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ABSTRACT
We examined 40 patients with neuropathic (group 1, n=20) and neuroischemic (group 2, n=20) diabetic
foot. Before surgical treatment, we studied the content of cytokines (TNF-α, IFN-γ, IL-1β, IL-6 and IL-10)
and  eicosanoids  (LTB4  and  PGE2)  in  the  exudate  of  the  ulcer  discharge.  Pathogenetic  mechanisms  of

inflammation disorders in patients with neuropathic and neuroischemic forms of diabetic foot are different.
The neuropathic form is characterized by an increase in the level of TNF-α and IL-6 in the wound exudate,
inhibition of the IL-1β and IL-10 secretion, and the predominance of LTB4 in contrast to inhibition of PGE2

synthesis. At the same time, the formation of CD8+ is inhibited as well as the switching of the neutrophilic
phase to the macrophage phase by maintaining the conditions for the differentiation of M1 macrophages. In

the neuroischemic form, we revealed hyperproduction of IL-1β, IL-10, IFN-γ, CD4+ with inhibition of IL-6
secretion  and  eicosanoids  imbalance  (PGE2  prevail  over  LTB4).  This  disrupts  the  differentiation  of  M2

macrophages. All identified disorders may be due to the persistence of various neutrophil phenotypes in the
wound.
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INTRODUCTION
Diabetic foot ulcer (DFU) is a serious complication of diabetes mellitus (DM). According to experts, they
occur in 15% of  patients with diabetes,  precede 84% of  all  lower leg amputations in this  category of
patients, and are related with a high (42%) 5-year mortality of patients [1 -5].

Numerous studies on the pathophysiology of DFU and, in particular, the role of inflammatory cell populations
in  the  wound,  revealed  a  number  of  disorders  in  the  regulation  of  nonspecific  protective  functions  of
leukocytes:  defects  in  recruitment  and  chemotaxis,  decreased  activity  of  phagocytosis  and  killing  of
bacteria,  impaired neutrophils  apoptosis  and efferocytosis.  A  large number  of  neutrophils  in  a  diabetic
wound and an increased neutrophil/lymphocyte ratio are well known as objective indicators of impaired
diabetic  wound  healing  [6-10].  Complete  integral  wound  healing  requires  the  combined  interaction  of
numerous growth factors, cytokines and chemokines that play a vital role in the pathogenesis of the wound
process. The most studied factors that contribute to the disruption of the wound healing in patients with DM
in the case of chronic inflammation are interleukins IL-1β, IL-6, tumor necrosis factor (TNF-α), and plasma
C-reactive protein [11-15].

The mechanisms of molecular interaction between neutrophils and monocytes/macrophages in the case of
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chronic inflammation require further study.

The  objective  is  to  study  the  profile  of  cytokines  and  eicosanoids  in  patients  with  neuropathic  and
neuroischemic forms of diabetic foot syndrome (DFS) complicated by DFU.

MATERIALS AND METHODS
We examined 40 patients of two groups: those with DM2 complicated by DFU (group 1), with neuropathic
(1A subgroup, n=10) and neuroischemic (1B subgroup, n=10) forms of DM2, as well as with DM2 without
DFU (group 2), with neuropathic form (2A subgroup, n=10) and neuroischemic (2B subgroup, n=10) form
of DM2. The neuropathic nature of DFU was diagnosed based on the verification of peripheral sensorimotor
neuropathy with intact/slightly impaired main blood flow (ankle-brachial index (ABI) on both legs 0.9). The
neuroischemic  form  of  DFS  included  patients  with  defects  in  the  integumentary  tissues  on  the  feet,
accompanied  by  disturbances  in  the  main  blood  flow  (ABI<0.5)  and  signs  of  peripheral  sensorimotor
neuropathy.

Patients of both groups had the similar area (3.1±1.7 cm2 and 3.0±1.4 cm2, respectively) and depth of the
ulcer (on average 2.7±1.5 mm and 2.9±1.3 mm, respectively) of the foot tissues. The concentration of
cytokines TNF-α, IFN-γ, IL-1β, IL-6 and IL-10 in the exudate of the ulcer discharge was evaluated on the
first  day  of  hospitalization  before  surgery  using  immunoenzymometric  assay  (OOO  "Cytokin",  St.
Petersburg) in accordance with the manufacturer's instructions. To measure LTB4 and PGE2 levels we used

competitive assays (Leukotriene B4 ELISA Kit and Prostaglandin E2, both from Cayman Chemical, Ann Arbor,

MI)  according  to  the  manufacturer's  instructions.  Lymphocyte  immunophenotyping  (CD4+,  CD8+)  was
performed by flow cytometry.

Statistical analysis of the obtained results was carried out using STATISTICA 6.0. The analysis of the normal
distribution of quantitative data was carried out using the Shapiro-Wilk test. Student's t-test was used for
independent samples. The significance of differences in quantitative data that do not assume the normal
distribution was assessed using the Mann-Whitney U-test. For non-normally distributed quantitative data,
we  calculated  the  median,  first  and  third  quartiles  (Me  [Q1;Q3]).  The  significance  of  differences  in
qualitative  data  was  assessed  using  the  chi-square  test.  To  assess  differences,  the  critical  level  of
significance was p<0.05.

RESULTS AND DISCUSSION
Patients  with  neuropathic  DM2  of  subgroup  1A  differed  from those  of  subgroup  2A  by  a  significantly
increased IL-1β concentration (29.2 (17.5; 43.8) versus 15.1 (5.7; 40.2), respectively, p = 0.033), and also
a significantly low IL-10 content (8.4 (3.3; 15.4) versus 31.7 (28.2; 35.6) in subgroup 2A, respectively,
p=0.014), which indicates a possible imbalance of these interleukins in patients with DM2 complicated by
DFU. The content of IL-6, TNF-α and IFN-γ in the exudate of patients of both subgroups did not differ. Fig.1.

Figure 1. The level of cytokines (pg/ml) in the exudate of wound discharge in patients with
neuropathic DM2 (1) and DM2+DFU (2).

Note: 1 - subgroup 1A, n=10, 2 - subgroup 2A, n=10. Here and in Figure 2: Data are
presented as a median. Mann-Whitney test. Statistical significance * p  < 0.05; ** p  < 0.01.

Attention was drawn to the opposite pattern of the content of IL-1β in patients with neuroischemic form,
which in patients with DFU exceeded the one in subgroup 1B: 95.6 (83.4; 105.1) versus 70.9 (58.3; 79 .4),
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respectively, with p=0.003. Concentrations of IL-6, IL-10 and TNF-α  had similar to group 1 differences
between uncomplicated form of DM2 and DM2 with DFU, while IFN-γ and IL-1β levels in neuroischemic form
was higher in patients with DFU. Fig. 2.

Figure 2. The level of cytokines (pg/ml) in the exudate of wound discharge in patients with
neuroischemic DM2 (1) and DM2+DFU (2).

Note: 1 - subgroup 1B, n=10, 2 - subgroup 2B, n=10.

The revealed imbalance of cytokines in patients with DFU was manifested by a similar ratio of CD4+/CD8+.

In both subgroups, CD4+/CD8+ increased to 2.3-2.5, however, in patients with neuropathic DM2, this was

due to an increase relative to the number of CD4+, while in patients with neuroischemic form of the disease,

it was due to a decrease in the number of CD8+.

Taking  into  account  the  scientific  evidence  on  the  participation  of  arachidonic  acid  metabolites
(prostaglandin  E2  and  leukotriene  B4)  and  their  crucial  role  in  the  initiation  of  inflammation  and  the
regulation of the immune response, hematopoiesis and M1 (pro-inflammatory) assistance to macrophages,
we analyzed  the  content  of  these  mediators  in  the  exudate  of  the  wound discharge  of  the  examined
patients. In patients with a neuropathic DM2 with DFU (subgroup 2A), the PGE2 level was significantly lower

than that in patients of subgroup 1A - 161.4 (145.3; 173.8) versus 298.1 (260.3; 321.1), respectively,
p=0.017. Patients with neuroischemic form (subgroup 2B) had a different picture: in the presence of DFU,
the level of PGE2 exceeded that in subgroup 1B (335.8; 304.6, 367.7 vs. 210.9; 183.3, 234, 9), p=0.028.

The content of LTB4  in the exudate of  the wound discharge showed an inverse relationship.  Thus, the

formation  of  DFU  in  patients  with  the  neuropathic  form  was  manifested  by  a  significant  increase  in
leukotriene production, and in patients with the neuroischemic form - by inhibition of LTB4 secretion. At the

same time, the balance of eicosanoids was disturbed and inconsistent.

The critical  regulator  of  the  neutrophilic  phase of  the  inflammatory  response is  protein  kinase C-delta
(PKCδ),  which  activation  is  controlled  by lipopolysaccharide  (LPS),  TNF-α,  and IL-1β  [16].  In  addition,
studies by Soroush F. et al. [16] showed an important role of PKCδ in TNF-mediated O2 production in human

systemic  neutrophils  through  PKCδ  association  and  phosphorylation  of  the  p47phox  component  of  the
NADPH oxidase enzyme complex.

As shown by the results of our study, the leading pathogenetic factors of the inflammatory and reparative
process in the tissues of the foot with neuropathic 2DM+DFU are TNF-α  and IL-6 hyperproduction. The
identified features of the cytokine profile in patients with neuropathic DFU can be explained by the influence
of eicosanoids in the regulation of the transition from the inflammatory phase to the proliferative one. In
addition  to  inflammatory  cytokines,  resident  tissue  cells  and  migrating  neutrophils  of  patients  with
neuropathic DFU produce excess lipid mediators, first of all LTB4, the main factor in the sustained response

of neutrophils.

We  found  an  overproduction  of  IL-1β  in  patients  with  neuroischemic  DM2+DFU.  The  IL-1β  mediated
mechanism aims to trigger a feedback loop by activating macrophages, dendritic  cells,  γδ  T cells,  and
endothelial cells to produce and release chemokines, and drawing more neutrophils. The overproduction of

IL-1β in this category of patients may result in stimulation of CD4+ cells aimed at the secretion of IL-10,

IFN-γ,  and  IL-2.  IFN-γ  producing  CD4+  cells  and  PGE2  are  required  to  control  invading  microbial
inflammatory stimuli  in  order  to initiate  and maintain a mononuclear  inflammatory response.  The high
production  of  IL-1β  Nf  in  the  wound  in  the  presence  of  bacterial  lipopolysaccharides  ensures  the
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differentiation  of  M2b  type  macrophages.  M2b  macrophages  are  designed  to  reduce  inflammation  by
releasing  anti-inflammatory  cytokines  as  well  as  several  different  matrix  metalloproteinases.  However,
judging  by  the  multidirectional  response  of  cytokines  (IL-10,  IL-6,  IL-1β  and  TNF-α)  in  patients  with
ischemic DM2, the resulting imbalance of cytokines does not allow creating conditions for the differentiation
of M2b macrophages. One of the reasons for this phenomenon may be impaired phagocytosis, since there is
evidence that in vitro macrophages adopt the M2b phenotype after phagocytosis of neutrophils [17-19].

Thus  patients  with  neuroischemic  DM2 develop  prerequisites  for  impaired  transition  of  diabetic  wound
macrophages from pro-inflammatory M1 phenotypes to anti-inflammatory pro-regenerative M2 phenotypes,
which is a key problem in the dysregulation of diabetic wound healing. It is critical that neutrophil activity
should be strictly regulated to prevent excessive off-target damage to healthy tissue while protecting the
host from pathogens.

CONCLUSIONS

1. Pathogenetic mechanisms of inflammation disorders in patients with neuropathic form of diabetic foot
ulcer are manifested by an increase in the level of TNF-α and IL-6 and inhibition of the secretion of
IL-1β and IL-10 in the wound exudate, which shifts the balance of eicosanoids towards lipoxygenase
way with a predominance of LTB4 in addition to inhibition of PGE2 synthesis, inhibits the formation of

CD8+ lymphocytes and inhibits the switching of the neutrophilic to the macrophage phase by creating
conditions for the differentiation of type M1 macrophages.

2. In  patients  with  neuroischemic  DM2 complicated by DFU,  we revealed hyperproduction of  IL-1β,

IL-10, IFN-γ, CD4+ with inhibition of IL-6 secretion and eicosanoids imbalance (PGE2  predominate

over LTB4), which lays the foundation for impaired differentiation of M2 macrophages.

3. The revealed regularities of cytokine and eicosanoid balance in patients with various forms of DM
complicated by DFU may be a consequence of the various neutrophil phenotypes persistent in the
wound.

REFERENCES.

1. Rehak L., Giurato L., Meloni M., Panunzi A., et al. The Immune-Centric Revolution in the Diabetic
Foot:  Monocytes  and  Lymphocytes  Role  in  Wound Healing  and  Tissue  Regeneration—A Narrative
Review/ J Clin Med. 2022; 11(3): 889. DOI: 10.3390/jcm11030889

2. Zhao R., Liang H., Clarke E., Jackson Ch., Xue M.. Inflammation in Chronic Wounds. Int J Mol Sci.
2016 Dec 11;17(12):2085. DOI: 10.3390/ijms17122085

3. Mikhailichenko  V.  Yu.,  Kaibov  I.,  Bondarenko  N.,  Parshin  D.  S.,  Puchkina  G.  Characteristics  of
immunoreactivity  in  patients  with  various  forms  of  diabetic  foot  ulcer.  Archiv  EuroMedica.
2022;12(3):17. DOI:10.35630/2199-885X/2022/12/3.17.

4. Gololobov  A.  M.,  Melnikov  V.  V.,  Topchiev  M.  A.,  Parshin  D.  S.,  Gololobova  V.  V.  Stimulation  of
reparative  processes  in  the  treatment  of  purulent  wounds  in  patients  with  diabetes  mellitus.
Tavricheskiy  Mediko-Biologicheskiy  Vestnik.  2019;22(1):22-29.  (Available  at  https://ma.cfuv.ru
/docs/244771/%D0%A2%D0%BE%D0%BC%2022%20%E2%84%961%202019.pdf  .  Аctive  as
12/08/2022)

5. Topchiev M. A., Parshin D. S., P’yankov U. P., Topchiev A. M., Chukhnina Yu. G. Oxygenated drugs and
exogenous nitric  oxide in the complex treatment of  purulent-necrotic  lesions of  the diabetic  foot
syndrome.  Tavricheskiy  Mediko-Biologicheskiy  Vestnik.  2018;21(1):148-152.  (Available  at
https://ma.cfuv.ru/docs/236825/%D0%A2%D0%BE%D0%BC%2021%20%E2%84
%961%202018.pdf . Active as of 12/08/2022)

6. Karakursakov N. E, Mikhailichenko V. Yu., Parshin D. S. Insulin-producing cells in the treatment of
type 1 diabetes: a literature review. Archiv EuroMedica.  2022;12(5):9.  DOI:10.35630/2199-885X
/2022/12/5.9

7. Tarabrina Yu.O.,  Kolesnikov O.L.,  Kolesnikova A.A.,  Shishkova Yu.S. Functional  state of  peripheral
blood neutrophils in type 2 diabetes mellitus (literature review). Bulletin of New Medical Technologies.
2017;24(3):83-88. doi:10.12737/article_59c4a31d92b546.20864406.

8. Brandta S. L., Serezania C. H. Too much of a good thing: How modulating LTB4 actions restore host
defense  in  homeostasis  or  disease.  Semin  Immunol.  2017  Oct;  33:  37–43.
DOI: 10.1016/j.smim.2017.08.006

9. Casanova-Acebes M, et al. Neutrophils instruct homeostatic and pathological states in naive tissues. J
Exp Med. 2018;215(11):2778–2795. DOI: 10.1084/jem.20181468

10. Das U. N. Essential Fatty Acids and Their Metabolites in the Pathobiology of Inflammation and Its

archiv euromedica  2023 | vol. 13 | num. 1 |

4

https://ma.cfuv.ru/docs/244771/%D0%A2%D0%BE%D0%BC%2022%20%E2%84%961%202019.pdf
https://ma.cfuv.ru/docs/244771/%D0%A2%D0%BE%D0%BC%2022%20%E2%84%961%202019.pdf
https://ma.cfuv.ru/docs/244771/%D0%A2%D0%BE%D0%BC%2022%20%E2%84%961%202019.pdf
https://ma.cfuv.ru/docs/244771/%D0%A2%D0%BE%D0%BC%2022%20%E2%84%961%202019.pdf
https://ma.cfuv.ru/docs/236825/%D0%A2%D0%BE%D0%BC%2021%20%E2%84%961%202018.pdf
https://ma.cfuv.ru/docs/236825/%D0%A2%D0%BE%D0%BC%2021%20%E2%84%961%202018.pdf
https://ma.cfuv.ru/docs/236825/%D0%A2%D0%BE%D0%BC%2021%20%E2%84%961%202018.pdf
https://ma.cfuv.ru/docs/236825/%D0%A2%D0%BE%D0%BC%2021%20%E2%84%961%202018.pdf


Resolution. Biomolecules. 2021 Dec; 11(12): 1873. doi: DOI: 10.3390/biom11121873

11. Dowey R., Iqbal A., Heller S.R., Sabroe I., Prince L.R. A Bittersweet Response to Infection in Diabetes;
Targeting Neutrophils to Modify Inflammation and Improve Host Immunity. Front Immunol. 2021; 12:
678771. DOI: 10.3389/fimmu.2021.678771

12. Gupta  S,  Maratha  A,  Siednienko  J,  Natarajan  A,  Gajanayake  T,  Hoashi  S,  et  al..  Analysis  of
Inflammatory Cytokine and TLR Expression Levels in Type 2 Diabetes With Complications. Sci Rep
(2017) 7:1–10. DOI: 10.1038/s41598-017-07230-8

13. Lin  Ch-W.,  Hung  Ch-M.,  Chen  W-J.,  Chen  J-Ch.,  et  al.  New  Horizons  of  Macrophage
Immunomodulation in the Healing of Diabetic Foot Ulcers. Pharmaceutics. 2022 Sep 27;14(10):2065.
https://doi.org/10.3390/pharmaceutics14102065

14. MacLeod A.S.,  Mansbridge  J.N.  The Innate  Immune System in  Acute  and Chronic  Wounds.  Adv.
Wound Care. 2016;5:65–78. DOI: 10.1089/wound.2014.0608

15. Peiseler M., Kubescorresponding P. More friend than foe: the emerging role of neutrophils in tissue
repair. J Clin Invest. 2019 Jul 1; 129(7): 2629–2639.  DOI: 10.1172/JCI124616

16. Soroush  F.,  Tang  Y.,  Guglielmo  K.,  Engelmann  A.,  et  al.  Protein  kinase  c-delta  (pkcδ)  tyrosine
phosphorylation is a critical regulator of neutrophil-endothelial cell interaction in inflammation. Shock.
2019 May; 51(5): 538–547. DOI: 10.1097/SHK.0000000000001247

17. Torbica T.,  Wicks K.,  Umehara T.,  Gungordu L.,  Alrdahe S.,  Wemyss K.,  Grainger J.R.,  Mace K.A.
Chronic Inflammation in Response to Injury: Retention of Myeloid Cells in Injured Tissue Is Driven by
Myeloid  Cell  Intrinsic  Factors.  J.  Investig.  Dermatol.  2019;139:1583–1592.
DOI: 10.1016/j.jid.2018.12.030

18. Vatankhah N.,  Jahangiri  Y.,  Landry G.J.,  McLafferty  R.B.,  Alkayed N.J.,  Moneta G.L.,  Azarbal  A.F.
Predictive  value  of  neutrophil-to-lymphocyte  ratio  in  diabetic  wound  healing.  J.  Vasc.  Surg.
2017;65:478–483.  DOI: 10.1016/j.jvs.2016.08.108

19. Wang  J.  Neutrophils  in  tissue  injury  and  repair.  Cell  Tissue  Res.  2018;371(3):531–539.
DOI: 10.1007/s00441-017-2785-7

back

archiv euromedica  2023 | vol. 13 | num. 1 |

5

https://doi.org/10.3390/pharmaceutics14102065
https://doi.org/10.3390/pharmaceutics14102065
https://doi.org/10.3390/pharmaceutics14102065
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-01-2023.html
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-01-2023.html

