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Abstract

This study emphasizes the significance of inflammatory and anti-
inflammatory levels in Iragi females with rheumatoid arthritis, the role of
markers in disease treatment, and the need for balance in autoimmune

Received: 08/07/2024 conditions.
Accepted: 22/07/2024 Objectives: The study investigates the impact of inflammatory markers like
Published: 31/12/2024 IL-23 and TGF-B as anti-inflammatory markers on the development of

rheumatoid arthritis in Iragi females.
Materials and Methods: A case-control study involving 118 female
. ; subjects aged 30-70years, who were divided into two groups: 71 RA
;fmiosni)sa-tk? Ohgeeunrgsitsmd patients and 47 healthy controls. All these patients were subjected to full
. ' history taking through clinical examination, and laboratory investigations
biomarkers, 1L-23, TGF-B. in sera including erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), IL-23 and TGF-B levels were measured using an ELISA technique
Results: The distribution of age groups is fairly similar across both groups,
@ @ @ with a slight trend towards older ages in the patient group. Results were
demonstrated that the patient group appears (69.4%) of patients were in the
age range between 60-70 years as compared with control group (30.6%),
DOI:10.62472.Kjps.v15.i25.10-19 Results were higher prevalence of obesity compared to the control group.
All patients (100%) in the obesity category belong to the patient group, with
none in the control group. The whole patients (100%) reported as a family
history of the condition, whereas none (0%) in the control group, the mean
+ SD difference of inflammation biomarkers for patients with RA patients
showed an increasing range of IL-23 and TGF-f as compared to the healthy
control groups. The mean + SD levels of (CRP), (ESR) in RA which were
significantly higher than that in control group. Receiver operating curve
(ROC) was analysis for IL-23 levels indicate: statistically significant.
Conclusion: 1L-23, an inflammatory marker, may be elevated in RA
patients, affecting RA pathophysiology. It can be used as a biomarker for
RA pathogenesis evaluation, while TGF-B may contribute to RA
development.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease resulting from both genetic and ecological
factors. It has been hypothesized that genetic predilection, in combination with environmental factors, leads to cascade
of events causing synovitis and eventually destructive arthritis (Jahid, Khan and Ahmed, 2023)(Babaahmadi et al.,
2023).Early diagnosis could prevent joint damage; a large body of evidence indicates that statistically significant
difference permanent joint damage can occur within the first two years of disease onset (Chen et al., 2021).
Rheumatoid arthritis is typically diagnosed according to the 2010 ACR-EULAR (American college of rheumatology-
European league against rheumatism (Aletaha et al., 2010)The overproduction of pro-inflammatory cytokines, such
as tumor necrosis factor (TNF) and some of interleukins, results in the proliferation of synovial cells in joints and the
consequent formation of pannus, cartilage destruction, and bone erosions (Nattagh-Eshtivani et al., 2021). The CD4+
T cells and their cytokines are believed to play major parts in the induction and propagation of the pathogenic
inflammatory conditions. The T cell-associated cytokines interleukin (IL-23) have recently been proposed as
important regulators of this process (Engelen et al., 2022).. This is supported by the recent discovery that I1L-23,
produced by CD4+ T cells and dendritic cells, respectively, promote the development of the IL-17A-producing pro-
inflammatory CD4+ T cell subset T helper (Th) 17. Angiogenesis is a remarkably active process in RA, especially in
early stages and is regulated by various pro-angiogenic mediators such as TGF- B, angiopoietin, placenta growth
factor, FGF, and vascular growth factor (VEGF) (Baetal., 2021).The Erythrocyte Sedimentation Rate (ESR) increases
as a result of any cause or focus of inflammation. When an inflammatory process is present, fibrinogen enters the
blood in high amounts and causes red cells to stick to each other, which raises the ESR (Lapi¢ et al., 2020). ESR is
the elevation is typically 3 to 4 times above normal .ESR also can be very helpful in diagnosing and monitoring chronic
pain patients (Tennant, 2014).C-Reactive Protein(CRP) is synthesized in the liver. Its physiologic role is to bind to
phosphocholine expressed on the surface of dead or dying (apoptosis) cells in order to activate the
complement/immune system, which enhances phagocytosis by macrophages (Bajic et al., 2015) . Levels of(CRP)
begin to rise within 2 hours of an insult, and have a half-life of about 18 hours(Malin and Witkowska-Pitaszewicz,
2022).

Epidemiologic variations in the incidence and prevalence of rheumatoid arthritis have been observed based on ethnic
and geographic dispersion (Finckh et al., 2022). The estimated global prevalence of RA ranges from 0.24 to 1%,
although rates differ by region and country. The epidemiology of RA is poorly understood in the Middle East and
North Africa (MENA\) region, data on its prevalence and disease activity among Arab populations are rare(Bedaiwi et
al., 2019) . The incidence of RA in Irag was 1.1% in 2014 and 2.2% in 2019, compared to 1.6% and 2.1% in 2001 and
2011, respectively. Although this variation is not statistically significant difference, it may be attributable to
disruptions in the healthcare system and immigration during this time period (Al_Badran et al., 2022). The etiology
of RA is complex and can occur at any age, especially in middle-aged people, with a high disability rate, and there is
currently no complete cure(Guo et al., 2020) . Currently, there is an increasing interest in treating patients at risk of
rheumatoid arthritis (RA) to prevent the development of this chronic disease. In this sense, research has focused
attention on the early identification of predictive factors of this disease (Novella-Navarro et al., 2021). IL-23 is an
inflammatory marker and a member of the IL-12 cytokine family composed of the IL-23 p19 subunit and the 1L-12/23

p40 subunit. It is secreted by activated macrophages and dendritic cells in peripheral tissues such as skin, intestinal
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mucosa, joints, and lungs (Schinocca et al., 2021). 1L-23 was associated with disease activity in rheumatoid arthritis
(RA)(Rasmussen et al., 2010) . IL-23 can induce chronic inflammation through two independent pathways. The first
pathway is via enhancing the secretion of IL-17 by non-T cells, and the second pathway is by the activation of Th17
cells. Once activated, Th17 cells produce IL17, IL-6, IL-22, and TNFa and other factors that are associated with
immune-mediated inflammation (Guo et al., 2020). IL-23 is not only a sensitive biomarker but also a key player in
the pathogenesis of RA, making it a valuable target for diagnosis and potential therapeutic interventions in rheumatoid
arthritis and other autoimmune diseases (Tsukazaki and Kaito, 2020) (Wajda et al., 2023) . Anti-inflammatory
cytokines might effectively inhibit arthritis, either by affecting innate immune cells or by interfering with the activation
of B cells or T cells (Chen et al., 2019). (TGF-p) is anti-Inflammatory a member of a family of secreted cytokines
with vital biological functions in cells. The abnormal expression of TGF-B signaling is a common finding in
pathological conditions are considered to be an important immune regulatory cytokine, which is predominantly
expressed in the immune system (Huang et al., 2022). Increasing evidence has demonstrated the role of TGF-p
signaling in the regulation of many physiological processes, such as wound healing, inflammation, apoptosis,
differentiation, and embryogenesis. Furthermore, TGF-p signaling participates in pathological processes including,
diabetes, and cancer (Kimawaha et al., 2020) . In RA synovial tissues, TGF-p is expressed at high levels and has been
linked to synovial hyperplasia, inflammation, and angiogenesis. Inhibition of TGF-f signaling has shown promise in
down-regulating rheumatoid synoviocytes and preventing arthritis induction, suggesting a potential therapeutic target
for RAtreatment (Sakuma et al., 2007)(Su et al., 2024). Increased expression of TGF-B and its receptor I in theumatoid
synovial fibroblasts was found to correlate positively with clinical markers of disease activity, pointing to a correlation
between TGF-B and inflammation (» Wajda, A., Stypinska, B., Czarnecka, M., Hasan, D., Jaronczyk, M., Hatadyj,
E.& Paradowska-Gorycka, 2023). The presented work aimed to investigates the effect of inflammatory marker such
as (IL-23) and (TGF-B) as anti-inflammatory marker in sera of RA patients to study their effects on the development
of and pathogenesis of the diseases in Iraqi women.
2. Materials and Methods

A case-control research approach was utilized together data from 118 females within the period from Oct., 2023 to
May, 2024. Females matched ages ranged between 30-70 years and were obtained from the Rheumatology consultant
unit, Al-Hassan Teaching Hospital, Kerbela Health Directorates / Kerbela — Irag. They were divided into two groups:
the first group contained 71 patients with rheumatoid arthritis (diagnosed by a rheumatologist according to clinical
examination and laboratory testing to ensure inclusion in the American College of Rheumatology (ACR). European
League Against Rheumatism (EULAR) 2010 (ACR/EULAR-2010) and another participant 47 sample were obtained
from an apparently healthy control group, divided all participants to four subgroups according to age group. The
exclusion criteria included people with any excluded with malignant diseases, pregnant and breastfeeding. A
questionnaire was developed for the study based on the literature review and discussions between the researcher and

the supervisory team. The questionnaire included age, duration, and family history of rheumatoid arthritis.
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3. Results

Tablel: The distribution of age groups is fairly similar across both groups, with a slight trend towards older ages in
the patient group. More than half of patients (57.1%) fall within this age range (30-39) years compared to controls
(42.9%). Similar distribution for the (40-49) years range, with a slightly higher percentage in the patient group (67.7%)
compared to controls (32.3%). A slightly higher percentage of controls (57.5%) are in the age range (50-59) years
compared to patients (42.5%), while about of patients (69.4%) were in the age range (60-70) years compared to
controls (30.6%).

Results were demonstrated that the patient group appears to have a higher prevalence of overweight and obesity
compared to the control group about (42.9%) patients were classified as normal weight compared to controls (57.1%).
A higher percentage of patients (74.6%) were overweight compared to controls (25.4%). All patients (100%) in the
obesity category belong to the patient group, with none in the control group, Regarding the Family History, this
characteristic shown a difference between the groups.  All patients (100%) reported a family history of the
condition, whereas none (0%) in the control group, the percentage of controls was (47.5%) do not have a family

history, compared to only half (52.5%) of patients.

Table 1: Demographics Characteristic of The Study Groups

. Patient Control Total
Variable Groups N=71 N=47 N=118
30-39 Years 18(57.1%) 13(42.9%) 31(100%)
40-49 Years 30(67.7%) 15(32.3%) 45(100%)
Age. Groups Years 50-59 Years 10(42.5%) 13(57.5%) 23(100%)
60-70 Years 13(69.4%) 6(30.6%) 19(100%)
Normal weight 29(42.9%) 37(57.1%) 66(100%)
BML. Groups Over weight 31(74.6%) 10(25.4%) 41(100%)
Obesity 11(100%) 0(0.0%) 11(100%)
o Yes 21(100%) 0(0.0%) 21(100%)
Family History No 50(52.5%) 47(47.5%) 97(100%)

Table 2 indicated the mean = SD levels of inflammatory and anti-inflammatory biomarkers in sera of rheumatoid
arthritis patients. A significantly higher levels of each of IL-23, TGF-f, CRP and ESR were observed in sera of RA
(41.32+14.15 pg/ml) (40.56 + 16.35 pg/ml), (5.98 + 1.89 mg/l) and (50.11 + 14.18 mm/hr) as compared with their
levels in apparently healthy control group respectively (9.16 + 1.01 pg/ml), (4.42 £ 2.79 pg/ml), (0.43 £ 0.22 mg/l)
and (14.17 + 4.84 mm/hr) respectively (P < 0.001).
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Table 2: The Mean £ SD Levels of Inflammatory and Anti-Inflammatory Biomarkers In Sera of RA Patients

Compared With Haelthy Control.

RA Health Control
Biomarkers Mean + SD Mean + SD P value
N=71 N=47
TGF, pg/ml 40.56+16.35 4.4242.79 <0.001[S]
1L-23, pg/ml 41.32+14.15 9.16£1.01 <0.001[S]
CRP, mg/ml 5.98+1.89 0.43+0.22 <0.001[S]
ESR, mm/hr 50.11£14.18 14.174+4.84 <0.001[S]
T -test was: significant at p < 0.05; SD: standard deviation; [S]: significant; NS= Non-significant.

Table 3 and Fig.1 indicated the results obtained after applying the receiver operating curve (ROC) analysis for only
IL-23 biomarker which was (sensitivity 63.2%, specificity 68.1%) at a level = 21.37, the P-values of the AUC were

<0.05 and statistically significant.

Table 3: The area under the curve (AUC), sensitivity and specificity of IL-23 determined by applying the ROC
analysis in RA disease

Test Result Variable(s) IL-23
AUC 66.2%
Sensitivity % 63.2%
Specificity % 68.1%
Youden index 0.312
Cut-off points 21.37
CI (95%) 0.542-0.781
PPV 84%
NPV 77%
Accuracy 91%
P value 0.011[S]
S= Significant, PPV= Positive protective value, NPV= Negative predictive value, AUC= Area
under curve, CI= confidence interval
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Figure 1: Receiver Operating Characteristics (ROC) Curve Analysis of IL-23 in Sera of RA Patients.
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4. Discussion

Inflammatory processes play a pivotal role in the pathogenesis of rheumatoid arthritis. (RA) markers of inflammation
such as interleukin (IL-23), play an important role in the pathophysiology of RA (Huang et al., 2022); (Shrivastava
and Pandey, 2013). IL-23 is playing important role and considering a key cytokine controlling inflammation in
peripheral tissues leading to the development of autoimmune diseases (Al Fadl et al., 2013) . TGF-p activation leads
to functional immune-modulatory effects according to environmental conditions. The function of TGF-§ in the
development of arthritis in murine models has been extensively studied with controversial results (Al Fadl et al., 2013).
The observed results indicated a descriptive data between RA patients and control with the age in which the age (60-
70) years old were highly percentage (69.4%) and more susceptibility to RA, these results were agreed with those
study which reported of age between RA patients and control that recorded by (Gadallah et al., 2015) . BMI groups
show in higher percentage (100%) in obese patients than other BMI groups, these results were agreement with that
recorded by (Shrivastava et al., 2015) . While not agreement with study recorded by (George et al., 2017). Highly
percentage of family history (100%) of RA disease from other group of patients, family history is similar with that
obtained by other study (Jang et al., 2022).

Different biomarkers in sera of RA patients and control were studied and the observed results indicated a highly
significant association for more than one parameter as (ESR, 1L-23, CRP, TGF-). The current study showed that the
mean = SD of TGF-$ was highly significantly difference between patients and control group (P<0.001) in which its
levels was increased and reached to (40.56 + 16.35 pg/ml) in RA patients, compared with healthy control group (4.42
+ 2.79 pg/ml), therefore, inhibition TGF- play role in treatment of RA because of it’s a multifunctional cytokine that
regulates cell growth, inflammation and angiogenesis by acting on various cell types, and these data agree with result
(Gonzalo-Gil and Galindo-Izquierdo, 2014). These results were agreed with other investigations who reported the
elevation of TGF-B in RA cases. The reason behind that is activated macrophages which are the major producers of
inflammatory cytokines, including tumor necrosis factor-alpha (TNF-a). This, in turn, induce the release of other
inflammatory cytokines such as interleukin (IL)-1, IL-6 or IL-8, involved in angiogenesis and the proliferation of the
synovial fibroblasts and the production of factor platelet-derived growth (PDGF), fibroblast growth factor (FGF) and
TGF-BC (Huang et al., 2015).The sustained activation of these cell types leads to RA's structural alterations (Gonzalo-
Gil and Galindo-Izquierdo, 2014). The mean £ SD of ESR level observed was (50.11 + 14.18 mm/hr) in RA patients,
while its level in control was (14.17 + 4.84 mm/hr) which highly significant association in between (p<0.001), this
study was agreed with that recorded by others (Khadim and Al-Fartusie, 2021). CRP, the typical inflammatory
biomarker produced in the liver, is regulated by adipocyte-derived pro-inflammatory cytokines(den Hartigh et al.,
2023) . The current study showed that the mean + SD of CRP was highly significant (p<0.001) in RA patients as
compared with healthy control (5.98+1.89 mg/l) in RA patients and control (0.431 + 0.22 mg/l) which agreement with
other data reported previously (Khadim and Al-Fartusie, 2021).

IL-23 plays a role in local inflammation., there is an increased production of I1L-23 by peripheral blood mononuclear
cells (PBMCs) surrounding the islets (Luo et al., 2024). Furthermore, an up-regulation of the IL-23 subunit was
observed in pancreatic islets from individuals (Krupa and Kowalska, 2021). The current study indicates the mean +
SD of IL-23 was highly significant (P<0.001) in RA patients (41.32 = 14.15 pg/ml) as compared with control (9.16 £
1.01 pg/ml) and these data were agrees with other results performed by other(Lucaciu et al., 2021) . Elevated 1L-23
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might be reflected by their central role in the development and maintenance of autoimmune diseases like
RA. Increased IL-23 levels might contribute to enhanced activation and proliferation of immune cells that damage
joint tissues in RA patients (Xiong et al., 2022).
The study findings highlight a potential link between interleukin-23 (IL-23), inflammation (CRP), in patients with
Rheumatoid Arthritis (RA). This indicated that higher IL-23 levels coincide with increased inflammation (CRP). IL-
23 is known to play a crucial role in promoting inflammatory responses in autoimmune diseases like RA (Tsukazaki
and Kaito, 2020). The IL-23 levels may be considered as a biomarker used for the diagnosis of RA, and this data is
consistent with other studies(Xiong et al., 2022);(Loures et al., 2019).Results of the receiver operating (ROC) curve
and AUC of IL-23 showed good diagnostic performance for predication of the RA compared to the control groups.
For 1L-23 levels (sensitivity 63.2%, specificity 68.1%) at a level = 21.37, the p-values of the AUC were <0.05 and
statistically significant accuracy 91%. while there is non-significant relationship of rock operative curve for TGF-f
and each of cut-off, sensitivity and specificity were un-impotence, because it is not statistically or clinical importance

5. Conclusion
IL-23 was significantly compared with control; therefore, these are more importance beneficial in monitors and early
detection of disease. Increased transforming growth factor is an important cytokine in rheumatoid arthritis and has
both pro- and anti-inflammatory effects. Its increase is due to a balancing act when inflammatory markers high. The
complex role of TGF-B has anti-inflammatory properties. Increase of TGF-p combined with increased inflammation
(CRP) has been the body's attempt to counteract the ongoing inflammatory process IL-23, CRP, and ESR were
significantly compared with control; therefore, these are more important, 1L-23 important in monitoring, early
detection and diagnosis of RA, while CRP and ESR there are classification criteria of RA.

6. Acknowledgments

The authors acknowledge the contribution of the University of Kerbela / Kerbela - Iraq (www.uokerbala.edu.iq) to

this work. The authors acknowledge the control group and the sick research participants.

7. Ethical approval:
The ethical approvals were obtained from the ethical committee team, College of Medicine, University of Kerbela and
the Kerbela Health Directorates / Kerbela — Iraq, (Ethic board, 32 on 02/11/2023).

17



References

Al Fadl, E.M.A,, Fattouh, M., Allam, A.A., 2013. High IL-23 level is a marker of disease activity in rheumatoid
arthritis. Egypt J Immunol 20, 85-92.

Al_Badran, A.H.K., Algabri, H.C., Al Saeedi, K.R.H., Algazzaz, A.M., 2022. Incidence of rheumatoid arthritis at
Marjan teaching hospital in Babylon, Iraq (2014-2019). Medical Journal of Babylon 19, 358-361.

Aletaha, D., Neogi, T., Silman, A.J., Funovits, J., Felson, D.T., Bingham I1l, C.O., Birnbaum, N.S., Burmester, G.R.,
Bykerk, V.P., Cohen, M.D., 2010. 2010 rheumatoid arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum 62, 2569-2581.

Ba, X., Huang, Ying, Shen, P., Huang, Yao, Wang, H., Han, L., Lin, W.J., Yan, H.J., Xu, L.J., Qin, K., 2021. WTD
attenuating rheumatoid arthritis via suppressing angiogenesis and modulating the PI3K/AKT/mTOR/HIF-1a
pathway. Frontiers in Pharmacology 12, 696802.

Babaahmadi, M., Tayebi, B., Gholipour, N.M., Kamardi, M.T., Heidari, S., Baharvand, H., Eslaminejad, M.B.,
Hajizadeh-Saffar, E., Hassani, S.-N., 2023. Rheumatoid arthritis: the old issue, the new therapeutic approach.
Stem Cell Research & Therapy 14, 268.

Bajic, G., Degn, S.E., Thiel, S., Andersen, G.R., 2015. Complement activation, regulation, and molecular basis for
complement-related diseases. The EMBO journal 34, 2735-2757.

Bedaiwi, M., Al-Homood, I.A., El-Garf, A., Uthman, I., Sunna, N., Nassier, R., Mohamed, H., Al Saleh, J., 2019.
Disease burden and treatment challenges of psoriatic arthritis in Africa and the Middle East. Rheumatology
International 39, 1321-1329.

Chen, J., Liu, Y., Zhao, Z., Qiu, J., 2021. Oxidative stress in the skin: Impact and related protection. International
Journal of Cosmetic Science 43, 495-509.

Chen, Z., Bozec, A., Ramming, A., Schett, G., 2019. Anti-inflammatory and immune-regulatory cytokines in
rheumatoid arthritis. Nature Reviews Rheumatology 15, 9-17.

den Hartigh, L.J., May, K.S., Zhang, X.-S., Chait, A., Blaser, M.J., 2023. Serum amyloid A and metabolic disease:
evidence for a critical role in chronic inflammatory conditions. Frontiers in Cardiovascular Medicine 10,
1197432,

Engelen, S.E., Robinson, A.J.B., Zurke, Y.-X., Monaco, C., 2022. Therapeutic strategies targeting inflammation and
immunity in atherosclerosis: how to proceed? Nature Reviews Cardiology 19, 522-542.

Finckh, A., Gilbert, B., Hodkinson, B., Bae, S.-C., Thomas, R., Deane, K.D., Alpizar-Rodriguez, D., Lauper, K., 2022.
Global epidemiology of rheumatoid arthritis. Nature Reviews Rheumatology 18, 591-602.

Gadallah, M.A., Boulos, D.N.K., Dewedar, S., Gebrel, A., Morisky, D.E., 2015. Assessment of rheumatoid arthritis
patients’ adherence to treatment. The American journal of the medical sciences 349, 151-156.

George, M.D., Giles, J.T., Katz, P.P., England, B.R., Mikuls, T.R., Michaud, K., Ogdie-Beatty, A.R., Ibrahim, S.,
Cannon, G.W., Caplan, L., 2017. Impact of obesity and adiposity on inflammatory markers in patients with
rheumatoid arthritis. Arthritis care & research 69, 1789-1798.

Gonzalo-Gil, E., Galindo-lzquierdo, M., 2014. Role of transforming growth factor-beta (TGF) beta in the
physiopathology of rheumatoid arthritis. Reumatologia Clinica (English Edition) 10, 174-179.

Guo, S., Wang, M., Yu, Y., Yang, Y., Zeng, F., Sun, F., Li, Q., He, M., Li, Y., Wen, J., 2020. The association of
erythrocyte sedimentation rate, high-sensitivity C-reactive protein and diabetic kidney disease in patients with
type 2 diabetes. BMC Endocrine Disorders 20, 1-8.

Huang, M., Yang, D., Xiang, M., Wang, J., 2015. Role of interleukin-6 in regulation of immune responses to
remodeling after myocardial infarction. Heart failure reviews 20, 25-38.

Huang, T., Huang, J., Liao, Z., Lan, H., Jian, X., Gu, R., Ouyang, J., Hu, J., Liao, H., 2022. Regenerating myofiber
directs Tregs and Th17 responses in inflamed muscle through the intrinsic TGF-f signaling-mediated IL-6
production. American Journal of Physiology-Endocrinology and Metabolism.

Jahid, M., Khan, K.U., Ahmed, R.S., 2023. Rheumatoid arthritis: the old issue, the new therapeutic approach. Stem
Cell Research & Therapy 14, 268.

Jang, S., Kwon, E.-J., Lee, J.J., 2022. Rheumatoid arthritis: pathogenic roles of diverse immune cells. International
journal of molecular sciences 23, 905.

Khadim, R.M., Al-Fartusie, F.S., 2021. Evaluation of liver function and lipid profiles in Iraqgi patients with rheumatoid
arthritis, in: Journal of Physics: Conference Series. IOP Publishing, p. 12040.

Kimawaha, P., Jusakul, A., Junsawang, P., Loilome, W., Khuntikeo, N., Techasen, A., 2020. Circulating TGF-B1 as
the potential epithelial mesenchymal transition-biomarker for diagnosis of cholangiocarcinoma. Journal of
Gastrointestinal Oncology 11, 304.

Krupa, A., Kowalska, I., 2021. The kynurenine pathway—mnew linkage between innate and adaptive immunity in
autoimmune endocrinopathies. International Journal of Molecular Sciences 22, 9879.

18



Lapi¢, 1., Padoan, A., Bozzato, D., Plebani, M., 2020. Erythrocyte sedimentation rate and C-reactive protein in acute
inflammation: meta-analysis of diagnostic accuracy studies. American journal of clinical pathology 153, 14-29.

Loures, M.A.R., Alves, H.V., de Moraes, A.G., Santos, T. da S., Lara, F.F., Neves, J.S.F., Macedo, L.C., Teixeira,
JJ.V., Sell, A.M., Visentainer, J.E.L., 2019. Association of TNF, 1L12, and IL23 gene polymorphisms and
psoriatic arthritis: meta-analysis. Expert Review of Clinical Immunology 15, 303-313.

Lucaciu, L.A., Ilies, M., Vesa, Stefan C., Seicean, R., Din, S., luga, C.A., Seicean, A., 2021. Serum interleukin (IL)-
23 and IL-17 profile in inflammatory bowel disease (IBD) patients could differentiate between severe and non-
severe disease. Journal of personalized medicine 11, 1130.

Luo, J., Ning, T., Li, X,, Jiang, T., Tan, S., Ma, D., 2024. Targeting IL-12 family cytokines: A potential strategy for
type 1 and type 2 diabetes mellitus. Biomedicine & Pharmacotherapy 170, 115958.

Malin, K., Witkowska-Pitaszewicz, O., 2022. C-reactive protein as a diagnostic marker in dogs: a review. Animals
12, 2888.

Nattagh-Eshtivani, E., Jokar, M., Tabesh, H., Nematy, M., Safarian, M., Pahlavani, N., Maddahi, M., Khosravi, M.,
2021. The effect of propolis supplementation on inflammatory factors and oxidative status in women with
rheumatoid arthritis: Design and research protocol of a double-blind, randomized controlled. Contemporary
clinical trials communications 23, 100807.

Novella-Navarro, M., Plasencia-Rodriguez, C., Nufio, L., Balsa, A., 2021. Risk factors for developing rheumatoid
arthritis in patients with undifferentiated arthritis and inflammatory arthralgia. Frontiers in Medicine 8, 668898.

Rasmussen, T.K., Andersen, T., Hvid, M., Hetland, M.L., Harslev-Petersen, K., Stengaard-Pedersen, K., Holm, C.K,,
Deleuran, B., 2010. Increased interleukin 21 (IL-21) and IL-23 are associated with increased disease activity
and with radiographic status in patients with early rheumatoid arthritis. The Journal of rheumatology 37, 2014—
2020.

Sakuma, M., Hatsushika, K., Koyama, K., Katoh, R., Ando, T., Watanabe, Y., Wako, M., Kanzaki, M., Takano, S.,
Sugiyama, H., 2007. TGF-B type I receptor kinase inhibitor down-regulates rheumatoid synoviocytes and
prevents the arthritis induced by type 1l collagen antibody. International immunology 19, 117-126.

Schinocca, C., Rizzo, C., Fasano, S., Grasso, G., La Barbera, L., Ciccia, F., Guggino, G., 2021. Role of the IL-23/IL-
17 pathway in rheumatic diseases: an overview. Frontiers in immunology 12, 637829.

Shrivastava, A.K., Pandey, A., 2013. Inflammation and rheumatoid arthritis. Journal of physiology and biochemistry
69, 335-347.

Shrivastava, A.K., Singh, H. V, Raizada, A., Singh, S.K., Pandey, A., Singh, N., Yadav, D.S., Sharma, H., 2015.
Inflammatory markers in patients with rheumatoid arthritis. Allergologia et immunopathologia 43, 81-87.

Su, Q.-Y., Li, H.-C., Jiang, X.-J., Jiang, Z.-Q., Zhang, Y., Zhang, H.-Y ., Zhang, S.-X., 2024. Exploring the therapeutic
potential of regulatory T cell in rheumatoid arthritis: Insights into subsets, markers, and signaling pathways.
Biomedicine & Pharmacotherapy 174, 116440.

Tennant, F., 2014. Erythrocyte sedimentation rate and C-reactive protein: old but useful biomarkers for pain treatment.
Pract Pain Manag 13.

Tsukazaki, H., Kaito, T., 2020. The Role of the IL-23/IL-17 Pathway in the Pathogenesis of Spondyloarthritis.
International Journal of Molecular Sciences 21, 6401.

Wajda, A., Stypinska, B., Czarnecka, M., Hasan, D., Jaronczyk, M., Hatadyj, E., Romanowska-Prdchnicka, K.,
Olesinska, M., Pawlik, A., Paradowska-Gorycka, A., 2023. Are SMAD2/4/7 genetic variants associated with
rheumatoid arthritis susceptibility and severity? Clinical and Experimental Rheumatology 41, 1396-1408.

Xiong, D.-K,, Shi, X., Han, M.-M., Zhang, X.-M., Wu, N.-N., Sheng, X.-Y., Wang, J.-N., 2022. The regulatory
mechanism and potential application of IL-23 in autoimmune diseases. Frontiers in Pharmacology 13, 982238.

19



