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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



GEORGIAN MEDICAL NEWS
No 7 (340) 2023

Hasanov N.H, Istomin А.G, Istomin D.А. 
MATHEMATICAL JUSTIFICATION OF THE CHOICE OF RODS FOR EXTERNAL FIXATION DEVICES FOR POLYSTRUCTURAL 
PELVIC INJURIES……..………………………………..…………….……...……......................................................…………………………6-13

B. Todorova, I. Bitoska, A. Muca, O.Georgieva Janev, T. Milenkovik. 
A RARE CASE OF A PATIENT WITH HYPERTHYROIDISM AFTER HYPOTHYROIDISM…………….................................…………14-16

Satyaapir Sahu, Shabir Ahmad Shah, Supriti, Apurva Kumar R Joshi, Devanshu Patel J, Asha Yadav. 
THE GUT-BRAIN AXIS: IMPLICATIONS FOR NEUROLOGICAL DISORDERS, MENTAL HEALTH, AND IMMUNE FUNCTION..17-24

Sara Mohammed Oudah Al-Saedi, Israa Hussein Hamzah. 
THE ROLE GENE EXPRESSION OF PD-1 AND PD-L1 IN NEWELY DIAGNOSED AND TREATED PATIENTS WITH ACUTE 
MYELOID LEUKEMIA…………........................................……………………………………………………………………………………25-29

Stepanyan L, Lalayan G, Avetisyan A. 
AN INVESTIGATION OF PSYCHOLOGICAL AND PHYSIOLOGICAL FACTORS AFFECTING PERFORMANCE IN ADOLESCENT 
JUDOKAS……………………………………………………...........................................……………………………………………………..30-36

Takuma Hayashi, Nobuo Yaegashi, Ikuo Konishi. 
EFFECT OF RBD MUTATIONS IN SPIKE GLYCOPROTEIN OF SARS-COV-2 ON NEUTRALIZING IGG 
AFFINITY……………………………………………………………………………………………………………………………...……..…37-46

Yahya Qasem Mohammed Taher, Muna Muneer Ahmed, Hakki Mohammed Majdal. 
A CLINICO-EPIDEMIOLOGICAL STUDY OF MULTIPLE SCLEROSIS IN MOSUL CITY, IRAQ………….................................……..47-52

Simona Kordeva, Georgi Tchernev. 
THIN MELANOMA ARISING IN NEVUS SPILUS: DERMATOSURGICAL APPROACH WITH FAVOURABLE OUTCOME…….….53-55

Buthaina H. Al-Sabawi, H. S. Sadoon. 
HISTOCHEMICAL CHANGES OF THE PULMONARY HYDATID CYSTS IN SHEEP INFECTED WITH CYSTIC 
ECHINOCOCCOSIS………………………………………………………………………………………………..............…………………..56-60

Rocco De Vitis, Marco Passiatore, Vitale Cilli, Massimo Apicella, Giuseppe Taccardo. 
SARS-COV-2 INFECTION AND INVOLVEMENT OF PERIPHERAL NERVOUS SYSTEM: A CASE SERIES OF CARPAL TUNNEL 
SYNDROME AGGRAVATION OR NEW ONSET WITH COVID-19 DISEASE AND A REVIEW OF LITERATURE…......................…61-66

L. Dzyak, K. Miziakina. 
NEURAL PROTEINS AS MARKERS FOR DIAGNOSING STRUCTURAL DAMAGE TO BRAIN MATTER IN POST-TRAUMATIC 
NEUROCOGNITIVE DISORDERS………………………………………………………….................................................................………67-70

Hiba M. Al-Khuzaay, Yasir H. Al-Juraisy, Ali H. Alwan. 
PURIFICATION, CHARACTERIZATION, AND IN VITRO ANTITUMOR ACTIVITY OF A NOVEL GLUCAN FROM PHOENIX 
DACTYLIFERA L. FRUITS………………………………………………….....................................................………………………………71-75

Natalia Stepaniuk, Oleh Piniazhko, Olesia Poshyvak, Tetiana Bessarab, Natalia Hudz, Irina Gavriluk. 
MANAGEMENT OF RISKS OF ADVERSE DRUG REACTIONS ACCORDING TO ADR REPORT FORM DATA FROM LVIV REGION 
HEALTHCARE FACILITIES IN 2022…………………………………...................................................................………………………….76-80

Ghazwan M. Radhi, Nihad N. Hilal, Mohammed M. Abdul-Aziz. 
TESTOSTERONE AND SERUM ZINC LEVELS IN MEN WITH BENIGN PROSTATIC HYPERPLASIA.......…………………………..81-86

Zora Khan, Deepthi Krishna, Surya Shekhar Daga, Nitin Kumar Rastogih, Rekha MM, Komal Patel. 
ADVANCEMENTS IN MINIMALLY INVASIVE SURGERY: A COMPREHENSIVE ANALYSIS OF ROBOTIC SURGERY, 
ENDOSCOPIC TECHNIQUES, AND NATURAL ORIFICE TRANSLUMENAL ENDOSCOPIC SURGERY (NOTES)....……………….87-92

Aditi Jane, Manoj Rameshachandra Vyas, Anil Kumar, Anurag Verma, Giresha AS, Devanshu Patel J. 
LIVER FIBROSIS: PATHOPHYSIOLOGY, DIAGNOSIS, AND EMERGING THERAPEUTIC TARGETS FOR A COMMON 
COMPLICATION OF CHRONIC LIVER DISEASES……....................................................………………………………………………..93-100

Dilip Kumar Pati, Abhishek Roy, Mayur Porwal, Beemkumar N, Geetika Patel M, Sunita Bhatt. 
INNOVATIONS IN ARTIFICIAL ORGANS AND TISSUE ENGINEERING: FROM 3D PRINTING TO STEM CELL THERAPY.….101-106

Nada HA. Al-Nuaimi, Saher S. Gasgoos. 
EFFECT OF CHICKEN EGGSHELL PASTE ON ENAMEL SURFACE MICROHARDNESS AND COLOUR CHANGE OF ARTIFICIAL 
CARIOUS LESIONS CREATED ON PERMANENTLY EXTRACTED TEETH…………………………………….....…………………107-112

Ali Sabah Abbas, Hind Taher Jarjees. 
EVALUATION THE EFFECT OF THE ADDITION OF ZIRCONIUM OXIDE AND TITANIUM DIOXIDE NANOPARTICLES ON SHEAR 
BOND STRENGTHS OF ORTHODONTIC ADHESIVE: IN-VITRO STUDY…………………….............................……………………113-121



Marwa H. Abdullah, Sawsan H. Aljubori. 
EVALUATION OF THE EFFECT OF DIFFERENT INTRAORIFICE BARRIER MATERIALS ON CORONAL MICRO LEAKAGE OF 
ENDODONTIC ALLY TREATED TEETH BY USING MICRO-COMPUTED TOMOGRAPHY TECHNOLOGY (A COMPARATIVE IN 
VITRO STUDY)………………………………..................................................................................................................................……….122-130

Makhlynets NP, Prots HB, Ozhogan ZR, Pantus AV, Yatsynovych VI. 
PREVENTIVE PLASTIC OF BUCCAL FRENUM IN СOMPLEX TREATMENT OF PATIENTS WITH ACQUIRED 
MAXILLOMANDIBULAR ANOMALIES…………....................…………………………………………………………………………..131-135

Geetika Patel M, Nidhi, Karan Ramlal Gupta, Manish Kumar Gupta, Sudhir Kumar Gupta, Krupa S. 
THE IMPACT OF CLIMATE CHANGE ON INFECTIOUS DISEASES: A COMPREHENSIVE ANALYSIS OF VECTOR-BORNE 
DISEASES, WATER-BORNE DISEASES, AND PUBLIC HEALTH STRATEGIES………………………………….………………….136-142

Volodymyr Gavrysyuk, Ievgeniia Merenkova, Yaroslav Dziublyk, Galyna Gumeniuk, Mykola Gumeniuk. 
REFRACTORY PULMONARY SARCOIDOSIS: INCIDENCE AFTER TREATMENT WITH METHYLPREDNISOLONE AND/OR 
METHOTREXATE IN PATIENTS WITH NEWLY DIAGNOSED DISEASE………….....……………………………………………….143-147

Tsvetkova M.A, Kovalenko A.Yu. 
ORTHODONTIC TREATMENT ALGORITHM OF PATIENTS WITH A BURDENED DRUG ANAMNESIS. DRUGS THAT REDUCE 
BONE MINERAL DENSITY………………………………………..................................................................…………………………….148-152

Devanshu Patel J, Aparna vikal, Vinay Kumar HK, Aejaz Ahmadh, Krishana Kumar Sharma, Asha K. 
THE MICROBIOME AND METABOLIC DISORDERS: THE LINK BETWEEN THE GUT MICROBIOTA AND METABOLIC 
SYNDROME………………………………………………………………......................................………………………………………..153-158

Liubov Kobak, Orest Abrahamovych, Uliana Abrahamovych, Andriy Maksymuk, Ruslana Ivanochko. 
DIAGNOSTIC VALUE OF LABORATORY MARKERS OF SYNTROPIC LESIONS OF THE CIRCULATORY SYSTEM ORGANS IN 
PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS……………..............................................................................…………….159-164

Sriniwas Vishnu Yadkikar, Komal Patel, Renuka Jyothi R, Richard Swami, Syam Bhargavan, Sandeep Bishnoi. 
INNOVATIONS IN ORTHOPEDIC SURGERY: MINIMALLY INVASIVE TECHNIQUES FOR JOINT REPLACEMENT AND 
REPAIR…………………………………………………………………............................................................…………………………….165-169

Kordeva S, Tchernev G, Ivanov L, Broshtilova V. 
ʺTHE DANGEROUS BRASSIEREʺ AND THE NEVUS ASSOCIATED POLYPOID MELANOMA: CONNECTION SEEMS 
PLAUSIBLE?....................................................................................................................................................................................................170-175

Kavyn Vasyl. 
COMPARISON OF THE RESULTS OF STUDYING BY THE STUDENTS OF THE “CLINICAL ANATOMY AND OPERATIVE 
SURGERY” MODULE WITH DIFFERENT FORMS OF THE EDUCATIONAL FORMS OF THE EDUCATIONAL PROCESS IN 
CONDTIONS OF SOCIAL SHOCKS IN UKRAINE…….........................................................................................……………………….176-179

N.P. Voloshina, V.V. Vasilovsky, T.V. Negreba, V.M. Kirzhner, I.K. Voloshyn-Haponov. 
THE RELATIONSHIP BETWEEN THE DURATION OF REMISSIONS AFTER THE ONSET, THE SEVERITY OF THE RELAPSES 
AGAINST THE BACKGROUND OF DIFFERENT DURATION OF THE RELAPSING STAGE AND THE NATURE OF THE PROGNOSIS 
IN SECONDARY-PROGRESSIVE MULTIPLE SCLEROSIS…………………………………….........................………………………..180-184

Phool Chandra, Natwar lal Vyas, Geetika Patel M, Malathi H, Radhika, Vinay Kumar HK. 
CARDIAC REHABILITATION: IMPROVING OUTCOMES FOR PATIENTS WITH HEART DISEASE….…………………………..185-190

N.V. Avramenko, G.V. Bachurin, Yu.S. Kolomoets, O.A. Nikiforov. 
REPRESENTATION OF KIDNEY DAMAGE AT THE MOLECULAR LEVEL IN PATIENTS WITH UROLITHIASIS BASED ON THE 
STUDY OF ENZYMATIC TEST INDICATORS………………………........................................................………………………………191-197

Teremetskyi VI, Rusnak LM, Avramova OYe, Gorbenko AS, Kyrychenko TS. 
CORRELATION BETWEEN THE RIGHT TO HEALTH CARE AND THE RIGHT TO HOUSING WITHIN MEDICAL AND LAW-
ENFORCEMENT PRACTICE IN TERMS OF THE COVID-19 PANDEMIC…………………………………………………….………..198-204

Dilip Kumar Pati, Piyush Mittal, Arvind Verma, Devanshu Patel J, Asha. K, Kanika Pundir. 
PSORIASIS PATHOGENESIS: INSIGHTS FROM TRANSCRIPTOMICS AND PROTEOMICS STUDIES OF KERATINOCYTES....205-211

Garashchenko O.O., Konovalenko V.F. 
ANALYSIS OF PLASMA MIRNA-497 LEVELS IN THE BLOOD OF PATIENTS WITH BREAST CANCER……….......……………212-216

Geetika Patel M, Varshini B, Anju Mandal, Deepthi Krishna, Vaibhav Rastogi, Madhumati Varma. 
THE ROLE OF GENETICS IN DISEASE DIAGNOSIS AND TREATMENT MITOCHONDRIAL RESPIRATORY CHAIN 
DYSREGULATION IN GENOMIC MEDICINE……………………………………………………........................................…………….217-226

Kordeva S, Broshtilova V, Batashki I, Tchernev G. 
BULGARIAN PATIENT WITH ATROPHODERMA OF PASINI AND PIERINI-DESCRIPTION OF A CASE AND SHORT 
UPDATE…………………………………………………………………………………………………………….........................………..227-231



Shypunov V.G, Strafun S.S, Borzykh А.V, Borzykh N.А, Zahovenko M.A. 
PECULIARITIES OF USING A NEUROVASCULARIZED FLAP ON THE SURAL ARTERY IN PLASTIC SURGERY OF GUNSHOT 
DEFECTS ON THE FOOT AND LOWER LEG………………………….....................................................………………………………232-236

Igor Morar, Oleksandr Ivashchuk, Sergiy Ivashchuk, Volodymyr Bodiaka, Alona Antoniv. 
MICROBIOLOGICAL FEATURES OF A LAPAROTOMY WOUND COMPLICATED BY POSTOPERATIVE EVENTRATION AGAINST 
THE BACKGROUND OF AN ONCOLOGICAL PROCESS……………….................................................................................…………237-242

Vadim V. Klimontov, Kamilla R. Mavlianova, Jilia F. Semenova, Nikolay B. Orlov. 
CIRCULATING PEPTIDES OF THE TNF SUPERFAMILY AND TNF RECEPTOR SUPERFAMILY IN SUBJECTS WITH TYPE 1 
DIABETES: RELATIONSHIPS WITH CLINICAL AND METABOLIC PARAMETERS……………………………......……………….243-248

Rurua Magda, Sanikidze Tamar, Machvariani Ketevan, Pachkoria Elene, Ormotsadze Giorge, Intskirveli Nino, Mikadze Ia, Didbaridze Tamar, 
Ratiani Levan. 
CORRELATIVE ASSOCIATION OF OXYGENATION AND SEPSIS PANELS WITH THE USE OF ACE2 INHIBITORS AND WITHOUT 
IT IN THE CONDITIONS OF SEPTIC SHOCK IN COVID-19-INFECTED AND NON-INFECTED PATIENTS (COHORT STUDY)
…………………………………………………….................................................................................................……….......……...………249-253

Vladyslava Kachkovska. 
ASSOCIATION BETWEEN GLN27GLU POLYMORPHISM IN THE Β2 ADRENERGIC RECEPTOR GENE AND OBESITY RISK IN 
PATIENTS WITH EARLY-ONSET AND LATE-ONSET BRONCHIAL ASTHMA……………………………….......…………………254-258

Lazarenko H.O, Lazarenko O.M, Shaprinskyi V.V, Semenenko N.V. 
INFLUENCE OF VASCULAR STENT SURFACE TREATMENT WITH AN ADAPTIVE COMPOSITION (ADC) FOR IMPROVING ITS 
BIOCOMPATIBILITY AND RESTENOSIS PREVENTION…………………….........................................................................…………259-263

Duve K.V. 
THE PREVALENCE OF C3953T IL1Β GENE AND G308A TNFΑ GENE POLYMORPHIC VARIANTS IN THE PATIENTS WITH 
DIFFERENT TYPES OF ENCEPHALOPATHIES……………………………............................................................……………………..264-269

Levandovskyi R, Belikova N, Belikov O, Sorokchan M, Roschuk O. 
EVALUATION OF THE CLINICAL CONDITION OF THE ORAL CAVITY BEFORE ADHESIVE SPLINTING OF MOVABLE TEE
TH………………………………………………………………………………....................................…………………………………….270-274

Bakhtiyarov Kamil Rafaelevich, Ivantsova Margarita Vladimirovna, Kukes Ilya Vladimirovich, Ignatko Irina Vladimirovna, Glagovsky Pavel 
Borisovich. 
METABOLOMIC MARKERS OF ENDOMETRIOSIS: PROSPECTS…………………………………..............................……………….275-279

Jain SK, Komal Patel, Kavina Ganapathy, Firoz Khan, Satyaapir Sahu, Ashok Kumar Singh. 
LAPAROSCOPIC APPROACH TO A GIANT RUPTURED SPLENIC CYST: A CHALLENGING CASE REPORT….....…………….280-283

ManojRameshachandra Vyas, Phool Chandra, Rachit Jain, Devanshu Patel J, Manashree Avinash Mane, Shaily. 
CLINICAL AND OBJECTIVE TEST CHARACTERISTICS OF VESTIBULAR MIGRAINE: IMPLICATIONS FOR DIAGNOSIS AND 
MANAGEMENT…………………………....................................................………………………………………………………………..284-289

Vipin Kumar, Rakesh Ashokrao Bhongade, Vipin Kumar, Praveen Mathur, Komal Patel, Renuka Jyothi R. 
POSTCHOLECYSTECTOMY SYNDROME: UNDERSTANDING THE CAUSES AND DEVELOPING TREATMENT STRATEGIES FOR 
PERSISTENT BILIARY SYMPTOMS AFTER GALLBLADDER REMOVAL………………………......………………………………290-296

Georgi Tchernev. 
LOSS OF EFFICACY OF ADALIMUMAB IN HIDRADENITIS SUPPURATIVA: FOCUS ON ALTERNATIVES…...……………….297-300



GEORGIAN MEDICAL NEWS
No 7 (340) 2023

© GMN 243

CIRCULATING PEPTIDES OF THE TNF SUPERFAMILY AND TNF RECEPTOR 
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Abstract.
Tumor Necrosis Factor Superfamily (TNFSF) and Tumor 

Necrosis Factor Receptor Superfamily (TNFRSF) molecules 
play an essential role in the regulation of immune and 
inflammatory reactions and may be involved in the pathogenesis 
of type 1 diabetes (T1D). In this study, we aimed to assess 
serum levels of TNFSF and TNFRSF peptides in T1D subjects 
depending on their clinical and metabolic parameters.

Material and methods: Fifty-eight adults with T1D and 19 
individuals with normal glucose tolerance (control) were included 
in the study. Concentrations of TNF-α, TNF-β, TWEAK, APRIL, 
BAFF, LIGHT, sTNFR1, sTNFR2, and sCD30 were assessed 
by multiplex bead array assay. Time in range (TIR) and glucose 
variability (GV) were assessed by continuous glucose monitoring. 
Results: Patients with T1D had increased levels of TNF-α 
and decreased levels of LIGHT compared to control (р=0.03 
and p=0.02 respectively). Patients with TIR <70% when 
compared with those with TIR >70% demonstrated higher 
levels of TNF-α (р=0.008), APRIL (р=0.01) and lower levels 
of BAFF (<0.0001). Serum APRIL and BAFF correlated 
differently with GV. Overweight or obese patients had higher 
levels of sTNFR1 and sTNFR2 than those with normal body 
weight (sTNFR1: p=0.01; sTNFR2: p=0.02). Patients with 
diabetic retinopathy compared to those without showed 
increased levels of APRIL (р=0.008) and patients with declined 
renal function had higher concentrations of APRIL (р=0.03), 
BAFF (р=0.03), and sCD30 (p=0.04). In multiple regression 
analysis, HbA1c was associated with TNF-α, eGFR was 
predictor for sCD30 and APRIL, BMI was associated with 
APRIL and sTNFR1, and TIR was associated with BAFF. 
Conclusions: The results show the relationships between 
TNFSF and TNFRSF peptides, hyperglycemia, GV, obesity, and 
diabetic complications in T1D. Among the studied molecules, 
TNF-α, APRIL, BAFF, sTNFR1, and sCD30 can be considered 
as promising biomarkers for assessing metabolic and vascular 
risk in subjects with T1D.

Key words. Type 1 diabetes, hyperglycemia, time in range, 
glucose variability, inflammation, obesity, tumor necrosis 
factor, TNFSF, TNFRSF.
Introduction.

Diabetes is recognized as one of the most serious problems 
for health systems worldwide due to its widespread and 
complications. According to the International Diabetes 
Federation, at least 537 million adults are living with diabetes; 
this number is predicted to rise to 783 million by 2045. In 2021, 
diabetes was responsible for 6.7 million deaths [1]. Identification 
of the pathogenic mechanisms and biomarkers of diabetes and 
its complications remains a challenge for medical science. In 

pathogenesis of diabetic complications, role of chronic low-
grade inflammation is widely discussed [2]. Hyperglycemia 
has traditionally been regarded as a trigger for inflammatory 
pathways in diabetes. Besides, a growing body of evidence 
points to the proinflammatory effect of enhanced glucose 
variability (GV) in both clinical and experimental diabetes [3,4]. 
The list of other contributing factors includes obesity, excessive 
lipid species, elevation of circulating lipopolysaccharide, and 
hypoxia [5].

The molecules of the Tumor Necrosis Factor Superfamily 
(TNFSF) play an essential role in the regulation of immunity 
and inflammation. These proteins are expressed predominantly 
by immune cells and regulate immune response, as well as cell 
proliferation, differentiation, and apoptosis. Tumor necrosis 
factor alpha (TNF-α), the most known member of this family, 
was identified as a cytotoxic cytokine in 1968. Currently, 
TNFSF includes 19 proteins that can function as cytokines. The 
TNF receptor superfamily (TNFRSF) comprises 29 proteins [6]. 
Members of these two superfamilies are gaining more attention 
as important mediators, promising biomarkers, and target 
molecules for various processes, including inflammation, tissue 
remodeling, fibrosis, and cancer [6,7].

Up to date, little is known about the changes in the levels of 
most circulating TNFSF and TNFRSF molecules in people in 
diabetes, with the only exception of TNF-α and its receptors. 
Besides, the relationships between these molecules and glucose 
fluctuations have not been studied yet. Therefore, we aimed to 
assess serum levels of some TNFSF cytokines and TNFRSF 
molecules in subjects with type 1 diabetes (T1D) depending on 
clinical and metabolic parameters. 
Materials and Methods.

Design: We performed a cross-sectional one-center 
comparative study. Inclusion criteria for patients with T1D 
(observation group) were age from 18 to 70 years; diagnosis of 
T1D; and basal-bolus insulin therapy. Age from 18 to 70 years, 
normal (<5.6%) glycated hemoglobin A1c (HbA1c) level, 
and normal result of standard oral glucose tolerance test were 
inclusion criteria for non-diabetic subjects (control group). 

A set of exclusion criteria included: current acute metabolic 
complications (diabetic ketoacidosis, hyperglycemic 
hyperosmolar state, and lactic acidosis); end-stage renal disease; 
congestive heart failure; COVID-19 and other infections 
within three months before the study; chronic inflammatory or 
autoimmune diseases or malignant neoplasm in medical history; 
pregnancy.

All subjects with diabetes underwent clinical examination 
at the clinic of RICEL – Branch of IC&G SB RAS, a tertiary 
referral hospital for diabetes care. The assessment of metabolic 
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status and in-depth screening/monitoring of complications 
were performed. All patients underwent continuous glucose 
monitoring (CGM) with assessment of Time in Ranges (TIRs) 
and GV parameters. The measurement of HbA1c and standard 
glucose tolerance test with 75 g of glucose load were performed 
in individuals without known diabetes.  

The study protocol was approved by the institutional Ethical 
Committee (Protocol 158, June 1, 2020). All subjects provided 
their written informed consent prior to inclusion.

Methods: The levels of HbA1c, serum cholesterol, 
triglycerides, high-sensitivity C-reactive protein (hsCRP), 
urinary albumin and creatinine were measured with AU480 
Chemical Analyzer (Beckman Coulter, USA) and commercially 
available cartridges. Estimated glomerular filtration rate (eGFR) 
was calculated by CKD-EPI formula (2009). Complete blood 
count was performed with the use of hematology analyzer 
(Analyticon Biotechnologies AG, Germany). Neutrophil-to-
lymphocyte ratio was estimated as an inflammatory marker 
related to glycemic control in diabetes [8].

Serum was obtained from fasting blood samples. 
Concentrations of TNF-α (TNFSF2), tumor necrosis factor 
beta (TNF-β/TNFSF1), TNF-related weak inducer of 
apoptosis (TWEAK/TNFSF12), A proliferation-inducing 
ligand  (APRIL/TNFSF13), B-cell activating factor (BAFF/
TNFSF13B), LIGHT1 (TNFSF14), soluble TNF receptor 1 
(sTNFR1/TNFRSF1A), soluble TNF receptor 2 (sTNFR2/
TNFRSF1B), and soluble CD30 (sCD30/TNFRSF8) were 
assessed by multiplex bead array assay (Bio-Rad Laboratories, 
USA). The analysis was performed according to manufacturer`s 
instructions. Fluorescence was measured on a two-beam laser 
automated analyzer Bio-Plex® 200 system. Data were acquired 
with Bio-Plex Manager Software 4.0. The values below the 
detection limit were set to zero.

Real-time CGM was performed with MMT-722 or MMT-754 
monitoring systems and CareLink® Pro software (Medtronic, 
USA). Calibration was performed using a glucose meter One 
Touch Verio® (Lifescan, USA). Median CGM duration was 
5.5 days (range: 2.7 – 10.5 days). Time In the target Range 
(TIR, 3.9 – 10.0 mmol/L), Time Above Range (TAR, >10.0 
mmol/L), Time Below Range (TBR, <3.9 mmol/L) were 
estimated according to International Consensus on Use of 
Continuous Glucose Monitoring [9]. Coefficient of Variation 
(CV), Mean Amplitude of Glycemic Excursions (MAGE), and 
Mean Absolute Glucose change (MAG) were calculated for 
assessment of GV. Clinical significance of these parameters was 
reviewed recently [10,11]. The GV parameters were estimated 
with the use of EasyGV v. 9.0.R2 calculator [12]. The values of 
TIR >70% were considered as targeted and values of CV >36% 
as indicators of unstable glycemic control [9].

Statistical analysis: Statistics 12.0 software package (Dell, 
Round Rock, TX, USA) was used for analysis. Quantitative 
data are presented as medians (lower quartiles; upper quartiles); 
frequencies are presented as percentages (%). The Kolmogorov–
Smirnov (KS) test was applied to test the normality of data 
distribution. As many parameters were not distributed normally, 
non-parametric Mann-Whitney U-test were used for the group 
comparisons. Spearman rank correlation analysis and stepwise 
multiple regression analysis with forward selection of variables 

were applied to test the association between studied parameters. 
P values <0.05 were considered significant.
Results.

Clinical characteristics of the study participants: Fifty-
eight subjects with T1D, 28 women and 30 men, aged from 18 to 
68 years (median 31 years), were included. Forty-two subjects 
had normal body mass index (BMI), fourteen were overweight 
(BMI 25-29.9 kg/m2), and two individuals had obesity (BMI >30 
kg/m2). Twenty-eight patients received insulin in multiple daily 
injections and thirty were on continuous subcutaneous insulin 
infusion. The list of complications and associated diseases 
included diabetic retinopathy (n=31), chronic kidney disease 
(n=28), peripheral neuropathy (n=55), autonomic neuropathy 
(n=40), non-alcoholic fatty liver disease (n=8), dyslipidemia 
(n=44), arterial hypertension (n=14), and coronary artery 
disease (n=1). Clinical characteristics of patients are presented 
in Table 1.

The control group included 19 subjects with normal glucose 
tolerance (median HbA1с 5.1%, or 32 mmol/L), 8 men and 11 
women, from 18 to 64 years of age (median 33 years).  

Serum levels of TNFSF and TNFRSF molecules. Patients 
with T1D had markedly increased serum levels of TNF-α and 
decreased levels of LIGHT as compared to control (Table 2). 
The levels of sCD30 tended to be increased in subjects with 
diabetes. Other molecules demonstrated no statistical differences 
between the groups.

Parameter Median (25; 75 percentile)
Age, years 31 (26; 39)
BMI, kg/m2 23 (21; 26)
Waist circumstance, cm 78 (72; 87)
Waist-to-hip ratio 0.86 (0.82; 0.90)
Diabetes duration, years 15 (6; 19)
Daily insulin dose, IU/kg 0.6 (0.56; 0.8)
HbA1с, % 7.0 (6.2; 7.5)
HbA1с, mmol/mol 53 (44; 59)
hsCRP, mg/mL 1.24 (0.75; 2.54)
eGFR, mL/min/1.73 m2 96 (88; 105)
Urinary albumin-to-creatinine 
ratio, mg/mmol 0.4 (0.2; 0.7)

Hemoglobin, g/L 139 (129; 152)
Neutrophil-to-lymphocyte ratio 1.72 (1.14; 2.49)

Table 1. Clinical characteristics of patients with T1D.

Molecule Groups PControl (n = 19) T1D (n = 58)
TNF-α 2.1 (0.6; 8.6) 5.6 (1.8; 62) 0.03
TNF-β 183 (9.8; 192) 204 (5.7; 234) 0.31
TWEAK 222 (174; 275) 265 (183; 314) 0.22
APRIL 4665 (2931; 5392) 4148 (2734; 7836) 0.69
BAFF 1963 (1732; 2145) 1702 (1345; 2179) 0.34
LIGHT 3.7 (0.6; 7.8) 0.6 (0; 4.5) 0.02
sTNFR1 273 (180; 344) 243 (155; 412) 0.75
sTNFR2 88 (73; 103) 93 (70; 121) 0.65
sCD30 213 (171; 271) 299 (195; 386) 0.07

Table 2. Serum levels (pg/mL) of TNFSF cytokines and TNFESF 
molecules in subjects with T1D and individuals with normal glucose 
tolerance.
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р=0.04 and r=-0.29, р=0.04 respectively). We did not find any 
correlations between the studied molecules and MAG. 

In the models of stepwise multiple regression analysis with 
inclusion of age, BMI, eGFR, HbA1c, TIR, TAR, CV, and 
MAGE as independent variables, HbA1c turned out to be 
predictor for TNF-α, eGFR predicted sCD30 and APRIL, BMI 
was predictor for APRIL and sTNFR1, and TIR was associated 
with BAFF (Table 5). However, we were unable to generate any 
valid models for TNF-β, TWEAK, LIGHT, and sTNFR2.
Discussion.

In this study, we assessed serum levels of TNFSF cytokines 
(TNF-α, TNF-β, APRIL, BAFF, and LIGHT) and TNFRSF 
molecules (sTNFR1, sTNFR2, and sCD30) in patients with T1D 
depending on their clinical and CGM parameters. A particular 
area of our interest was GV and its relation to the studied 
regulators. When assessing GV, we took into account time-
dependent characteristics (assessed by TIRs), the dispersion of 
glucose values around the mean (CV), the amplitude of glucose 
fluctuations (MAGE), and the rate of changes in glucose levels 
(MAG). One of the hypotheses tested was that GV, as a risk 
factor for vascular diabetic complications [11,13,14], could be 

Associations of circulating TNFSF and TNFRSF molecules 
with clinical and laboratory parameters in individuals with T1D. 
In patients with diabetes, APRIL and sTNFR1 demonstrated 
weak positive correlations with age (r=0.28, p=0.03 and 
r=0.31, р=0.03, respectively). Both sTNFR1 and sTNFR2 
correlated positively with BMI (r=0.38, p=0.003 and r=0.28, 
p=0.03, respectively), waist circumstance (r=0.37, р=0.004 
and r=0.30, р=0.02) and waist-to-hip ratio (r=0.34, р=0.009 
and r=0.37, р=0.004). Overweight or obese patients had higher 
levels of sTNFR1 and sTNFR2 than those with normal body 
weight (sTNFR1: 396, 233 – 521 and 178, 137 – 318 pg/mL 
respectively, p=0.01; sTNFR2: 118, 98 – 154 and 81, 65 – 112 
pg/mL respectively, p=0.02). 

When studying associations with inflammatory markers, a 
positive correlation between BAFF and hsCRP was recorded 
(r=0.38, р=0.003) and sTNFR1 correlated weakly with 
neutrophil-to-lymphocyte ratio (r=0.27, р=0.04).

No associations were found between studied molecules and 
diabetes duration. Patients with diabetic retinopathy when 
compared to those without showed increased serum levels of 
APRIL (6585, 2932 – 12477 vs. 3649, 2280 – 4999 pg/mL, 
р=0.008). Individuals with decreased eGFR (<60 mL/min/1.73 
m2) compared to the patients with normal renal function had 
significantly higher concentrations of APRIL (51370, 13250 – 
89489 vs. 4079, 2694 – 6584 pg/mL, р=0.03), BAFF (4051, 
3293 – 4810 vs. 1643, 1345 – 2121 pg/mL, р=0.03), sCD30 
(639, 485 – 794 vs. 298, 186 – 383 pg/mL, p=0.04). sTNFR1 
demonstrated a negative correlation with eGFR (r=-0.28, p=0.03) 
and sCD30 correlated positively with serum creatinin (r=0.35, 
р=0.004). We were not able to detect any differences in the 
levels of studied molecules depending on other complications. 
The level of TNF-α, but not those of other molecules, correlated 
with HbA1с (r=0.28, р=0.03).

CGM-derived TIRs and GV parameters in subjects with T1D 
are summarized in Table 3.

Patients with TIR <70% had significantly higher levels of 
TNF-α and TNF-β and lower concentrations of BAFF and 
LIGHT compared to control (Table 4). In patients with TIR 
>70% levels of all studied molecules, with exception of LIGHT, 
did not differ from control. There were significant differences 
between patients with TIR <70% and TIR >70% in the levels of 
TNF-α, APRIL, and BAFF.

Patients with high CV values (>36%) did not show any 
significant differences with those with lower CV in the 
concentrations of studied molecules (all p>0.05). In correlation 
analysis, TNF-α demonstrated weak positive relationships with 
mean monitored glucose (r=0.27, р=0.04) and TAR (r=0.26, 
p=0.048). APRIL correlated positively with TAR (r=0.30, 
р=0.02). Besides, there was a negative correlation between 
APRIL and TIR (r=-0.33, p=0.01). BAFF showed  negative 
correlations with mean monitored glucose (r=-0.29, р=0.03) and 
TAR (r=-0.34, p=0.009), this molecule also correlated positively 
with TIR (r=0.35, р=0.007). No significant correlations were 
found between the studied molecules and TBR. 

When studying associations with GV parameters, APRIL 
showed a positive correlation with CV (r=0.32, р=0.01) and 
BAFF correlated negatively with CV and MAGE (r=-0.27, 

Parameter Median (25; 75 percentile)
Mean glucose, mmol/L 6.7 (6.2; 7.8)
TIR, % 86 (72; 93)
TAR, % 9.3 (3.3; 15.8)
TBR, % 1.9 (0.7; 3.7)
CV, % 32 (26; 36)
MAGE, mmol/L 3.5 (2.6; 4.6)
MAG, mmol×h-1×L-1 1.87 (1.50; 2.47)

Table 3. CGM parameters in subjects with T1D.

Molecule Groups PTIR >70% (n=42) TIR <70% (n=16)
TNF-α 3.2 (0; 6.8) 7.4 (2.8; 7.0)*** 0.008
TNF-β 180 (6.4; 225) 209 (4.7; 291)* 0.43
TWEAK 262 (184; 295) 284 (181; 369) 0.35
APRIL 3685 (2531; 5713) 7865 (3916; 12864) 0.01
BAFF 1952 (1408; 2313) 1416 (1204; 1672)** <0.0001
LIGHT 0.6 (0; 5.4)* 0 (0; 2.1)* 0.25
sTNFR1 213 (139; 394) 309 (162; 477) 0.35
sTNFR2 90 (66; 121) 95 (74; 125) 0.73
sCD30 316 (196; 386) 276 (151; 446) 0.75

Table 4. Serum levels (pg/mL) of TNFSF and TNFESF molecules in 
subjects with T1D depending on TIR.

* P <0.05 vs. control, ** P <0.01 vs. control, *** P <0.001 vs. control.

Molecule Significant predictors 
Parameters of the 
model
R2 P

TNF-α HbA1c (β=0.235) 0.09 0.03
APRIL eGFR (β=-0.51), BMI (β=-0.38) 0.39 0.002
BAFF TIR (β=0.326) 0.21 0.007
sTNFR1 BMI (β=0.275) 0.22 0.02
sCD30 eGFR (β=-0.33) 0.11 0.01

Table 5. Predictors of serum levels of TNFSF and TNFESF molecules 
in subjects with T1D in multiple regression analysis.
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associated with changes in production of TNFSF and TNFRSF 
peptides.

The results indicate that the shifts in the levels of TNFSF 
and TNFRSF molecules in patients with T1D are differently 
associated with body weight, microvascular complications, 
inflammatory markers, hyperglycemia and GV. First of all, 
we found a significant increase in concentrations of TNF-α in 
subjects with diabetes and its association with hyperglycemia. 
These findings confirm earlier reports of an association between 
TNF-α levels and long-term indicators of glycemic control in 
patients with T1D [15-17]. In addition, we have shown the 
correlation of mean monitored glucose and TAR with serum 
TNF-α. Accordingly, patients with non-targeted TIR values 
had higher serum TNF-α. The findings are in agreement with 
previously reported data on the stimulating effect of high glucose 
on TNF-α production by human peripheral blood mononuclear 
cells [18].

TNF-α is usually considered as a pro-inflammatory cytokine. 
The effects of TNF-α are mediated by two main receptors: 
TNFR1 and TNFR2. It was found that TNFR1 is expressed 
in most cell types, whereas TNFR2 is restricted to particular 
cells, including endotheliocytes, fibroblasts, and immune cells. 
Effects mediated by the two receptors are quite different: TNFR1 
signaling tends to be pro-inflammatory and apoptotic, whereas 
TNFR2 signaling is mostly anti-inflammatory and promotes cell 
proliferation [19]. In our study, we did not find any differences 
in the levels of receptors between subjects with normal glucose 
tolerance and T1D, or any relationships between the levels of 
receptors and glycemic control parameters. At the same time, 
in patients with diabetes, concentrations of both receptors 
correlated with body weight and waist-to-hip ratio. It is known 
that both TNF and its receptors are expressed in adipocytes; 
expression of TNF-α and TNFR2 has been reported to be 
increased in obese individuals, and TNFR1 expression is higher 
in visceral than in subcutaneous adipose tissue [20]. The raised 
level of TNF-α induces insulin resistance in adipoсytes and 
other peripheral tissues by impairing the insulin signaling [21]. 
Moreover, anti-TNF-α treatment can reduce insulin resistance 
and improve glycemic status in patients with rheumatic diseases 
[22] and type 2 diabetes (T2D) [23]. Thus, increased TNF-α 
signaling induced by hyperglycemia and/or obesity may 
contribute to the development of insulin resistance. The latter, 
in turn, exacerbates hyperglycemia, closing a vicious circle. We 
found a negative correlation between sTNFR1 and eGFR. In 
the Diabetes Control and Complications Trial / Epidemiology 
of Diabetes Interventions and Complications (DCCT/EDIC) 
cohort, serum sTNFR1 was found to be an independent risk 
factor for macroalbuminuria and decreased renal function in 
patients with T1D [24,25]. Therefore, we could speculate that 
TNF-α signaling may be a link between hyperglycemia, obesity, 
insulin resistance and vascular complications in T1D. 

Patients with TIR <70%, but not those with targeted TIR values, 
had significantly higher levels of TNF-β compared to control. 
TGF-β (TNFSF1) has been proved to inhibit the production and 
function of effector T cells and antigen-presenting dendritic 
cells, and can regulate natural killer cells, macrophages, 
dendritic cells, and granulocytes to inhibit inflammation. 

Interestingly, TNF-α and TGF-β can influence each other`s 
production and signaling [26]. Therefore, it is possible that an 
imbalance between the production and signaling of TNF-α and 
TNF-β in T1D may contribute to immune dysfunction and low-
grade inflammation. 

TWEAK (TNFSF12) is a cytokine that controls many cellular 
events including proliferation, migration, differentiation, 
apoptosis, angiogenesis, and inflammation. Membrane bound 
and soluble forms of TWEAK are produced and secreted by 
numerous cell types, mostly by monocytes [27]. The exact role 
of TWEAK in the pathophysiology of diabetes is unknown. 
Contrary to previously published data [28], we did not find 
a reduction in TWEAK levels in subjects with T1D. Serum 
TWEAK was not associated with TIRs and GV parameters.

In the panel of assessed molecules, the APRIL-BAFF system 
is of particular interest. Both molecules can be produced by 
dendritic cells, monocytes, macrophages, and T cells. APRIL 
and BAFF bind to two receptors, TACI (TNFRSF13B) and 
BCMA (TNFRSF17), having different affinity for them. 
These regulators are critical for the differentiation, survival, 
and function of B cells and the maintenance of humoral 
immunity. Recent studies identified overlapping signaling 
cascades between APRIL and BAFF and discovered their role 
in autoimmune diseases and cancer [6,29]. There are very 
few data on serum APRIL and BAFF levels in subjects with 
diabetes. A decrease in the levels of APRIL in T1D patients 
was reported [30], which does not correspond to our data. In 
pediatric patients with T1D, serum BAFF levels did not differ 
from healthy control, however, BAFFR-expressing B and T 
cell numbers were reduced, with the exception of patients with 
recent-onset disease demonstrating increase in these parameters 
[31]. It was shown that transient BAFF blockade inhibits T1D 
development in non-obese diabetic mice [32]. This suggests the 
pathogenic role of this molecule in T1D. In our patients, APRIL, 
similar to TNF-α, demonstrated associations with low TIR and 
hyperglycemia. Besides, it was associated with the presence 
of vascular complications (diabetic retinopathy and chronic 
kidney disease). We found diverse relationships between CV 
and serum APRIL and BAFF. Interestingly, patients with T1D 
with TIR <70% had lower BAFF concentrations than those with 
TIR >70%. Since the effect of glucose and its fluctuations on the 
production of the discussed regulators has not been studied, the 
nature of these findings requires further research.

LIGHT (TNFSF14) was the only factor in our study that showed 
a decrease in its serum level. LIGHT is primarily expressed in 
inflammatory effector cells, including dendritic cells, natural 
killer cells, macrophages, neutrophils, innate lymphoid cells, 
and CD4 and CD8 memory T cells. Dysregulation of the LIGHT 
network is considered to be a pathogenic mechanism in some 
autoimmune and inflammatory diseases, including COVID-19 
pneumonia and inflammatory bowel diseases. It was also 
shown that LIGHT signaling affects adipocyte differentiation 
[33]. In subjects with different degrees of obesity and glucose 
intolerance serum LIGHT was positively associated with BMI, 
fat mass, and HbA1c, and patients with morbid obesity and 
T2D had increased LIGHT levels [34]. In this study, we did not 
find any relationships between LIGHT concentration, BMI, and 



247

higher in obese T1D subjects, meantime, APRIL, BAFF and 
sCD30 are increased in those with diabetic nephropathy with 
declined kidney function. The results show the relationships 
between peptides of the TNFSF and TNFRSF, hyperglycemia, 
GV, obesity, and diabetic complications in T1D. Some of these 
peptides (TNF-α, APRIL, BAFF, sTNFR1, and sCD30) can be 
considered as promising biomarkers for assessing metabolic 
and vascular risk in subjects with T1D.
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