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Abstract; The objective of this study is to investigate and compare serum levels of tumor necrosis factor-like weak 

inducer of apoptosis (TWEAK) in rheumatoid arthritis (RA), systemic lupus erythematosus (SLE) and Behçet's disease. 

Patients with a diagnosis of RA (n = 20), SLE (n = 20) and Behçet's disease (n = 20) and a healthy control group (n = 19) 

were included in our study. Disease activity indexes, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) 

levels were recorded in the patient groups. Serum TWEAK levels were measured with available commercial enzyme 

linked immunosorbent assay kits. The serum TWEAK levels were significantly higher in all patient groups compared to 

the control group. However, no significant difference was found in paired comparisons among patient groups. When the 

patients with high disease activity scores were compared to patients with low disease activity scores in RA, SLE and 

Behçet’s disease subgroups, there was no significant difference in terms of TWEAK levels. Hypertension, atherosclerosis, 

diabetes mellitus and smoking had no effect on serum TWEAK levels. In correlation analysis, although serum TWEAK 

levels showed a significant negative correlation with age (r = -0.361, p = 0.005), there was no significant correlation with 

body mass index (BMI), ESR, and CRP levels. In RA, SLE and Behçet's disease, although different inflammatory      

pathways and different cytokine release patterns play a role in their pathogenesis, the similar increase in serum TWEAK 

levels and the absence of a relationship with the disease activity scores reflecting the last stage of inflammation may 

indicate that the TWEAK / Fn14 pathway plays a role in earlier stages where the inflammatory pathways have not      

differentiated yet. 
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INTRODUCTION 

The immune system plays a leading role in the pathogenesis of 

rheumatological diseases. Rheumatologic diseases manifest 

itself within the framework of a specific inflammatory          

response, different cytokine patterns and consequently different 

clinics. Rheumatoid arthritis (RA) and systemic lupus          

erythematosus (SLE) are autoimmune diseases in which       

acquired immune response is essential in their                      

pathophysiology. While there is a T-helper-1 type cytokine 

release pattern in RA, there is a T-helper-2 type cytokine pat-

tern in SLE1, 2. On the other hand, Behçet's disease is generally 

accepted as an autoinflammatory disease because the natural 

immune response is more prominent in its pathophysiology3. 

Tumor necrosis factor-like weak inducer of apoptosis 

(TWEAK) is a member of the TNF ligand family and is first 

synthesized as a 249 amino acid transmembrane protein4.     

Although it was initially defined as an apoptosis stimulant5, it 

was shown in later studies that it participated in many inflam-

matory and immunological processes6, 7. TWEAK binds to its 

only known receptor, fibroblast growth factor-inducible 14 

(Fn14)8, and increased TWEAK levels due to inflammation 

 

 stimulates the release of cytokines such as TNF- α, IL-1, IL-6, 

granulocyte-colony stimulating factor (G-CSF), and             

interferon-γ monocyte chemoattractant protein-1 (MCP-1), 

macrophage inflammatory protein-1 alpha (MIP-1α), intercel-

lular adhesion molecule-1 (ICAM-1), vascular cell adhesion 

molecule-1 (VCAM-1)9, 10. The main source of soluble 

TWEAK in inflammatory tissue is macrophages / monocytes11. 

These data show that the TWEAK / Fn14 pathway makes    

significant contributions to inflammation in tissues and         

indicates that excessive or persistent upregulation of this      

pathway contributes significantly to the pathogenesis of some 

inflammatory diseases such as SLE and RA12-15. 

In this study, it was aimed to investigate and compare 

serum TWEAK levels in RA, SLE and Behçet's disease. 

 

MATERIALS and METHODS 

 

Ethical approval  

This study protocol was approved by local ethic committee 

(OMU-KAEK, approval no. 2020-024). 
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Healthy and patient volunteers 

Patients with a diagnosis of RA (n = 20), SLE (n = 20), 

Behçet's disease (n = 20) and a healthy control group (n = 19) 

who admitted to our rheumatology outpatient clinic between 

May 1-31, 2020 were included in our study. The study protocol 

was approved by the local ethics committee. The diagnosis of 

RA was made according to the 2010 ACR/EULAR RA classifi-

cation criteria16, the diagnosis of SLE was made using the 2019

-EULAR/ACR Classification Criteria for Systemic Lupus Ery-

thematosus diagnostic criteria17 and the diagnosis of Behçet's 

disease was made according to the International Criteria for 

Behçet's Disease (ICBD)18. In evaluating disease activities, BD 

current activity form (BDCAF)19 for Behçet's disease, Disease 

Activity Score 28-joint (DAS28)20 for RA and SLE Disease 

Activity Index 2000 (SLEDAI-2 K)21 for SLE were used. The 

gender and age of the patients, medical history, physical exami-

nation findings and laboratory data, additional diseases, and 

smoking status were recorded. The patients with active infec-

tion, a diagnosis of malignancy, chronic lung, kidney or liver 

disease, and heart failure were excluded from the study.  

 

Laboratory analysis 

Serums obtained by centrifuging blood samples (Shimadzu 

UV160A, S.No: 28006648, Japan) at 3000 rpm for 10 minutes 

stored at -800C. On the day of analysis, samples were dissolved 

at room temperature. All analysis was done according to the 

manufacturer’s instructions. Samples showing high concentra-

tion were diluted and measured twice. 

           TWEAK concentrations in serum were measured using 

the commercially available TWEAK enzyme linked immuno-

sorbent assay (ELISA) (Human Tumour Necrosis Factor Relat-

ed Weak Inducer of Apoptosis, Cat. No. E1820Hu, Bioassay 

Technology Laboratory, Shangai, China). Enzymatic reactions 

were measured in an automatic microplate photometer. 

TWEAK levels were determined by comparing the optical den-

sity of the samples with the standard curve. The mean within-

test and within-test percentage coefficients of variation for 

TWEAK were <10% and <8%, respectively. All experiments 

were carried out in accordance with the manufacturer's instruc-

tions. The expected values of the test were 10-4000 mg / L.  

 

Statistical analysis 

The Statistical Package for the Social Sciences (SPSS 11.0, 

Chicago, IL, USA) was used for the statistical analysis of all 

data.  The results were expressed using the mean ± standard 

deviation (SD). One-way analysis of variance (ANOVA) fol-

lowed by Tukey's post hoc test were used to determine the sta-

tistical differences among the groups. The categorical variables 

were compared with the chi-square test. The Pearson correla-

tion coefficient was used for correlation analysis. Analysis of 

covariance (ANCOVA) was also used in order to modify the 

variables for age, gender, and BMI. Values of p<0.05 were 

considered statistically significant.  

 

RESULTS 

The demographic and laboratory data of the patients and 

healthy volunteers included in the study are summarized in 

Table 1. The DAS28 was 5.31 ± 1.8 in the RA group, the 

SLEDAI was 7.8 ± 6.2 in the SLE group, and the BDCAF 

score was 4.7 ± 2.9 in the Behçet's disease group. There was a 

significant difference among all groups in terms of age with the 

ANOVA Test (Table 1). In post-hoc statistical analysis, there 

was no significant difference in age between the healthy con-

trol group and the Behcet's disease group (p> 0.05), but there 

was a significant difference in age in all other paired compari-

sons among the groups (p <0.05).  

There was no significant difference between the pa-

tient groups in terms of BMI, hypertension, atherosclerosis, 

diabetes mellitus and smoking, although a significant differ-

ence was found in terms of gender (Table 1). 

 ESR and CRP levels were higher in all patient groups 

compared to the healthy control group. While there was no 

difference between the patient groups in terms of CRP level in 

paired comparisons, the sedimentation level was higher in the 

RA group than in the Behçet's disease group (p=0.045). 

 Serum TWEAK levels were significantly higher in all 

patient groups compared to the control group (Figure 1). How-

ever, no significant difference was found in paired comparisons 

among patient groups. When patients with high and low dis-

ease activity scores were compared, there was no significant 

difference in terms of TWEAK levels. Hypertension, athero-

sclerosis, diabetes mellitus and smoking had no effect on serum 

TWEAK levels. 

 Although serum TWEAK levels showed a significant 

negative correlation with age  

(r=-0.361, p=0.005) in correlation analysis, there was 

no significant correlation with BMI, ESR and CRP levels.  
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DISCUSSION 

In this study, the serum TWEAK levels of RA, SLE and 

Behçet’s disease patients, in which different immune mecha-

nisms play a role in the etiopathogenesis and consequently   

present with different clinical findings, were compared with 

healthy volunteers. Although there are different cytokine    

release patterns, previous studies have claimed that the 

TWEAK pathway also plays a role in the pathophysiology of 

these three diseases. The serum TWEAK levels were          

significantly higher in patients with RA, SLE, and Behçet’s 

disease when compared with healthy volunteers. However, 

when these three rheumatic inflammatory diseases were      

compared with each other, there was no significant difference 

in terms of serum TWEAK levels. In addition, in the patient 

groups, no significant difference was found in the serum 

TWEAK levels of the patients with low and high disease     

activity. The serum TWEAK levels showed a negative        

correlation only with the age, but not with the ESR and CRP 

levels. 

 El-Shehaby et al.22 found that urinary TWEAK level 

was higher in patients with renal involvement compared to 

those without renal involvement in a case-control study        

performed in SLE nephritis. On the other hand, Balajkova et 

al.23 investigated the role of TWEAK in neuropsychiatric SLE 

patients and demonstrated that there was no relationship      

between SLEDAI and serum TWEAK levels, and it was not 

associated with neuropsychiatric SLE symptoms such as     

headache, seizure, cerebrovascular disease, cognitive          

dysfunction and anxiety. Mirioglu et al.24 determined that    

serum TWEAK level was increased in both SLE and            

ANCA-associated vasculitis with active renal involvement and 

stated that TWEAK was not a specific biomarker for SLE and 

SLE nephritis. In our study, the increase in the serum TWEAK 

level in all three patient groups supports the view that TWEAK 

level is not a specific biomarker for SLE. 

 There are limited number of studies investigating the 

role of TWEAK in Behçet's disease. Lopalco et al.25 showed 

that serum TWEAK levels were increased compared to healthy 

controls in their study published in 2017. They also reported 

that serum TWEAK levels were upregulated both in active and 

inactive Behçet’s disease patients. On the other hand, Icli et 

al.26 found that serum TWEAK level was increased in Behçet's 

disease patients and demonstrated that serum TWEAK level 

correlated with disease activity. In our study, serum TWEAK 

levels were increased in Behçet's disease, but were not        

associated with disease activity similar to the study by Lopalco 

et al.25  

 In studies conducted to investigate the possible role of 

the TWEAK / Fn14 pathway in the physiopathology of RA, it 

was found that TWEAK levels increased in the synovial tissue, 

synovial fluid and serum of RA patients27. In animal models of 

RA, anti-tweak monoclonal antibodies were observed to pro-

vide significant reductions in disease inflammation, joint in-

flammation, angiogenesis, cartilage, and bone loss28. In the 

Phase I study conducted in RA, it was found that there was a 

significant decrease in TWEAK levels and inflammatory   

  Healthy Controls 

(n:19) 

Rheumatoid Arthritis 

(n:20) 

SLE 

(n:20) 

Behcet’s Disease 

(n:20) 

P 

Age (years) 39.5 ± 10.7 54.9 ± 12.5 48.4 ± 14.2 38.7 ± 10.6 <0.001 
Gender (F/M)     10/9 14/6 18/2 10/10 0.022 
BMI (kg/m2)   25.1±5.1 23.4 ±4.9 24.7±5.2 0.923 
Smoking - 5 5 6 0.918 
Hypertension - 6 8 3 0.210 
Atherosclerosis - 2 2 3 0.851 
Diabetes Mellitus - 2 2 2 1.000 
ESR (mm/h) 3.38 ± 1.01 46 ± 27.3 35.6 ± 18.3 29.8 ± 17.7 <0.001 
CRP (mg/l) 1.42 ± 0.5 19.8 ± 47.1 6.4 ± 7.7 5.6 ± 7.5 0.001 
TWEAK (ng/ml)    55 ± 52 1201 ± 872 1187 ± 839 1171 ± 734 <0.001 
SLE: Systemic lupus erythematosus, BMI: Body mass index, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, TWEAK: Tumor necrosis 

factor-like weak inducer of apoptosis 

Table 1. Demographics and laborator y data in the study groups. 
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Figure 1. Serum TWEAK levels in the study gr oups 
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markers at the end of the 1st month due to anti-TWEAK     

monoclonal antibodies29. In our study, high TWEAK levels in 

RA patients compared to the healthy control group indicate that 

the TWEAK / Fn14 pathway plays a role in the inflammation 

in RA development. 

TWEAK is a pluripotent and multifunctional cytokine 

that belongs to the TNF superfamily. It has been shown to have 

active roles in many processes such as cellular proliferation, 

differentiation, migration, survival, apoptosis, angiogenesis and 

inflammation30-32. Apart from RA, SLE, and Behcet's disease, 

there are results suggesting that the TWEAK / Fn14 pathway 

plays a role in diseases such as multiple sclerosis and          

inflammatory bowel disease33, 34. Although there are different 

cytokine patterns and different inflammatory pathways in the 

pathogenesis of each of these diseases, they all have high 

TWEAK levels. In our study, while TWEAK levels were found 

to be significantly higher in patients with RA, SLE and 

Behçet's disease, a significant increase in ESR and CRP levels 

occurred in patients with active disease compared with those in 

remission whereas there was no significant difference in terms 

of TWEAK levels. These results suggest that the TWEAK / 

Fn14 pathway may be involved in a more common and        

preliminary stage in which inflammatory cascades have not 

differentiated from each other yet. 

 The main limitations of this study are its                

cross-sectional design and small sample size. Failure to find a 

relationship between TWEAK levels and disease activities in 

patient groups may be due to the small number of patient 

groups. Also, investigating for other inflammatory cytokines 

together would be good to demonstrate their association with 

different cytokine release patterns. Moreover, we believe that it 

is also important to measure and compare TWEAK levels in 

these rheumatic inflammatory diseases known to have different 

cytokine release patterns. 

 In conclusion, the increase in serum TWEAK levels 

in RA, SLE and Behçet's disease, which are rheumatic         

inflammatory diseases, suggests that it plays a role in the     

pathophysiology of these diseases. The similar increase in 

TWEAK levels in these diseases of different nature and the 

absence of a relationship with CRP and disease activity       

indexes, which mostly suggests the last stages of inflammation, 

indicate that the TWEAK/Fn14 pathway plays a role in earlier 

stages where the inflammatory pathways have not                

differentiated yet.  

Conflict of interest 

The authors declare that they have no conflict of interest 

 

Acknowledgement 

The Author thanks Metin Ozgen and Bahattin Avci for       

technical support. 

 

REFERENCES 

1. Ozgen M, Koca SS, Aksoy K, Dagli N, Ustundag B, Isik A. Visfatin 

levels and intima-media thicknesses in rheumatic diseases. Clin 

Rheumatol. 2011;30:757-763.  

2. Lit LCW, Wong CK, Li EKM, Tam LS, Lam CWK, Lo YMD. Elevated 

gene expression of Th1/Th2 associated transcription factors is 

correlated with disease activity in patients with systemic lupus 

erythematosus. J Rheumatol. 2007;34:89-96.  

3. Eksioglu Demiralp E, Direskeneli H, Kibaroglu A, Yavuz S, Ergun T, 

Akoglu T. Neutrophil activation in Behçet's disease. Clin Exp 

Rheumatol. 2001;19:19-24. 

4. Roos C, Wicovsky A, Müller N, Salzmann S, Rosenthal T, Kalthoff 

H, et al. Soluble and transmembrane TNF-like weak inducer of 

apoptosis differentially activate the classical and noncanonical 

NF-kappa B pathway. J Immun 2010;3:1593-1695. 

5. Chicheportiche Y, Bourdon PR, Xu H, Hsu YM, Scott H, Hession C, 

et al. TWEAK, a new secreted ligand in the tumor necrosis factor 

family that weakly induces apoptosis. J Biol Chem. 

1997;272:32401-32410. 

6. Xia Y, Herlitz LC, Gindea S, Wen J , Pawar RD, Misharin A, et al. 

Deficiency of fibroblast growth factor-inducible 14 (Fn14)       

preserves the filtration barrier and ameliorates lupus nephritis. J 

Am Soc Nephrol. 2015;5:1053-1070. 

7. Xia WY, Stock A, Michaelson JS, Burkly LC, Gulinello M,         

Putterman C, et al. Neuropsychiatric disease in murine lupus is 

dependent on the TWEAK/Fn14 pathway. J Autoimmun. 

2013;43:44-54. 

8. Winkles JA. The TWEAK-Fn14 cytokine-receptor axis: discovery, 

biology and therapeutic targeting. Nat Rev Drug Discov. 

2008;7:411-425.   

9. Zimmermann M, Koreck A, Meyer N, Basinski T, Meiler F, Simone 

B, et al. TNF-like weak inducer of apoptosis (TWEAK) and         

TNF-α cooperate in the induction of keratinocyte                   

apoptosis. J Allergy Clin Immunol. 2011; 1: 200-207. 

10. Burkly LC, Michaelson JS, Hahm K, Jakubowski A, Zheng TS. 

TWEAKing tissue remodeling by a multifunctional cytokine: role 

of TWEAK/Fn14 pathway in health and disease. Cytokine. 

2007;40:1-16. 

…………………………………………………………………………….. 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Salzmann+S&cauthor_id=20610643
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Rosenthal+T&cauthor_id=20610643
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Kalthoff+H&cauthor_id=20610643
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Hsu+YM&cauthor_id=9405449
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Scott+H&cauthor_id=9405449
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Hession+C&cauthor_id=9405449
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Wen+J&cauthor_id=25270074
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Pawar+RD&cauthor_id=25270074
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Misharin+A&cauthor_id=25270074
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Basinski+T&cauthor_id=21211655
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Meiler+F&cauthor_id=21211655
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Simone+B&cauthor_id=21211655


 62 

11. Madrigal-Matute J, Fernandez-Laso V, Sastre C, Llamas-Granda 

P, Egido J, Ventura MJL, et al. TWEAK/Fn14 interaction promotes 

oxidative stress through NADPH oxidase activation in macro-

phages. Cardiovasc Res. 2015;1:139-147. 

12. Wisniacki N, Amaravadi L, Galluppi GR, Zheng TS, Zhang R, Kong 

J, Burkly LC. Safety, tolerability, pharmacokinetics, and           

pharmacodynamics of anti-TWEAK monoclonal antibody in pa-

tients with rheumatoid arthritis. Clin Ther. 2013;35:1137-1149. 

13. Sun F, Teng J, Yu P, Li W, Chang J, Xu H. Involvement 

of TWEAK and the NF-κB signaling pathway in lupus nephritis. 

Exp Ther Med. 2018;15:2611-2619.  

14. Panezai J, Ali A, Ghaffar A, Benchimol D, Altamash M, Klinge B, et 

al. Upregulation of circulating inflammatory biomarkers under 

the influence of periodontal disease in rheumatoid arthritis  

patients. Cytokine 2020;131:155117.  

15. Chen J, Jia F, Ren K, Luo M, Min X, Wang P, et al. Inhibition of 

suppressor of cytokine signaling 1 mediates the profibrotic effect 

of TWEAK/Fn14 signaling on kidney cells. Cell Signal 

2020;71:109615.  

16. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham 

CO, et al. 2010 Rheumatoid arthritis classification criteria: an 

American College of Rheumatology/European League Against 

Rheumatism collaborative initiative. Arthritis Rheum. 

2010;62:2569-2581. 

17. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M,          

Ramsey-Goldman R, et al. 2019 European League Against      

Rheumatism/American College of Rheumatology Classification 

Criteria for Systemic Lupus Erythematosus. Arthritis Rheumatol. 

2019;71:1400-1412. 

18. International Study Group for Behcet’s Disease. Disease ISGfBs. 

Criteria for diagnosis of Behcet’s disease. Lancet. 1990; 335:1078

-1080. 

19. Lawton G, Bhakta BB, Chamberlain MA, Tennant A. The Behcet’s 

disease activity index. Rheumatology (Oxford). 2004;43:73-78. 

20. Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van de 

Putte LB, van Riel PL. Modified disease activity scores that     

include twenty-eight-joint counts. Development and validation 

in a prospective longitudinal study of patients with rheumatoid 

arthritis. Arthritis Rheumol 1995;38:44–48. 

21. Gladman DD, Ibanez D, Urowitz MB. Systemic lupus                 

erythematosus disease activity index 2000. J Rheumatol. 

2002;29:288–291. 

22. El-Shehaby A, Darweesh H, El-Khatib M, Momtaz M, Marzouk S, 

El-Shaarawy N, et al. Correlations of urinary biomarkers, TNF-like 

weak inducer of apoptosis (TWEAK), osteoprotegerin (OPG), 

monocyte chemoattractant protein-1 (MCP-1), and IL-8 with 

lupus nephritis. J Clin Immunol. 2011;31:848-856.  

23. V Balajkova 1, M Olejarova, R Moravcova, P Kozelek, M 

Posmurova, H Hulejova, L Senolt. Is serum TWEAK a useful    

biomarker of neuropsychiatric systemic lupus erythematosus? 

Physiol Res. 2020;69:339-346.  

24. Mirioglu S, Cinar S, Yazici H, Ozluk Y, Kilicaslan I, A Gul, et al. 

Serum and urine TNF-like weak inducer of apoptosis, monocyte 

chemoattractant protein-1 and neutrophil gelatinase-associated 

lipocalin as biomarkers of disease activity in patients with     

systemic lupus erythematosus. Lupus. 2020;29:379-388.  

25. Lopalco G, Lucherini OM, Lopalco A, Venerito V, Fabiani C,     

Frediani B, et al. Cytokine Signatures in Mucocutaneous and 

Ocular Behçet's Disease. Front Immunol. 2017;8:200. 

26. Icli A, Cure MC, Cure E, Arslan S, Unal M, Sakiz D, et al. Soluble 

Tumor Necrosis Factor (TNF)-Like Weak Inducer of Apoptosis 

(Tweak) Independently Predicts Subclinical Atherosclerosis 

in Behcet's Disease. Acta Medica (Hradec Kralove) 2018;61:86-

92. 

27. Van Kuijk AW, Wijbrandts CA, Vinkenoog M , Zheng TS, 

Reedquist KA, Tak PP. TWEAK and its receptor Fn14 in the     

synovium of patients with rheumatoid arthritis compared to 

psoriatic arthritis and its response to TNF blockade. Ann Rheum 

Dis. 2009;69:301-4. 

28. Kamata K, Kmaijo S, Nakajima A, Koyanagi A, Kurosawa H, Yagita 

H, et al. Involvementof TNF-like WEAK inducer of apoptosis in 

thepathogenesisof collagen-inducedarthritis. J Immunol. 

2006;177:6433-6439. 

29. Nicolas Wisniacki 1, Lakshmi Amaravadi, Gerald R Galluppi, 

Timothy S Zheng, Ray Zhang, Jessica Kong, Linda C Burkly.     

Safety, tolerability, pharmacokinetics, and pharmacodynamics 

of anti-TWEAK monoclonal antibody in patients with           

rheumatoid arthritis. Clin Ther .2013;35:1137-1149.  

30. Choe JY, Kim SK. Serum TWEAK as a biomarker for disease  

activity of systemic lupus erythematosus. Inflamm Res. 2016; 

65: 479-88. 

31. Reyes-Martinez F, Pérez-Navarro M, Rodriguez-Matias 

A, Virgilia Soto-Abraham V, Gutierrez-Reyes G, Medina-Avila Z, 

et al. Assessment of urinary TWEAK levels in Mexican patients 

with untreated lupus nephritis: an exploratory study.            

Nefrologia. 2018; 38:152-160. 

32. Schwartz N, Michaelson JS, Putterman C. Lipocalin-2, TWEAK, 

and other cytokines as urinary biomarkers for lupus nephritis. 

Ann N Y Acad Sci. 2007;1109:265-274. 

………………………………………………. 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Llamas-Granda+P&cauthor_id=26224570
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Egido+J&cauthor_id=26224570
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Martin-Ventura+JL&cauthor_id=26224570
https://pubmed.ncbi.nlm.nih.gov/29456665/?from_term=TWEAK+LUPUS+nephritis&from_sort=date&from_pos=6
https://pubmed.ncbi.nlm.nih.gov/29456665/?from_term=TWEAK+LUPUS+nephritis&from_sort=date&from_pos=6
https://pubmed.ncbi.nlm.nih.gov/30543512/
https://pubmed.ncbi.nlm.nih.gov/30543512/
https://pubmed.ncbi.nlm.nih.gov/30543512/
https://pubmed.ncbi.nlm.nih.gov/30543512/
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Koyanagi+A&cauthor_id=17056575
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Kurosawa+H&cauthor_id=17056575
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Yagita+H&cauthor_id=17056575


 63 

33. Grimstad T, Skoie IM, Doerner J, Isaksen K, Karlsen L, Aabakken 

L, et al. TWEAK is not elevated in patients with newly diagnosed 

inflammatory bowel disease. J Gastroenterol. 2017;52:420-4. 

34. Maarouf A, Stephan D, Ranjeva MP, Ranjeva JP, Pelletier J,  

Audoin B, et al. High levels of serum soluble TWEAK are        

associated with neuroinflammation during multiple sclerosis. J 

Transl Med. 2019;17:51.  

https://pubmed.ncbi.nlm.nih.gov/28040992/
https://pubmed.ncbi.nlm.nih.gov/28040992/
https://pubmed.ncbi.nlm.nih.gov/30786899/
https://pubmed.ncbi.nlm.nih.gov/30786899/

