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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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 withnormal glucose tolerance (control) were included
inthe study. Concentrations of TNF-a, TNF-, 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-a
and decreased levels of LIGHT compared to control (p=0.03
and p=0.02 respectively). Patients with TIR <70% when
compared with those with TIR >70% demonstrated higher
levels of TNF-a (p=0.008), APRIL (p=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 (p=0.008) and patients with declined
renal function had higher concentrations of APRIL (p=0.03),
BAFF (p=0.03), and sCD30 (p=0.04). In multiple regression
analysis, HbAlc was associated with TNF-0, ¢eGFR was
predictor for sCD30 and APRIL, BMI was associated with
APRIL and sTNFRI1, 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-a, 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
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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-a), 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-a 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 Alc (HbAlc) 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 HbAlc 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 HbAlc, 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-a (TNFSF2), tumor necrosis factor
beta (TNF-B/TNFSF1), TNF-related weak inducer of
apoptosis (TWEAK/TNFSF12), A proliferation-inducing
ligand (APRIL/TNFSF13), B-cell activating factor (BAFF/
TNFSF13B), LIGHT' (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
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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/m?), and two individuals had obesity (BMI >30
kg/m?). 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 HbAlc 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-a 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.

Table 1. Clinical characteristics of patients with T1D.

Parameter Median (25; 75 percentile)
Age, years 31 (26; 39)
BMI, kg/m? 23 (215 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)
HbAlc, % 7.0(6.2;7.5)
HbA 1¢c, mmol/mol 53 (44; 59)
hsCRP, mg/mL 1.24 (0.75; 2.54)
eGFR, mL/min/1.73 m? 96 (88; 105)
Urinary albumin-to-creatinine 0.4(0.2:0.7)

ratio, mg/mmol
Hemoglobin, g/L 139 (129; 152)

Neutrophil-to-lymphocyte ratio  1.72 (1.14; 2.49)

Table 2. Serum levels (pg/mL) of TNFSF cytokines and TNFESF
molecules in subjects with T1D and individuals with normal glucose
tolerance.

Groups

Molecule Contr[':)l (m=19) |TID (n=58) P

TNF-a 2.1(0.6; 8.6) 5.6 (1.8; 62) 0.03
TNF-B 183 (9.8; 192) 204 (5.7;234) 031
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
STNFRI 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



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, p=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, p=0.004
and r=0.30, p=0.02) and waist-to-hip ratio (r=0.34, p=0.009
and r=0.37, p=0.004). Overweight or obese patients had higher
levels of sSTNFR1 and sTNFR2 than those with normal body
weight (STNFR1: 396, 233 — 521 and 178, 137 — 318 pg/mL
respectively, p=0.01; sSTNFR2: 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, p=0.003) and sTNFRI correlated weakly with
neutrophil-to-lymphocyte ratio (r=0.27, p=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,
p=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, p=0.03), BAFF (4051,
3293 — 4810 vs. 1643, 1345 — 2121 pg/mL, p=0.03), sCD30
(639, 485 — 794 vs. 298, 186 — 383 pg/mL, p=0.04). sTNFR1
demonstrated anegative correlation with eGFR (r=-0.28, p=0.03)
and sCD30 correlated positively with serum creatinin (r=0.35,
p=0.004). We were not able to detect any differences in the
levels of studied molecules depending on other complications.
The level of TNF-a, but not those of other molecules, correlated
with HbAlc (r=0.28, p=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-a and TNF-B 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-0, 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-o demonstrated weak positive relationships with
mean monitored glucose (r=0.27, p=0.04) and TAR (r=0.26,
p=0.048). APRIL correlated positively with TAR (r=0.30,
p=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, p=0.03) and
TAR (r=-0.34, p=0.009), this molecule also correlated positively
with TIR (r=0.35, p=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, p=0.01) and
BAFF correlated negatively with CV and MAGE (1=-0.27,
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Table 3. CGM parameters in subjects with T1D.

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, mmolxh'xL! 1.87 (1.50; 2.47)

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

Molecule Groups

TIR >70% (n=42) TIR <70% (n=16)
TNF-a 3.2(0; 6.8) 7.4 (2.8; 7.0)*** 0.008
TNF-B 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

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

Table 5. Predictors of serum levels of TNFSF and TNFESF molecules
in subjects with T1D in multiple regression analysis.

Parameters of the

Molecule Significant predictors model

R? P
TNF-a HbAlc (B=0.235) 0.09 0.03
APRIL eGFR ($=-0.51), BMI (f=-0.38) 0.39 0.002
BAFF TIR (B=0.326) 0.21 0.007
sTNFR1  BMI ($=0.275) 0.22 0.02
sCD30 eGFR ($=-0.33) 0.11 0.01

p=0.04 and r=-0.29, p=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, HbAlc, TIR, TAR, CV, and
MAGE as independent variables, HbAlc turned out to be
predictor for TNF-a, 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-, TWEAK, LIGHT, and sTNFR2.

Discussion.

In this study, we assessed serum levels of TNFSF cytokines
(TNF-a, TNF-B, 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



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-qa in
subjects with diabetes and its association with hyperglycemia.
These findings confirm earlier reports of an association between
TNF-a 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-a. Accordingly, patients with non-targeted TIR values
had higher serum TNF-a. The findings are in agreement with
previously reported data on the stimulating effect of high glucose
on TNF-a production by human peripheral blood mononuclear
cells [18].

TNF-a is usually considered as a pro-inflammatory cytokine.
The effects of TNF-o are mediated by two main receptors:
TNFR1 and TNFR2. It was found that TNFRI 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-o 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-o induces insulin resistance in adipocytes and
other peripheral tissues by impairing the insulin signaling [21].
Moreover, anti-TNF-a treatment can reduce insulin resistance
and improve glycemic status in patients with rheumatic diseases
[22] and type 2 diabetes (T2D) [23]. Thus, increased TNF-a
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 sSTNFR1 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-a 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-B compared to control.
TGF-B (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.
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Interestingly, TNF-a and TGF-B can influence each other's
production and signaling [26]. Therefore, it is possible that an
imbalance between the production and signaling of TNF-o and
TNF-B 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-a, 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 HbAlc, 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



glycemic control parameters in subjects with T1D. Thus, the
value of circulating LIGHT in diabetes needs further research.

We recorded a tendency to increase in the concentration of
sCD30 in patients with T1D. The transmembrane receptor
CD30 (TNFRSF8) and its ligand CD30L (CD153, TNFSF&8)
are expressed in subpopulations of activated T-and B-cells.
Upregulation of CD30 expression was found in some
hematological malignancies, autoimmune and inflammatory
diseases [35]. CD30-mediated signaling is related to the nuclear
factor-kappa B (NFkB) stimulation and mitogen-activated
protein kinase/extracellular signal-regulated kinase pathways
[36]. The expansion of the DR+ CD30+ subpopulation of
activated T cells was reported in new-onset human T1D [37],
which is consistent with experimental data on the involvement of
the CD30 — CD30L system in the pathogenesis of autoimmune
diabetes [38]. We found significantly increased concentration
of sCD30 in T1D patients with reduced renal function. To our
knowledge, changes in sCD30 levels in diabetic patients with
chronic kidney disease have not been previously reported. At the
same time, it was demonstrated that high serum sCD30 levels
are associated with inflammatory disorders in end-stage renal
disease [39] and poor outcome in renal transplantation [40].

Several scenarios can be considered to explain the changes in
the cytokine production in T1D. First of all, the autoimmune
nature of the disease must be taken into account. As noted above,
some of the cytokines studied are involved in the pathogenesis
of autoimmune beta cell damage. However, in our sample, most
patients had a long diabetes duration and low residual beta cell
function (data not shown). Therefore, it is hardly possible to
assume the presence of an active autoimmune process at this
stage of the disease. Damaged target organs may be a source of
excess cytokines in the bloodstream in patients with diabetes.
However, we did not include patients with advanced diabetic
complications, such as end-stage renal disease or foot ulcers, in
this study. Finally, cytokine imbalance may be a consequence of
the stimulatory effect of hyperglycemia and GV on inflammatory
pathways. Obesity, which develops over time in some patients
with T1D, may exacerbate this effect. We received indirect
confirmation of this hypothesis in our study.

Our study is not without limitations. Cross-sectional design
does not prove causal relationships between parameters. A
limited sample size could lead to a type II error in statistical
hypotheses testing. The duration of CGM was quite short. At
the same time, this is the first study to evaluate the changes
in a panel of circulating TNFSF and TNFRSF molecules in
T1D patients in relation to clinical data and CGM parameters.
Future studies are needed to clarify the pathogenic and clinical
significance of these regulators in diabetes.

Conclusion.

Individuals with T1D demonstrate changes in the levels of
circulating TNFSF and TNFRSF peptides associated with
metabolic and clinical parameters. Serum levels of TNF-a are
increased and LIGHT levels are decreased in subjects with T1D
compared to non-diabetic control. TNF-a is associated with
hyperglycemia (TAR and HbAlc), while BAFF is negatively
related to TIR. APRIL and BAFF demonstrate opposite
correlations with GV. The levels of sTNFR1 and sTNFR2 are
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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-a, 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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