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Introduction
Ankylosing spondylitis (AS) is a chronic, autoimmune 

rheumatic condition with multiple etiopathogenetic 
pathways, following the interaction between the genetic 
background and environmental factors. Currently, 
the factors known to be related to AS are the genetic 
background, immune reaction, microbial infection, 
endocrine abnormalities (Zhu et al., 2019). 

It is a condition characterized by entheseal 
involvement, bone neoformation, with axial and peripheral 
involvement. The degree of disease activity is dependent 
on the level of inflammatory status, with reduced axial 
and/or peripheral mobility, and multiple extra-articular 
involvement. Numerous recent publications have 
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Abstract
Background. The identification of serum biomarkers associated with the degree of ankylosing spondylitis (AS) can give 

us a more accurate picture of the evolution, prognosis and future quality of life of these patients.
Aims. The aim of the study was to compare, evaluate and correlate changes in the serum titer of the most important 

cytokines, interleukin‐17 (IL-17), IL-23, tumor necrosis factor (TNF-α) and IL-6 with a role in the pathogenesis of AS, with 
the disease activity score and inflammation markers.

Methods. We included in the study 21 patients diagnosed with AS, hospitalized consecutively, according to the Assessment 
of SpondyloArthritis international Society (ASAS) criteria, who were evaluated in the Rheumatology Clinic, Emergency 
County Clinical Hospital of Craiova. For the comparative analysis, we included a control group (group C) consisting of 20 
subjects with no history of spondylarthritis or autoimmune inflammatory diseases.

Results. For both studied interleukins, IL-17 and IL-23, we obtained significantly higher concentrations in the serum of 
patients with AS compared to group C. We found that the serum levels of IL-17, IL-23 and IL-6 increased directly proportional 
to the severity of AS activity, with the highest concentrations in patients with High activity, unlike TNF-α whose serum 
levels have increased inversely proportional to SA activity, with the highest concentrations in patients with Moderate disease 
activity. We identified the presence of correlations between AS activity and serum concentrations of the studied interleukins, 
IL-17 and IL-23 andwe observed that serum levels of IL-17 correlated much better with disease indices used to assess this 
entity, ASDAS and BASFI, respectively. 

Conclusions. Due to the almost 100% specificities obtained for IL-17 and IL-23, we can consider that they can be a 
diagnostic alternative to the already known cytokines, TNF-α and IL-6 and other scores such as ASDAS, BASDAI and 
BASFI, which evaluate AS activity. We can also use these cytokines with determined threshold values to differentiate patients 
with High activity from those with Moderate activity.
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emphasized the importance of the contribution of genetic 
factors and immune-mediated processes, by studying the 
genetic profile underlying cytokine receptors, transcription 
factors or the alteration of the antigen presentation process 
(Ranganathan et al., 2017).

The intestinal microbiota has a major role in the 
pathogenic process, without being of significant 
importance in terms of the therapeutic management of 
the disease (Sieper & Poddubnyy, 2020). Although many 
data have been published regarding the genetic, cellular 
and molecular pathways underlying the pathogenesis of 
AS, therapeutic options are still open to new molecules 
targeting each of these pathways (Ranganathan et al., 
2017).

It is well known that tumor necrosis factor (TNF) 
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plays a central role in the pathogenesis of the disease, 
along with interleukin‐17 (IL‐17) and interleukin‐23 
(IL‐23). Furthermore, it has been shown that numerous 
autoimmune diseases, including AS, psoriatic arthritis, 
rheumatoid arthritis or Crohn’s disease, can be triggered 
by the activation of the IL-17/IL-23 pathway (Yin et al., 
2020; Gravallese & Schett, 2018). Ankylosing spondylitis 
also has a genetic predisposition, inherited through the 
HLA-B27 antigen (Pedersen & Maksymowych, 2019). 

In addition to the HLA-B27 antigen, other major 
histocompatibility complex (MCH) genes have been 
directly associated with AS (HLA-B60, HLA-B61, 
HLA-B39), as well as multiple non-CMH genes (ERAP-
1, ERAP‐2), lekuyl‐cystenyl‐aminopeptidase (LNPEP), 
genes of the IL‐23 pathway, or genes associated with CD8 
T cells (van Gaalen et al., 2013; Reveille et al., 2019; 
Burton et al., 2007; Evans et al., 2011).

Rheumatoid arthritis, psoriasis, like AS, are regular 
pathological processes through T helper 1 (Th1) cell 
subpopulations, interferon-γ (IFN-γ) and IL-2; recent data 
have emphasized the major role of Th 17 and IL-17 cells 
in the pathological processes related to the onset of chronic 
rheumatic diseases (Cauli et al., 2015). The concept that 
AS is an IL-17 dependent condition has been clarified 
by genetic and immunological studies (van Gaalen et al., 
2013; Reveille et al., 2019; Burton et al., 2007; Evans et 
al., 2011; Cauli et al., 2015).

The relevance of the IL-23/IL-17 pathway was first 
discovered in 2007 through a genome-wide association 
study (GWAS) that revealed a single nucleotide 
polymorphism (SNP) of the IL-23 receptor. T helper 17 
lymphocyte differentiation can be triggered by IL-23, 
TGF-β and IL-1β, as well as other cytokines. Then the 
differentiated immune cells generate IL-17A, IL-17F, IL-
22, IL-26 and CCL 20 (Zhu et al., 2019). Affecting this 
pathway is also relevant for other diseases such as psoriasis, 
inflammatory bowel disease, rheumatoid arthritis and axial 
spondyloarthritis (Zhu et al., 2019).

The involvement of the innate immune system was 
revealed due to some studies that showed an increased 
serum level of IL-23 and IL-17 as well as the presence 
of IL-17 positive cells located on the articular surfaces of 
patients with AS (Zhu et al., 2019).

Our study is a continuation of the publications 
found in the specialized literature, involving the major 
etiopathogenic pathways noticed in patients with 
spondylarthritis, and correlating the changes in the serum 
titer of the most important cytokines determined in the 
patients’ serum, with the disease activity score and markers 
of inflammation.

An important factor to consider regarding the cytokine 
profile is the difficulty of an accurate measurement of serum 
cytokine levels. Due to the short lifetime of cytokines and 
the level that varies depending on their location in the 
body, measurement of cytokines proves to be very difficult 
(Keller et al., 2003).

The aim of the current study is to compare, evaluate 
and correlate changes in the serum titer of the most 
important cytokines (IL-17, IL-23, TNF-α, IL-6) with a 
role in the pathogenesis of ankylosing spondylitis, with 
the disease activity score and inflammation markers. The 

final objective was to identify certain variables that can be 
integrated in obtaining an algorithm with a diagnostic and 
prognostic role.

Hypothesis
Our hypothesis is that the serological status contributes 

significantly to the inflammatory process in AS. We aim 
to verify this hypothesis by dosing some pro-inflammatory 
cytokines. Also, as a secondary hypothesis, we proposed to 
identify serological markers that would be able to identify 
people at risk for AS, be specific to the disease, be able to 
have a prognostic value in the stratification into various 
phenotypes, be useful in monitoring AS activity and of the 
response to the administered therapy and last but not least 
to have a prognostic value of relapses.

Material and methods
For the implementation of the study, permission was 

requested and obtained from the Academic and Scientific 
Ethics and Deontology Commission of the University of 
Medicine and Pharmacy in Craiova (No. 40/18.02.2019). 
The study strictly followed the General Data Protection 
and Privacy Regulation (GDPR) and the Declaration of 
Helsinki 1975/2008.

Research protocol
a)	 Period and place of the research
This study evaluated data from patients who were 

diagnosed with AS in the Rheumatology Clinic, Craiova 
Emergency County Clinical Hospital, between October 
2019 and October 2022.

b)	 Subjects and groups
We included in the study 21 patients diagnosed with AS 

(the AS group), hospitalized consecutively, according to 
the Assessment of SpondyloArthritis international Society 
(ASAS) criteria (Heijde et al., 2016), who were evaluated 
anamnestically, through clinical, biological and imaging 
evaluation, within the Rheumatology Clinic, Emergency 
County Clinical Hospital of Craiova.

For the comparative analysis, we included a control 
group (group C) consisting of 20 subjects with no history 
of spondylarthritis or autoimmune inflammatory diseases, 
with general characteristics compatible with the control 
group. Exclusion criteria were the presence of organic 
diseases, metabolic abnormalities or other autoimmune 
conditions.

For each patient, the initial assessment included: 
contact information, demographic information, personal 
pathological history, clinical manifestations, laboratory 
tests, disease activity scores, complications (anemia, 
infections, pulmonary involvement, etc.), drug classes 
used, and the option current therapeutic.

To evaluate the activity of the disease, we used as 
methods, the Ankylosing Spondylitis Disease Activity 
Score with C-reactive protein  (ASDAS-CRP) score 
(Lukas et al., 2009; Machado et al., 2011; (1) based on 
the CRP value : remission (ASDAS CRP < 1.3), medium/
low disease activity (1.3 < ASDAS CRP ≤ 2.1), increased/
moderate activity (2.1 < ASDAS CRP ≤ 3.5), severe/high 
activity (ASDAS CRP > 3.5).

The Bath Ankylosing Spondylitis Functional Index 
(BASFI) (Calin et al., 1994) and the Bath Ankylosing 
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Spondylitis Disease Activity Index (BASDAI) (Garrett et 
al., 1994) were used to assess the functional status of the 
disease.

c)	 Applied tests
Both the SA group and the control group had biological 

samples collected, which consisted of 5 ml venous blood. 
These samples were collected using Becton Dickinson 
vacutainers that did not contain coagulant. 

After collection, the blood was centrifuged at a speed of 
3,000 x g for 10 minutes, following the standard procedure 
and ensuring that the clot was separated from the rest of the 
sample as soon as possible after collection. The separated 
serum was then distributed into several cryotubes, stored in 
the freezer at temperatures of at least -20°C and even -80°C, 
depending on the time the samples were processed. Each 
cryotube for each patient was labeled with identification 
data.

For each dosed target parameter, one cryotube was 
used, thus avoiding freeze-thaw cycles that can denature 
the proteins and provide us with erroneous values.

The samples of AS patients were processed in the 
Immunology Laboratory of the University of Medicine and 
Pharmacy Craiova.

Research kits were provided by Invitrogen, Thermo 
Fisher Scientific, Inc., having the following characteristics: 
IL-17 (catalogue BMS2037-2; detection range: 15.6-
1000.0pg/mL; analytical sensitivity: <3.3 pg/mL); IL-23 
(catalog BMS2023-3; detection range: 8.23–6000.0 pg/
mL; analytical sensitivity: 6.0 pg/mL); TNF-α (catalog 
BMS223-4; detection range: 7.8–500.0 pg/mL; analytical 
sensitivity: 2.3 pg/mL; Control Low Lot#185277000, 
range: 20.0–100.0 pg/mL; Control High Lot#185278000, 
range: 350.0–700.0 pg/mL); IL-6 (catalog BMS213–2; 
detection range: 1.56–100.00 pg/mL; analytical sensitivity: 
0.92 pg/mL; Control Low Lot#229983–000, range: 3.0–
10.0 pg/mL; Control High Lot# 229984–000, range: 50.0–
150.0 pg/mL).

For the serum determination of IL-17, IL-23, TNF-α and 
IL-6 concentrations, the Enzyme Linked Immunosorbent 
Assay (ELISA) technique was used. ELISA is run on 96-
well polystyrene plates and is useful for the detection and 
quantification of specific proteins in a complex mixture. 

d)	 Statistical processing 
The data collected from the patients’ medical records 

were organized and processed using Microsoft Excel. The 
Trial Version of GraphPad Prism 5 (San Diego, CA, USA) 
was used to perform statistical analysis of these data.

The data obtained for statistical processing were 
tested for normality, using the Shapiro-Wilk test, or the 
D’Agostino & Pearson omnibus normality test. Thus, 
parameters with normal distribution will be found as 
mean ± standard deviation (SD), and parameters that did 
not meet this test will be found as medians along with the 
interquartile range (CI, 95%).

Continuous variables were compared using the Mann-
Whitney test due to the small number of patients included. 
Statistical correlations between different types of data 
were assessed using Pearson’s correlation coefficient. 
Significance was assigned to p values ≤ 0.05.

To determine the diagnostic accuracy of serological 
markers, we used the receiver-operator characteristic 

(ROC) curve, expressed as the area under the ROC curve
(AUC), accompanied by the threshold value, the confidence 
interval (CI) of 95%, their sensitivity (Sn), specificity 
(Sp), respectively the Youden index (Sn + Sp - 1). For the 
Youden index, a value of 1 indicates that there are no false 
positives or false negatives, meaning the test is perfect. 
The index gives equal weight to false positives and false 
negatives, so that all tests with the same index value give 
the same proportion of total misclassified results.

Results
Demographics and clinical characteristics of the 

study subjects
The descriptive analysis of patients diagnosed with AS 

admitted to the Rheumatology Clinic, of the Emergency 
County Clinical Hospital of Craiova, between October 
2019 and October 2022, established that of the 21 patients 
investigated and diagnosed with AS, male patients 
predominated (19 patients, 90.74 %). 

Depending on the area of origin, residents from the 
urban residence constituted the majority, representing 
85.71% of the participants (18 patients), while those from 
the rural residence represented approximately 13.29%, 
highly statistically significant differences (p<0.0001).

Regarding age, the variable had a normal distribution, 
with an average value at the time of diagnosis of 
40.48±16.52. No outliers or older individuals were 
observed in the AS study groups, female group and male 
group, respectively (Table I).

Table I 
Demographic and clinical characteristics of the patients.

Parameter AS group
(n=21)

Gender (Male/Female) 19/2
Residence (Urban/Rural) 18/3
Age (mean±SD) 40.48±16.52
Average duration of the disease 6.71±3.22

Male 5.50±3.54
Female 11±1.41

Smoking (Yes/No) 11/10
Diabetes (Yes/No) 8/13
Body mass index (BMI) (kg/m2sc) 27.44±6.35

overweight 8 (38.09%)
obesity 6 (28.57%)

normal weight 7
Form of the disease

axial form 15
peripheral damage 6

Assessment of the activity level of patients with AS, 
using the ASDAS, BASDAI and BASFI activity scores

After evaluating the level of disease activity, using 
the ASDAS, BASDAI activity scores and the BASFI 
functional index respectively, we observed significant 
differences between the patient groups (Table II). 

The majority of patients, 14 patients (66.67%), 
presented a moderate level (M group) of disease activity 
based on the ASDAS score (2.95 ± 0.34), while one third 
(6 patients, 28.57%) presented an ASDAS score (4.05 
± 0.31) indicating high disease activity (H group), and 
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one patient (4.76%) was in remission (R), ASDAS score 
<1.3. For an eloquent statistical significance, the patient 
in remission was excluded from the statistical processing 
of the data. Comparing the average values of ASDAS, we 
observed significantly higher values (p<0.0001) in patients 
who presented a high vs moderate form of activity (Fig. 1).

For the BASDAI score, average values were recorded, 
corresponding to a moderate activity (5.27 ± 0.69), 
respectively a high activity at a cut-off of 7.92 ± 0.58, 
significantly higher values (p<0.0001). For the BASFI 
functional score, the following average values were 
observed, corresponding to moderate activity (cut-off, 5.35 
± 0.66), respectively high activity at a cut-off of 7.75 ± 
0.69, significantly higher values (p<0.0001).

Table II 
Means of ASDAS, BASDAI and BASFI activity scores of AS.

Parameter M group
(N=14)

H group
(N=6) p-Value

ASDAS
(mean±SD) 2.95 ± 0.34 4.05 ± 0.31 <0.0001

BASDAI
(mean±SD) 5.27 ± 0.69 7.92 ± 0.58 <0.0001

BASFI
(mean±SD) 5.35 ± 0.66 7.75 ± 0.69 <0.0001

 
Fig. 1 – The distribution of the number of patients according to 
the activity of the disease, based on the ASDAS score.

Concentrations of Serum IL-17, IL-23, TNF-α, and 
IL-6

We included in the cytokinetic status study only the 20 
patients diagnosed with AS, who had an moderate ASDAS 
score (M group) and respectively those who had a high 
ASDAS score (H group).

All investigated cytokines showed a normal distribution 
of their values, so they will be found in our presentation as 
mean ± SD.

A first objective of the serological study was the 
dosage of the analyzed serological markers in the serum 
of the included patients. Thus we obtained for both studied 
interleukins, IL-17 (48.23 ± 6.92 pg/mL) and IL-23 (348.40 
± 71.56 pg/mL), significantly higher concentrations in the 
serum of patients with AS compared to group C (4.22 ± 
0.61 pg /mL, p< 0.0001 and respectively 30.35 ± 6.19 pg/
mL, p< 0.0001) (Table III; Fig. 2; Fig. 3).

Also, TNF-α and IL-6, serological markers, used 
to quantify the body’s inflammatory response, had 
significantly higher serum levels in patients with AS 

compared to group C (TNF-α, 19.30 ± 6.28 vs 1.68 ± 0.54 
pg/mL, respectively IL-6, 22.93 ± 6.44 vs 1.98 ± 0.57 pg/
mL, highly statistically significant differences) (Table III; 
Fig. 4; Fig. 5).

Table III 
Serum biomarkers concentrations for AS patients.

Parameter
(mean ± SD)

AS
group

C
group p-Value

IL-17 (pg/mL) 48.23 ± 6.92 4.22 ± 0.61 *
IL-23 (pg/mL) 348.40 ± 71.56 30.35 ± 6.19 *
TNF-α (pg/mL) 19.30 ± 6.28 1.68 ± 0.54 *
IL-6 (ng/mL) 22.93 ± 6.44 1.98 ± 0.57 *
CRP (mg/mL) 21.62 ± 6.84 1.96 ± 0.62 *

*: p < .0001, high statistical significance

  
Fig. 2 – IL-17 concentrations in the serum of patients with AS 
vs C.

 
Fig. 3 – IL-23 concentrations in the serum of patients with AS 
vs C.

Fig. 4 – TNF-α concentrations in the serum of patients with AS 
vs C.
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Fig. 5 – IL-6 concentrations in the serum of patients with AS 
vs C.

Analysis of the clinical utility of IL-17 and IL-23 by 
identifying possible associations between the dynamics 
of target parameters and different clinical forms of the 
disease

The second objective of the cytokine status study was 
to identify associations between target cytokines and 
disease activity.

We compared the mean values of serum cytokines, 
for the M group compared to the C group, obtaining: IL-
17 (47.52 ± 7.53 vs 4.22 ± 0.61 pg/mL, p < 0.0001), IL-
23 (309.90 ± 44.29 vs 30.35 ± 6.19 pg/mL, p < 0.0001), 
TNF-α (20.22 ± 6.71 vs 1.68 ± 0.54 pg/mL, p < 0.0001), 
IL-6 (22.69 ± 6.97 vs 1.98 ± 0.57 pg/mL, p < 0.0001), 
respectively IL-6 (22.69 ± 6.97 vs 1.96 ± 0.62 pg/ml, p < 
0.0001) (Table IV).

Regarding the H group compared to group C, we 
obtained: IL-17 (49.90 ± 4.47 vs 4.22 ± 0.61 pg/mL, p < 
0.0001), IL-23 (438.20 ± 23.03 vs 30.35 ± 6.19 pg/mL , 
p < 0.0001), TNF-α (17.14 ± 4.98 vs 1.68 ± 0.54 pg/mL, 
p < 0.0001), IL-6 (23.49 ± 5.52 vs 1.98 ± 0.57 pg/mL, p 
< 0.0001), respectively IL-6 (23.49 ± 5.52 vs 1.96 ± 0.62 
pg/ml, p < 0.0001) (Table IV).

We also found that serum levels of IL-17, IL-23 and 
IL-6 increased in accordance with SA activity, so that 
patients with High activity had the highest serum levels 
(Figures 6 and 7). Unlike the investigated interleukins, 
in the case of TNF-α we observed that serum levels had 
an evolution inversely proportional to the severity of AS, 
patients with Moderate disease activity presenting the 
highest serum levels. 

Statistically highly significant differences were 
observed only between IL-23 serum levels in patients from 

H group compared to M group (p= 0.0009). 
No statistical differences were recorded between 

IL-17 concentrations in the serum of patients from H 
group compared to M group (p= 0.665), between IL-6 
concentrations in the serum of patients from H group 
compared to M group (p= 0.262) and respectively between 
TNF-α concentrations in the serum of patients from H 
group compared to M group (p= 0.796).

Fig. 6 – IL-17 concentrations in the serum of patients in different 
stages of clinical activity of SA vs C.

Fig. 7 – IL-23 concentrations in the serum of patients in different 
stages of clinical activity of SA vs C.

Analysis of the clinical utility of IL-17 and IL-23 by 
establishing correlations between serological markers 
and the severity of AS activity

The study of the cytokine status of patients diagnosed 
with AS also aimed at establishing the correlations 
between the target parameters (IL-17, IL-23, TNF-α, IL-6 
and CRP), as well as the correlations between the target 
parameters and the ASDAS, BASDAI and BASFI, which 
evaluates the severity of disease activity.

Table IV 
Serum levels of parameters in SA groups vs C group.

Parameter
(mean ± SD)

M
group

H
group

C
group p-Value

IL-17 (pg/mL) 47.52 ± 7.53 49.90 ± 4.47 4.22 ± 0.61 *
IL-23 (pg/mL) 309.90 ± 44.29 438.20 ± 23.03 30.35 ± 6.19 *
TNF-α (pg/mL) 20.22 ± 6.71 17.14 ± 4.98 1.68 ± 0.54 *
IL-6 (ng/mL) 22.69 ± 6.97 23.49 ± 5.52 1.98 ± 0.57 *
CRP (mg/mL) 26.68 ± 9.92 19.45 ± 3.70 1.96 ± 0.62 *

*: p < 0.0001, high statistical significance.
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The correlations established between IL-17 and IL-23 
concentrations and the other investigated cytokines, TNF-α, 
IL-6, and CRP, as well as ASDAS, BASDAI and BASFI 
scores are highlighted in Table V. In our study, we obtained 
the presence of correlations between SA activity and serum 
concentrations of the studied interleukins, IL-17 and IL-23. 

We observed that IL-17 serum levels correlated much 
better with disease indices and joint functionality, ASDAS 
and BASFI, respectively (positive, moderate, statistically 
significant correlations; rho = 0.423, p = 0.046 and rho = 
0.339, p = 0.043) compared to IL-23. In the case of IL-
23, serum concentrations only correlated with ASDAS, a 
correlation also observed for IL-6.

Diagnostic performance of IL-17 and IL-23
Analyzing the area under the ROC curve (AUC) 

obtained for the target parameters (Table VI), we noticed 
that the diagnosis of patients with Moderate forms of those 
with High activity forms of AS is best done by TNF-α and 
IL-6 which have a maximum accuracy (100%) to correctly 
distinguish these patients, and a sensitivity and specificity 
of 100%.

For the target interleukins in the study, we recorded 
a diagnostic performance close to 100%: for IL-17 a 
performance of 99.50%, slightly better compared to IL-23, 
which recorded a performance of 98.00%.

Due to the specificity of 99.50% and 98.00%, 

respectively, the two target cytokines in our study IL-17 
and IL-23 can be considered as a diagnostic or additional 
alternative to the cytokines, TNF-α and IL-6 and other 
scores such as ASDAS, BASDAI and BASFI, which 
assesses the severity of AS activity.

Discussion
The primary objective of our study was to determine 

whether proinflammatory cytokines and serum titers are 
correlated, and to what extent, with disease activity, as well 
as to establish a diagnostic and prognostic algorithm with 
statistically significant impact in current clinical practice.

For both studied interleukins, IL-17 and IL-23, we 
obtained significantly higher concentrations in the serum 
of patients with AS compared to group C; we found that the 
serum levels of IL-17, IL-23 and IL-6 increased directly 
proportional to the severity of AS activity, with the highest 
concentrations in patients with High activity, unlike TNF-α 
whose serum levels have increased inversely proportional 
to SA activity, with the highest concentrations in patients 
with Moderate disease activity.

We identified the presence of correlations between 
SA activity and serum concentrations of the studied 
interleukins, IL-17 and IL-23; we observed that serum 
levels of IL-17 correlated much better with disease indices 
used to assess this entity, ASDAS and BASFI, respectively.

Table V 
The correlations between IL-17 and IL-23 concentrations and the other investigated cytokines, TNF-α, IL-6, and CRP, 

as well ASDAS, BASDAI and BASFI scores. 
Markers  ASDAS BASDAI BASFI IL-17 IL-23 TNF-α IL-6 CRP

ASDAS  
r = 0.902

p = 0.00001
*

r = 0.813
p = 0.00001

*

r = 0.423
p = 0.046

*

r = 0.315
p = 0.039

*

r = 0.039
p = 0.870

r = 0.213
p = 0.036

*

r = -0.333
p = 0.151

BASDAI
r = 0.887

p = 0.00001
*

r = 0.328
p = 0.158

r = 0.321
p = 0.167

r = 0.093
p = 0.695

r = 0.211
p = 0.373

r = -0.349
p = 0.132

BASFI  
r = 0.339
p = 0.043

*

r = 0.117
p = 0.624

r = 0.094
p = 0.692

r = 0.130
p = 0.585

r = -0.267
p = 0.254

IL-17 r = 0.071
p = 0.766

r = -0.130
p = 0.586

r = -0.174
p = 0.463

r = -0.205
p = 0.386

IL-23   r = -0.175
p = 0.459

r = -0.118
p = 0.621

r = -0.352
p = 0.128

TNF-α r = -0.020
p = 0.934

r = -0.227
p = 0.335

IL-6   r = 0.052
p = 0.828

Table VI  
Diagnostic performance of the investigated parameters.

Parameter AUC Threshold
Values

Sensitivity
%

Specificity
%

Youden
index p-Value

IL-17 0.995 19.91 100.00 99.50 0.995 < 0.0001
IL-23 0.980 155.10 100.00 98.00 0.980 < 0.0001
TNF-α 1.000 6.052 100.00 100.00 1.000 < 0.0001
IL-6 1.000 8.673 100.00 100.00 1.000 < 0.0001
ASDAS 0.975 1.75 100.00 95.00 0.950 < 0.0001
BASDAI 0.975 2.65 100.00 95.00 0.950 < 0.0001
BASFI 0.975 2.75 100.00 95.00 0.950 < 0.0001
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The results obtained in our study are consistent with 
those reported in other specialized studies.

IL-17, a subset of the CD4+ cell population, was 
originally described in 2005, and has a role in immunity 
against bacterial and fungal infections as well as a major 
physiological effect. Differentiation of Th17 cells is 
regulated by a number of cytokines, IL-1β, IL-6, TGF-β 
and, especially, IL-23. Th17 cells release a series of 
cytokines, represented by IL-17-A, IL-17F, IL-22, IFN-γ, 
or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) (Cauli et al., 2015; Ruiz de Morales et al., 
2020). In patients with AS, increased serum levels of IL-
17 have been identified in serum, joint, or synovial fluid. 
It has been proven that it represents a major pathway 
in the pathogenesis of the disease, which constitutes an 
essential therapeutic target for these patients. Within the 
group included in the study, we obtained statistically 
significantly different values compared to the control 
group.

Numerous studies have been carried out in order to 
elucidate the role of IL-17: it is either the starting point 
or the target of other cytokines, in the pathogenesis of 
AS (Wendling et al., 2007; Mei et al., 2011). It has been 
published that IL‐17A producing cells are frequently 
found in AS patients (Lau et al., 2017). Despite the pro-
inflammatory effect, IL-17A and IL-17F do not have the 
most potent inflammatory action, but the effect is the 
result of the recruitment of immune cells, as well as the 
synergistic effect with other pro-inflammatory cytokines, 
TNF, IL-1β, IFN-γ, GM‐CSF and IL‐22 (Jethwa & 
Bowness, 2016).

Blocking IL-17A has been shown to be effective in 
the treatment of patients with active AS, and data on the 
IL-17/IL-23 pathway show that it plays a major role in 
the pathogenesis of axial spondyloarthritis (Ramos et al., 
2002), being used to synthesize molecules biological with 
utility in the therapeutic management of patients. Clinical 
trials with agents targeting the IL-23/IL-17 axis provide 
important data, which help us improve the evolution, 
prognosis and quality of life of these patients (Ruiz de 
Morales et al., 2020).

IL-23, a cytokine with subunits IL-12B (IL-12p40) 
and IL-23A (IL-23p19) (Aydin et al., 2005), is also 
secreted by the intestinal epithelium, dendritic cells and 
macrophages and has a major role in the regulation, 
activation and proliferation of IL-17-expressing Th17 
cells, as well as IL-22 secretion (Cui et al., 2002). The 
IL-23-IL-17 connection has been proven in murine 
models, by studying the differentiation of T cells into T 
helper cells (Tan et al., 2009; Benham et al., 2014). IL-17 
production is potentiated by IL-23, but exclusively after 
their activation (Bettelli et al., 2006). 

Experimental studies have proven that the 
differentiation of non-pathogenic Th-17 cells takes place 
under the action of IL-6 and TGF-β, in the absence of 
IL-23 (Lee et al., 2012). Moreover, for mast cells, NK 
or γ-δ T cell subpopulations, IL-23 is the main regulator 
of IL-17 or IL-22 expression (Lee et al., 2012; Jansen 
et al., 2015). Regarding the therapeutic approach, it has 
been suggested that IL-23 plays an important role in 

the initiation of pathological processes, and not in the 
perpetuation of destructive lesions. Administration of IL-
23 inhibitors provided less significant results compared to 
IL-17. Studies using ustekinumab or risankizumab, which 
included TNF-naive subjects, did not reveal significant 
data; moreover, ustekinumab was administered to patients 
with prior anti-TNF therapy without achieving notable 
results (Baeten et al., 2018).

In addition, with regard to radiological progression, 
there are insufficient data available. The enthesal 
inflammation, characteristic of the spondyloarthritis 
group, is potentiated by IL-23, by means of a CD3+ CD4- 
CD8- lymphocyte population. The lack of therapeutic 
response, compared to anti-IL17 agents, emphasizes the 
importance of similarities and differences between IL-17 
and IL-23, especially in terms of cellular differentiation, 
inflammation, bone destruction as well as bone 
neoformation (Sieper & Poddubnyy, 2020). Regarding 
cell differentiation, the first event is the activation of IL-
17 cells, via IL-1 and IL-6, subsequent to inflammation, 
followed by the increase in the number of Th17 cells and 
γ-δ T cells; the presence of IL‐23 can be a promoter in the 
maturation of pathogenic Th17 cells (Burton et al., 2007).

IL-23 production occurs in intestinal epithelial 
and immunological cells, including dendritic cells and 
macrophages. IL-23 has a central role in the regulation, 
activation and proliferation of Th17 cells, which explains 
its role in the expression of IL-17 and IL-22 during 
inflammation (Chu et al., 2013). Furthermore, IL-23 
regulates the inflammatory involvement of IL-17 and IL-
22 by suppressing their expression in innate lymphoid 
cells, the gamma-delta T cell (Tγ/δ) subpopulation, NK 
cells, and mast cells. Suppression of IL-23 in individuals 
with features of rheumatoid disease shows a drastic 
expression of clinical symptoms. Specifically, such an 
intervention reduces joint effusion, bone erosion and 
improves bone regeneration through osteoclast activity. 
In addition, actions that neutralize IL-23p19 subunits 
reduce the clinical manifestation of AS and down-
regulate mediators and genes involved in joint effusion 
and bone erosion, including RANKL, IL-6, IL-1β and 
matrix metalloproteinases (Chu et al., 2013). 

Following the therapeutic advances in the field of 
spondyloarthritis, which can have a major impact on the 
evolution and can stop the progression of joint destruction, 
when they are applied as early as possible, the need to 
establish some biomarkers, which can be integrated in a 
clinical context, can facilitate a correct early diagnosis 
and can provide insight into the evolution and prognosis 
of patients.

Numerous serum markers have been evaluated 
to assess disease activity, response to treatment, or 
as predictors of radiological progression. In order to 
determine disease activity, in addition to the evaluation 
of C-reactive protein, the most studied were interleukins 
(IL-17 and IL-23), matrixmetalloproteinases (MMP), 
especially MMP3. Assessment of radiological progression 
can be done using markers of bone metabolism, cartilage 
degradation products or adipose tissue.

The difficulty lies in the fact that no biomarker can 
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be used individually for the purpose of assessing disease 
activity or radiological progression, but must be integrated 
in a clinical context, in order to establish an algorithm 
that can help us to optimize individualized therapeutic 
behavior and improve quality the lives of these patients.

Conclusions
1.	 Due to the almost 100% specificities obtained 

for IL-17 and IL-23, we can consider that they can be 
a diagnostic alternative to the already known cytokines, 
TNF-α and IL-6 and other scores such as ASDAS, 
BASDAI and BASFI, which evaluate AS activity. 

2.	 We can also use these cytokines with determined 
threshold values to differentiate patients with high activity 
from those with moderate activity.
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