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Gene expression levels of inflammatory mediators in diabetic foot ulcer patients
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Abstract

Background: Diabetic foot ulcer (DFU) is a common serious complication of diabetes.
Nowadays there is a suggestion that referred to the fact the chronicity of DFU is a result of the
positive feedback of proinflammatory cytokines production. Objective: This study aimed to
display the negative effects of persistent expression of proinflammatory cytokines of (IL-13
and IL-18) under hyperglycemic condition on the DFU microenvironment and clarify the
role of growth factor Milk fat globule-epidermal growth factor- 8(MFG-E8) in the DFU
healing process. Materials and Methods: Clinical data of a total of 49 type 2 diabetic
patients have chronic diabetic foot ulcer grade 2 and 3 (infected DFU n= 29 and non-infected
n=21) in addition to the control group (n=25) were participated in the study since June 2021 to
April 2022, venous blood samples were collected for the measurement of the gene expression
levels of (IL-1B; IL-18 and MFG-E8) by Real-Time PCR technique. Results: There was no
significant difference in age and sex when compared with the control group at p= 0.798, p
=0.514 respectively. High levels of gene expression of (IL-1B; I1L-18 and MFG-E8) were
shown in the patients group in comparison to the healthy control. Conclusions: Current data
confirmed that the inflammatory mediators’ (IL-1p; IL-18 and MFG-E8) have a strong
association with the pathogenesis of DFU healing process.
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Introduction

Diabetes mellitus (DM) is one of the most common metabolic disease characterized by elevated levels of blood
glucose, which leads over time to serious damage of body organs, most important characters of this disease are
chronic inflammation that develops from continuous inflammatory triggering involves prolonged immune response
that can last for several weeks to years and is characterized by cycles of active inflammation , tissue injury ,and
healing(1), endothelial dysfunction that increase risk for occurring complications such us ,diabetic foot ulcers ,
cardiovascular disease , neuropathy, nephropathy, and others(2).
A diabetic foot ulcer (DFU) is a major diabetes related complication. It is distinguished by the appearance of an
open wound on the uncontrolled diabetes patient's foot. Diabetes inhibits the healing process by affecting
hemostasis, inflammation, proliferation, and remodeling during each stage of wound healing (3,4).
Neutrophils, monocytes, macrophages, keratinocytes, fibroblasts, T cells, B cells, mast cells, and endothelial cells
are all involved in the inflammatory response of the wound healing process. These cells are triggered by different
signaling pathways and have a vital role in the production of cytokines and growth factors that initiate and regulate
the inflammatory response (5-7).
The production of proinflammatory cytokines represents the first step in response to skin injury during the
inflammatory phase (8). Usually, the chronic diabetic wound is accompanied by phenomenon of persistent elevation
of proinflammatory cytokines such as interleukin-6 (IL-6), IL-1, IL-12, IL-18, and tumor necrosis factors (TNFs)
and interferon-gamma (IFN-y), which results in inflammation of tissues (9), IFN-y, IL-1B, and TNF-o stimulate
pyroptosis and apoptosis that mediated by the activation of innate immunity and oxidative stress (10) , the
production of TNF-o and IFN-y is stimulated by IL-12 which suppress the expression of IL-4, an anti-inflammatory
cytokine, and negatively controls the expression of IFN y(11).

Study aim

This study aimed to evaluate the role of IL-1p, IL-18, and MFG-E8 factors in the diabetic patients type 2 with
chronic foot ulcer and non-diabetic patients as control by determination the gene expression levels of IL-1p, IL-18,
and MFG-ES8 factors.

Materials and methods

1. Clinical Specimens

This study was carried out between June 2021 and April 2022 after acquiring ethical approval that numbered (797)
in the date (23/12/2020). 25 healthy volunteers and all diabetic patients with at least one active chronic foot ulcer
present at the diabetic foot clinic as well as inpatients from the diabetic foot operation theatres at Al-Fayha Teaching
Hospital and Al-Shifa General Hospital. 49 type 2 diabetic patients (sample number 44 was excluded because
invalid for processing), aged 30-70, were included infected DFU and non-infected DFU groups. According to the
detection of two or more classical indications of inflammation, such as induration, erythema, fever, increased pain
and purulent discharge, the Infectious Diseases Society of America (IDSA) was chosen for the clinical diagnosis of
chronic infected diabetic foot ulcers (12).

Ulceration levels were selected according to the university of Texas diabetic foot ulcer classification system (grade2
and 3stage A and B) (13).

Peripheral blood samples were collected and examined with the informed consent of each patient and control. with
the aid of a questionnaire, the research population's medical histories as well as certain crucial information—such as
age, diabetes history, ulcer duration, and history of other diseases—were collected.

2. Real-Time PCR.

Up to 3 ml of EDTA blood samples were used for isolation of peripheral blood mononuclear cells (PBMCs) layer
followed by total RNA extraction from this layer using (Promega ,U.S.A extraction kit),then cDNA strand synthesis
and real time PCR with SYBR Green dye was applied( Promega ,U.S.A GoScript revers transcription system and
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GoTaqg PCR master mix) to evaluate the levels of gene expression of interest factors. p —actine gene was used as
internal control as shown in the table (1).

No.
1.

Primers
IL-18

IL-18
MFGE-8

B -actin

Statistical Analysis
The data were statistically analyzed using SSPS software and the significance was determined at p-value < 0.05.
One-way ANOVA test was used to investigate the significant differences between parameters, and the age groups.

Results
Gene expression of pro-inflammatory cytokines (I1L-1p, IL-18) and growth factor (MFGE-8).

Patients were matching to age category of control groups, statistically no significant differences at p= 0.798
between patients and control according to age, table (2) , as well as no differences were shown between the patients
and control in the distribution according to sex at p =0.514 table (3) .

Table (1): The primers sequence used in the RT PCR experiment
Sequence
AAACAGATGAAGTGCTCCTTCCAGG
TGGAGAACACCACTTGTTGCTCCA

GGG GTACCATGG CTG CTG AAC CAG TAG AAG
CCG CTCGAG AGCTAGTCTTCGTTT TGA ACAGTG

GTGCGTGTGACCTTCTTG
ACCTGTTACCCACATCCT

CATGTACGTTGCTATCCAGGC
CTCCTTAATGTCACGCACGAT
The primers supplied by Alpha DNA company /Canada

Tm Reference
61 14

59 15

60 16
60 14

Table (2): Distribution of patients and control according to age range groups

Group

Patients( N=50)
Control(N=25)
patients( N=50)
control(N=25)
patients( N=50)
control(N=25)
patients( N=50)

control(N=25)

Age range groups

(Years)

30-40

41-50

51-60

61-70

No.
4(8%)
7(28%)
17(34%)
10(40%)
18(36%)
7(28%)
11(22%)
1(4%)

Total=75

P-value

0.798
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Table (3): Distribution of patients and control according to the sex

Group Sex No. P-value
Male 28(56%) 0.514
Patients
(N=50) Female 22(44%)
Male 16(%64)
Control
(N=25) Female 9(%36)
Total=75

Real-time PCR analysis of genes encoding IL-1pB, 1L-18 and MFGE-8 revealed up-regulated expression of the
target genes in 49 patients’ samples in contrary to down-regulated expression in the 25 normal control group, For the
pathway IL-1pB, IL-18 and MFGE-8genes SYBR Green chemistry were used and the binding of the dye was specific
to the study genes as the melting curve showed one peak for all samples as shown in Figure(4).1L-1 f, IL-18 and
MFGE-8 genes recorded fold change of 2.7, 27 and 4 respectively in compression with control (expression=1) as
illustrated in figures (1),(2) and (3) respectively .

Chart Title

3000
2500
2000
1500

1000

Figure (1): IL-1pB gene expression levels of the patients and control group

H 114

Figure (2): IL-18 gene expression levels of the patients and control group
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Chart Title

1T MEGE -8

Figure (3): MFGE-8 gene expression levels of the patients and control group
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Figure (4): A-The amplification plots of MFGE-8 gene for numerous samples running in the real time PCR system
using SYBR Green chemistry. B-The melting curve of MFGE-8 gene using SYBR Green dye showed one peak
representing the specific binding of the dye to the target gene in several samples.
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Gene expression of pro-inflammatory cytokines (IL-1p, IL-18) and growth factor (MFGE-8) levels according
to age

The current findings not indicated the presence of significant importance of age on the aimed parameters (I1L-1p,
IL-18) and growth factor (MFGE-8) as itemized in the table (4).

Table (4): Gene expression of pro-inflammatory cytokines (IL-1p, IL-18) and growth factor (MFGE-8) levels
according to age of patients group.

Parameters
Age groups
IL-1p IL-18 MFGE-8
Mean S.Error P- Mean S.Error P- Mean S. P-
value value Error value
30-40 414.7000 159.44941 0.616 95450 21.867 0.442 66.743 18519 0.914
41-50 341.5333 94.22453  0.457 28.6900 4.323 0.383 45.695 9.8422 0.667
51-60 334.1500 73.81073 0.296 71.2123 12.323 0.480 65.421 17.089 0.378
61-70 412.1462 94.22453  0.457 944131 24.18105 0.231 52.085 15.089 0.378

The relationship between ulceration levels and studied immunological parameters

The current findings documented that the most common grade among the patients group of the study was grade 2.
Statistical analysis of the results announced not the presence of the association about a pro-inflammatory cytokines
(IL-1p, IL-18) and growth factor (MFGE-8) with the ulceration levels at p =0.237, 0.811 and 0.513 respectively,
detailed in the table (5).

Table (5): The relationship between ulceration levels and studied immunological parameters

Parameters Ulceration levels No mean S. Error p-value
1-1p 2 37 380.32 33.396 0.237
3 13 298.25 66.183
11-18 2 37 69.26 22.43 0.811
3 13 59.59 22.58
MFGE-8 2 37 64.83 13.134 0.513
3 13 48.179 20.539

Correlation between gene expression of pro-inflammatory cytokines (IL-1§, IL-18) and growth factor
(MFGE-8)

The analysis of the statistical data documented strong correlation of IL-1  with both of IL-18 and MFGE-8 whereas
IL-18 and MFGE-8 displayed a moderate association among them as mentioned in the Table (6).

Table (6): Correlation between gene expression of (IL-1p, IL-18) cytokines and growth factor (MFGE-8)

Parameters R-value p-value
IL-1pB 1 0.051
IL-18 0.281

MFGE-8 0.046
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Discussion

Interlukin -1 B and Interlukin -18 (IL-1p, IL-18) are belong to the IL-1 family included eleven members, seven of
which are receptor agonists (IL-10/f, IL-18, I1L-33, IL-36 o/B/y) and anti-agonists (IL-1 receptor antagonist (Ra), IL-
36Ra, 1L-37, IL-38) (17).

Different reports disclosed the involvement of IL-1 in the various pathological states where in 2002 shed light on
the importance of the correlation of the pathogenesis of diabetes type 2 with the levels of IL-1  and the outcomes of
these observations were the most common metabolic disorders that accompanied of diabetes is aberrant expression
of IL-1 (18).

The results of the recent study and previous studies conducting by (19-21) emphasized these observations where
recorded high levels of IL-1 B in the patients with DFU whether at the gene expression levels or protein levels.
There were other studies that concerning IL-18 their results revealed some similarities and dissimilarities with the
present findings of which study of (22-24). In the instance of MFGE-8, there is a paucity of studies about the
evaluation of the role of MFGE-8 in the diabetic foot infection patients.

Indeed, there is controversial experimental and published data about the levels of MFGE-8 that documented the
presence of variations in the expression and secretion of MFGE-8in the different pathological states, down-
regulation found in some autoimmune diseases (25), in contrast up-regulation was noticeable in the other
inflammatory diseases (26) , the recent findings recorded high levels of MFGE-8 in the DFU patients than healthy
volunteers, these findings underlined the sight of the previous reports of (27).

Also this data suggest that diabetes causes overexpression of MFGE-8 either be in the norm structural state but
their levels have pathological influence through the inhibition of the phagocytic action in a dose-dependent manner
of MFGE-8 or diabetic conditions induce the modification of MFGE-8 molecules by glycation process, thereby
production of the inactive biological molecules, this justification proved the outcomes of an animal model
experiment by (28). The recent findings demonstrated that IL-1pB had a strong relationship with each of 1L-18 and
MFGE-8 in odds IL-18 and MFGE-8 not showing linking the same strength, this result referred to the IL-1p
occupying the chief role in the inflammatory response.

Conclusions
IL-1P has a strong linkage with the pathogenesis of DFU. Overexpression of MFGE-8 may exert a pathological
role in the inflammatory response of the DFU healing process.
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