
2019/2020

Maria Inês Agonia Ferreira

Polimorfismos da Il-17, IL-21 e IL-22 na artrite reumatoide: uma revisão 

sistemática e meta-análise/ 

IL-17, IL-21 and IL-22 polymorphisms in rheumatoid arthritis: A systematic 

review and meta-analysis

Dezembro, 

2019



Mestrado Integrado em Medicina

Área: Imunologia

Tipologia: Dissertação

Trabalho efetuado sob a Orientação de:

Doutor Bernardo Sousa Pinto

Trabalho organizado de acordo com as normas da revista:

Cytokine

Maria Inês Agonia Ferreira

Polimorfismos da Il-17, IL-21 e IL-22 na artrite reumatoide: uma revisão 

sistemática e meta-análise/ 

IL-17, IL-21 and IL-22 polymorphisms in rheumatoid arthritis: A systematic 

review and meta-analysis

Dezembro, 

2019



UC Dissertação/Projeto (6º Ano) - DECLARAÇÃO DE INTEGRIDADE 

 

 

 

 

Eu, Maria Inês Agonia Ferreira, abaixo assinado, nº mecanográfico 201403735, estudante do 6º ano 

do Ciclo de Estudos Integrado em Medicina, na Faculdade de Medicina da Universidade do Porto, 

declaro ter atuado com absoluta integridade na elaboração deste projeto de opção.  

Neste sentido, confirmo que NÃO incorri em plágio (ato pelo qual um indivíduo, mesmo por omissão, 

assume a autoria de um determinado trabalho intelectual, ou partes dele). Mais declaro que todas as 

frases que retirei de trabalhos anteriores pertencentes a outros autores, foram referenciadas, ou 

redigidas com novas palavras, tendo colocado, neste caso, a citação da fonte bibliográfica. 

 

Faculdade de Medicina da Universidade do Porto, 29/12/2019 

 

Assinatura conforme cartão de identificação: 

________________________________________________ 

 



UC Dissertação/Projeto (6º Ano) – DECLARAÇÃO DE REPRODUÇÃO 

 

 

NOME 

Maria Inês Agonia Ferreira 

 
NÚMERO DE ESTUDANTE     E-MAIL 

201403735 inesagoniaferreira@gmail.com 

 

DESIGNAÇÃO DA ÁREA DO PROJECTO 

Imunologia 

 
TÍTULO DISSERTAÇÃO  

IL-17, IL-21 and IL-22 polymorphisms in rheumatoid arthritis: A systematic review and meta-analysis. 

 
ORIENTADOR  

Bernardo Sousa Pinto 

 
COORIENTADOR (se aplicável) 

 

 

ASSINALE APENAS UMA DAS OPÇÕES: 

É AUTORIZADA A REPRODUÇÃO INTEGRAL DESTE TRABALHO APENAS PARA EFEITOS DE INVESTIGAÇÃO, 

MEDIANTE DECLARAÇÃO ESCRITA DO INTERESSADO, QUE A TAL SE COMPROMETE. 

 

É AUTORIZADA A REPRODUÇÃO PARCIAL DESTE TRABALHO (INDICAR, CASO TAL SEJA NECESSÁRIO, Nº 

MÁXIMO DE PÁGINAS, ILUSTRAÇÕES, GRÁFICOS, ETC.) APENAS PARA EFEITOS DE INVESTIGAÇÃO, MEDIANTE 

DECLARAÇÃO ESCRITA DO INTERESSADO, QUE A TAL SE COMPROMETE. 

 

DE ACORDO COM A LEGISLAÇÃO EM VIGOR, (INDICAR, CASO TAL SEJA NECESSÁRIO, Nº MÁXIMO DE PÁGINAS, 

ILUSTRAÇÕES, GRÁFICOS, ETC.) NÃO É PERMITIDA A REPRODUÇÃO DE QUALQUER PARTE DESTE TRABALHO. 

 

 

Faculdade de Medicina da Universidade do Porto, 27/12/2019 

 

Assinatura conforme cartão de identificação: ______________________________________________ 

ines_
Lápis



 

 

Dedicatória 

 

 

 

 

 

Agradeço ao meu orientador Doutor Bernardo 

Sousa Pinto, não só pelos conhecimentos 

transmitidos, mas principalmente pela 

disponibilidade e apoio dispensados para a 

concretização deste projeto. 

 

 

 

Aos meus pais por tudo. 

À Juliana Couras, Juliana Macedo, Anita Cunha e 

Alda Andrade pela participação no artigo e pela 

amizade. 

A todos os amigos, aos que a faculdade trouxe, e 

aos de sempre. 

 

Um gigante obrigado. 

 



2 
 

ABSTRACT 25 

Background: Rheumatoid Arthritis (RA) is an autoimmune systemic disease and in its 26 

pathogenesis participate several proinflammatory cytokines, including those produced by 27 

Th17 cells. We performed a systematic review aiming to assess the associations between 28 

polymorphisms in Th17 cytokines, namely IL-17A, IL-17F, IL-21 and IL-22, and 29 

susceptibility to RA. 30 

Methods: We searched three electronic databases (MEDLINE, Scopus and Web of Science) 31 

for observational studies assessing the association between susceptibility to RA (or its clinical 32 

presentation) and polymorphisms of the cytokines IL-17A, IL-17F, IL-21 and IL-22. From the 33 

selected studies, we extracted information on the studied polymorphisms, assessed outcomes, 34 

and demographic characteristics of participants. We performed random effects meta-analyses 35 

assessing the associations between susceptibility to RA and different genotypes of the IL-17A 36 

rs2275913, IL-17F rs763780 and IL-17F rs2397084 polymorphisms. Primary studies’ quality 37 

was assessed using the Q-Genie tool. 38 

Results: Fifteen studies were included in this systematic review. Five IL-17A polymorphisms 39 

were reported to be associated with susceptibility to RA. For the IL-17A rs2275913 40 

polymorphism, our meta-analysis showed the AA genotype to be significantly associated with 41 

lower susceptibility to RA (OR=0.76; 95%CI=0.61-0.93; p=0.01), while the opposite was 42 

observed for the GG genotype (OR=1.20; 95%CI=1.06-1.35; p=0.01). Concerning IL-43 

17F rs763780 polymorphism, the TT genotype of was found to be significantly less frequent 44 

in RA patients (OR=0.49; 95%CI=0.31-0.77; p=0.002), while the opposite was observed for 45 

the CT genotype (OR=2.00; 95%CI=1.03-3.87; p=0.04).  No significant associations were 46 

found regarding rs2397084 polymorphisms. For IL-21, rs6822844 and rs4505848 were 47 
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described to have significant associations with susceptibility to RA. No studies were found 48 

assessing IL-22 polymorphisms in RA. 49 

Conclusions: IL-17A rs2275913 and IL-17F rs763780 polymorphisms are significantly 50 

associated with susceptibility to RA and with different clinical characteristics of this disease. 51 

 52 

 53 

HIGHLIGHTS: 54 

 The IL-17A rs2275913 AA genotype associates with less risk of rheumatoid arthritis. 55 

 The IL-17A rs2275913 GG genotype associates with susceptibility to rheumatoid 56 

arthritis. 57 

 The 17F rs763780 TT genotype associates with less risk of rheumatoid arthritis. 58 

 The 17F rs763780 CT genotype relates to more susceptibility to rheumatoid arthritis. 59 

 The IL-17F rs2397084 polymorphism is not associated with the risk of the disease. 60 

 61 

 62 

KEYWORDS: Interleukins; Interleukin-17; Interleukin-21; Th17 Cells; Polymorphism; 63 

Rheumatoid Arthritis 64 

ABBREVIATIONS: 65 

 Th17: T helper 17 66 

 Treg: Regulatory T cells 67 

 RA: Rheumatoid arthritis 68 

 IL: Interleukin 69 
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 IFN-γ: Interferon gamma 70 

 OR: Odds ratio 71 

 CI: Confidence interval 72 

 NFAT: Nuclear factor of activated T-cells 73 

 TNF-α: Tumor necrosis factor alpha  74 

https://en.wikipedia.org/wiki/Interferon_gamma
https://en.wikipedia.org/wiki/Interferon_gamma
https://en.wikipedia.org/wiki/Interferon_gamma
https://en.wikipedia.org/wiki/Interferon_gamma
https://en.wikipedia.org/wiki/Interferon_gamma
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1. INTRODUCTION 75 

Chronic inflammatory diseases are believed to be mediated by dysfunctional innate 76 

and/or adaptive immune responses, involving the secretion of cytokines that damage tissues 77 

and lead to further inflammation [1]. In fact, in homeostatic conditions, there is a balance 78 

between CD4
+
 T-cells secreting inflammatory cytokines (including T helper 1 and T helper 17 79 

cells) and FOXP3
+
 regulatory T-cells (Treg). On the other hand, in inflammatory autoimmune 80 

diseases, there is a relative increase in the activity of autoreactive pro-inflammatory CD4
+
 T 81 

cells and loss of Treg function [2]. These diseases include, among others, rheumatoid arthritis 82 

(RA), an autoimmune systemic disease associated with destruction of affected joints [3], 83 

whose prevalence is estimated to be about 0.6% in European countries, 1.3% in American 84 

countries and 0.4% in the Western Pacific region [4].  85 

Several cytokines play an important role in the pathogenesis of RA, initiating and 86 

maintaining the inflammatory response in the joints [3,5]. By producing effector cytokines – 87 

such as IL-17 and IL-22 –, T helper 17 (Th17) cells promote the development of autoimmune 88 

responses [6]. For example, Th17.1 cells, a subset of IL-17/IFN-γ-producing Th17 cells, were 89 

identified as pathogenic drivers in autoimmune conditions, including RA and multiple 90 

sclerosis [7]. Hence, IL-17 has been the focus of many relevant discoveries regarding not only 91 

RA, but also many other autoimmune diseases. In fact, IL-17A has been shown to promote 92 

germinal centre formation in murine autoimmune disease models, and immunoglobulin class 93 

switching in human B cells [8-9]. On the other hand, IL-21 is necessary for continuous IL-17 94 

production [10-12] and regulates human Th17 cells in RA, enhancing their proliferation and 95 

suppressing FOXP3 expression [13]. In addition to IL-17 and IL-21, IL-22 is also produced 96 

by Th17 cells, regulating chronic inflammation, and stimulating synovial fibroblasts to induce 97 

cell proliferation and the production of inflammatory chemokines [1].   98 
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Genetic variation in Th17 cytokines can influence their transcriptional regulation and, 99 

therefore, promote disease susceptibility; for instance, polymorphisms in Th17 enhancers 100 

have been associated with RA, as well as with Crohn's disease, multiple sclerosis and juvenile 101 

idiopathic arthritis [6]. In the last decade, genome-wide association studies have identified 102 

more than 100 risk-associated loci for RA [14-15], nearly 20 of them encoding proteins 103 

directly involved in Th17 cell differentiation and function [16]. Other systematic reviews had 104 

already addressed the possible associations between IL-17 polymorphisms and susceptibility 105 

to RA [17-18]. However, they did not account for other cytokines produced by Th17 cells, 106 

there have been relevant primary studies published afterwards and, one of these systematic 107 

reviews mixed together studies assessing patients with RA and with other forms of arthritis 108 

(such as giant cell arthritis). Therefore, in this study, we aimed to systematically review the 109 

associations between IL-17, IL-21 and IL-22 polymorphisms and (i) susceptibility to RA, and 110 

(ii) clinical and inflammatory features of this disease.  111 
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2. MATERIAL AND METHODS 112 

 113 

2.1. Selection criteria 114 

In this systematic review, we searched for observational cohort or case-control studies 115 

performed in humans and which assessed the associations between IL-17A, IL-17F, IL-21 or 116 

IL-22 polymorphisms, and (i) susceptibility to RA or (ii) clinical manifestations/laboratorial 117 

presentations (e.g., altered levels of relevant biomarkers) within the context of RA. Studies 118 

without a comparison or control group were excluded, as they do not allow the assessment of 119 

the association between expression of polymorphisms and RA. We also excluded systematic 120 

reviews and studies performed in animals. 121 

2.2. Search strategy 122 

We performed a comprehensive search in Web of Science, Scopus and MEDLINE 123 

(using PubMed), using the following keywords and MeSH terms: rheumatoid arthritis, gene, 124 

polymorphisms, interleukin-17, IL-17, interleukin-21, IL-21, interleukin-22, and IL-22. The 125 

queries used are available in Table 1. The final search was performed in March 2019, and no 126 

language or date restrictions were applied. In addition, we searched the references of included 127 

studies and of relevant previously performed systematic reviews [17-18]. 128 

Databases Queries 

Web of 

Science 

TS=((rheumathoid arthritis) AND (gene* OR polymorphi*) AND ((interleukin-17 OR IL-

17) OR (interleukin-21 OR IL-21) OR (interleukin-22 OR IL-22))) 

Scopus (rheumathoid arthritis) AND (gene* OR polymorphi*) AND ((interleukin-17 OR IL-17) OR 

(interleukin-21 OR IL-21) OR (interleukin-22 OR IL-22)) 

MEDLINE 

(Pubmed) 

("Arthritis, Rheumatoid" [Mesh] OR rheumatoid arthritis) AND ("Polymorphism, 

Genetic"[Mesh] OR gene* OR polymorphi*) AND (("Interleukin-17" [Mesh] OR IL-17 OR 

interleukin-17) OR (“Interleukin-21"[Mesh] OR IL-21 OR interleukin-21) OR ("Interleukin-

22"[Mesh] OR IL-22 OR interleukin-22)) 

Table 1. List of queries used for searching online databases. 129 

 130 
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2.3. Study selection, data extraction and quality assessment 131 

After eliminating duplicates, two authors independently participated in study selection.  132 

Studies were firstly selected after reading their titles and abstracts. Articles were excluded if 133 

they did not assess the association between IL-17, IL-21 and IL-22 and RA and if they did not 134 

meet eligibility criteria (e.g., studies performed in animals). Subsequently, the full texts of 135 

studies not excluded in the screening phase were independently read by at least two authors 136 

who selected those that met the predefined inclusion and exclusion criteria. Disagreements in 137 

the selection process were solved by consensus. We made efforts to contact researchers to 138 

obtain publications not accessible by other means.  139 

Selected articles were analyzed and data was extracted by two independent researchers 140 

in regards to the study design, number of and demographic characteristics (age, gender, and 141 

nationality) of participants, number of participants with RA, adopted definition of RA, 142 

assessed polymorphisms, number of participants with those polymorphisms (in particular, the 143 

number of participants presenting with each genotype), other assessed clinical and laboratorial 144 

outcomes (i.e., RA clinical manifestations, or altered levels of relevant biomarkers) and 145 

number of participants with those outcomes. For primary studies published in languages other 146 

than English, we contacted the authors asking for relevant information. 147 

The Q-Genie tool [19] was used for assessing the quality of the included genetic 148 

association primary studies. This tool was developed and subsequently validated to enable the 149 

quality assessment of genetic primary studies for systematic reviewing purposes. It includes 150 

11 items comprising an evaluation of the research question, sample size, statistical analyses 151 

and methods, classification of the genetic variant and of the outcome, sources of bias, test of 152 

assumptions in the genetic studies, comparison between groups and acceptable interpretation 153 

of the results [19]. Quality assessment was performed by two independent researchers (any 154 
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disagreement was solved by consensus) and summarized in a risk-of-bias graph and in a 155 

summary of bias graph. 156 

2.4. Quantitative synthesis  157 

For each study, associations between the assessed outcomes and the frequency of IL-158 

17, IL-21 or IL-22 polymorphisms were expressed using odds ratios (OR). Unadjusted OR 159 

were directly obtained from studies or, when not provided, calculated by classical methods.  160 

We performed random effects meta-analyses weighted by the inverse of variance 161 

(using the method of DerSimonian and Laird [20]) to assess the associations between RA and 162 

each of the different genotypes of the (i) IL-17A rs2275913 polymorphism (AA, GG and AG 163 

genotypes), (ii) IL-17F rs763780 polymorphism (TT, CC and CT genotypes), and (iii) IL-17F 164 

rs2397084 polymorphism (TT, CC and CT genotypes). Pooled OR were calculated with the 165 

respective 95% confidence intervals (CI); whenever a cell had a zero count, a continuity 166 

correction of 0.5 was added. Heterogeneity was evaluated using I
2
 and Cochran Q statistics – 167 

an I
2 

>40% and a Cochran Q test p value <0.10 were considered to represent severe and 168 

significant heterogeneity, respectively. In the presence of significant/severe heterogeneity, 169 

leave-one-out sensitivity analyses (i.e., repeating the meta-analysis excluding each study at a 170 

time) and subgroup analyses (i.e., separate analyses) based on the study region and RA 171 

diagnostic criteria were performed. No other genetic variant was assessed by more than two 172 

studies, and therefore we were not able to perform meta-analysis for polymorphisms other 173 

than rs2275913, rs763780 and rs2397084. The possibility of publication bias was assessed 174 

using funnel plots. All statistical analyses and funnel plots were performed using Review 175 

Manager 5.3 software [21] (The Nordic Cochrane Centre, The Cochrane Collaboration, 176 

Copenhagen, Denmark, 2014).  177 
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3. RESULTS  178 

 179 

3.1. Search results 180 

In our database search, we obtained 400 studies. After duplicate removal and selection 181 

by title and abstract screening, we obtained 34 studies. Eighteen studies were excluded after 182 

full text reading. One additional article was excluded, as it was written in Japanese [22] - in 183 

spite of our attempt to contact the authors, no response was received. No relevant additional 184 

studies were identified by analyzing the references of previous systematic reviews [17-18]. 185 

Thus, a total of 15 studies published between 2009 and 2018 were included in this systematic 186 

review (Figure 1) [3,5,23-35]. 187 

 188 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram 189 

illustrating the studies’ selection process. 190 

3.2. Description of studies 191 

The included publications assessed a total of 11,121 individuals (range of 206-2,967 192 

participants per study), of whom 5,602 had been diagnosed with RA (50.4%; range across 193 

studies: 42.3-67.5%) [3,5,23-35]. Rheumatoid arthritis was defined according to the 2010 194 

American College of Rheumatology’s criteria [36] in six of the included studies 195 

[3,23,26,32,33,35] or the American Rheumatism Association 1987 revised criteria for the 196 

classification of RA [37] in ten studies [5,24-25,27-31,33,34]. Therefore, in one study [33], 197 

the authors used both criteria [34,35] even though they did not provide details regarding how 198 

they applied them. The mean age of all assessed participants was 50.3 years old [3,5,23-35], 199 

and 71.4 % of them were females.  Concerning the 5,602 patients diagnosed with RA, their 200 

mean age was 53.7 years old [3,5,23-35], and 79.0% of them were females. Included studies 201 

were performed in 16 different countries: Nine countries in Europe [3,23,25,26,28,30,31], 202 

three in Latin America [24,27,33,35], two in Africa [29,32,34], one in Asia [5] and one in 203 

Oceania [28]. From the 15 articles reviewed, 14 evaluated the susceptibility to RA (Table 3) 204 

[3,5,23-29,31-35], and 12 assessed other outcomes [3,23,25-30,32-35] (listed in Table 2). 205 

The included publications assessed the frequency of polymorphisms in the genes 206 

coding for IL-17A, IL-17F and IL-21 (regarding IL-22, no studies assessing the association 207 

between its polymorphisms and RA were found). A total of 14 polymorphisms have been 208 

assessed by the included studies; of those, four have been assessed in more than one study, 209 

namely rs2275913 (11 studies) [3,5,23,26-29,32-35], rs763780 (8 studies) [3,23,25-27,29,33-210 

34], rs2397084 (5 studies) [3,23,25,29,34] and rs6822844 (3 studies) [24,30,31] (Table 3). 211 

The remaining 10 polymorphisms were only assessed by one study each. 212 
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 213 

Outcome IL Polymorphism Study OR (95% CI) p-value 

Rheumatoid Factor 

IL-17A rs2275913 AG Pawlik A et al. (2016) NA 0.35 

IL-17A rs2275913 AG Silva I et al. (2017) 0.72 (0.34-1.49) 0.49 

IL-17A rs2275913 GG Nordang GB et al. (2009) NA NS 

IL-17A rs2275913 GG Dhaouadi T et al. (2018) NA 0.84 

IL-17A rs2275913 García de la Peña M et al. (2017) NA 0.40 

IL-17F rs763780 CT Pawlik A et al. (2016) NA 0.70 

IL-17F rs763780 CT Silva I et al. (2017) 0.46 (0.10-2.03) 0.50 

IL-17F rs2397084 CT Pawlik A et al. (2016) NA 0.06 

IL-17F rs11465553 CT Pawlik A et al. (2016) NA 1.00 

IL-21 rs6822844 Daha NA et al. (2009) 1.09 (0.80–1.48) 0.58 

Anti-CCP 

IL-17A rs2275913 GG Nordang GB et al. (2009) NA NS 

IL-17A rs2275913 GG Dhaouadi T et al. (2018) NA 0.49 

IL-17A rs2275913 García de la Peña M et al. (2017) NA 0.70 

CRP 

IL-17A rs2275913 AG Silva I et al. (2017) 1.15 (0.49-2.65) 0.91 

IL-17F rs763780 CT Silva I et al. (2017) 2.35 (0.27-19.97) 0.70 

IL-17F rs2397084 CT Erkol Inal E et al. (2015) NA 0.06 

ESR 

IL-17A rs2275913 AG Silva I et al. (2017) 1.22 (0.59-2.52) 0.72 

IL-17F rs763780 TT Louahchi S et al. (2016) NA 0.02 

IL-17F rs763780 CT Silva I et al. (2017) 1.77 (0.41-7.60) 0.67 

Creatinine IL-17F rs763780 CT Paradowska-Gorycka A et al. (2010) NA 0.02 

Clinical Features a IL-17A rs2275913 AG Carvalho CN et al. (2016) NA NA 

Severity 

IL-17A rs2275913 AG Carvalho CN et al. (2016) NA NA 

IL-17F rs763780 CT Marwa O et al. (2017) 2.83 (1.11-6.90) 0.02 

IL-17F rs2397084 CT Marwa O et al. (2017) 3.90 (1.84-8.20) 0.001 

DAS-28-CRP 

IL-17A rs2275913 AG Silva I et al. (2017) 2.33 (0.86-6.28) 0.14 

IL-17A rs2275913 García de la Peña M et al. (2017) NA 0.20 

IL-17F rs763780 CT Paradowska-Gorycka A et al. (2010) NA 0.06 

IL-17F rs763780 CT Carvalho CN et al. (2016) NA NA 

IL-17F rs763780 CT Silva I et al. (2017) 0.511 (0.06-4.34) 0.86 

HAQ 

IL-17A rs2275913 García de la Peña M et al. (2017) NA 0.10 

IL-17F rs763780 CT Paradowska-Gorycka A et al. (2010) NA 0.08 

Progression 

IL-17A rs2275913 AG Carvalho CN et al. (2016) NA NA 

IL-17A rs2275913 AG Bogunia-Kubit K et al. (2015) NA 0.06 

IL-17A rs2275913 GG Nordang GB et al. (2009) NA NS 
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2-year Radiographic 

Progression 
IL-17A rs2275913 GG Nordang GB et al. (2009) NA 0.44 

No responsiveness to 

anti-TNF therapy 
IL-17A rs2275913 AG Bogunia-Kubit K et al. (2015) NA 0.04 

Age at diagnosis 

IL-17A rs2275913 AG Erkol Inal E et al. (2015) NA NS 

IL-17A rs2275913 AG Pawlik A et al. (2016) NA 0.56 

IL-17F rs763780 CT Pawlik A et al. (2016) NA 0.69 

IL-17F rs2397084 CT Pawlik A et al. (2016) NA 0.69 

IL-17F rs11465553 CT Pawlik A et al. (2016) NA 0.63 

Disease duration in  

people with RA 

IL-17A rs2275913 García de la Peña M et al. (2017) NA 0.30 

IL-17F rs2397084 TT Louahchi S et al. (2016) NA 0.003 

IL-17F rs2397084 CT Paradowska-Gorycka A et al. (2010) b NA 0.07 

IL-17F rs2397084 CT Marwa O et al. (2017) c 19.4 (2.19-522) NA 

Erosive disease 

IL-17A rs2275913 AG Pawlik A et al. (2016) NA 0.64 

IL-17A rs2275913 AG Silva I et al. (2017) 1.72 (0.64-4.62) 0.40 

IL-17A rs2275913 GG Dhaouadi T et al. (2018) NA 0.13 

IL-17F rs763780 CT Pawlik A et al. (2016) NA 0.52 

IL-17F rs763780 CT Silva I et al. (2017) NS NS 

IL-17F rs2397084 CT Pawlik A et al. (2016) NA 0.78 

IL-17F rs11465553 CT Pawlik A et al. (2016) NA 0.69 

Tender Joints IL-17F rs763780 CT Paradowska-Gorycka A et al. (2010) NA 0.03 

Extra-articular 

manifestations 

IL-17A rs2275913 AG Pawlik A et al. (2016) NA 0.25 

IL-17F rs763780 CT Pawlik A et al. (2016) NA 0.14 

IL-17F rs2397084 CT Pawlik A et al. (2016) NA 0.69 

IL-17F rs11465553 CT Pawlik A et al. (2016) NA 0.08 

Anti-CCP: cyclic citrullinated peptide antibodies; CRP: C-Reactive Protein; DAS28-CRP: Disease Activity Score 28-C-Reactive 

Protein; ESR: Erythrocyte Sedimentation Rate; HAQ: Health Assessment Questionnaire; IL: Interleukin; NA: Not available; NS: No 

information other than non significant association (>0.05). 
a RSFR – Resting Saliva Flow Rate; Schirmer test; Xerostomia; Xerophthalmia; Biopsy. b<1 year vs >1 year; c ≤2 years vs 3-5 years.  

Table 2. Assessed associations between RA clinical and laboratorial characteristics and IL-17A, IL-17F and IL-214 

21 polymorphisms. 215 
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Interleukin 
Polymorphism 

(Location) 
Study 

Study 

Design 

Geographic 

Area 
Genotype p value OR (95% CI) 

Population 

RA cases Controls 

Total 
Total 

With polymorphism 

– n (%) 
Total 

With polymorphism 

– n (%) 

IL-17A 

rs2275913 
(Position 52186235 in Chr 6) 

Pawlik A et al. (2016)  CC Poland 

AA 0.33 0.80 (0.53-1.22) 

422 a 

51 (12.2) 

337 

50 (14.84) 

759 AG NA 0.83 (0.62-1.11) 193 (46.3) 169 (50.2) 

GG 0.17 1.28 (0.95-1.72) 173 (41.5) 118 (35.0) 

Shen L et al. (2015)  CC China 

AA 0.04 0.77 (0.59-0.99) 

615 b 

114 (18.9) 

839  

194 (23.3) 

1454 AG NA 1.08 (0.87-1.33) 292 (48.3) 383 (46.0) 

GG NA 1.09 (0.87-1.36) 198 (32.8) 255 (30.7) 

Erkol Inal E et al. (2015)  CC Turkey 

AA NS NA 

161 a 

32 (19.9) 

88 

NA 

249 AG NS NA 61 (37.89) NA 

GG NS NA 68 (42.2) NA 

Bogunia-Kubit K et al. 

(2015) 
CH Poland 

AA NA 0.82 (0.38-1.77) 

89 a 

12 (13.6) 

125 

20 (16.0) 

214 AG NA 0.85 (0.49-1.46) 44 (50.0) 67 (53.6) 

GG NA 1.29 (0.72-2.29) 32 (36.4) 38 (30.4) 

Carvalho CN et al. (2016)  CC Brazil 

AA 

0.53 

0.47 (0.16-1.36) 

131 b 

7 (5.3) 

75 

8 (6.0) 

206 AG 1.68 (0.91-3.16) 50 (38.2) 20 (26.7) 

GG 0.69 (0.38-1.24) 74 (56.5) 49 (65.3) 

Nordang GB et al. (2009) c CC 
Norway; New 
Zealand 

GG 0.02 1.19 (1.02-1.37) 
950; 
580 b 396 (42.2); NA 

933; 
504 

335 (36.4); NA 
1883;
1084 

Louahchi S et al. (2016)  CC Algeria NA NS NA 343 b NA 323 NA 666 

Silva I et al. (2017) CC Brazil GG 0.03 3.18 (1.13-9.95)  127 a,b 81 (63.8) 134 75 (56.0) 261 

Marwa O et al. (2017) CC Tunisia AG 0.66 0.87 (0.51-1.47) 108 b 34 (31.5) 202 70 (64.8) 310 

Dhaouadi T et al. (2018) CC Tunisia AG 0.92 1.12 (0.60-2.10) 115 a 86 (74.8) 91 66 (72.5) 206 

García de la Peña M et al. 

(2017) 
CC Mexico NA <0.01 5.6 (1.5-20.9) 76 a 12 (15) 94 3 (3) 170 

rs3819024  

(Position 52185988 in Chr 6) 

Shen L et al. (2015)  CC China 

AA NA 1.08 (0.86-1.36) 

615 b,d 

176 (29.3) 

839 d 

227 (27.3) 

1454 

AG NA 1.08 (0.88-1.33) 304 (50.6) 399 (48.1) 

 GG 0.05 0.77 (0.60-1.00) 121 (20.1) 204 (24.6) 

rs3819025 

(Position 52186476 in Chr 6) 

AA 0.58 1.19 (0.64-2.23) 19 (3.1) 22 (2.7) 

AG 0.03 1.29 (1.02-1.63) 181 (29.4) 209 (25.2) 

GG NA 0.76 (0.61-0.95) 404 (66.9) 600 (72.3) 

rs4711998 

(Position 52185555 in Chr 6) 

AA NA 0.98 (0.79-1.21) 328 (51.7) 452 (53.2) 

AG NA 0.97 (0.78-1.20) 243 (40.9) 338 (40.9) 

GG 0.27 1.27 (0.83-1.94) 44 (7.4) 49 (5.9) 

rs8193036 

(Position 52185695 in Chr 6) 

AA NA 1.13 (0.78-1.64) 55 (9.6) 67 (8.3) 

AG 0.01 1.36 (1.10-1.68) 234 (40.8) 281 (34.6) 

GG NA 0.69 (0.56-0.85) 284 (49.6) 464 (57.1) 

rs8193037 

(Position 52186311 in Chr 6) 

AA 0.67 1.19 (0.55-2.58) 12 (2.0) 14 (1.7) 

AG NA 0.88 (0.67-1.14) 116 (19.2) 176 (21.2) 

GG NA 1.04 (0.81-1.33) 475 (78.8) 642 (77.2) 

IL-17F 

  
  

rs763780 

(Position 52236941 in Chr 6) 

Bogunia-Kubit K et al. 
(2015)  

CH Poland 

TT NA 0.25 (0.11-0.53) 

89 a 

64 (71.9) 

125 

114 (91.2) 

214 CT NA 2.27 (1.00-5.17) 16 (18.0) 11 (8.8) 

CC NA - 9 (10.1) 0 

Paradowska-Gorycka A et 

al. (2010)   
CC Poland 

TT 0.87 0.64 (0.27-1.46) 

220 b 

195 (88.6) 

106 

98 (92.5) 

326 CT 0.50 1.50 (0.65-3.46) 24 (10.9) 8 (7.5) 

CC 0.71 - 1 (0.5) 0 

Carvalho CN et al. (2016)  CC Brazil 

TT 

0.24 

0.58 (0.21-1.61) 

131 b 

87 (87.0) 

75 

69 (92.0) 

206 CT 2.67 (0.71-10.05) 10 (10.0) 3 (4.0) 

CC 0.74 (0.15-3.79) 3 (3.0) 3 (4.0) 
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Pawlik A et al. (2016)  CC Poland 

TT 0.33 0.62 (0.35-1.10) 

422 a 

385 (91.2) 

337 

318 (94.4) 

759 CT NA 1.60 (0.89-2.88) 35 (8.3) 18 (5.3) 

CC 1.00 1.60 (0.14-17.77) 2 (0.5) 1 (0.3) 

Erkol Inal E et al. (2015)  CC Turkey 

TT NS NA 

161 a 

132 (82.0) 

88 

NA 

249 CT NS NA 6 (3.7) NA 

CC NS NA 23 (14.3) NA 

Louahchi S et al. (2016)  CC Algeria NA NS NA 343 b NA 323 NA 666 

Marwa O et al. (2017) CC Tunisia CT <0.01 6.40 (3.26-12.67) 108 b 40 (37.0) 202 17 (8.4) 310 

Silva I et al. (2017) CC Brazil 
CT 0.40 0.66 (0.24-1.71) 

127 a,b 8 (6.3) 
134 

13 (9.7) 
261 

CC 0.99 - 0 1 (0.8) 

rs2397084 
(Position 52237046 in Chr 6) 

Paradowska-Gorycka A et 

al. (2010)  
CC Poland 

TT 0.95 1.14 (0.64-2.04) 

220 b 

179 (81.4) 

106 

84 (79.2) 

326 CT 0.63 0.80 (0.44-1.43) 38 (17.3) 22 (20.8) 

CC 0.56 - 3 (1.4) 0 

Pawlik A et al. (2016)  CC Poland 

TT 0.13 1.02 (0.72-1.46) 

422 a 

337 (79.9) 

337 

268 (79.3) 

759 CT NA 1.09 (0.75-1.57) 83 (20.7) 62 (18.4) 

CC 0.09 0.23 (0.05-1.09) 2 (0.5) 7 (2.1) 

Erkol Inal E et al. (2015)  CC Turkey CT NS NA 161 a NA 88 NA 249 

Louahchi S et al. (2016)  CC Algeria NA NS NA 343 b NA 323 NA 666 

Marwa O et al. (2017) CC Tunisia CT <0.01 5.80 (3.32-10.50) 108 b 51 (47.2) 202 27 (13.4) 310 

rs11465553 

(Position 52236960 in Chr 6) 
Pawlik A et al. (2016)  CC Poland 

TT NA NA 

422 a 

0 

337 

0 

759 CT NA 1.01 (0.63-1.63) 43 (10.2) 34 (10.4) 

CC 0.96 0.99 (0.62-1.59) 379 (89.8) 303 (89.6) 

IL-21 

rs6822844 
(Position 122588266 in Chr 4) 

Maiti AK et al. (2010)  CC; MA Colombia NA 0.02 0.61 (0.40–0.92) 354 b NA 368 NA 722 

Daha N et al. (2009) CC; MA Netherlands NA 0.05 0.84 (0.70-1.00) 877 b NA 866 NA 1743 

Teixeira VH et al. (2009)  CC 

Europe (Italy, 
France, Spain, 

Belgium, The 

Netherlands, 
Portugal) 

TT 0.64 0.72 (0.61-0.86) 

434 b 

8 (1.8) 

434 

11 (2.5) 

868 GG 0.32 1.18 (0.87-1.60) 327 (75.3) 313 (72.1) 

TG 0.43 0.87 (0.64-1.19) 99 (22.8) 110 (25.4) 

rs4505848 

(Position 122211337 in Chr 4) 

AA 0.28 0.85 (0.65-1.11) 

433 b 

182 (42.0) 

433 

199 (46.0) 

866 AG 0.04 1.32 (1.01-1.72) 213 (49.2) 183 (42.3) 

GG 0.18 0.72 (0.46-1.12) 38 (8.8) 51 (11.8) 

rs11732095 
(Position 122427190 in Chr 4) 

AA 0.23 1.23 (0.9-1.68) 

434 b 

340 (78.3) 

434 

324 (74.7) 

868 AG 0.28 0.83 (0.6-1.15) 87 (20.0) 101 (23.3) 

GG 0.80 0.77 (0.28-2.09) 7 (1.6) 9 (2.1) 

rs4492018 

(Position 122593373 in Chr 4) 

AA 0.49 0.79 (0.46-1.36) 

434 b 

25 (5.8) 

434 

31 (7.1) 

868 AG 0.89 1.03 (0.78-1.35) 174 (40.1) 171 (39.4) 

GG 0.89 1.03 (0.79-1.35) 235 (54.2) 232 (53.5) 

rs1398553 
(Position 122626913 in Chr 4) 

AA 0.30 0.77 (0.49-1.21) 

434 b 

35 (8.1) 

434 

45 (10.4) 

868 AG 0.20 1.20 (0.92-1.57) 195 (44.9) 175 (40.3) 

GG 0.54 0.91 (0.7-1.19) 204 (47.0) 214 (49.3) 

Abbreviations: CC - case control study; CH - cohort study; Chr - chromosome; IL - interleukin; MA - meta-analysis study; NA - Not available; NS - No information other than non significant association (>0.05); RA -  rheumatoid 
arthritis. a Diagnosis of RA according to the 2010 American College of Rheumatology’s criteria [36]; b Diagnosis of RA according to the 1987 American Rheumatism Association revised criteria [37]. c No significant heterogeneity 

was observed between the Norwegian and New Zealand cohorts (Breslow–Day test, p: 0.20). d The genotyping was successful in: 604 cases and 832 controls for rs2275913 GA; 601 cases and 830 controls for rs3819024 AG; 604 
cases and 831 controls for rs3819025 GA; 594 cases and 827 controls for rs4711998 AG; 573 cases and 812 controls for  rs8193036 CT; and 603 cases and 832 controls for rs8193037 GA. 
 

Table 3. Characteristics of included studies and associations between IL-17A, IL-17F and IL-21 polymorphisms and susceptibility to rheumatoid arthritis (RA). 
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3.3.Association between IL-17A polymorphisms and RA susceptibility  216 

Eleven studies evaluated IL-17A polymorphisms, namely rs2275913, rs3819024, 217 

rs3819025, rs4711998, rs8193036 and rs8193037 [3,5,23,26-29,32-35]. These were mainly 218 

case-control studies, except for the study performed by Bogunia-Kubik, which consisted of a 219 

cohort study [26]. These studies assessed patients from 10 different countries; 72.2% of 220 

participants were female, and mean patients’ age was 50.3 years (Table 3).  221 

All these publications assessed the association between rs2275913 polymorphisms and 222 

susceptibility to RA [3,5,23,26-29,32-35]. Five studies did not find a significant association 223 

between the rs2275913 AA genotype and susceptibility to RA [3,23,27-29], while one study 224 

found that genotype to be significantly associated with lower risk of RA [5]. Our meta-225 

analysis showed the AA genotype to be significantly associated with lower susceptibility to 226 

RA (OR=0.76; 95%CI=0.61-0.93; p=0.01) with no significant heterogeneity detected (Q 227 

Cochran p value=0.84; I
2
=0%) (Figure 2A). Regarding the rs2275913 AG genotype, no study 228 

found significant associations between its expression and susceptibility to RA. Accordingly, 229 

our meta-analysis showed that the AG genotype was not significantly associated with 230 

susceptibility to RA (OR=1.00; 95%CI=0.85-1.17; p=0.99; Q Cochran p value=0.35; I
2
=10%) 231 

(Figure 2B). On the other hand, rs2275913 GG genotype was found to have a significant 232 

association with increased susceptibility to RA according to two studies [28,33]. Our meta-233 

analysis also showed the GG genotype to be significantly associated with susceptibility to RA 234 

(OR=1.20; 95%CI=1.06-1.35; p=0.01) with no substantial heterogeneity detected (Q Cochran 235 

p value=0.39; I
2
=4%) (figure 2C). Of note, one study found rs2275913 AG polymorphism to 236 

be significantly associated with no responsiveness to anti-TNF therapy [26]. 237 

The remaining IL-17A polymorphisms (rs3819024, rs3819025, rs4711998, rs8193036 238 

and rs8193037) were only assessed in one study [5], which found that the susceptibility to RA 239 

was significantly decreased in individuals with the GG genotype of rs3819024. That study 240 
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also reported an increased risk of RA in patients with the AG genotype or with the A allele of 241 

the rs3819025 polymorphism, as well as with the AG genotype or A allele of the rs8193036 242 

polymorphism. However, the G and A alleles did not reach the level of statistical significance 243 

in three other studies [32-34]. Moreover, Shen [5] found a decreased risk of RA in patients 244 

with the GG genotype of rs3819025 polymorphism and with the GG genotype of the 245 

rs8193036 polymorphism (Table 3). 246 

Figure 2: Forest plots assessing the association between the AA genotype (A), the AG genotype (B) and the GG 247 

genotype (C) of the IL-17A rs2275913 polymorphism with susceptibility to rheumatoid arthritis (RA). Forest 248 

plots were obtained by means of random-effects meta-analyses weighted by the inverse of variance. For each 249 

forest plot, the meta-analytical pooled odds ratio (OR) and the respective confidence interval is represented by a 250 

diamond, indicating whether the corresponding genotype is more common among patients without RA 251 
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(“protective”) or with RA (“deleterious”). Statistically significant associations occur when diamonds do not 252 

cross the OR=1 vertical line. 253 

 254 

3.4. Association between IL-17F polymorphisms and RA susceptibility 255 

Eight studies evaluated IL-17F polymorphisms, namely rs763780, rs2397084, and 256 

rs11465553 [3,23,25-27,29,33-34]. These were mainly case-control studies, except for 257 

Bogunia-Kubik cohort study [26]; 74.3% of patients were female, and mean patients’ age was 258 

51.7 years (Table 3). 259 

All 8 publications assessed the association between susceptibility to RA and rs763780 260 

polymorphisms – Bogunia-Kubik [26] reported a decreased risk of RA in patients with the TT 261 

genotype, and an overall protective effect associated with the T allele. On the other hand, 262 

Marwa [34] found that patients carrying at least one copy of the C allele were 6.4 times more 263 

susceptible to develop RA. The remaining studies found no significant associations between 264 

rs763780 polymorphisms and RA susceptibility [3,23,25,27,29], although there were reports 265 

on those polymorphisms being significantly associated with tender joints, disease duration 266 

and higher creatinine levels and lower sedimentation rate [25,29,34] (Table 2).  267 

Our meta-analysis showed that the TT genotype was significantly less common in 268 

patients with RA (OR=0.49; 95%CI=0.31-0.77; p=0.002), with no severe heterogeneity 269 

detected (Q Cochran p value=0.24; I
2
=28%) (Figure 3A). On the other hand, the CT genotype 270 

was found to be significantly associated with susceptibility to RA (OR=2.00; 95%CI=1.03-271 

3.87; p=0.04), but with substantial heterogeneity detected (Q Cochran p value=0.001; 272 

I
2
=75%) (figure 3B). In the context of a leave-one-out sensitivity analysis, we observed that 273 

heterogeneity became non-severe (Q Cochran p value=0.26; I
2
=24%) and that the association 274 

became non-significant (OR=1.51; 95%CI=0.98-2.32; p=0.06) after removing the Marwa  275 
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study [34]. On the other hand, all subgroup analyses yielded severe heterogeneity, except 276 

when only European studies were assessed (OR=1.57; 95%CI=0.97-2.54; p=0.07; Q Cochran 277 

p value=0.90; I
2
=0%). Finally, the CC genotype was not significantly associated with 278 

susceptibility to RA (OR=1.60; 95%CI=0.42-6.16; p=0.49; Q Cochran p value=0.22; I
2
=30%) 279 

(Figure 3C). 280 

Figure 3: Forest plots assessing the association between the TT genotype (A), the CT genotype (B) and the CC 281 

genotype (C) of the IL-17F rs763780 polymorphism with susceptibility to rheumatoid arthritis (RA). Forest plots 282 

were obtained by means of random-effects meta-analyses weighted by the inverse of variance. For each forest 283 

plot, the meta-analytical pooled odds ratio (OR) and the respective confidence interval is represented by a 284 

diamond, indicating whether the corresponding genotype is more common among patients without RA 285 

(“protective”) or with RA (“deleterious”). Statistically significant associations occur when diamonds do not 286 

cross the OR=1 vertical line. 287 
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Five publications [3,23,25,29,34] assessed the rs2397084 polymorphism and only one 288 

study [34] found significant associations between expression of this polymorphism and 289 

increased susceptibility to RA or disease severity. Accordingly, our meta-analyses found no 290 

significant association between RA and expression of the TT genotype (OR=1.05; 291 

95%CI=0.78-1.43; p=0.74; Q Cochran p value=0.74; I
2
=0%), the CC genotype (OR=0.65; 292 

95%CI=0.05-8.76; p=0.33; Q Cochran p value=0.11; I
2
=60%) or the CT genotype (OR=1.70; 293 

95%CI=0.56-5.20; p=0.35; Q Cochran p value<0.01; I
2
=93%). Regarding the latter analysis, 294 

no severe heterogeneity was found after removing the Marwa study (leaving only the two 295 

Polish studies) – OR=1.00; 95%CI=0.73-1.36; p=0.98; Q Cochran p value=0.38; I
2
=0%. 296 

Finally, rs11465553 polymorphisms were only assessed in one study [3], which found no 297 

association between CC and TT genotypes, or T allele and susceptibility to RA. 298 

3.5. Association between the IL-21 polymorphisms and RA susceptibility 299 

Three studies evaluated IL-21 polymorphisms [24,30-31], namely rs6822844, 300 

rs4505848, rs11732095, rs4492018 and rs1398553. These were all case-control studies, 301 

evaluating patients from Colombia and European countries (Table 1). No information was 302 

provided concerning patients’ age or gender distribution.  303 

The rs6822844 polymorphism was assessed by those three studies - one [24] reported 304 

a strong association with RA and another one [30] reported no association (however, none of 305 

these studies specified the tested genotype).  The third study [31] demonstrated that the TT 306 

genotype of this polymorphism associated with decreased susceptibility to RA. Finally, 307 

concerning rs6822844 T and G alleles, one study [30] found them to be associated with 308 

increased susceptibility to RA in Dutch patients. The remaining IL-21 polymorphisms 309 

(rs4505848, rs11732095, rs4492018 and rs1398553) were only assessed by one study [31]. 310 

3.6. Studies Quality Assessment  311 
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The Q-Genie tool generates a quality score for each study with corresponding ratings 312 

of ‘low’, ‘moderate’, or ‘high’ quality [19]. Applying these criteria to the 15 studies, we 313 

found that four of them were of high quality [3,27,31,34], while the other 11 were of 314 

moderate quality [5,23-26,28-30,32,33,35]. Of the moderate quality publications [5,23-26,28-315 

30,32,33,35], the majority had a biased non-technical classification of the genetic variant, 316 

poor statistical methods and inadequate disclosure of potential sources of bias. Regarding 317 

high-quality studies [3,27,31,34], they were mostly adequately powered, had a very good 318 

technical classification of the genetic variant, and the analysis plan was appropriate and 319 

sufficiently described for all assumptions and inferences. All studies had an adequate 320 

hypothesis and rationale and the conclusions drawn by the authors were supported by the 321 

results and by appropriate methods (Supplementary Figure 1).  322 
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 323 

Supplementary figure 1: A - Risk of bias graph for the studies included in the meta-analyses: review authors' 324 

judgements about each risk of bias item presented as percentages across all included studies; B: Risk of bias 325 

summary for the studies included in the meta-analyses - review authors' judgements about each risk of bias item 326 

for each included study. 327 

 328 
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 329 

3.7. Publication bias 330 

The funnel plots for the studies included in the meta-analyses are presented in 331 

Supplementary figure 2. The funnel plots do not show asymmetries suggestive of publication 332 

bias but the number of included studies is insufficient to allow for a clear interpretation of 333 

these plots. 334 

Supplementary figure 2: Funnel plots for primary studies (circles) included in the meta-analyses assessing the 335 

associations between variants of the IL-17A rs2275913 and IL-17F rs763780 polymorphisms and susceptibility 336 

to rheumatoid arthritis. Presented plots concern assessments of the AA genotype (A1), the AG genotype (A2) 337 

and the GG genotype (A3) of the IL-17A rs2275913 polymorphism, and of the TT genotype (B1), the CT 338 

genotype (B2) and the CC genotype (B3) of the IL-17F rs763780 polymorphism; meta-analytical results are 339 

represented by dashed lines. For each funnel plot, a symmetrical triangular disposition of circles indicates 340 

absence of publication bias, while an asymmetrical disposition suggests the possibility of publication bias.  341 
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4. DISCUSSION 342 

Recently, many interleukins have been described to participate in the pathogenesis of 343 

RA. Although it was originally thought that IL-17 was only produced by Th17 cells, it is now 344 

known that IL-17 is also produced by several other cell types [38]. Conversely, Th17 cells 345 

also produce the pro-inflammatory cytokines IL-21 and IL-22, resulting in a complex network 346 

of inflammatory agents involved in the pathogenesis of RA. 347 

 We found the rs2275913 IL-17A polymorphism to be associated with the frequency 348 

of RA. This polymorphism is located at position 197 and promotes an increased production of 349 

IL-17 [38]. Espinoza et al [40] showed that the IL17A rs2275913 A allele correlates to more 350 

efficient IL-17 production and higher affinity for the nuclear factor of activated T cells 351 

(NFAT) – this polymorphism is positioned close to two binding motifs for NFAT, which is a 352 

vital controller of the IL-17 promoter. Therefore, it is plausible that rs2275913 variations 353 

affect the transcriptional regulation of IL-17A, with the A allele promoting an increased 354 

production of IL-17 [17]. Our meta-analysis, however, showed that the AA genotype was 355 

significantly less frequent in RA patients (i.e., had a possibly protective effect), while the 356 

opposite was observed for the GG genotype. While this is surprising on account of the 357 

putative transcriptional role of rs2275913 A allele, the evidence from previous clinical studies 358 

is less clear – a recent meta-analysis [17] suggested that individuals carrying the rs2275913 A 359 

allele or GA genotype have an increased risk of inflammatory diseases, although this 360 

polymorphism was not observed to be associated with the risk of each disease individually. 361 

On the other hand, Zhang et al [41] concluded that, in ulcerative colitis, patients with the 362 

IL17A rs2275913 A allele tended to suffer milder lesions. All this considered, it is important 363 

to note that IL-17A production may also be affected by post-translational 364 

mechanisms/negative feedback loops and that, within the pathogenesis of RA, IL-17A acts as 365 

a component of a more complex cytokine network involving other proinflammatory cytokines 366 
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(including TNF-α and IL-6) and chemokines [42]. Therefore, further research is required to 367 

understand the pathophysiological role of IL-17A and its clinical association with the 368 

described findings. 369 

Concerning IL-17F, this cytokine contributes to neutrophil recruitment and activation 370 

through stimulation of cytokine and chemokine production. Several studies evaluated the 371 

effect of rs763780 on RA susceptibility, which has also been shown to be associated with 372 

other inflammatory diseases [43-45].  The mutated variant of this polymorphism is 373 

responsible for a His-to-Arg substitution at amino acid 161, which can change the 374 

conformation or molecular expression of IL-17F [46]. In fact, in vitro experiments 375 

demonstrated that, unlike wild-type IL-17F (TT genotype), this mutated variant lacked the 376 

ability to activate the mitogen-activated protein kinase pathway, with the CC genotype 377 

associating with lower cytokine production and chemokine production in bronchial epithelial 378 

cells. Our meta-analysis showed that the TT genotype was significantly more frequent in 379 

healthy individuals than in RA patients, while the opposite was observed for the CT genotype. 380 

Previous meta-analyses also found [17] that carriers of the rs763780 C allele, CT or CC 381 

genotypes had higher risks of developing RA than subjects with the T allele or TT genotype. 382 

Accordingly, Zhang et al [41] found the IL17F rs763780 CT variant to be associated with an 383 

increased risk for development of Crohn disease, as well as with clinical features of ulcerative 384 

colitis and Crohn disease. It is worth mentioning that, in our meta-analysis, we found 385 

substantial heterogeneity for the association between the CT genotype and RA susceptibility - 386 

heterogeneity was possibly related with the population characteristics of the Marwa study [34] 387 

(as it ceased to be significant following a sensitivity analysis removing this study), whose 388 

percentage of males in the control group was almost the double of the one found in the RA 389 

patients group. Population characteristics might also explain other inconsistencies – while our 390 

meta-analysis included primary studies performed in Europe, Northern Africa and Latin 391 
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America, the study of  Kawaguchi et al [46] - which showed that patients carrying the CC 392 

genotype have decreased IL-17F expression in the bronchial cells - was performed in  393 

Japanese subjects, in whom there is a low frequency of the C variant in the general 394 

population. 395 

Still concerning IL-17F polymorphisms, no association was found between any of the 396 

rs2397084 variants and RA susceptibility. Of note, a previous study [47] also found no 397 

significant differences between frequency of paediatric-onset systemic lupus erythematosus 398 

and expression of rs2397084, except when IL-17F rs2397084TT associated with IL-17A 399 

rs2275913GG and IL-17F rs763780CT. This is interesting because the TT genotype gains 400 

significance when associated with the same genotypes that we found significantly associated 401 

with the risk of RA. 402 

Interleukin-21 is another cytokine involved in the Th17 cascade, and the rs6822844 403 

polymorphism has been associated with several inflammatory diseases. We found 404 

contradictory results regarding the association between rs6822844 expression and increased 405 

susceptibility to RA – significant associations were observed for two studies, but not for a 406 

third one. However, this latter study [31] was performed in a small number of individuals, and 407 

used a family based-approach which can complicate the replication of the putative effect of 408 

the 4q27 locus in RA. Of note, the rs6822844 polymorphism is located within a noncoding 409 

region upstream of IL-21 and downstream of IL-22, which seems to encode a micro-RNA 410 

precursor. The substitution of the G allele by the T allele abolishes that micro-RNA producing 411 

ability, possibly affecting its function. While it is difficult to interpret polymorphisms in 412 

noncoding regions [2], more studies are required to characterize the relevant molecular 413 

pathways and phenotypic consequences of this IL-21 polymorphism [24]. 414 
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 This study has several limitations. In fact, some of the included studies assessed a 415 

small sample size [26-27,32,35], while the possibility of substantial population stratification 416 

may explain the lack of association observed in some studies [24]. In addition, our search 417 

mainly comprised international online databases, while many studies with negative results 418 

might end up being published in non-indexed journals. In order to try to circumvent this issue, 419 

we searched more than one electronic bibliographic database and did not apply exclusion 420 

criteria based on the publication language. Besides, the included studies did not all adopt the 421 

same RA definition, and assessed different populations. Despite this, some strengths can be 422 

pointed out, as most articles included in this systematic review shared a similar methodology; 423 

in fact, our meta-analyses found no significant or substantial heterogeneity for most 424 

outcomes. Additionally, most assessed primary studies had a moderate quality according to 425 

the Q-genie tool.  426 

In conclusion, several studies have been pursued in order to assess putative 427 

associations between predisposition and/or clinical/inflammatory features of RA and IL-17A, 428 

IL-17F or IL-21 polymorphisms, although often with contradictory results. Our meta-analyses 429 

revealed that the rs2275913 IL-17A polymorphism was associated with susceptibility to RA, 430 

with the AA genotype exerting an apparent protective effect, while the GG genotype had the 431 

opposite effect. Regarding the rs763780 IL-17F polymorphism, the TT genotype was found to 432 

be significantly more frequent in healthy individuals than in RA patients, while the opposite 433 

was observed for the CT genotype. This polymorphism was also associated with some clinical 434 

characteristics of the disease. Concerning the IL-17F rs2397084 polymorphism, no significant 435 

associations were found. Finally, regarding IL-21 polymorphisms, only rs6822844 was found 436 

to be significantly associated with a higher susceptibility to RA. Knowledge on these 437 

polymorphisms may provide new insights on the pathogenesis of RA, particularly concerning 438 

the role of cytokines of the Th17 axis. The latter might even be thought as a possible future 439 
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therapeutic target of RA. Nevertheless, further studies on some polymorphisms are required in 440 

order to more accurately assess their associations with the development and outcomes of this 441 

systemic autoimmune disease. 442 
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http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/plagdetect
https://www.elsevier.com/editors/plagdetect
https://www.elsevier.com/about/our-business/policies/sharing/preprint
https://www.elsevier.com/about/our-business/policies/sharing
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/authors/journal-authors/policies-and-ethics


AUTHOR INFORMATION PACK 13 Jun 2018 www.elsevier.com/locate/cytokine 6

Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/copyright
https://www.elsevier.com/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/company-information/policies/copyright
https://www.elsevier.com/openaccesslicenses
https://www.elsevier.com/copyright
https://www.elsevier.com/copyright
https://www.elsevier.com/sharing-articles
https://www.elsevier.com/about/open-science/open-access/agreements
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Open access
This journal offers authors a choice in publishing their research:

Subscription
• Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.
• No open access publication fee payable by authors.
• The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access
• Articles are freely available to both subscribers and the wider public with permitted reuse.
• A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3400, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

https://www.elsevier.com/access
https://www.elsevier.com/about/our-business/policies/sharing/accepted-manuscript
https://www.elsevier.com/about/our-business/policies/sharing/published-journal-article
https://www.elsevier.com/openaccesslicenses
https://www.elsevier.com/openaccesslicenses
http://elsevier.com/greenopenaccess
https://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
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Submission address
Please submit your article via http://ees.elsevier.com/ycyto

Referees
Authors must submit names of 5 potential referees with relevant expertise, but not belonging their
home institutions. Referees working in countries like the USA, Canada, Japan, Europe, Korea, China,
India and Australia with expertise in the authors' work may be nominated.

PREPARATION
NEW SUBMISSIONS
Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References
There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.
If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.
Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review
This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

REVISED SUBMISSIONS
Use of word processing software
Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure

https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/guidepublication
https://www.elsevier.com/guidepublication
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Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
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of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry for further information.

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.

https://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustration-services/
https://www.elsevier.com/highlights
http://www.acdlabs.com/iupac/nomenclature/
http://www.acdlabs.com/iupac/nomenclature/
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• Indicate per figure if it is a single, 1.5 or 2-column fitting image.
• For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
• Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
• Supply files that are too low in resolution.
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Responsibility for the accuracy of bibliographic citations lies entirely with the Authors.

Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

https://www.elsevier.com/artworkinstructions
https://www.elsevier.com/artworkinstructions
https://www.elsevier.com/artworkinstructions
http://webshop.elsevier.com/illustrationservices
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Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/cytokine
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'
List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.
Examples:
Reference to a journal publication:
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51–59.
Reference to a book:
[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:
[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281–304.
Reference to a website:
[4] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).
Reference to a dataset:

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
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[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

AudioSlides
The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

http://www.issn.org/services/online-services/access-to-the-ltwa/
http://www.sciencedirect.com
https://www.elsevier.com/artworkinstructions
https://www.elsevier.com/audioslides
https://www.elsevier.com/audioslides
https://www.elsevier.com/authors/author-services/data-visualization
https://www.elsevier.com/authors/journal-authors/research-data
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief
You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is

https://www.elsevier.com/databaselinking
https://www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
https://www.elsevier.com/authors/author-services/research-data/mendeley-data-for-journals
http://www.journals.elsevier.com/data-in-brief
http://www.journals.elsevier.com/data-in-brief
https://www.elsevier.com/dib-template
https://www.elsevier.com/authors/author-services/research-data/data-profile
https://www.elsevier.com/authors/journal-authors/share-link
http://www.sciencedirect.com/
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accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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