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Abstract

Introduction: Difficult healing of chronic wounds is a serious problem for modern medicine. It leads to ulcer-
ation, especially in conditions such as diabetic foot syndrome or chronic venous insufficiency. This may be a result
of chemical, physical, thermal or biological factors, among others. Analysis of mediators and molecular factors
released by the abovementioned structure helps to better understand the mechanism of healing of chronic wounds
and the formation of ulcers.

Aim: To assess excretion of selected cytokines in patients with ulcerations as a complication of diabetes mellitus
type 2.

Material and methods: Seventeen patients aged 68-87 took part in the assessment of wound healing in patients
with ulceration in the course of diabetes mellitus type 2. The control group consisted of 21 healthy patients aged
32-62. In the blood serum bFGF, TNF-a,, IL-4, TGF-B1, TGF-B2 and TGF-B3 were determined.

Results: A significant difference was found in bFGF, IL-4, TGF-B1, TGF-B2, and TGF-B3 levels. Concentration of bFGF
was 12% lower in patients with ulcers than in the non-ulcerated control group (p = 0.013). IL-4 concentration was
46% lower in patients with ulcers than in the non-ulcerated control group (p = 0.002). TGF-B1, TGF-B2 and TGF-B3
concentrations were also lower in the group of patients with ulcers compared to those in the non-ulcerated control
group.

Conclusions: Reduced concentrations of selected cytokines and growth factors may indicate abnormal activity of
the cells that secrete them and affect the healing process of chronic wounds, hindering and delaying the healing

process.
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Introduction

Diabetes is a chronic metabolic disease. It is charac-
terized by elevated blood glucose levels and the occur-
rence of complications within large and small vessels of
the nature of micro- and macroangiopathy [1]. It is now
considered a global epidemic [2]. In type 2 diabetes, in-
sulin is produced by pancreatic B cells, but the body’s
target tissues are less sensitive to this hormone [3-5].
In diabetic patients, chronic hyperglycemia contributes
to the development of pro- and antioxidant imbalance
[6, 7]. One of the most serious complications is the dia-
betic foot syndrome, as it can lead to severe disability in
a short time [8-11]. Diabetic neuropathy and ischemia of
the lower extremities are the most important etiologi-

cal factors of foot ulcers. In turn, as a result of athero-
sclerotic changes that arise in the vessels of the lower
extremities, ischemia occurs, causing a deterioration of
the healing process, fighting infection or hindering the
penetration of the antibiotic to the site of infection [2].
Healing disorders, T cell dysfunction and immune disor-
ders are factors that increase the risk of limb amputa-
tion in patients with foot ulcer diabetes [12, 13]. Hence,
it seems important to understand the molecular mecha-
nisms associated with the healing of chronic wounds and
factors hindering this process [14, 15]. The most common
venous diseases include lower limb varicose veins, chro-
nic venous insufficiency (CVI), venous leg ulcers, as well
as thrombophlebitis or deep vein thrombosis [16]. There
are many factors that predispose to their occurrence.
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The main factor leading to the development of venous
system diseases is venous hypertension, caused by ve-
nous obstruction or narrowing, impaired venous valve
function or pressure on the veins [17]. As a result of blood
stasis, leukocytes move outside the vessel wall and stim-
ulate it towards the development of the inflammatory
process. It also results in the activation of proteolytic en-
zymes or free radicals. As a result of the venous load and
the development of the inflammatory reaction, capillary
permeability increases and edema develops. A trouble-
some and difficult to cure consequence of venous sys-
tem diseases is venous leg ulcers. These are secondary
lesions, in which necrotic tissue breaks down due to in-
sufficient blood supply. Pathological changes include the
epidermis, dermis and subcutaneous tissue [18].

Aim

The aim of this study is to assess the concentration
of selected proinflammatory cytokines and growth fac-
tors in patients with ulceration in the course of diabetes
mellitus type 2. The obtained results will make it easier
to understand the role of individual cells, especially their
secreted cytokines and growth factors during wound
healing, which will allow the introduction of more effec-
tive methods of treatment.

Material and methods

The study included a group of 17 patients, includ-
ing 10 women and 7 men, aged 68-87. The average age
was 75 +6 years. The study group consisted of patients
from a specialist surgery whose activities include surgi-
cal nursing and chronic wound treatment. The criteria for
including patients in the study were as follows: informed
consent, diagnosed type 2 diabetes, and the presence
of its complications in the form of ulcers. The exclusion
criteria were: no consent to participate in the study, can-
cer, inflammatory diseases of the osteoarticular system,
heart and circulatory system, dementia, Alzheimer’s and
Parkinson’s diseases. Patients with ulceration around
the foot and lower leg in the course of the complications
of type 2 diabetes mellitus were qualified for the study.
Patients who came to the office, were under the special-
ist care of medical staff due to the fact that the process
of chronic wound treatment is long and requires taking
a number of actions, such as wound development, the
use of total contact cast or vacuum dressings/negative
pressure wound therapy or the use of devices enabling
fast and accurate transdermal measurement of oxygen
partial pressure or measurement of systolic blood pres-
sure on the fingers of the lower and upper limbs.

The control group consisted of 21 patients aged
32-62 (12 women and 9 men; average age 45 +9 years).
The control group was selected from patients without
chronic diseases, without signs of inflammation and
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neurodegenerative processes that are characteristic of
old age.

The material for biochemical tests was venous blood
collected in the amount of approx. 5 ml from the ulnar
vein into tubes devoid of anticoagulant. Blood was col-
lected in the morning. Then, the collected material was
transported to the Department of Medical Biology and Bio-
chemistry of the Collegium Medicum in Bydgoszcz at the
Nicolaus Copernicus University in Torun. The study was
permitted by the bioethics committee of Nicolaus Coperni-
cus University in Torun (permission number KB 344/2018).
The procedures followed the Helsinki Declaration of 1975,
as revised in 2000. Serum was obtained from blood col-
lected in tubes without anticoagulant, by centrifuging the
material for 5 min at 5000 x g, and then transferred to
Eppendorf tubes and frozen at —80°C. The serum prepared
in this way was stored for the determination of tumor
necrosis factor o (TNF-a), interleukin (IL)-4, basic fibro-
blast growth factor (bFGF) and three isoforms transform-
ing growth factor B (TGF-B, i.e. TGF-B1, TGF-B2, TGF-B3).
The analysis of selected cytokines was performed using
the multi ELISA method using the Bio-Plex Pro Human
Cytokine Grp | Panel from BIO-RAD cat # M500KCAFOY.
The limit of detection for IL-4 was 0.09 pg/ml, for TNF-a.
—1.13 pg/ml, for bFGF — 2.54 pg/ml, for TGF-B1 - 3.9 pg/
ml, for TGF-B2 — 1.9 pg/ml, and for TGF-B3 — 0.5pg/ml.
The assay precision using coefficient of variation, intra-
and inter-assay was the following, for IL-4 —3.2% and 1.9%,
for TNF-a. — 3.5% and 3.0%, for bFGF — 3.1% and 2.4%, for
TGF-B1—-4.5% and 4.9%, for TGF-B2 — 6.3% and 9.1%, and
for TGF-B3 - 6.9% and 8.2%.

Statistical analysis

Statistical analysis of biochemical parameters was
carried out using the Statistica 13.3 program. The distri-
bution normality was first tested using the Shapiro-Wilk
test. The tested parameters met the criteria of normal
distribution. The t test for independent variables was
used for further analysis. The results with a p-value lower
than 0.05 were considered as statistically significant. The
correlations between pairs of parameters were calculat-
ed using the Spearman method.

Results

A total of 38 patients participated in the study.
The study group consisted of 17 patients aged between
68 and 87 years old. The group included 10 women and
7 men. The control group consisted of 21 patients including
12 women and 9 men aged between 32 and 62 years old.
Neither group taking part in the study had co-morbidities.

bFGF concentration

The average concentration of bFGF in the serum of
subjects in the study group was 12% lower than in the
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Table 1. Presentation of average concentration values of selected biochemical parameters in the study and control

groups
Parameter Study group, n = 17 Control group, n = 21 P-value
Mean Standard deviation Mean Standard deviation

bFGF [pg/ml] 40.95 6.11 46.35 6.44 0.013

TNF-a. [pg/ml] 49.74 34.90 46.17 9.95 0.656

IL-4 [pg/ml] 2.47 0.83 4.60 2.19 0.002

TGF-B1 [pg/ml] 43053.98 20155.37 70574.67 36105.23 0.005

TGF-B2 [pg/ml] 569.00 286.90 730.70 164.48 0.035

TGF-B3 [pg/ml] 111.92 55.03 155.69 51.90 0.012

control group. The level of statistical significance was
p = 0.013.

TNF-a. concentration

A statistically significant difference in TNF-a concen-
tration between the study and control group was not ob-
served (p = 0.656) (Table 1).

IL-4 concentration

A statistically significant difference in IL-4 concentra-
tion between the groups was found. IL-4 concentration in
the study group was 46% lower than in the control group
(p =0.002).

TGF-B1 concentration

The concentration of TGF-B1 was 39% lower in the
study group compared to the control group (p = 0.005).

TGF-B2 concentration

22% lower TGF-B2 concentration was observed in the
study group compared to the control group (p = 0.035).

TGF-B3 concentration

A statistically significant difference was found in the
levels of transforming B-growth factor isoform 3 between
individual groups. Similarly, the concentration of TGF-B3
in the study group was 28% lower than in the control
group (p = 0.012) (Table 1).

Correlation analysis in study and control groups

There were positive correlations between parameters
in both groups. The detailed results are shown in Table 2.

Statistically significant positive correlations between
TGF-Bland TGF-B3 (r = 0.77, p < 0.01), TGF-B1 and TGF-B2
(r=0.82, p < 0.01), TGF-B2 and TGF-B3 (r = 0.91, p < 0.01),
TGF-B1 and bFGF (r = 0.70, p < 0.01), TGF-B1 and TNF-a.
(r = 0.69, p < 0.01), TGF-B2 and bFGF (r = 0.50, p = 0.04)
(Figure 1) were observed in the study group (Table 2).

Statistically significant positive correlations between
TGF-B1 and TGF-B3 (0.86, p < 0.01), TGF-B1 and TGF-B2 (0.74,
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Table 2. Statistically significant correlation coefficients
between the parameters measured in patients with ulcers
and in non-ulcer control group

Group Parameter r P-value
Study group TGF-B2/TGF-B3 0.91 <0.01
TGF-B1/TGF-B3 0.77 <0.01

TGF-B1/TGF-B2 0.82 <0.01

bFGF/TGF-B2 0.50 0.04

bFGF/TGF-B1 0.70 <0.01

TNF-o/TGF-B1 0.69 <0.01

Control group TGF-B2/TGF-B3 0.77 <0.01
TGF-B1/TGF-B3 0.86 <0.01

TGF-B1/TGF-B2 0.74 <0.01

IL-4/TNF-o 0.47 0.04

bFGF/TNF-a. 0.51 0.02

280t
0 100 200 300 400 500 600 700 800 900 1000 1100
TGF-B2

Figure 1. Linear regression of bFGF concentration versus
TGF-B2 concentration in the serum of subjects in the study
group (r = 0.50, p = 0.04)

p < 0.01), TGF-B2 and TGF-B3 (r = 0.77, p < 0.01), IL-4 and
TNF-a (r=0.47, p = 0.04) (Figure 2), bFGF and TNF-a. (r =
0.51, p = 0.02) were observed in the control group (Table 2).
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Figure 2. Linear regression of IL-4 concentration versus
TNF-a. concentration in the serum of subjects in the con-
trol group (r = 0.47, p = 0.04)

Discussion

Our study showed statistically significant changes
in the levels of growth factors (bFGF, TGF-B1, TGF-B2,
TGF-B3) as well as IL-4 between the study and control
group. Statistically significant correlations between
growth factors in the study group were observed. Corre-
lation analysis within the control group showed positive
correlations between growth factors, as well as between
TNF-a and IL-4, and TNF-a. and bFGF.

In patients with type 2 diabetes the quality of life de-
teriorates as complications, such as ulcerations, develop.
Pro-inflammatory cytokines, involved in the pathogenesis
of this disease, can accelerate the development of com-
plications associated with it.

The mechanism of action of modern dressings helps
in cleaning the wound of necrotic tissues and supports
granulation processes. Unfortunately, despite the use of
even the best techniques, chronic and extensive venous
ulcers are difficult and long-healing lesions [18]. In the
wound healing process, there are successive phases of
inflammation, namely, proliferation and remodeling. Af-
ter tissue damage, the blood vessels and platelets are
exposed to extracellular matrix proteins, which leads to
the formation of a clot. This phenomenon is accompa-
nied by the secretion of, among other secretions, TNF-a
with simultaneous influx of neutrophils, monocytes and
mast cells. This is to stimulate angiogenesis, eliminate
microorganisms or regenerate tissues. It also enables cell
migration, and the resulting clot also becomes a source
of wound healing mediators [19]. Tumor necrosis factor is
an example of a multifunctional pro-inflammatory cyto-
kine involved in the regulation of the immune response,
hematopoiesis and inflammation. It is a polypeptide
produced mainly by monocytes, macrophages and lym-
phocytes, but also, in smaller quantities, by neutrophils,
fibroblasts, keratinocytes and mast cells [20]. Ritsu et al.
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evaluated the wound healing process on mouse mod-
els. They then measured the concentration of TNF-a. in
homogenate supernatants collected from wounds at
various intervals. They detected the presence of this cy-
tokine shortly after the wound was formed and its level
increased within the first few hours, reaching a maxi-
mum concentration on the first day, and then decreased
[21]. In turn, Frank et al. studied the effect of this cytokine
on epithelization of the wound and in vivo neovascular-
ization in studies conducted on mice. They found that
TNF-a accelerates these processes and compensates for
the negative impact of macrophage reduction, which can
have a direct impact on wound healing [22]. Our study
did not show a statistically significant difference in the
TNF-a concentration between the test group and the
control group. This may be due to the fact that TNF-a
may reach high concentrations, but just after injury. Ac-
tivated platelets play a key role in clot formation during
hemostasis after aggregation and adhesion to exposed
collagen surfaces. This process is mediated by many fac-
tors released by platelets, including transforming growth
factor B. In turn, macrophage activation can be a classic
M1 phenotype (highly pro-inflammatory) or alternatively
M2 phenotype. The alternative type involves IL-4 and/
or IL-13, which release growth factors derived from mac-
rophages. These include bFGF and TGFB. This suggests
an important role for alternative macrophage activation
in the healing phase [23]. Research by Salmon-Ehr et al.
shows that interleukin 4 may also be involved in wound
healing. Expression of this cytokine was detected in mice
on the first day after injury and was still high until the
fourth day and then gradually decreased. Local applica-
tion of IL-4 significantly accelerated the rate of wound
healing [24]. In our study, the concentration of IL-4 in the
group of subjects was reduced compared to the control
group. According to the research of Salmon-Ehr et al. and
based on our own research, it can be concluded that the
reduced values of the tested cytokine in patients with
ulcers may adversely affect the wound healing process,
and its local administration may contribute to an in-
crease in the rate of chronic wound healing. The activ-
ity of cells that are involved in wound healing is strictly
regulated by the microenvironment, which is formed,
among others, by fibroblast growth factor (FGF) or trans-
forming growth factor (TGF). FGF factors, which include
22 polypeptides, are active mitogens that stimulate cell
proliferation of ecto-, meso- and endodermal origin [25].
They also induce the migration and proper differentiation
of cells and fulfill a protective role in the state of cellu-
lar stress [26]. A particularly important role is attributed
to the bFGF factor, which is produced immediately after
wounding by damaged endothelial cells of blood vessels,
and in subsequent stages of the healing process by in-
coming macrophages to the wound [27]. Choi et al. used
structurally stabilized bFGF in dressings in mice to im-
prove wound healing in type 1 and type 2 diabetes [28].
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Lv et al., in a study performed on rabbits in which inci-
sions were made to produce infectious wounds, observed
that bFGF expression promotes the healing of infectious
wounds [29]. In the group of patients we examined,
we observed a statistically significant difference in the
concentration of this factor between the test group and
the control group. bFGF concentration was lower in the
group of patients with ulcers, which confirms the effect
of this parameter on the healing process. Lowering the
concentration of bFGF contributes to the healing process
in the group of patients studied. Similarly, in the group
of patients with ulcers we studied, the concentrations
of the three TGF-B1-3 proteins were statistically sig-
nificantly lower in the study group compared with the
control group. In contrast, Gazaerly et al. assessed the
effect of TGF-B1 on wound healing as a complication of
diabetes in rats. The team of researchers observed in
diabetic rats treated with TGF-B1 a significant improve-
ment in healing compared to diabetic rats [30]. In turn,
Wang et al. applied the wound antimicrobial agent povi-
done-iodine (PVI) in rats to wounds, which, by increasing
TGF-B expression, led to increased production of granu-
lation tissue [31]. TGF-B is primarily produced by plate-
lets present in the wound area just after tissue damage.
It works chemotactically on fibroblasts, neutrophils and
macrophages [32]. It is these cells in the later stages of
healing that produce, in addition to cytokines and growth
factors, also TGF-B. Cytokines and growth factors such
as FGF or TGF-B, which are released during the inflam-
matory phase, stimulate the formation of fibrous tissue,
and the transition from the inflammatory to proliferative
phase depends mainly on the activity of macrophages
[33]. In turn, during the proliferation phase, granulation
tissue is formed, which is formed by a loose network
of collagen fibers, hyaluronic acid or fibronectin. Their
production depends, among other factors, on the pres-
ence of TGF-B1 or TGF-B2 [34]. In our study, a statistically
significant correlation between bFGF and TGF-B2 was
found in the study group, while there was no statistically
significant correlation between those parameters in the
control group. Both of those parameters participate in
the wound healing process through production of mono-
cytes, macrophages, and endothelial cells; therefore, the
correlated decrease of those parameters may be related
to the impaired wound healing process and the creation
of chronic wounds. Those results agree with Uchi et al.
and Jude et al. [35, 36]. In our study there was a statisti-
cally significant correlation between IL-4 and TNF-a in
the control group, while there was no significant correla-
tion between those parameters in the study group. There
is a weaker inflammatory response in the study group;
therefore, IL-4 and TNF-a. concentrations do not corre-
late within patients with ulcers. Inflammatory cytokines
have a large impact on the wound healing process in pa-
tients with ulcers [23, 24, 37]. Current reports indicate
that extracellular vesicles could induce macrophages to
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form anti-inflammatory M2 phenotypes; therefore, they
may affect the regulation of metabolism and insulin re-
sistance [38—40].

The main limitation of our study was gathering
a group of patients with ulcers and without co-morbidi-
ties. The promising results presented in our paper may be
the basis for continuation in order to collect and compile
data for a larger group of patients and applying for more
funds allocated for this purpose.

Conclusions

The results of our research on a group of patients
with ulcerations in the course of diabetic foot syndrome
and chronic venous insufficiency show that the abnormal
activity of cells and their secreted cytokines or growth
factors affect the healing process of chronic wounds,
hindering and delaying the healing process. Therefore,
from a clinical point of view, it seems that knowledge
about the mechanisms of healing is extremely important,
and understanding the role of individual cells, cytokines
or growth factors during the wound healing process will
allow the introduction of more effective methods of treat-
ment.
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