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Study of the role of proinflammatory cytokines
in the progression of diabetic nephropathy

R.V. Alekseienko, L.M. Rysovana
Kharkiv National Medical University, Kharkiv, Ukraine

Abstract. In the progression of diabetic nephropathy (DN), great importance is attached to immune factors, in particular, the cyto-
kine system, which is a universal polymorphic regulatory network of mediators that control the proliferation and differentiation of cel-
lular elements in hematopoietic, immune and other homeostatic systems. The role of proinflammatory cytokines in the development
and progression of DN is almost unexplored, so the authors studied the role of proinflammatory cytokines in DN at different degrees
of the functional state of the kidneys. Results of the presented studies indicate that pro-inflammatory cytokines play an important role
in the progression of DN, contribute to the development of sclerotic processes in the kidneys. Indicators of IL-1a and TNF-a levels can be
used as markers of progression of DN and criteria for the prognosis of this common and dangerous disease. The study of cytokines in DN
can be useful for deepening knowledge of the mechanisms of pathogenesis, the development of criteria for its progression and progno-

sis, as well as to develop new approaches to the treatment of this common and dangerous complication of diabetes mellitus.
Key words: diabetic nephropathy, diabetes mellitus, cytokine system, mechanisms of pathogenesis, chronic renal failure.

Introduction

Diabetic nephropathy (DN) remains one of the most ac-
tual problems of modern nephrology, endocrinology, despite
the large number of studies on the pathogenesis, mechanisms
of progression, diagnosis and treatment of this complication
of diabetes mellitus (DM), which is characterized by rapid
progression and short-term development. In industrialized
countries, the incidence of DM is on average 6-9% of the total
population. Maintenance of sustainable compensation for DM
is possible through intensive insulin therapy [1, 2].

DN develops, usually 10-15years after the onset of DM
and too quickly leads to the development of chronic renal failu-
re (CRF). Global statistics show that 21.7% to 32.4% of all cases
of terminal CRF are associated with DN [3].

In present day it is known that the trigger for the com-
plex pathogenesis of DN is prolonged hyperglycemia, which
has a toxic effect on the capillary endothelium, glomerular
basement membrane, promotes hyperfiltration and intraglo-
merular hypertension, leading to progressive proteinuria and
CRF [3-5]. In the progression of DN, great importance is at-
tached to immune factors, in particular, the cytokine system,
which is a universal polymorphic regulatory network of media-
tors that control the processes of proliferation and differentia-
tion of cellular elements in hematopoietic, immune and other
homeostatic systems [6].

Proinflammatory cytokines activate connective tissue me-
tabolism, stimulate the proliferation of fibroblasts and epithe-
lial cells, regulate the development of an adequate response to
the embodiment of the pathogen, its localization and removal,
restoration of the affected tissue structure. The role of proinflam-
matory cytokines in the development and progression of DN is
almost unexplored [7].

The study of cytokines in DN can be useful for deepening
knowledge of the mechanisms of pathogenesis, the develop-
ment of criteria for its progression and prognosis, as well as
to develop new approaches to the treatment of this common
and dangerous complication of DM.

With the aim of optimize the diagnosis and treatment of DN,
the authors studied the role of proinflammatory cytokines in DN
at different degrees of the functional state of the kidneys.
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Materials and methods

We examined 80 patients with type 1 and type 2 DM com-
plicated by DN with varying degrees of renal function, 36 men
and 44 women aged 21to 71 years; the average age of pa-
tients was 48.7+12.8 years. 40 patients had type 1 DM and
40 patients had type 2 DM. The duration of the disease in pa-
tients with type 1 DM was 16.9+4.4 years and in type 2 DM
12.246.9 years, in on average — 14.916.5 years.

Depending on the functional state of the kidneys, patients
with DN were divided into 4 groups: at 20 patients sufficient renal
function (group |) was ascertained, at 20 patients — CRF of the |
degree (group ll), at 20 patients — CRF of the Il degree (group IIl)
and at 20 patients — CRF of the Ill degree (group IV). The basis for
the distribution of patients with DN by degrees of CRF is the clas-
sification of degrees of CRF according to the order of the Ministry
of Health of Ukraine N2 45/540 from 25.08.2015.

The content of proinflammatory cytokines (tumor necrosis
factor (TNF)-q, interleukin (IL)-1a) in the blood, quantification
of B,-microglobulin (B,-MG) and microalbumin in urine were
studied by enzyme-linked immunosorbent assay (ELISA).

Results

The severity of tubulointerstitial changes in type 2 DM is
greater than in type 1 DM. This is associated with ischemic kid-
ney disease due to renal arteriosclerosis. It is renal ischemia
in patients with type 2 DM that leads to kidney shrinkage, which
distinguishes the «terminal» kidney of a patient with type 2 DM
from the «terminal» kidney of normal size in type 1 DM [8, 9].

With the aim of assess the degree of damage to the tubu-
lointerstitial structures in DN, we conducted a study of excre-
tion of 3,-MG in the urine (Table 1).

Already in patients with sufficient renal function, this
figure was almost doubled compared with the control group
(M£m=0.13+0.04 pg/ml). Urinary excretion of B,-MG in-
creases with the progression of CRF and reaches a maximum
in CRF of the lll degree (M+m=3.34+1.63 pg/ml).

Results of studies indicate that the defeat of the tubules is
preceded by impaired nitrogen function of the kidneys in DN
with CRF. It is possible that renal interstitial fibrosis is the basis
for the progression of kidney damage in DN.
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The development of sclerosing of renal tissue occurs directly
under the influence of the cytokine cascade and, above all, TNF-a.
In chronic immune inflammation, the glomeruli are infiltrated by
monocytes, which penetrate the mesangium in the form of acti-
vated macrophages, come into contact with mesangial cells and
extracellular matrix, which contains a large number of major fibro-
blast growth factor and transforming fibroblasts growth factor .

Under the influence of TNF-a, mesangial cells of the glome-
ruli produce a large number of reactive oxygen radicals, super-
oxide, oxidative stress develops, which supports chronic inflam-
mation [10, 11].

Results of the content of TNF-a in the blood of patients
with DN depending on the degree of CRF are given in Table 2.

Researches that were conduct shown that the level
of TNF-a in the blood of patients with DN significantly in-
creases in patients of the first group with adequate re-
nal function (M+m=17.55+4.45pg/ml; p<0.05). The high-
est level of TNF-a is reached in patients with CRF of the Il
degree (M+m=24.65+6.73 pg/ml) and at CRF of the Il degree
(M£+m=20.66+5.25 pg/ml) that testifies about the role of this cy-
tokine in the development of sclerosing processes in the kidneys.

Interestingly, in stage | of CRF, the level of TNF-a decreas-
es in comparison with the first group of patients (with suf-
ficient renal function), but remains elevated in comparison
with the control group (p<0.05). It is possible that at the initial
stage of CRF development, in response to a decrease in GFR,
accumulation of creatinine, urea, medium molecules, compen-
satory mechanisms are activated that reduce the production
of TNF-a. With the progression of CRF, these mechanisms are
depleted, and the level of TNF-a in the blood increases again.

The level of TNF-alincreases with the progression of CRF, which
leads to the development of sclerosing processes in the kidneys.
Increased TNF-a expression underlies the pathogenesis of auto-
immune lesions, inducing the expression of tissue procoagulant
factors, activation of lysosomal factors, proteases, the formation
of free radicals and reactive oxygen species [10, 12].

Itis important to emphasize that in patients with CRF of the |
degree, the level of TNF-a in the blood is significantly reduced,
but remains significantly elevated compared with the con-
trol group. This may be due to the inclusion in the early stages
of CRF of compensatory mechanisms that reduce the produc-
tion of TNF-a by macrophages/monocytes. We found the same
phase fluctuations with respect to the level of IL-1a in the blood.

It is known that IL-1a reduces the number of receptors for
TNF-a. Reducing the level of IL-1a and increasing the content
of TNF-a in the blood of patients with DN already with suffi-
cient nitrogen-releasing function of the kidneys is evidence
of fibroplastic, sclerosing processes and reducing the severity
of acute inflammatory reactions at this stage of the disease.

Evidence for TNF-a production by cardiomyocytes in response to
blood pressure overload, blood volume,and the effect of B-adrenergic
activity on myocardial production of this cytokine has been ob-
tained. In the studied patients, the level of blood pressure increases
with the progression of CRF in parallel with the increase in the con-
tent of TNF-a in the blood: in type 1 DM — in patients of the first
group SBP averages 145.0+22.0 mm Hg., DBP — 88.5+£12.5 mm Hg.,
in the second group — SBP (157.0+164mm Hg) and DBP
(96.0+5.6 mm Hg.), in the third group — SBP (162.5+£16.4 mm Hg.)
and DBP (101.0+11.2mm Hg), in the fourth group — SBP
(176.0£20 mm Hg.) and DBP (96.0+9.6 mm Hg.), respectively; with
type 2 DM, blood pressure is higher than type 1 DM and is in the first
group — SBP (154.0£22.0 mm Hg.) and DBP (85.0+£7.0 mm Hg.).
In the second group — SBP (178.0+26.0mm Hg) and DBP
(103.0+11.6 mm Hg.), in the third group — SBP (187.0£19,6 mm Hg.)
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Table 1 Excretion of 32-MG in the urine of patients with
DN depending on the degree of CRF
Degrees of the CRF
Indicator Control group, CRF-0  CRF-I  CRF-Il  CRF-lII
n=10 n=20 n=20 n=20 n=20
M=m Mzm Mtm M+m Mzm
B,-MG 0.07* 0.13* 048 1.7 334%
in the urine, pg/ml +0.02 +0.04 +0.12 +0.07 +1.63

*p<0.05 compared to the control group.

Table 2 The indicators of TNF-a in the blood of patients
with DN depending on the degree of CRF
Degrees of the CRF
Indicator Control group, CRF-0  CRF-I  CRF-Il  CRF-llI
n=10 n=20 n=20 n=20 n=20
M+m Mtm Mim Mim Mim
TNF-a 5.30% 17.55%  9.35%  24.65%* 20.66**
in the blood, pg/ml +2.02 +445 +164 +673 £525

*p<0.05 compared to the control group, **p<0.001 compared to the control group.

Table 3 The content of IL-1a in the blood of patients with
DN depending on the degree of CRF
Degrees of the CRF
Indicator Control group, CRF-0  CRF-1  CRF-Il  CRF-llI
n=10 n=20 n=20 n=20 n=20
M+m Mtm M+m M+m Mtm
IL-Tain the blood, 5.30% 501 3.75%  451% 273
pg/ml +0.22 +041 +057 053 +0.70

*p<0.05 compared to the control group.

and DBP (103.0+11.0mm Hg), in the fourth group — SBP
(185.5+9.6 mm Hg.) and DBP (100.5+6.7 mm Hg.), respectively.

In patients with DN with CRF revealed a decrease in the con-
tent of IL-1a in the blood. This indicator in all examined patients
averaged 4.0+0.55 pg/ml, which is significantly lower than the le-
vel of IL-1ain the blood in the control group (p<0,05) (Table 3).

The level of IL-1a in the blood decreases already in DN in pa-
tients with sufficient renal function (M+m=5.01+0.41pg/ml;
p<0.05). In the second group of patients with CRF of the | degree it
makes 3.75+0.57 pg/ml, at CRF of the Il degree of 4.51£0.53 pg/ml
and at CRF of the lll degree this indicator is the lowest among all
groups of studied patients (M+m=>5.01+£0.41 pg/ml).

Prolonged maintenance in the blood of patients with CRF
of the |-Il degrees interleukin-Ta at a relatively high level leads to a
violation of hemodynamic parameters, increased intravascular cir-
culation, which deepens the pattern of lesions in the kidney tissue.

Significant decrease in the content of IL-1a in the blood
of patients with CRF of the Ill degree may be due to profound
disorders in the functioning of the T-cell immune system,
the development of systemic autoimmune reactions as a result
of the combined action of long-standing hyperglycemia, hemo-
dynamic trauma, ischemia and metabolic disorders characterize
the development of DN and CRF.

The decrease in the content of IL-1a in the blood of patients
with DN with sufficient renal function is due to the long-term
effect of hyperglycemia on immunocytes and endothelial cells,
which leads to the development of a cascade of pathological
processes, resulting in depression of the immune system.

One of the main sources of IL-1a is endothelial cells, which
are affected by DM. Endotheliocytes are non-insulin dependent,
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in conditions of hyperglycemia glucose enters them without hin-
drance and causes a violation of their function. Endothelial dys-
function leads to a decrease in the production of IL-1a and its level
in the blood [13, 14].

Reducing the content of IL-1a in the blood increases
the density of receptors for fibroblast growth factor on target
cells. In turn, fibroblasts, which have receptors for growth fac-
tor, are highly sensitive to its action, which leads to their ac-
tive proliferation and rapid progression of sclerotic processes.
The number of fibroblasts increases significantly, the ability to
synthesize collagen types |, lll, V increases 4-5 times. All this
causes a deterioration in the excretory function of the kidneys
and the rapid progression of CRF. Reducing the content of IL-
Ta in the blood in CRF on the one hand reduces the activity
of the acute phase of inflammation in the kidneys, and on the
other — promotes the activity of sclerosing processes, potenti-
ates the action of TNF-a [15].

The synergistic effect of TNF-a and IL-1a is particularly pro-
nounced on fibroblasts. Decreased levels of IL-1a with the pro-
gression of CRF also undergoes phase fluctuations: in patients
with CRF of the Il degree (group 3) there was a significant increase
in this indicator compared with patients in group 2. Such phase
changes were observed in relation to TNF-a in patients of group
2.t is probable that in the first stages of CRF development (I and
Il degrees) the body still retains compensatory capabilities that re-
spond to intoxication, acidosis, electrolyte shifts by modulating ef-
fects on cytokines (increase in IL-1a and decrease in TNF-a).

Conclusions

Thus, results of our studies suggest that proinflammatory
cytokines (IL-1a and TNF-a) play an important role in the pro-
gression of DN, contribute to the development of sclerosing
processes in the kidneys.

Indicators of IL-1a and TNF-a levels can be used as mark-
ers of progression of DN and criteria for the prognosis of this
common and dangerous disease.

References

1. WongYH. Wong Sh.H., Wong X.T. etal. (2021) Genetic associated complications of type
2 diabetes mellitus. Panminerva Med., 64(2): 274-288.

2. WangZ,GongY, FanF. etal. (2020) Coronary artery bypass grafting vs. drug-eluting
stent implantation in patients with end-stage renal disease requiring dialysis. Renal
Failure, 42(1): 107-112. DOI: 10.1080/0886022X.2019.1710187.

3. AlyRH., Ahmed A.E., Hozayen W.G. (2020) Patterns of Toll-Like Receptor Expressions
and Inflammatory Cytokine Levels and Their Implications in the Progress of Insulin
Resistance and Diabetic Nephropathy in Type 2 Diabetic Patients. Front. Physiol., 11:
609223. doi: 10.3389/fphys.2020.609223.

4. BadrR.E., Salama M.I., Abd-Elmaogood A.K., Eldeib A.E.M. (2019) Toll-like receptor
2 expression on monocytes and microvascular complications in type 2 diabetic patients.
Diabetes Metab. Syndr., 13: 1299-1302. DOI: 10.1016/}.dsx.2019.01.038.

5. Rysz)J., Gluba-Brzdzka A., Franczyk B. et al. (2017) Novel Biomarkers in the Diagnosis
of Chronic Kidney Disease and the Prediction of Its Outcome. Int. J. Mol. Sci., 18: 1702.

6. Ruiz-Ortega M., Rodrigues-Diez R., Lavoz C. et al. (2020). Special Issue Diabetic Ne-
phropathy: Diagnosis, Prevention and Treatment. J. Clin. Med., 9: 813.

7. Azim Sharaf U.A., Mansour M.S., Abdulazim D.0. (2017) Recent Advances in Manage-
ment of Diabetic Nephropathy. J. Clin. Exp. Nephrol., 2: 35.

8. WangJ, FengY, Zhang Y. et al. (2022) TNF-a and IL-1B Promote Renal Podocyte In-
juryinT2DM Rats by Decreasing Glomerular VEGF/eNOS Expression Levels and Altering
Hemodynamic Parameters. J. Inflamm. Res., 15: 6657-6673.

9. Magsood M., Sharif S., Naz Sh. etal. (2023) Expression of pro-inflammatory cytokines
(IL-6 & IL-18) exacerbate the risk of diabetic nephropathy in the Pakistani population
Mol. Biol., 50(4): 3249-3257. DOI: 10.1007/511033-023-08249-z.

10.  Oguntibeju 0.0. (2019) Type 2 diabetes mellitus, oxidative stress and inflammation:
examining the links. J. Physiology, Pathophysiology, Pharmacology, 11(3): 45-63.

11. Zheng S., Wang H., Han J. et al. (2023) Microbiota-derived imidazole propionate
inhibits type 2 diabetic skin wound healing by targeting SPNS2-mediated S1P
transport. iScience, 26(11): 108092. DOI: 10.1016/j.isci.2023.108092.

12. Chakraborty R., Parveen R., Varshney P. et al. (2021) Elevated urinary IL-36a and
IL-18 levels are associated with diabetic nephropathy in patients with type 2 dia-
betes mellitus. Minerva Endocrinol. (Torino), 46(2): 226-232.

13. Mahaboob K.S. (2019) Diabetic nephropathy: recent advances in pathophysiology
and challenges in dietary management. Diabetol. Metabol. Syndr., 11: 137-144.

14. ZhangJ., LiuJ.,QinX. (2018) Advances in early biomarkers of diabetic nephropathy.
Rev. Association Medicine Bras., 64(1): 85-92.

15. Magee C., Grieve D.J.,, Watson C.J., Brazil D.P. (2017) Diabetic nephropathy: a tangled
web to unweave. Cardiovasc. Drugs Ther., 31(5-6): 579-592.

BrnBueHHA poni npo3ananbHux
LINTOKIHIB y nporpecyBaHHi
AiabeTnyHoi HepponarTii

P.B. Anekce€Hko, JI.M. PucosaHa

XapKiBCbKUIM HaLiOHaNbHUN MeANYHNIN
yHiBepcuTeT, XapKiB, YKpaiHa

AHoTauif. Y nporpecyBaHHi aiabetnyHoi Hedpponatii (OH) Benunke
3HaYeHHA HAJAETbCA IMyHHM paKTopam, 30Kpema cUcTemi LUTo-
KiHiB, fiKa € YHiBepCanbHO NONIMOPPHOI PerynAaTopHO Mepe-
Kelo MeliaTopiB, L0 KOHTPOSOTL NposidepaLito Ta gudepeHLyi-
aLito KNITUHHUX €N1eMEHTIB Y KPOBOTBOPHIl, iIMyHHIN Ta iHLIWX rO-
MeOoCTaTUUYHMX cnctemax. Ponb nposananbHUX LUTOKIHIB
y PO3BUTKY Ta NporpecyBaHHi [JH maiixe He BUBYEHa, TOMY aBTOpU
BUBYaM PoJb Npo3ananbHUX MTOKIHIB y [IH npu pi3HyX cTyneHAax
dYHKLOHaNbHOro CTaHy HUPOK. Pe3ynbTat NpeAcTaBneHrx fAo-
CNigpKeHb CBifYaTBb, WO Npo3anarbHi IUTOKIHN BigirpatoTb Baxn-
BY ponb Y nporpecyBaHHi [1H, 3yMOBIOIOTb PO3BUTOK CKIIEPOTAY-
HVX NpoLeciB y HUpKax. MoKa3HWKKM piBHIB iHTepnelKiHy-1a Ta
baKTopa HEKPO3Y MyXNMHW-0 MOXKYTb OYTI BUKOPUCTaHi AIK Map-
Kepw nporpecyBaHHA [1H Ta KpyTepii NporHo3y Liboro NoLwmpeHo-
ro Ta Hebe3neyHoOro 3axBoptoBaHHA. BuBueHHsA umTokiHis npu IH
MOXe OyTV KOPUCHUM ANA NOMNGNEHHA 3HaHb NPO MeXaHi3mu
naToreHesy, PoO3pobKY KPUTEPIIB 1 NPOrpecyBaHHs Ta MPOrHo3y,
a TaKoX AN1A PO3POOKN HOBUX MiAXOAIB A0 NiKyBaHHA LibOro ro-
LUMPEHOrO Ta HeBEe3MEeYHOro YCKIaAHEHHA LIyKPOBOTO fjabeTy.

KniouoBi cnoB.a: aiabetnyHa HedponaTis, LyKpoBuii fiabeT, uu-
TOKIHOBa CMCTEMA, MeXaHi3mMy natoreHesy, XpOHiYHa HUPKOBa
HEe[OCTaTHICTb.

Information about the authors:

Alekseienko Roman V. — Doctor of Medicine, Associate Professor of the Department
of Physiology of the Kharkiv National Medical University, Kharkiv, Ukraine.

Rysovana Liubov M. — Candidate of Technical Sciences, Associate Professor of the De-
partment of Medical and Biological Physics and Medical Informatics of the Kharkiv
National Medical University, Kharkiv, Ukraine. E-mail: rluba_24@ukr.net

96

Bigomocti npo aBTopiB:

Anekceenko PomaH BacnboBiy — KaHAWAAT MeANYHIX HayK, JOLEHT Kadenpu
izionorii XapKiBcbKOro HaLjoHanbHoro MenyHoro yHiBepcuTeTy, Xapkis, YkpaiHa.
Pucoana JlioboB MuxaiiniBHa — KaHAWAAT TEXHIYHUX HayK, AOLEHT kadedpn
MezvuHo Ta BionoriuHoi ¢i3nkm i MeauuHoi iHdopmaTiky XapkiBcbKoro HaLjio-
HaNnbHOTO MeANYHOro yHiBepcuTeTy, Xapkis, Ykpaika. E-mail: rluba_24@ukr.net

Hapiiiwna go penakuii/Received: 18.02.2024
[puiinato go apyky/Accepted: 26.02.2024

YKP. MEZ. YACOTING, 3 (161) = V/VI 2024 | WWW.UMJ.COM.UA



