (Psoriasis

Area and Severity Index) index in 82% of patients receiving 150

mg of SEC (p<0.001) and 57% of patients with a 75 mg SEC

dose (p = 0.002), compared with 9% in the PL group [131].

Later on several large-scale Phase III RCT (ERASURE, FIX-

TURE, FEATURE) were carried out, which confirmed the very

high efficacy of SEC in psoriasis treatment and served as the

basis for its official registration for the treatment of this disease

[132, 133]. It is noteworthy that according to the data of CLEAR

RCT (n = 676), SEC was more effective than etanercept (ETN),

a TNF-α inhibitor [134]. After 52 weeks, improvement in the

PASI 90 index was noted in 76% of the patients receiving SEC

and 61% of the patients in the ETN group (p <0.0001), the PASI

100 effect was noted in 46% and 36% of patients (p = 0.0103),

respectively, while the general effect in the opinion of the doctor

(pure or almost pure skin) was registered in 80% and 65% of

patients (p <0.001). 

Psoriatic arthritis
A Phase II RPC evaluated the efficacy of SEC in 42

patients with active PsA. After 6 weeks there were no significant

differences in efficacy – achieving 20% improvement – between

the patients receiving SEC and PL (39% vs 23%; p = 0.27) under

the American College of Rheumatology (ACR20, the "primary

endpoint") criteria. Nevertheless, the SEC group demonstrated

a significant effect on the "secondary end points", namely, the

dynamics of acute phase parameters (ESR and C-reactive pro-

tein - CRP) and quality of life parameters [135]. 

The results of FUTURE I and FUTURE II, Phase III

RCTs, convincingly demonstrated the efficacy of SEC treatment

for PsA patients [136, 137]. The "primary endpoint" in both

studies was the ACR20 response. "Secondary end points" includ-

ed the PASI 75 and PASI 90 responses, the dynamics of the

DAS29-CRP index, SF-36, HAQ, dactylitis and entesitis. The

main results of FUTURE 1 and FUTURE 2 studies are summa-

rized in Table 4.

The FUTURE I study included 660 patients with PsA

randomized by groups receiving i.v. SEC infusion, and then 150

mg or 300 mg of SEC, s.c., and a PL group. The data from long-
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term (104 weeks) SEC administration showed a persistent ther-

apeutic effect [138]. At the end of the observation period, the

ACR20/50/70 response among the patients treated with 150 mg

of SEC was observed in 73.9%/46.4%/28.1%, and among the

patients who received 75 mg of SEC it was observed in

68.6%/35.55%/22.5%, respectively. Positive dynamics of skin

lesions (PASI 75) was observed in 82.9% (150 mg SEC) and in

70.2% of patients (75 mg SEC); and as per PASI 90 it was

observed in 69.5% and 50% of patients, respectively. The ACR20

response among the patients who did not receive TNF-α
inhibitors occurred in 80.0% (SEC 150 mg) and 72.9% (SEC 75

mg). Corresponding indices in TNF-α inhibitors resistant

patients were 55.3% and 54.8%. The absence of radiographic

progression was detected in 84.6% (SEC 150 mg) and 83.9%

(SEC 75 mg) of patients.

FUTURE 2 study evaluated the efficacy of different

doses of SEC (75 mg, 150 mg and 300 mg initially every week

for 4 weeks, followed by another dose every 4 weeks) in 397

patients with PsA [139]. The use of MT at a dose of ≤25 mg per

week was allowed. After 24 weeks, the efficacy of SEC

(ACR20) was noted at all doses: SEC at 300 mg demonstrated

efficacy in 54% of the patients, SEC at 150 mg - in 51% of the

patients, SEC at 75 mg - in 29% of the patients and the PL

demonstrated efficacy in 15% of the cases. Significant response

has also been achieved with regard to "secondary endpoints",

including PASI 75, PASI 90, DAS28-CRP and ACR50, but

only when administering SEC at 150 mg and 300 mg. The SEC

treatment rates were higher in those patients who had not pre-

viously received TNF-α inhibitors. A post-hoc analysis of the

FUTURE 2 trial results showed that after 24 weeks the PsA

patients who had not previously been treated with TNF-α
inhibitors (n = 258), ACR20 response to the therapy was

observed in 58.2% (SEC at 300 mg; p < 0.001), 63.5% (SEC at

150 mg; p <0.001), and 45.5% (SEC at 75 mg; p <0.001) of the

cases and only in 14.3% of the patients in the PL group [138].

In patients resistant to TNF-α inhibitors (n = 139), the effica-

cy of SEC was lower: in 45.5% (p <0.001), 29.7% (p <0.001)

and 14.3% of patients, respectively. At 52 weeks (post-random-
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Table 4 Major SEC RPCSs on psoriasis and rheumatic diseases

Study Number Doses, mode Primary
Achievement

Authors
Design of patients of administration endpoints

of the primary Outcomes
endpoint

Psoriasis

K.А. Papp Phase II 125 25 mg, 75 mg, 150 mg, PL PASI75 Yes 150 mg (82%; p <0.001), 
et al. [131]. s.c. once in 4 weeks after 12 weeks 75 mg (57%; p <0.002), PL (9%)

R.G. Langley III (ERASURE) 738 150 mg, 300 mg, PL PASI75 Yes 300 mg (81.6%), 150 mg (71.6%), 
et al. [132]. After iv saturation dose after 12 weeks PL (4.5%) p<0.001

sc once every 4 weeks

R.G. Langley III (FIXTURE) 1306 150 mg, 300 mg, PL, ETC PASI75 Yes 300 mg (77.1%), 150 mg (67.0%), 
et al. [132]. after 12 weeks ETC (44.0%), PL (4.9%) p<0.001

A. Blauvert III (FEATURE) 177 150 mg, 300 mg, PL, PASI75 Yes 300 mg (75.9%), 150 mg (69.5%), 
et al. [133]. s.c., once a month after 12 weeks PL (0%) p<0.0001

Psoriatic arthritis

P.J. Mease III (FUTURE 1) 606 150 mg, 75 mg, PL ACR20 Yes 150 mg (50%), 75 mg (50.5%), 
et al. [136]. After i.v. saturation dose after 24 weeks PL (17.3%) p<0.001

s.c. once every 4 weeks

I.B. McInnes III (FUTURE 2) 397 75 mg, 150 mg, 300 mg, PL ACR20 Yes 300 mg (54%, p <0.001), 
et al. [135]. After i.v. saturation dose after 24 weeks 150 mg (51%, p <0.0001), 

s.c. once every 4 weeks 75 mg (29%; p = 0.39), PL (15%)

ClinicalTrial.gov III (FUTURE 4) SEC (150 mg, s.c.) in pre-filled syringes with and without saturating dose; 
a 2 year long term efficacy, safety and tolerability assessment in patients with active PsA.

ClinicalTrial.gov III (FUTURE 5) SEC (150 mg and 300 mg, s.c.) in pre-filled syringes with and without saturating dose; a 2 year long term efficacy
(including slowing radiographic progression), safety and tolerability assessment in patients with active PsA.

Ankylosing spondylitis

D. Baeten II 30 10 mg/kg, i.v., ASA20 Yes 10 mg/kg (59%), PL (24%)
et al. [143]. twice in 3 weeks after 16 weeks

D. Baeten III (MEASURE 1) 371 10 mg/kg, i.v., then 75 mg ASA20 Yes 10 mg/kg, i.v. → 75 mg, s.c. (59.7%) 
et al. [144]. or 150 mg, s.c., i.v. after after 16 weeks and 10 mg/kg, i.v. → 150 mg, 

2 weeks, s.c. after 4 weeks s.c. (60.8%), PL (28.7%) p<0.01

D Baeten III (MEASURE 2) 219 75 mg, 150 mg, PL ASA20 Yes 150 mg (61.1%, p <0.0001), 
et al. [145]. after 16 weeks 75 mg (41.1%; n/a), PL (28.4%)

ClinTrial.gov III (MEASURE 3) Long-term maintenance of the SEC efficacy (3 years) in patients who "responded" to the therapy after 16 weeks

ClinTrial.gov III (ASTRUM) Assessment of clinical efficacy and the possibility of reducing the dose of NSAIDs (NSAIDs-saving effect)

Rheumatoid arthritis

M.C. Genovese II 237 25 mg, 75 mg, 150 mg, 300 mg, ACR20 No 25-300 mg (36.9-53.7%), PL (34%)
et al. 151 (152) PL, s.c., twice a month after 16 weeks

W. Tlustochowicz II 221 10 mg/kg, i.v., then 150 mg, ACR20 No SEC - 49.2%, PL - 40.9%
et al. [153]. s.c., every 4 weeks after 12 weeks

Note. ERASURE – Efficacy of Response and safety of Two fixed secukinumab Regimens in psoriasis; FIXTURE – Full Year Investigative Examination of Secukinumab vs
Etanercept using Two Dosing Regimens to Determine Efficacy in Psoriasis; PL – placebo, ETC - etanercept.
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ization phase) in patients who did not receive TNF-α
inhibitors, the ACR20 response occurred in 68.7%, 79.4% and

58.5% of patients who received SEC at doses of 300 mg, 150

mg and 75 mg, respectively; whereas among TNF-α inhibitors

resistant patients, the therapeutic response was achieved in

54.5%, 37.8% and 35.3% of the cases, respectively. These data

suggest that SEC at a 150 mg dose is most indicated for treat-

ment of patients who have not previously received TNF-α
inhibitors, whereas in the case of TNF-α inhibitors resistant

patients it is more appropriate to administer high (300 mg)

doses of SEC.

Data on the comparative efficacy of SEC (FUTURE 1

and FUTURE 2 studies) and human MoAbs to TNF-α adali-

mumab (ADA) (ADEPT study) [140] are of interest.

Preliminary results indicate a higher efficacy of ADA in rela-

tion to lesions of both joints and skin (in comparison with the

PL). That way, the ACR20/50/70 response was observed in

43.2%/30.5%/23.9% of the patients treated with ADA (40 mg

once every 2 weeks) and in 33.7%/27.5%/17.9% of the

patients, who received SEC at the 150 mg dose; with respect

to PASI75 and PASI90 responses, the rates were 59.2% and

42.4% (ADA) and 46.1% and 35.7% (SEC at a 150 mg dose),

respectively. Similar data were obtained by analyzing the effi-

cacy of SEC at a dose of 300 mg. The NNT (number needed

to treat) value regarding the number of ACR20 responders was

2.3 for ADA, 3.0 for SEC 150 mg and 2.7 for SEC 300 mg.

With respect to PASI75, the corresponding NNT values were

1.7; 2.2 and 1.9. The data of another meta-analysis did not

reveal significant differences in the values of the NNT

(ACR20) index when comparing ADA, golimumab (GLM),

infliximab (INF), cerolizumab pegol (CZP) and SEC (150 mg

and 300 mg), which in all cases was below 3 [141]. CZP, ETN

and especially ustekinumab (UST) were less effective: NNT

ranged from 3.2 to 6.3. With respect to PASI75, these values

for SEC (150 mg and 300 mg) did not differ from those char-

acteristic of ADA, INF and GLM therapy: NNT <2 in all

cases. There were no differences in the efficacy of SEC and

UST in PsA patients, resistant to TNF-α inhibitors. Finally,

according to the results of a meta-analysis carried out by

I.B. McInnes et al. [142], in relation to the ACR20/50/70

response, SEC is superior to UST and apremilast (a phospho-

diesterase 4 inhibitor) and is not inferior to TNF-α inhibitors;

as for PASI50/75/90 response, SEC (300 mg) is significantly

more effective than ADA, CZP, ETN, GLM (50 mg) and

apremilast.

Ankylosing spondylitis
According to a Phase II RCT, which included 30 patients

with moderate-to-severe/severe AS, SEC treatment (three i.v.

infusions) in 6 weeks resulted in an improvement in the ASAS20

index in 59.2% of the patients (compared with 24.5% of the PL

patients). In the course of the dynamic observation (94 weeks),

it turned out that SEC treatment (3 mg/kg every 4 weeks) is

associated with regression of inflammatory changes in the spine

according to MRI data [143]. 

Phase III MEASURE 1 (n = 371) and MEASURE 2 (n =

219) data indicate a rapid and significant improvement in AS

symptoms during SEC treatment [144]. In MEASURE 1 study,

patients were administered SEC 10 mg/kg i.v. at Week 1, in 2 and

4 weeks, and then 150 mg or 75 mg every month. In MEASURE

2 study, SEC was administered as a s.c. injection (150 mg or 75

mg) at Weeks 1, 2, 3, and then (starting with Week 4) every 4

weeks. In MEASURE 1 study, patients in the PL group who did

not get ASAS20 response by Week 16 were transferred to the

SEC treatment group at Week 16; and those patients in the PL

group who got ASAS20 response by Week 16 were transferred to

the SEC treatment group at Week 24 at the earliest. In MEA-

SURE 2 study, all patients in the PL group were transferred to

the SEC treatment group at Week 16, regardless of the therapeu-

tic response. In both studies, the patients from the PL group,

when switched to the SEC therapy, were randomized in groups

(1:1) who received either 150 mg or 75 mg of SEC, s.c., every 4

weeks. In both studies, disease-modifying anti-rheumatic drugs

and prior therapy with TNF-α inhibitors were tolerated, but the

vast majority of patients did not have a history of taking the lat-

ter.

According to MEASURE 1 study, at Week 16 the ASAS20

response was noted in 61% of the patients in the SEC 150 mg

group; in 41% of the patients in the SEC 75 mg group and in

28% of the patients in the PL group (p <0.001 when comparing

SEC150 mg and PL; p = 0.10 when comparing SEC 75 mg and

PL). A follow-up analysis (in 16 and 24 weeks until Week 102),

when all the patients were administered SEC (150 mg or 75 mg),

showed the continued efficacy of the therapy. The ACR20

response was registered in 79.3% of the patients who received

SEC at 150 mg, and in 72.1% of patients who received SEC at 75

mg, and ACR40 response was registered in 64.4% and 53.5%,

respectively. Partial remission (ASAS criteria) occurred in 32.2%

and 23.3% of patients, respectively [145]. 

A follow-up analysis (at Week 52) of the MEASURE 2

study results indicates the efficacy of long-term150-mg SEC

treatment for all "primary" and "secondary" endpoints used to

evaluate the effectiveness of AS therapy [146]. So, for instance,

if at Week 16 the ACR20 response occurred in 61.1% of patients,

then at Week 52 – in 62.5%; ACR40 response occurred in 36.1%

and 48.6% of patients, respectively. Partial remission under

ASAS criteria developed at Week 16 in 13.9% of patients (in the

PL group - in 4.1%), and at Week 52 in 22.2% of patients.

In a more detailed analysis of MEASURE 1 [146] and

MEASURE 2 studies, it turned out that, depending on the pre-

vious therapy, SEC effectively controls AS activity both in

patients who did not receive TNF-α inhibitors and in TNF-α
inhibitors resistant patients [147, 148]. Thus, in the group of

patients who did not receive TNF-α inhibitors, the share of

patients getting the ASAS20 response was 68.2%, while in the

PL group it was 31.1% (p <0.001), and in the group of TNF-α
inhibitors resistant patients it was 50% and 24.1%, respectively

(p <0.05). Similar data were obtained from a pool analysis of

MEASURE 1 and MEASURE 2 studies [147].

According to the pilot study, based on MRI data, a 94-

week SEC treatment leads to a reduction in bone marrow edema

in 87% of the AS patients (n = 10) [149]. It should be empha-

sized that suppression of the inflammation detected during MRI

is critical for slowing the radiographic progression of the disease.

When analyzing the MEASURE 1 study results, it was found

that 80% of the patients undergoing SEC treatment (during 104

weeks) demonstrated no radiographic progression of the spinal

lesion (mSASSS ≤0) compared to the baseline, while "new" syn-

desmophytes, lacking before the start of the SEC treatment were

found only in 5% of the patients. This study confirmed earlier

findings that the male gender (the mean mSASSS dynamics was

0.38 ± 2.79 in males and 0.08 ± 1.58 in females), an increase in

the concentration of CRP (0.47 ± 2.66 in males and 0.02 ± 2.27

in females) and the initial presence of syndesmophytes (0.47 ±

3.20 and 0.02 ± 0.26) are risk factors for the spine injury

advancement [150].

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86



78

Rheumatoid arthritis
The first study of RA treatment with SEC included 52

patients with high activity, which persisted despite MT treat-

ment [129]. The patients were randomized into several groups:

PL and two i.v. infusions of SEC 10 mg/kg with a 3 week inter-

val. The duration of follow-up was 16 weeks. According to the

preliminary calculation, significant differences in efficacy

between SEC and PL (ACR20 response) were to be achieved at

p<0.20 value. After 6 weeks, the ACR20 response to therapy

was achieved in 27% of the patients in the PL group and in 46%

of the patients in the SCC group (p = 0.12). The positive

response to SEC was rapid. After 4 weeks, the ACR20 response

occurred in 50% of the patients receiving SEC and in 31% of

the patients in the PL group (p = 0.013) and maintained for 16

weeks (54% vs 31%, p = 0.08). Initial data were obtained with

respect to the dynamics of the DAS28 index (p = 0.16) and

CRP level (p = 0.001). When analyzing the ROC curve, SEC

was more effective than PL in terms of ACR20 response (p =

0.01), DAS28 index (p = 0.03) and CRP dynamics (p = 0.002).

The overall frequency of adverse reactions (AR) was similar

(81% on the back of the SEC therapy and 65% on the back of

PL administration). There were no serious ARs. Then, a mul-

ticentre RCT (Phase II) was carried out, which included 273

patients with active RA despite receiving a stable dose of MT

(7.5–25.0 mg/week) [151]. The patients were randomized into

several groups: PL, SEC 25 mg, 75 mg, 150 mg and 300 mg

every 4 weeks. Treatment with glucocorticoids was allowed (at

a <10 mg/day dose). The "primary endpoint" was the ACR20

response at Week 16 on the back of the drug therapy vs. PL

treatment. Although the efficacy of the therapy in the com-

pared groups did not differ statistically, a larger number of

patients receiving a high dose of SEC achieved the "primary

endpoint" compared with the patients receiving PL. ACR20

response was registered in 34%, 47%, 47% and 54% of the

patients receiving SEC at a dose of 25 mg, 75 mg, 150 mg and

300 mg, respectively, and in the PL group is occurred in 36% of

the patients. At the same time, according to the DAS28-SRB

index dynamics, the SEC therapy (25 mg, 150 mg and 300 mg)

was significantly more effective than PL administration, and

these differences were noticeable starting from Week 2 of ther-

apy. After Week 16, the concentration of CRP was significant-

ly lower on SEC treatment than in the PL group. It is notewor-

thy that the efficacy of therapy was associated with a higher

basal level of CRP (> 10 mg/l) in patients who received SEC at

doses of 150 mg and 300 mg. Patients who had a marked effect

of SEC therapy, demonstrated a significant positive change in

the Quality of Life indicators (EuroQol, SF-36 and FACIT-

FATIGUE indices). In the open phase of this study, those

patients who did not "respond" to SEC treatment at doses of 25

mg and 75 mg continued treatment with the drug at a dose of

150 mg; those who did not "respond" to 150 mg were trans-

ferred to 300 mg, and those receiving 300 mg continued treat-

ment with SEC at the same dose [152]. The patients from the

PL group were administered SEC at a 150 mg dose. The dura-

tion of treatment was 52 weeks. The most pronounced effect

throughout the study occurred in patients who received SEC at

a 150 mg dose. After 24 weeks, the ACR50 response was regis-

tered in 50% of the patients, and after 52 weeks - in 55%,

which was associated with the positive dynamics of the HAQ

index: -0.6 and -0.8, respectively. The frequency of remission

development under EULAR criteria in the group of patients

who received SEC at a dose of 150 mg was 12% after 16 weeks,

30% after 24 weeks and 40% after 52 weeks. Those patients

who did not initially respond to the treatment did not demon-

strate a significant clinical effect upon dose escalation. 

In another Phase II study, the efficacy of SEC was evalu-

ated in a group of 221 patients with RA, resistant to MT therapy

[153]. The patients were randomized into three groups (2:2:1),

of which Group 1 (n = 88) received an i.v. "saturating" dose of

SEC (10 mg/kg) upon enrolment, then a similar dose after 2 and

4 weeks, and after that SEC 150 mg, s.c., every 4 weeks; Group

2 (n = 89) were administered a "saturating" dose of 150 mg/week

for 5 weeks, and then 150 mg once every 4 weeks; the patients in

the PL group (n = 44) started SEC treatment after 16 weeks at

150 mg once every 4 weeks. In the compared groups, there were

no significant differences in the efficacy of therapy as per

ACR20. At the same time, when the patients who received SEC

were united in one group, they demonstrated a significantly

higher efficacy of SEC therapy compared to the PL patients (p

<0.05), and these differences were evident after 1, 2, 3, 4 and 16

weeks. ACR50 and ACR70 response was low, but higher in the

SEC therapy group than in the PL group: ACR50 response was

19.2% and 9.1% and ACR70 response was 7.9% and 2.3% in the

SEC and PL groups, respectively. The decrease in activity as per

DAS28-ESR and DAS28-CRP indices was expressed to a

greater extent (p <0.05) against the background of the SEC ther-

apy than in the PL group. It should be noted that there was a lack

of significant differences in the efficacy of the SEC therapy,

depending on the treatment regimen, viz. i.v. or s.c. injection of

a saturating dose of SEC 150 mg. The efficacy of SEC as per

other "secondary endpoints" (Health Assessment Questionnaire,

HAQ), as well as the dynamics of the CRP level, was also high-

er than in the PL group (p <0.05). 

A recent Phase II study evaluated the association between

clinical efficacy of SEC (10 mg/kg, i.v., every 2 weeks) and car-

riage of the HLA-DRB1 allele [154]. This study is of great inter-

est because there is evidence of the functional role of HLA-

DRB1*SE (shared epitope) (a characteristic immunogenic RA

marker) that determines the polarization of the immune

response in Th17 type RA [155]. This study demonstrated a

higher efficacy of SEC compared to PL in ACR20 response

(87.1% and 25.0%, respectively) and positive dynamics of the

DAS28 index after 28 weeks. However, there was no relation

between the SEC efficacy and HLA-DRB1*04 carriage. At the

same time, the authors believe that the role of HLA-DR SE car-

riage and seropositivity in the RF as possible predictors of the

efficacy of SEC in RA cannot be ruled out. A more detailed

analysis of the outcomes showed that the carriers of these alleles

completely lacked the PL effect (mainly, the population of

Russian patients), while in patients who did not have these alle-

les, there was an improvement in the disease activity both in the

SEC group and the PL group. It is noteworthy that, according to

experimental studies based on the transplantation of synovial tis-

sue of RA patients to SCID mice, it turned out that SEC is effec-

tive only at a high content of CD3 + T cells in the synovial tis-

sue [156]. 

Thus, the obtained data testify to the efficacy of subcuta-

neous injections of SEC in RA treatment, which served as the

basis for planning Phase III studies. RCT REASSURE 1 is

aimed at evaluating the efficacy of SEC 75 mg and 150 mg in

comparison with PL in patients with active RA receiving a stable

dose of MT (7.5-25 mg/week) resistant to the treatment with

TNF-α inhibitors (NCT01377012). The duration of the RCT

will be 2 years, 630 patients are planned to be included in the

study. The "primary endpoint" will be the efficacy of therapy

(ACR20 response) after 24 weeks, and the "secondary end-
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points" include the HAQ dynamics, the progression of joint

destruction according to the X-ray data and the frequency of the

full therapeutic response (ACR70 response for 6 months). RCT

NURTURE 1 (NCT01350804) has similar objectives (and the

research plan). In this study, the comparison group will include

patients who received abatacept, T-lymphocyte costimulatory

blocker. Study will last 1 year and cover 548 patients. Patients

who will have completed this study will be transferred to the

open-label study (4 years) with an objective to assess the long-

term efficacy and safety of SEC at doses of 75 mg and 150 mg

(NCT01640938). 

Behcet's disease
The data above, which indicate the prevalence of the

Th1/Th17 type immune response in the case of BD, served as

the basis for a 24-week Phase III RCT (NCT00995709) which

included 118 patients treated with SEC or PL. The main clinical

manifestations of BD in patients were posterior uveitis and

panoveitis. However, this study did not prove the efficacy of SEC

therapy. Other studies of SEC therapy for BD treatment were

terminated prematurely. Interestingly, the INF therapy, the effi-

cacy of which has been rigorously proven in BD treatment, led

to a marked decrease in IL-17 (and other “pro-inflammatory”

cytokines: IFNγ, IL-2, TNF-α and IL-6) in the ophthalmic

fluid, as well as IL-17 synthesis by activated CD4 + T cells and

RORγδ expression in Th17 cells [157].

Crohn's disease
Despite the theoretical substantiation of the fundamental

role of the IL-23/IL-17 axis in the immunopathogenesis of

Crohn's disease [158, 159], the Phase II RCT was prematurely

discontinued due to the absence of a significant response and an

increase in the frequency of infectious complications, primarily

fungal [160, 161]. These data have not only clinical but also very

great theoretical importance, since they draw attention to the

fundamental role of Th17-cytokines, and especially IL-22, in

protecting the organism from pathogenic infections and, in gen-

eral, in maintaining immune homeostasis [162]. 

Safety and tolerability
The SEC safety profile has been carefully analyzed in a

very large number of Phase II/III studies [163, 164]. P.J. Mease

et al. [164] summarized the data from five Phase III RPCIs,

which included patients with psoriasis (ERASURE, FIXTURE,

SCULPTURE, FEATURE and JUNCTURE), as well as two

Phase III RPCIs that included patients with PsA (FUTURE 1

and FUTURE 2). The average duration of SEC therapy was

299.8 days, and PL was administered for 105.7 days. A total of

3928 patients who received at least one infusion of SEC (3225

patient-years) were analyzed. In the group of patients who

received SEC, there were 4 fatal cases: haemorrhagic stroke (n =

1), cardiogenic shock (n = 1), alcohol intoxication (n = 1), sui-

cide (n = 1). 

In most cases, ARs were mild or moderately severe. In

general, the frequency of infectious complications in the course

of SEC therapy was higher than in the PL groups. The most fre-

quent AR was the development of upper respiratory tract infec-

tion. More often than in the control group, there were cases of

mild candidiasis, which was reverted with anti-candida therapy

or the patients recovered spontaneously. It is important that the

intensity and severity of candidiasis infection in the course of

SEC therapy were significantly lower than in the patients with

genetic IL-17 defects. Development of neutropenia (grades II-

III) was noted, but there was no correlation between the number

of neutrophils and the risk of infection. The incidence of IBD,

severe cardiovascular complications and malignant neoplasms

was very low and did not differ from the control group. It is

important that SEC therapy is not associated with the risk of

developing tuberculosis infection, a characteristic complication

arising from the treatment with TNF-α inhibitors. 

Future  d i rec t ions
IL-17A blocking MoAbs, the first and so far the only

officially registered prototype of which is SEC, are highly

effective at least in treating three serious human IMIDs: psori-

asis, PsA and AS. Introduction of SEC, and in the near future,

other biological agents, blocking the effects of IL-17, is one of

the major achievements of pharmacology and clinical medi-

cine of the early XXI century. Considering the prospects for

further research in this area, we should first of all focus on the

general problems of the "taxonomy” of IMIDs’ immunopath-

ogenic mechanisms in terms of the prevailing types of immune

response, characterized by a specific profile of cytokine syn-

thesis at various (early, advanced or late) stages of the disease

[165, 166]. It should be emphasized that IL-17 has multiple

pathological effects cross-linking with other "pro-inflammato-

ry" cytokines on different cellular populations [18, 70]. At first

glance, it seems paradoxical, but although the cytokines of the

IL-17 family have a wide (to a certain extent unique) range of

"pro-inflammatory" and destructive effects, in RA cases

IL-17A blocking MoAbs are less effective than inhibitors of

other "pro-inflammatory" cytokines (TNF-α, IL-6). At the

same time, with psoriasis, PsA and AS, IL-17A blocking

MoAbs not only are not inferior to TNF-α inhibitors, but also

even surpass them, and the IL-6 (clazacizumab) or its recep-

tors (tocilizumab) blocking MoAbs are ineffective or only

modestly affect musculoskeletal manifestations of PsA [167].

The reasons for this paradox are not completely clear. It is sug-

gested that this may be due to the existence of certain IL-17-

dependent subtypes of RA [92], the different roles of IL-17

cytokines at different stages of the disease (early and late) [71]

and/or the existence of reciprocal feedbacks between IL-17A

and other effects "pro-inflammatory" cytokines, primarily

TNF-α. Indeed, there are numerous data indicating that

IL-17A exhibits pronounced synergism with respect to "pro-

inflammatory" and destructive activity with TNF-α [168, 169].

It is not surprising that the "double" blockade of IL-17 and

TNF-α with the help of appropriate antibodies to these

cytokines more effectively suppresses inflammation and

destruction of joints in collagen arthritis in mice than a single

agent therapy with either of them [170]. There is evidence that

in some RA patients the increase in the number of Th17 cells

and the concentration of IL-17 in the serum is associated with

resistance to TNF-α inhibitors therapy [88, 89], and in the

course of such treatment a paradoxical increase in the number

of Th17 cells and the synthesis of p40 (a subunit of IL-12 and

IL-23) are observed [89, 171, 172]. It seems that inhibition of

TNF-α does not control the activation of the Th17-type

immune response and can even promote it [173]. 

All this together creates prerequisites for the development

of new approaches to IMID treatment related to the "double

inhibition" of IL-17 and TNF-α using innovative biotechnolog-

ical methods based on the "design" of so-called bispecific anti-

bodies [174]. Preliminary data from experimental studies indi-

cate that bispecific antibodies that bind IL-17 and TNF-α
inhibit the synthesis of "pro-inflammatory" cytokines (IL-6,
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IL-8, G-CSF) and MMPs in the culture of synovial fibroblasts

stimulated by TNF-α and IL-17 to a greater extent than TNF-

α and IL-17 blocking MoAbs separately [175]. In experiments

on the arthritis model in TNF-transgenic mice, it was found that

these antibodies effectively suppress inflammation and destruc-

tion of joints. At present, there are development and clinical

studies on several IL-17/TNF-α bispecific antibodies, including

ABT-122, that has a double variable immunoglobulin domain,

one of the Fab fragments of which is directed against TNF-α
and the other against IL-17; and COVA322, a recombinant mol-

ecule consisting of completely human antibodies to TNF-α and

a high IL-17A affinity funomer (a small globular protein with a

molecular mass of 7 kDa) [176]. 

Of particular interest are the developments of Russian sci-

entists. BIOCAD (Russia's leading innovative biotechnology

company) created BCD-121, bispecific MoAbs to TNF-α and

IL-17. The preclinical studies of BCD-121 demonstrate the

anti-inflammatory activity in vitro and in vivo, and the specific

activity of BCD-121 against the TNF-α and IL-17 targets is 2-3

times higher than that of TNF-α blocking MoAbs (ADA) and

IL-17 blocking MoAbs. Further study of the drug is planned for

clinical trials.

Thus, IL-17 inhibition with SEC therapy is a break-

through in the treatment of psoriasis and, probably, the most

severe subtypes of PsA and AS. Even as we speak the most

important clinical advantages of the SEC therapy - overcoming

the resistance to TNF-α inhibitors - have been proven. Great

progress has been made in deciphering the mechanisms of

Th17-type immune response dysregulation. This creates prereq-

uisites for improving the therapy of human IMIDs, which are

pathogenically related to the activation of the IL-23/IL-17 axis

and their spectrum is steadily expanding. However, there remain

many unresolved problems, primarily due to the heterogeneity

of the IMID immunopathogenesis mechanisms within endo-

types (subtypes of the disease associated with various

immunopathological mechanisms) of these diseases [166],

which complicates the personalization of therapy both at the

onset of the disease and as it advances. It is hoped that as the

clinical experience of IMID pharmacotherapy with biological

agents with various action mechanisms accumulates, not only

the outcome of "severe" patients suffering from IMID will be

improved, but also new facts will be obtained that will enable us

to expand our understanding of the fundamental mechanisms of

these disease pathogenesis. 

Study transparency 
This is not a sponsored article. The authors bear full respon-

sibility for providing the final version of the manuscript for printing.

Statement of financial and other relations
The authors did not receive a fee for the article, lectures or

grants on the research topic.

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

1. Mosmann TR, Coffman RL. TH1 and TH2 cells: different pat-

terns of lymphokine secretion lead to different functional proper-

ties. Ann Rev Immunol. 1989;7:145-73. 

doi: 10.1146/annurev.iy.07.040189.001045

2. Miossec P, Korn T, Kuchroo VK. Interleukin-17 and type 17

helper T cells. N Engl J Med. 2009;361:888-98. 

doi: 10.1056/NEJMra0707449

3. 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

4. Rouvier E, Luciani MF, Mattei MG, et al. CTLA-8, cloned from

an activated T cell, bearing AU-rich messenger RNA instability

sequences, and homologous to a herpesvirus saimiri gene. 

J Immunol. 1993;150:5445-56.

5. Painter YZ, Fanslow SL, Ulrich WC, et al. Human IL-17: a novel

cytokine derived from T cells. J. Immunol. 1995;155:5483-6.

6. Onishi RM, Gaffen SL. Interleukin-17 and its target genes:

mechanisms of interleukin-17 function in disease. Immunology.

2010;129:311-21. doi: 10.1111/j.1365-2567.2009.03240

7. Gaffen SL. Recent advances in the IL-17 cytokine family. Curr

Opin Immunol. 2011;23:613-9. doi: 10.1016/j.coi.2011.07.006

8. Kleinschek MA, Owyang AM, Joyce-Shaikh B, et al. IL-25 regu-

lates Th17 function in autoimmune inflammation. J Exp Med.

2007;204:161-70. doi: 10.1084/jem.20061738

9. Aarvak T, Chabaud M, Miossec P, Natvig JB. IL-17 is produced

by some proinflammatory Th1/Th0 cells but not by Th2 cells. 

J Immunol. 1999;162:1246-51.

10. Cua DJ, Sherlock J, Chen Y, et al. Interleukin-23 rather than

interleukin-12 is the critical cytokine for autoimmune inflamma-

tion of the brain. Nature. 2003;421:744-8. 

doi: 10.1038/nature01355

11. Teng MW, Bowman EP, McElwee JJ, et al. IL-12 and IL-23

cytokines: from discovery to targeted therapies for immune-medi-

ated inflammatory diseases. Nat Med. 2015;2:719-29. 

doi: 10.1038/nm.3895

12. Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17

Cells. Ann Rev Immunol. 2009;27:485-517. 

doi: 10.1146/annurev.immunol.021908.132710

13. Noack M, Miossec P. Th17 and regulatory T cell balance in

autoimmune and inflammatory diseases. Autoimmun Rev.

2014;13:668-77. doi: 10.1016/j.autrev.2013.12.004

14. Sabat R, Ouyang W, Wolk K. Therapeutic opportunities of the

IL-22-IL-22R1 system. Nat Rev Drug Discov. 2014;13:21-38. 

doi: 10.1038/nrd4176

15. Cua DJ, Tato CM. Innate IL-17-producing cells: the sentinels of

the immune system. Nat Rev Immunol. 2010;10:479-89. 

doi: 10.1038/nri2800

16. Isalovic N, Daigo K, Mantovani A, Selmi C. Interleukin-17 and

innate immunity in infections and chronic inflammation.

J Autoimmun. 2015;60:1-11. doi: 10.1016/j.jaut.2015.04.006

17. Beringer A, Noack M, Miossec P. IL-17 in chronic inflammation:

from discovery to targeting. Trends Molec Med. 2016;22:230-41.

doi: 10.1016/j.molmed.2016.01.001

18. Benedetti G, Miossec P. Interleukin 17 contributes to the

chronicity of inflammatory diseases such as rheumatoid arthritis.

Eur J Immunol. 2014;44:339-47. doi: 10.1002/eji.201344184

19. Fragoulis GE, Siebert S, McInnes IB. Therapeutic targeting of

IL-17 and IL-23 cytokines in immune-mediated disease. Ann Rev

Med. 2016:67:337-53. doi: 10.1146/annurev-med-051914-

0219444

20. Boehncke W-H, Schon MP. Psoriasis. Lancet. 2015;386:983-94.

doi: 10.1016/S0140-6736(14)61909-7

21. Sakkas LI, Bogdanos DP. Are psoriasis and psoriatic arthritis the

same disease? The IL-23/IL-17 axis data. Autoimmun Rev. 2017

Jan;16(1):10-15. doi: 10.1016/j.autrev.2016.09.015

22. Zaba LC, Fuentes-Duculan J, Eungdamrong NJ, et al. Psoriasis

is characterized by accumulation of immunostimulatory and

Th1/Th17 cell-polarizing myeloid dendritic cells. J Invest

Dermatol. 2009;129:79-88. doi: 10.1038/jid.2008.194

23. Lowes MA, Suarez-Farinas M, Krueger JG. Immunology of pso-

riasis. Ann Rev Immunol. 2014;32:227-55. doi: 10.1146/annurev-

immunol-032713-120225

24. Marinoni B, Celebelli A, Massarotti MS, Selmi C. The Th17 axis

in psoriatic disease: pathogenesis and therapeutic implications.

Autoimmun Highlights. 2014;5:9-19. doi: 10.1007/s13317-013-

0057-4

Л И Т Е Р А Т У Р А



81

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

25. Arakawa A, Siewert K, Stohr J, et al. Melanocyte antigen triggers

autoimmunity in human psoriasis. J Exp Med. 2015;212:2203-12.

doi: 10.1084/jem.20151093

26. Lande R, Botti E, Jandus C, et al. The antimicrobial peptide

LL37 is a T-cell autoantigen in psoriasis. Nat Commun.

2014;5:5621. doi: 10.1038/ncomms6621

27. Di Cesare A, Di Meglio P, Nestle FO. The IL-23/Th17 axis in

the immunopathogenesis of psoriasis. J Invest Dermatol.

2009;129:1339-50. doi: 10.1038/jid.2009.59

28. Taurog JD, Chhabra A, Colbert RA. Ankylosing spondylitis and

axial spondyloarthritis. New Engl J Med. 2016;374:2563-74. 

doi: 10.1056/NEJMral406182

29. Smith JA, Colbert RA. Review: The interleukin-23/interleukin-

17 axis in spondyloarthritis pathogenesis: Th17 and beyond.

Arthritis Rheum. 2014;66:231-41. doi: 10.1002/art.38291

30. Hreggvidsdottir HS, Noordenbos T, Baeten DL. Inflammatory

pathways in spondyloarthritis. Mol Immunol. 2014;57:28-37. 

doi: 10.1016/j.molimm.2013.07.016

31. Suzuki E, Mellins ED, Gershwin ME, et al. The IL-23/IL-17

axis in psoriatic arthritis. Autoimmun Rev. 2014;13:496-502. 

doi: 10.1016/j.autrev.2014.01.050

32. Галушко ЕА, Гордеев АВ. Современный взгляд на патогенез

спондилоартритов – молекулярные механизмы. Научно-

практическая ревматология. 2015;53(3):299-307 

[Galushko EA, Gordeev AV. Modern idea on the pathogenesis of

spondyloarthritis: molecular mechanisms. Nauchno-

Prakticheskaya Revmatologiya = Rheumatology Science and

Practice. 2015;53(3):299-307 (In Russ.)]. doi: 10.14412/1995-

4484-2015-299-307

33. Lories RJ, Baeten DL. Differences in pathophysiology between

rheumatoid arthritis and ankylosing spondylitis. Clin Exp

Rheumatol. 2009;27:S10-4. 

34. Reveille JD, Sims AM, Danoy P, et al. Genome-wide association

study of ankylosing spondylitis identifies non-MHC susceptibility

loci. Nat Genet. 2010;42:123-7. doi: 10.1038/ng.513

35. Brown MA, Kenna T, Wordsworth BP. Genetics of ankylosing

spondylitis-insights into pathogenesis. Nat Rev Rheumatol.

2016;12:81-91. doi: 10.1038/nrrheum.2015.133

36. Farh KK, Marson A, Zhu J, et al. Genetic and epigenetic fine

mapping of causal autoimmune disease variants. Nature. 2015;

518:337-43. doi: 10.1038/nature13835

37. Glatigny S, Fert I, Blaton MA, et al. Proinflammatory Th17 cells

are expanded and induced by dendritic cells in spondylarthritis-

prone HLA-B27-transgenic rats. Arthritis Rheum. 2012;64:110-20.

doi: 10.1002/art.33321

38. Abe Y, Ohtsuji M, Ohtsuji N, et al. Ankylosing enthesitis associat-

ed with up-regulated IFN-gamma and IL-17 production in

(BXSB x NZB) F(1) male mice: a new mouse model. Mod

Rheumatol. 2009;19:316-22. 

39. Sherlock JP, Joyce-Shaikh B, Turner SP, et al. IL-23 induces

spondyloarthropathy by acting on ROR-gammat+ CD3+CD4-

CD8- entheseal resident T cells. Nat Med. 2012;18:1069-76. 

doi: 10.1038/nm.2817

40. Zhang L, Li YG, Li YH, et al. Increased frequencies of Th22 cells

as well as Th17 cells in the peripheral blood of patients with anky-

losing spondylitis and rheumatoid arthritis. PloS One.

2012;7:e31000. doi: 10.1371/journal.pone.0031000

41. Wendling D, Cedoz JP, Racadot E, Dumoulin G. Serum IL-17,

BMP-7, and bone turnover markers in patients with ankylosing

spondylitis. Joint Bone Spine. 2007;74:304-5. 

doi: 10.1016/j.jbspin.2006.11.005

42. Mei Y, Pan F, Gao J, et al. Increased serum IL-17 and IL-23 in

the patient with ankylosing spondylitis. Clin Rheumatol.

2011;30:269-73. doi: 10.1007/s10067-010-1647-4

43. Liu W, Wu YH, Zhang L, et al. Elevated serum levels of IL-6 and

IL-17 may associate with the development of ankylosing

spondylitis. Int J Clin Exp Med. 2015;8:17362-76. 

44. Wang X, Lin Z, Wei Q, et al. Expression of IL-23 and IL-17 and

effect of IL-23 on IL-17 production in ankylosing spondylitis.

Rheumatol Int. 2009;29:1343-7. doi: 10.1007/s00296-009-0883-x

45. Coffre M, Roumier M, Rybczynska M, et al. Combinatorial con-

trol of TH17 and TH1 cell function by genetic variation at genes

associated with the IL-23 signaling pathway in spondyloarthritis.

Arthritis Rheum. 2013;65:1510-21. doi: 10.1002/art.37936

46. Singh R, Aggarwal A, Misra R. TH1/TH17 cytokine profiles in

patients with reactive arthritis/undifferentiated spondyloarthropa-

thy. J Rheumatol. 2007;34:2285-90. 

47. Jandus C, Bioley G, Rivals JP, et al. Increased numbers of circu-

lating polyfunctional TH17 memory cells in patients with

seronegative spondylarthritides. Arthritis Rheum. 2008;58:2307-17.

doi: 10.1002/art.23655

48. Shen H, Goodall JC, Hill Gaston JS. Frequency and phenotype

of peripheral blood TH17 cells in ankylosing spondylitis and

rheumatoid arthritis. Arthritis Rheum. 2009;60:1647-56. 

doi: 10.1002/art.24568

49. Shao LL, Zhang L, Hou Y, et al. Increased frequencies of TH22

cells as well as TH17 cells in the peripheral blood of patients with

ankylosing spondylitis and rheumatoid arthritis. PLoS ONE.

2012;7:e31000. doi: 10.1371/journal.pone.0051339

50. Bowness P, Ridley A, Shaw J, et al. Th17 cells expressing

KIR3DL2+ and responsive to HLA-B27 homodimers are

increased in ankylosing spondylitis. J Immunol. 2011;186:2672-

80. doi: 10.4049/jimmunol.1002653

51. Jansen DT, Hameetman M, van Bergen J, et al. IL-17-produc-

ing CD4+ T cells are increased in early, active axial spondy-

loarthritis including patients without imaging abnormalities.

Rheumatology (Oxford). 2015;54:728-35. doi: 10.1093/rheuma-

tology/keu382

52. Gracey E, Yao Y, Green B, et al. Sexual dimorphism in the Th17

signature of ankylosing spondylitis. Arthritis Rheum. 2016;68:679-

89. doi: 10.1002/art.39464

53. Van der Horst-Bruinsma IE, Zack DJ, Szumski A, Koenig AS.

Female patients with ankylosing spondylitis: analysis of the

impact of gender across treatment studies. Ann Rheum Dis.

2013;72:1221-4. doi: 10.1136/annrheumdis-2012-202431

54. Appel H, Maier R, Wu P, et al. Analysis of IL-17(+) cells in facet

joints of patients with spondyloarthritis suggests that the innate

immune pathway might be of greater relevance than the Th17-

mediated adaptive immune response. Arthritis Res Ther.

2011;13:R95. doi: 10.1186/ar3370

55. Noordenbos T, Yeremenko N, Gofita I, et al. Interleukin-17-pos-

itive mast cells contribute to synovial inflammation in spondy-

larthritis. Arthritis Rheum. 2012;64:99-109. doi: 10.1002/art.33396

56. Leijten EF, van Kempen TS, Boes M, et al. Brief report: enrich-

ment of activated group 3 innate lymphoid cells in psoriatic

arthritis synovial fluid. Arthritis Rheum. 2015;67:2673-8. 

doi: 10.1002/art.39261

57. Ciccia F, Guggino G, Rizzo A, et al. Type 3 innate lymphoid cells

producing IL-17 and IL-22 are expanded in the gut, in the

peripheral blood, synovial fluid and bone marrow of patients with

ankylosing spondylitis. Ann Rheum Dis. 2015;74:1739-47. 

doi: 10.1136/annrheumdis-2014-206323

58. Stoll ML. Gut microbes, immunity, and spondyloarthritis. Clin

Immunol. 2015;159:134-42. doi: 10.1016/j.clim.2015.05.001

59. Costello ME, Elewaut D, Kenna TJ, Brown MA. Microbes, the

gut and ankylosing spondylitis. Arthritis Res Ther. 2013;15:214.

doi: 10.1186/ar4228

60. Галушко ЕА, Гордеев АВ. Концепция «болезни барьерного

органа» в патогенезе спондилоартритов. Научно-

практическая ревматология. 2016;54(2):199-205 

[Galushko EA, Gordeev AV. The concept of barrier organ disease

in the pathogenesis of spondyloarthritis. Nauchno-Prakticheskaya

Revmatologiya = Rheumatology Science and Practice.

2016;54(2):199-205 (In Russ.)]. doi: 10.14412/1995-4484-2016-

199-205

61. DeLay ML, Turner MJ, Klenk EI, et al. HLA-B27 misfolding

and the unfolded protein response augment interleukin-23 pro-

duction and are associated with Th17 activation in transgenic rats.



82

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

Arthritis Rheum. 2009;60:2633-43. doi: 10.1002/art.24763

62. Lin P, Bach M, Asquith M, et al. HLA-B27 and human beta2-

microglobulin affect the gut microbiota of transgenic rats. PloS

One. 2014;9:e105684. doi: 10.1371/journal.pone.0105684

63. Ivanov II, Atarashi K, Manel N, et al. Induction of intestinal

Th17 cells by segmented filamentous bacteria. Cell. 2009;139:485-

98. doi: 10.1016/j.cell.2009.09.033

64. Yang Y, Torchinsky MB, Gobert M, et al. Focused specificity of

intestinal TH17 cells towards commensal bacterial antigens.

Nature. 2014;510:152-6. doi: 10.1038/nature13279

65. Zielinski CE, Mele F, Aschenbrenner D, et al. Pathogen-induced

human TH17 cells produce IFN-gamma or IL-10 and are regu-

lated by IL-1beta. Nature. 2012;484:514-8. 

doi: 10.1038/nature10957

66. Ciccia F, Bombardieri M, Principato A, et al. Overexpression of

interleukin-23, but not interleukin-17, as an immunologic signa-

ture of subclinical intestinal inflammation in ankylosing spondyli-

tis. Arthritis Rheum. 2009;60:955-65. doi: 10.1002/art.24389

67. Wright PB, McEntegart A, McCarey D, et al. Ankylosing

spondylitis patients display altered dendritic cell and T cell popu-

lations that implicate pathogenic roles for the IL-23 cytokine axis

and intestinal inflammation. Rheumatology (Oxford). 2016;55:120-

32. doi: 10.1093/rheumatology/kev245

68. Takahashi N, Vanlaere I, de Rycke R, et al. IL-17 produced by

Paneth cells drives TNF-induced shock. J Exp Med.

2008;205:1755-61. doi: 10.1084/jem.20080588

69. Sherlock JP, Buckley CD, Cua DJ. The critical role of inter-

leukin-23 in spondyloarthropathy. Mol Immunol. 2014;57:38-43.

doi: 10.1016/j.molimm.2013.06.010

70. Kehl AS, Corr M, Weisman MH. Review: Enthesitis: New

insights into pathogenesis, diagnostic modalities, and treatment.

Arthritis Rheum. 2016;68:312-22. doi: 10.1002/art.39458

71. Lubberts E. The IL-23-IL-17 axis in inflammatory arthritis.

Nat Rev Rheumatol. 2015;11:415-29. 

doi: 10.1038/nrrheum.2015.53

72. Насонов ЕЛ, Денисов ЛН, Станислав МЛ. Интерлейкин 17 –

новая мишень для антицитокиновой терапии

иммуновоспалительных ревматических заболеваний.

Научно-практическая ревматология. 2013;51(5):545-52

[Nasonov EL, Denisov LN, Stanislav ML. Interleukin-17 is a

new target for anti-cytokine therapy of immune inflammatory

rheumatic diseases. Nauchno-Prakticheskaya Revmatologiya =

Rheumatology Science and Practice. 2013;51(5):545-52 (In

Russ.)]. doi: 10.14412/1995-4484-2013-1547

73. Nakae S, Nambu A, Sudo K, Iwakura Y. Suppression of

immune induction of collagen-induced arthritis in IL-17-defi-

cient mice. J Immunol. 2003;171:6173-7. doi: 10.4049/jim-

munol.171.11.6173

74. Bush K, Farmer K, Walker J, Kirkham B. Reduction of joint

inflammation and bone erosion in rat adjuvant arthritis by treat-

ment with interleukin-17 receptor IgG1 Fc fusion protein.

Arthritis Rheum. 2002;46:802-5. doi: 10.1002/art.10173

75. Chao C, Chen S, Adamopoulos I, et al. Anti-IL-17A therapy

protects against bone erosion in experimental models of rheuma-

toid arthritis. Autoimmunity. 2011;44:243-52. 

doi: 10.3109/08916934.2010.517815

76. Koenders M, Lubberts E, Oppers-Walgreen B, et al. Blocking of

interleukin-17 during reactivation of experimental arthritis pre-

vents joint inflammation and bone erosion by decreasing RANKL

and interleukin-1. Am J Pathol. 2005;167:141-9. 

doi: 10.1016/S0002-9440(10)62961-6

77. Ishiguro A, Akiyama T, Adachi H, et al. Therapeutic potential

of anti-interleukin-17A aptamer: suppression of interleukin-

17A signaling and attenuation of autoimmunity in two mouse

models. Arthritis Rheum. 2011;63:455-66. 

doi: 10.1002/art.30108

78. Metawi S, Abbas D, Kamal M, Ibrahim M. Serum and synovial

fluid levels of interleukin-17 in correlation with disease activity in

patients with RA. Clin Rheumatol. 2011;30:1201-7. 

doi: 10.1007/s10067-011-1737-y

79. Moran E, Mullan R, McCormick J, et al. Human rheumatoid

arthritis tissue production of IL-17A drives matrix and cartilage

degradation: synergy with tumour necrosis factor-α, Oncostatin

M and response to biological therapies. Arthritis Res Ther.

2009;11:R113. doi: 10.1186/ar2772

80. Suurmond J, Dorjee A, Boon M, et al. Mast cells are the main

interleukin 17-positive cells in anticitrullinated protein anti-

body-positive and -negative rheumatoid arthritis and

osteoarthritis synovium. Arthritis Res Ther. 2011;13:R150. 

doi: 10.1186/ar3466

81. Ziolkowska M, Koc A, Luszczykiewicz G, et al. High levels of

IL-17 in rheumatoid arthritis patients: IL-15 triggers in vitro

IL-17 production via cyclosporine A-sensitive mechanism. 

J Immunol. 2000;164:2832-8. doi: 10.4049/jimmunol.164.5.2832

82. Raza K, Falciani F, Curnow SJ, et al. Early rheumatoid arthritis is

characterized by a distinct and transient synovial fluid cytokine

profile of T cell and stromal cell origin. Arthritis Res Ther.

2005;7:R784-95. doi: 10.1186/ar1733

83. Kokkonen H, Söderström I, Rocklöv J, et al. Up-regulation of

cytokines and chemokines predates the onset of rheumatoid

arthritis. Arthritis Rheum. 2010;62:383-91. doi: 10.1002/art.27186

84. Kochi Y, Okada Y, Suzuki A, et al. A regulatory variant in CCR6

is associated with rheumatoid arthritis susceptibility. Nat Genetics.

2010;42:515-9. doi: 10.1038/ng.583

85. Annunziato F, Santarlasci V, Maggi L, et al. Reasons for rarity of

Th17 cells in inflammatory sites of human disorders. Semin

Immunol. 2013;25:299-304. doi: 10.1016/j.smim.2013.10.011

86. Kotake S, Nanke Y, Yago T, et al. Elevated ratio of Th17 cell-

derived Th1 cells (CD161(+)Th1 Cells) to CD161(+)Th17 cells

in peripheral blood of early-onset rheumatoid arthritis patients.

Biomed Res Int. 2016;2016:4186027. doi: 10.1155/2016/4186027

87. Насонов ЕЛ. Метотрексат при ревматоидном артрите –

2015: новые факты и идеи. Научно-практическая

ревматология. 2015;53:421-33 [Nasonov EL. Methotrexate in

rheumatoid arthritis – 2015: New facts and ideas. Nauchno-

Prakticheskaya Revmatologiya = Rheumatology Science and

Practice. 2015;53(4):421-33 (In Russ.)]. doi: 10.14412/1995-

4484-2015-421-433 

88. Chen D, Chen Y, Chen H, et al. Increasing levels of circulating

Th17 cells and interleukin-17 in rheumatoid arthritis patients

with an inadequate response to anti-TNF-α therapy. Arthritis Res

Ther. 2012;13:R126. doi: 10.1186/ar3431

89. Alzabin S, Abraham S, Taher T, et al. Incomplete responses of

inflammatory arthritis to TNFα blockade is associated with the

Th17 pathway. Ann Rheum Dis. 2012;71:1741-8. 

doi: 10.1136/annrheumdis-2011-201024

90. Ambarus C, Yeremenko N, Tak PP, Baeten D. Pathogenesis of

spondyloarthritis: autoimmune or autoinflammatory? Curr Opin

Rheumatol. 2012;24:351-8. doi: 10.1097/BOR.0b013e3283534df4

91. Belasco J, Louie JS, Gulati N, et al. Comparative genomic profil-

ing of synovium versus skin lesions in psoriatic arthritis. Arthritis

Rheum. 2015;67:934-44. doi: 10.1002/art.38995

92. Van Baarsen LG, Lebre MC, van der Coelen D, et al.

Heterogeneous expression pattern of interleukin 17A (IL-17A),

IL-17F and their receptors in synovium of rheumatoid arthritis,

psoriatic arthritis and osteoarthritis: possible explanation for non-

response to anti-IL-17 therapy. Arthritis Res Ther. 2014 Aug

22;16:426. doi: 10.1186/s13075-014-0426-z

93. Mendes D, Correia M, Barbedo M, et al. Behcet’s disease – 

a contemporary review. J Autoimmun. 2009;32:178-88. 

doi: 10.1016/j.jaut.2009.02.011

94. Hamzaoui K, Bouali E, Ghorbel I, et al. Expression of Th-17 and

RORγt mRNA in Behcet’s Disease. Med Sci Monit. 2011;17:227-

34. doi: 10.12659/MSM.881720

95. Takeuchi M, Usui Y, Okunuki Y, et al. Immune responses to

interphotoreceptor retinoid-binding protein and S-antigen in

Behcet’s patients with uveitis. Invest Ophthalmol Vis Sci.

2010;51:3067-75. doi: 10.1167/iovs.09-4313



83

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

96. Chi W, Zhu X, Yang P, et al. Upregulated IL-23 and IL-17 in

Behcet patients with active uveitis. Invest Ophthalmol Vis Sci.

2008;49:3058-64. doi: 10.1167/iovs.07-1390

97. Mizuki N, Meguro A, Ota M, et al. Genome-wide association

studies identify IL23R-IL12RB2 and IL10 as Behcet’s disease

susceptibility loci. Nat Genet. 2010;42:703-6. doi: 10.1038/ng.624

98. Remmers EF, Cosan F, Kirino Y, et al. Genome-wide association

study identifies variants in the MHC class I, IL10, and IL23R-

IL12RB2 regions associated with Behcet’s disease. Nat Genet.

2010;42:698-702. doi: 10.1038/ng.625

99. Rahman A, Isenberg DA. Systemic lupus erythematosus. N Engl J

Med. 2008;358:929-39. doi: 10.1056/NEJMra071297

100. Kyttaris VC, Zhang Z, Kuchroo VK, et al. Cutting edge: IL-23

receptor deficiency prevents the development of lupus nephritis in

C57BL/6-lpr/lpr mice. J Immunol. 2010;184:4605-9. 

doi: 10.4049/jimmunol.0903595

101. Pisitkun P, Ha H-L, Wang H, et al. Interleukin-17 cytokines are

critical in development of fatal lupus glomerulonephritis.

Immunity. 2012;37:1104-15. doi: 10.1016/j.immuni.2012.08.014

102. Amarilyo G, Lourenco EV, Fu-Dong Shi, La Cava A. IL-17 pro-

motes murine lupus. J Immunol. 2014;193:540-3. 

doi: 10.4049/jimmunol.1400931

103. Wong CK, Lit LC, Tam LC, et al. Hyperproduction of IL-23 and

IL-17 in patients with systemic lupus erythematosus: implications

for Th-17-mediated inflammation in autoimminity. Clin Immunol.

2008;127:385-93. doi: 10.1016/j.clim.2008.01.019

104. Chen XQ, Yu YC, Deng HH, et al. Plasma IL-17A is increased in

new-onset SLE patients and associated with disease activity. 

J Clin Immunol. 2010;30:221-5. doi: 10.1007/s10875-009-9365-x

105. Vincent FB, Northcott M, Hoi A, et al. Clinical associations of

serum interleukin-17 in systemic lupus erythematosus. Arthritis

Res Ther. 2013;15:R97. doi: 10.1186/ar4277

106. Zhao XF, Pan HF, Yuan H, et al. Increased serum interleukin 17

in patients with systemic lupus erythematosus. Mol Biol Rep.

2010;37:81-5. doi: 10.1007/s11033-009-9533-3

107. Chen DY, Chen YM, Wen MC, et al. The potential role of Th17

cells and Th17-related cytokines in the pathogenesis of lupus

nephritis. Lupus. 2012;21:1385-96. 

doi: 10.1177/0961203312457718

108. Crispin JC, Oukka M, Bayliss G, et al. Expanded double negative

T cells in patients with systemic lupus erythematosus produce

IL-17 and infiltrate the kidneys. J Immunol. 2008;15:181:8761-6

doi: 10.4049/jimmunol.181.12.8761

109. Yang J, Chu Y, Yang X, et al. Th17 and natural Treg cell popula-

tion dynamics in systemic lupus erythematosus. Arthritis Rheum.

2009;60:1472-83. doi: 10.1002/art.24499

110. Wang Y, Ito S, Chino Y, et al. Laser microdissection-based analy-

sis of cytokine balance in the kidneys of patients with lupus

nephritis. Clin Exp Immunol. 2010;159:1-10. doi: 10.1111/j.1365-

2249.2009.04031.x

111. Du J, Li Z, Shi J, Bi L. Associations between serum interleukin-

23 levels and clinical characteristics in patients with systemic

lupus erythematosus. J Int Med Res. 2014;42:1123-30. 

doi: 10.1177/0300060513509130

112. Rana A, Minz RW, Aggarwal R, et al. Gene expression of

cytokines (TNF-α, IFN-γ), serum profiles of IL-17 and IL-23 in

paediatric systemic lupus erythematosus. Lupus. 2012;21:1105-12.

doi: 10.1177/0961203312451200

113. Smith S, Gabhann JN, Higgs R, et al. Enhanced interferon regu-

latory factor 3 binding to the interleukin-23p19 promoter corre-

lates with enhanced interleukin-23 expression in systemic lupus

erythematosus. Arthritis Rheum. 2012;64:1601-9. 

doi: 10.1002/art.33494

114. Puwipirom H, Hirankarn N, Sodsai P, et al. Increased inter-

leukin-23 receptor(+) T cells in peripheral blood mononuclear

cells of patients with systemic lupus erythematosus. Arthritis Res

Ther. 2010;12:R215. doi: 10.1186/ar3194

115. Mok MY, Wu HJ, Lo Y, Lau CS. The relation of interleukin 17

(IL-17) and IL-23 to Th1/Th2 cytokines and disease activity in

systemic lupus erythematosus. J Rheumatol 2010;37:2046-52. 

doi: 10.3899/jrheum.100293

116. Yang X-Y, Wang H-Y, Zhao X-Y, et al. Th22, but not Th17 might

be a good index to predict the tissue involvement of systemic

lupus erythematosus. J Clin Immunol. 2013;33:767-74. 

doi: 10.1007/s10875-013-9878-1

117. Brito-Zeron P, Ramos-Casals M. Advances in the understanding

and treatment of systemic complications in Sjögren’s syndrome.

Curr Opin Rheumatol. 2015;26:520-7. 

doi: 10.1097/BOR.0000000000000096

118. Nguyen CG, Yin H, Lee BH, et al. Pathogenic effect of inter-

leukin-17A in induction of Sjögren’s syndrome-like disease using

adenovirus-mediated gene transfer. Arthritis Res Ther. 2010;12,

no. 6, article R220. doi: 10.1186/ar3207

119. Lin X, Rui K, Deng J, et al. Th17 cells play a critical role in

the development of experimental Sjögren’s syndrome. Ann

Rheum Dis. 2015;74:1302-10. doi: 10.1136/annrheumdis-2013-

204584

120. Nguyen CQ, Hu MH, Li Y, et al. Salivary gland tissue expression

of interleukin-23 and interleukin-17 in Sjögren’s syndrome: find-

ings in humans and mice. Arthritis Rheum. 2008;58:734-43. 

doi: 10.1002/art.23214

121. Fei Y, Zhang W, Lin D, et al. Clinical parameter and Th17 related

to lymphocytes infiltrating degree of labial salivary gland in pri-

mary Sjögren’s syndrome. Clin Rheumatol. 2014;33:523-9. 

doi: 10.1007/s10067-013-2476-z

122. Sakai A, Sugawara Y, Kuroishi T, et al. Identification of IL-18

and Th17 cells in salivary glands of patients with Sjögren’s syn-

drome, and amplification of IL-17-mediated secretion of

inflammatory cytokines from salivary gland cells by IL-18.

J Immunol. 2008;181:2898-906. doi: 10.4049/jim-

munol.181.4.2898

123. Katsifis GE, Rekka S, Moutsopoulos NM, et al. Systemic and

local interleukin-17 and linked cytokines associated with

Sjögren's syndrome immunopathogenesis. Amer J Pathol.

2009;175:1167-77. doi: 10.2353/ajpath.2009.090319

124. Ciccia F, Guggino G, Rizzo A, et al. Potential involvement of

IL-22 and IL-22-producing cells in the inflamed salivary glands

of patients with Sjögren’s syndrome. Ann Rheum Dis.

2012;71:295-301. doi: 10.1136/ard.2011.154013

125. Alunno A, Carubbi F, Caterbi S, et al. The role of T helper 17 cell

subsets in Sjögren’s syndrome: similarities and differences

between mouse model and humans. Ann Rheum Dis. 2014;73:e42.

doi: 10.1136/annrheumdis-2014-205517

126. Lavoie TN, Stewart CM, Berg KM, et al. Expression of inter-

leukin-22 in Sjögren’s syndrome: significant correlation with dis-

ease parameters. Scand J Immunol. 2011;74:377-82. 

doi: 10.1111/j.1365-3083.2011.02583.x

127. Li L, He J, Zhu L, et al. Clinical relevance of IL-17-producing

CD4+CD161+ cell and its subpopulations in primary Sjögren’s

syndrome. J Immunol Res. 2015; Article ID 307453. 

doi: 10.1155/2015/307453

128. Корсакова ЮЛ, Станислав МЛ, Денисов ЛН, Насонов ЕЛ.

Устекинумаб – новый препарат для лечения псориаза

и псориатического артрита. Научно-практическая

ревматология. 2013;51(2):170-81 [Korsakova YL, Stanislav ML,

Denisov LN, Nasonov EL. Ustekinumab is a new drug to treat

psoriasis and psoriatic arthritis. Nauchno-Prakticheskaya

Revmatologiya = Rheumatology Science and Practice.

2013;51(2):170-80 (In Russ.)]. doi: 10.14412/1995-4484-2013-646

129. Hueber W, Patel D, Dryja T, et al. Effects of AIN457, a fully

human antibody to interleukin-17A, on psoriasis, rheumatoid

arthritis, and uveitis. Sci Transl Med. 2010;2:52ra72. 

doi: 10.1126/scitranslmed.3001107

130. Patel DD, Lee DM, Kolbinger F, Antoni C. Effect of IL-17A

blockade with secukinumab in autoimmune diseases. Ann Rheum

Dis. 2013;72 Suppl 2:ii116–ii123. doi: 10.1136/annrheumdis-

2012-202371

131. Papp KA, Langley RG, Sigurgeirsson B, et al. Efficacy and safety



84

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

of secukinumab in the treatment of moderate-to-severe plaque

psoriasis: a randomized, double-blind, placebo-controlled phase

II dose-ranging study. Br J Dermatol. 2013;168:412-21. 

doi: 10.1111/bjd.12110

132. Langley RG, Elewski BE, Lebwohl M, et al; ERASURE Study

Group, FIXTURE Study Group. Secukinumab in plaque psoria-

sis – results of two phase 3 trials. N Engl J Med. 2014;371:326-38.

doi: 10.1056/NEJMoa1314258

133. Blauvelt A, Prinz JC, Gottlieb AB, et al; FEATURE Study

Group. Secukinumab administration by pre-filled syringe: effica-

cy, safety and usability results from a randomized controlled trial

in psoriasis (FEATURE). Br J Dermatol. 2015;172:484-93.

134. Blauvelt A, Reich K, Tsai TF, et al. Secukinumab is superior to

ustekinumab in clearing skin of subjects with moderate-to-severe

plaque psoriasis up to 1 year: Results from the CLEAR study. 

J Am Acad Dermatol. 2016 Sep 20. pii: S0190-9622(16)30624-7.

doi: 10.1016/j.jaad.2016.08.008

135. McInnes IB, Sieper J, Braun J, et al. Efficacy and safety of secuk-

inumab, a fully human anti-interleukin-17A monoclonal anti-

body, in patients with moderate-to-severe psoriatic arthritis: a 24-

week, randomised, double-blind, placebo-controlled, phase II

proof-of-concept trial. Ann Rheum Dis. 2014;73:349-56. 

doi: 10.1136/annrheumdis-2012-202646

136. Mease PJ, McInnes IB, Kirkham B, et al; FUTURE 1 Study

Group. Secukinumab inhibition of interleukin-17A in patients

with psoriatic arthritis. N Engl J Med. 2015;373:1329-39. 

doi: 10.1056/NEJMoa1412679

137. McInnes IB, Mease PJ, Kirkham B, et al; FUTURE 2 Study

Group. Secukinumab, a human anti-interleukin-17A monoclonal

antibody, in patients with psoriatic arthritis (FUTURE 2): a ran-

domised, double-blind, placebo-controlled, phase 3 trial. Lancet.

2015;386:1137-46. doi: 10.1016/S0140-6736(15)61134-5

138. Mease PJ, McInnes IB, Kirkham B, et al. Secukinumab pro-

vides sustained improvements in psoriatic arthritis: 2-year effi-

cacy and safety results from a phase 3 randomized, double-

blind, placebo-controlled trial [abstract]. Arthritis Rheum.

2015;67 Suppl 10. 

139. Kavanaugh A, McInnes IB, Mease PJ, et al. Efficacy of subcuta-

neous secukinumab in patients with active psoriatic arthritis strat-

ified by prior tumor necrosis factor inhibitor use: Results from the

randomized placebo-controlled FUTURE 2 study. J Rheumatol.

June 15 2016. doi: 10.3899/ jrheum.160275

140. Strand V, Husni ME, Reichmann W, et al. Network meta-analysis

of tumor necrosis factor, interleukins, and phosphodiesterase-4

inhibitor in the treatment of psoriatic arthritis. Arthritis Rheum.

2015;67 Suppl. 10. 

141. Ungprasert P, Thongprayoon C, Davis JM 3rd. Indirect compar-

isons of the efficacy of subsequent biological agents in patients

with psoriatic arthritis with an inadequate response to tumor

necrosis factor inhibitors: a meta-analysis. Clin Rheumatol.

2016;35:1795-803. doi: 10.1007/s10067-016-3204-2

142. McInnes IB, Nash P, Ritchlin C, et al. Secucinumab for the

treatment of psoriatic arthritis: comparative effectiveness results

versus licensed biologics and apremilast from a network meta-

analysis. Ann Rheum Dis. 2016;75:348-349. 

doi: 10.1136/annrheumdis-2016-eular.1716

143. Baeten D, Baraliakos X, Braun J, et al. Anti-interleukin-17A

monoclonal antibody secukinumab in treatment of ankylosing

spondylitis: a randomised, double-blind, placebo-controlled

trial. Lancet. 2013;382:1705-13. doi: 10.1016/S0140-

6736(13)61134-4

144. Baeten D, Sieper J, Braun J, et al. Secukinumab, an interleukin-

17a inhibitor, in ankylosing spondylitis. N Engl J Med.

2015;373:2534-48 doi: 10.1056/NEJMoa1505066

145. Baeten D, Braun J, Sieper J, et al. Secukinumab provides sus-

tained improvements in the signs and symptoms of active ankylos-

ing spondylitis: 2-year efficacy and safety results from a phase 3,

randomized, double-blind, placebo-controlled trial [abstract].

Arthritis Rheum. 2015;67 Suppl 10.

146. Braun J, Deodhar AA, Sieper J, et al. Secukinumab significantly

improves signs and symptoms of active ankylosing spondylitis: 

52-week results from a randomized, double-blind, placebo-con-

trolled phase 3 trial with subcutaneous loading and maintenance

dosing [abstract]. Arthritis Rheum. 2015;67 Suppl 10. 

147. Baeten D, Blanco R, Geusens P, et al. Secukinumab provides sus-

tained improvements in the signs and symptoms of active ankylos-

ing spondylitis in anti-TNF-naive patients and those previously

exposed to anti-TNF therapy: 52-week results from two random-

ized, double-blind, placebo-controlled phase 3 trials [abstract].

Arthritis Rheum. 2015;67 Suppl 10.

148. Sieper J, Deodhar A, Marzo-Ortega H, et al; MEASURE 2 Study

Group. Secukinumab efficacy in anti-TNF-naive and anti-TNF-

experienced subjects with active ankylosing spondylitis: results

from the MEASURE 2 Study. Ann Rheum Dis. 2016 Aug 31. 

pii: annrheumdis-2016-210023. doi: 10.1136/annrheumdis-2016-

210023

149. Baraliakos X, Borah B, Braun J, et al. Long-term effects of

secukinumab on MRI findings in relation to clinical efficacy in

subjects with active ankylosing spondylitis: an observational study.

Ann Rheum Dis. 2016;75:408-12. doi: 10.1136/annrheumdis-

2015-207544

150. Baraliakos X, Deodhar A, Braun J, et al. Effect of interleukin-

17A inhibition on spinal radiographic changes through 2 years in

patients with active ankylosing spondylitis: results of a phase 3

study with secukinumab [abstract]. Arthritis Rheum. 2015;67

Suppl 10.

151. Genovese M, Durez P, Richards H, et al. Efficacy and safety of

secukinumab in patients with rheumatoid arthritis: a phase II,

dose-finding, double-blind, randomised, placebo controlled

study. Ann Rheum Dis. 2013;72:863-9. doi: 10.1136/annrheumdis-

2012-201601

152. Genovese MC, Durez P, Richards HB, et al. One-year efficacy

and safety results of secukinumab in patients with rheumatoid

arthritis: phase II, dose-finding, double-blind, randomized,

placebo-controlled study. J Rheumatol. 2014;41:414-21. 

doi: 10.3899/jrheum.130637

153. Tlustochowicz W, Rahman P, Seriolo B, et al. Efficacy and safety

of subcutaneous and intravenous loading dose regimens of secuk-

inumab in patients with active rheumatoid arthritis: results from a

randomized phase II study. J Rheumatol. 2016;43:495-503. 

doi: 10.3899/jrheum.150117

154. Burmester GR, Durez P, Shestakova G, et al. Association of

HLA-DRB1 alleles with clinical responses to the anti-inter-

leukin-17A monoclonal antibody secukinumab in active rheuma-

toid arthritis. Rheumatology (Oxford). 2016;55:49-55. 

doi: 10.1093/rheumatology/kev258

155. De Almeida DE, Ling S, Holoshitz J. New insights into the

functional role of the rheumatoid arthritis shared epitope.

FEBS Lett. 2011;585:3619-26. doi: 10.1016/j.feb-

slet.2011.03.035

156. Koenders MI, Marijnissen RJ, Joosten LA, et al. T cell lessons

from the rheumatoid arthritis synovium SCID mouse model:

CD3-rich synovium lacks response to CTLA-4Ig but is success-

fully treated by interleukin-17 neutralization. Arthritis Rheum.

2012;64:1762-70. doi: 10.1002/art.34352

157. Sugita S, Kawazoe Y, Imai A, et al. Inhibition of Th17 differenti-

ation by anti-TNF-alpha therapy in uveitis patients with

Behcet’s disease. Arthr Res Ther. 2012;14:R99. 

doi: 10.1186/ar3824

158. Brand S. Crohn’s disease: Th1, Th17 or both? The change of a

paradigm: new immunological and genetic insights implicate

Th17 cells in the pathogenesis of Crohn’s disease. Gut.

2009;58:1152-67. doi: 10.1136/gut.2008.163667

159. Sarra M, Pallone F, MacDonald TT, Monteleone G. IL-23/IL-17

axis in IBD. Inflamm Bowel Dis. 2010;16:1808-13. 

doi: 10.1002/ibd.21248

160. Hueber W, Sands BE, Lewitzky S, et al; Secukinumab in

Crohn’s Disease Study Group. Secukinumab, a human anti-



85

P r o g r e s s  i n  r h e u m a t o l o g y  i n  t h e  2 1 s t c e n t u r y

Научно-практическая ревматология / Rheumatology Science and Practice. 2017(55)1:68–86

IL-17A monoclonal antibody, for moderate to severe Crohn’s

disease: unexpected results of a randomised, double-blind place-

bo-controlled trial. Gut. 2012;61:1693-700. doi: 10.1136/gutjnl-

2011-301668

161. Targan SR, Feagan BG, Vermeire S, et al. A randomized, double-

blind, placebo-controlled study to evaluate the safety, tolerability,

and efficacy of AMG 827 in subjects with moderate to severe

Crohn’s disease. Gastroenterology. 2012;143:E26. 

doi: 10.1053/j.gastro.2012.07.084

162. O’Connor W Jr, Zenewicz LA, Flavell RA. The dual nature of

T(H)17 cells: shifting the focus to function. Nat Immunol.

2010;11:471-6. doi: 10.1038/ni.1882

163. Blauvelt A. Safety of secukinumab in the treatment of psoriasis.

Expert Opin Drug Safe. 2016;15:1413-20. 

doi: 10.1080/14740338.2016.1221923

164. Mease PJ, McInnes IB, Gottlieb AB, et al. Secukinumab safety

and tolerability in patients with active psoriatic arthritis and psori-

asis: Results from a pooled safety analysis [abstract]. Arthritis

Rheum. 2015;67 Suppl 10.

165. Schett G, Elewaut D, McInnes IB, et al. How cytokine networks

fuel inflammation: Toward a cytokine-based disease taxonomy.

Nat Med. 2013;19:822-4. doi: 10.1038/nm.3260

166. McInnes IB, Buckley CD, Isaacs JD. Cytokines in rheumatoid

arthritis – shaping the immunological landscape. Nat Rev

Rheumatol. 2016;12:63-8. doi: 10.1038/nrrheum.2015.171

167. Mease PJ, Gottlieb AB, Berman A, et al. The efficacy and

safety of clazakizumab, an anti-interleukin-6 monoclonal anti-

body, in a phase IIb study of adults with active psoriatic arthri-

tis. Arthritis Rheum. 2016;68(9):2163-73. doi:

10.1002/art.39700

168. Koenders MI, Marijnissen RJ, Devesa I, et al. Tumor necrosis

factor-interleukin-17 interplay induces S100A8, interleukin-1β,

and matrix metalloproteinases, and drives irreversible cartilage

destruction in murine arthritis: rationale for combination treat-

ment during arthritis. Arthritis Rheum. 2011;63:2329-39. 

doi: 10.1002/art.30418

169. Zwerina K, Koenders M, Hueber A, et al. Anti IL-17A therapy

inhibits bone loss in TNF-α-mediated murine arthritis by modu-

lation of the T-cell balance. Eur J Immunol. 2012;42:413-23. 

doi: 10.1002/eji.201141871

170. Notley CA, Inglis JJ, Alzabin S, et al. Blockade of tumor necro-

sis factor in collagen-induced arthritis reveals a novel

immunoregulatory pathway for TH1 and TH17 cells. J Exp Med.

2008;205:2491-7. doi: 10.1084/jem.20072707

171. Van Hamburg JP, Asmawidjaja PS, Davelaar N, et al. TH17 cells,

but not TH1 cells, from patients with early rheumatoid arthritis

are potent inducers of matrix metalloproteinases and proinflam-

matory cytokines upon synovial fibroblast interaction, including

autocrine interleukin-17A production. Arthritis Rheum.

2011;63:73-83. doi: 10.1002/art.30093

172. Aerts NE, de Knop KJ, Leysen J, et al. Increased IL-17 produc-

tion by peripheral T helper cells after tumour necrosis factor

blockade in rheumatoid arthritis is accompanied by inhibition of

migration-associated chemokine receptor expression.

Rheumatology (Oxford). 2010;49:2264-72. doi: 10.1093/rheuma-

tology/keq224

173. Taylor PC, Williams RO. Combination cytokine blockade: the

way forward in therapy for rheumatoid arthritis. Arthritis Rheum.

2015;67:14-6. doi: 10.1002/art.38893

174. Kontermann RE, Brinkman U. Bispecific antibodies. Drug Discov

Today. 2015;20:838-47. doi: 10.1016/j.drudis.2015.02.008

175. Fischer JA, Hueber AJ, Wilson S, et al. Combined inhibition of

tumor necrosis factor α and interleukin-17 as a therapeutic oppor-

tunity in rheumatoid arthritis: development and characterization

of a novel bispecific antibody. Arthritis Rheum. 2015;67:51-62. 

doi: 10.1002/art.38896

176. Kalden JR. Emerging therapies for rheumatoid arthritis.

Rheumatol Ther. 2016;3:31-42. doi: 10.1007/s40744-016-0032-4


