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ABSTRACT
OBJECTIVES: The diabetic foot is an important and destructive complication of diabetes. This study examined 
65 individuals (35 males, 30 females) diagnosed with diabetic foot with open wounds on their feet. 
METHODS: After washing the foot with isotonic solution, the wound was debrided and the excised tissues (dia-
betic dermis) were fi xed with neutral buffered 10 % formalin solution. Specimens stained with haematoxylin-
eosin, endothelin-1 (ET-1), nuclear factor kappa B (NF-κB), and ADAM 15 antibodies were used to examine 
angiogenesis, cytokine activity, and the extracellular matrix, respectively.
RESULTS: Histopathologically, in the diabetic feet of males, leukocytes, lymphocytes, and macrophages were 
spread diffusely throughout the lesion, with infl ammatory cells invading all layers of blood vessels. In the dia-
betic feet of females, dilation and congestion of the blood vessels, degenerative changes in the subendothelial 
layer, and perivascular infi ltration by lymphocytes were observed. ET-1 was expressed in infl ammatory cells 
around pre-capillary vessels in the stromal area. NF-κB was expressed in macrophages around blood vessels, 
and in nodular organised cells distributed throughout the perivascular space. ADAM 15 were expressed in fi -
broblasts, endothelial cells, and infl ammatory cells. Blood parameters differed signifi cantly between diabetic and 
non-diabetic patients (Signifi cant at p < 0.005, p < 0.001 and p < 0.0001)
CONCLUSION: ET-1 expression in the endothelial cells of diabetic foot ulcers is an important determinant of 
insulin resistance at the onset of disease and induces macrophages to produce NF-κB, which regulates infl am-
mation. It is thought that ADAM 15 contributes to angiogenic effects as a means of stimulating endothelial cells 
(Tab. 2, Fig. 3, Ref. 31). Text in PDF www.elis.sk.
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Introduction

Metabolic complications of diabetes in the lower limb include 
ulceration of the feet, infection, and the destruction of deep tis-
sues, in turn associated with neurological abnormalities and vary-
ing degrees of peripheral vascular disease. Diabetic foot infec-
tions are most frequently described as an infl ammatory response 
and tissue injury due to an interaction between the host and mi-
crobial pathogens (1, 2). Systemic complications, such as failure 
to heal, can lead to amputation in diabetic patients as a result of 
the vicious cycle between wound chronicity and inadequate lo-
cal infection control; of all non-traumatic lower-extremity am-
putations, 85 % are performed in diabetics (3). Type 2 diabetes 
exerts its pathogenic effects via two important pathways. First, 
as in other organs, there is a pathway involving chronic hyper-
glycaemia, oxidative stress in joint tissues, overexpression of in-
fl ammatory cytokines and advanced end glycation products, and 

reduced differentiation potential of stem cells. Second, insulin 
resistance has local and systemic effects, as in the case of low-
grade infl ammation (4). Osteoarthritis is a degenerative process 
that affects the joints and is characterised by worn joint cartilage, 
altered subchondral and peri-cartilage bone, mild-to-moderate sy-
novial infl ammation, and pain (5). Non-healing microfractures in 
diabetics may alter bone mechanics, promote osteoarthritis and 
contribute to poor arthroplasty outcomes. Many clinical studies 
have demonstrated an increased fracture risk in post-menopausal 
women with type 2 diabetes mellitus that is not linked solely to 
low bone mineral density on clinical densitometry (6, 7 ). Vascu-
lar insuffi ciency results in decreased neutrophil migration, loss 
of tissue viability, and delayed wound healing. One consequence 
of not being able to control blood sugar is that a breakdown in 
neutrophil function causes impaired wound healing and inad-
equate colloidal production, ultimately leading to chronic wound 
healing defi cits.

Endothelin signalling  is thought to act through two types of 
signalling cascades, either through a short term action character-
ized by second messenger signals (involved in vascular contrac-
tion and/or secretion) or through a long term action characterized 
by pathways of cytosolic and nuclear signalling (involved in cell 
growth). Studies have been done in various tissues and species.  
Endothelin-1 (ET-1) is produced primarily in the endothelium, al-
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though some ET-1 is also produced in vascular smooth muscle cells, 
macrophages, leukocytes, cardiomyocytes, and fi broblasts (8, 9). 

NF-κB is known to regulate hundreds of genes involved in 
many important cellular responses such as infl ammation, migra-
tion, proliferation and apoptosis. So the obvious question is how 
a single transcription factor family can regulate so many differ-
ent genes. Apparently, the early cytoplasmic events leading to 
the release and translocation of NF-κB into the nucleus are not 
suffi cient to explain the complex nature of NF-κB biology (10, 
11). Dysregulation of NF-κB-induced infl ammation induces in-
fl ammatory and neurodegenerative diseases (11). ADAMs are a 
family of membrane-bound proteinases that bind integrins along 
the disintegrin domain (a metalloproteinase domain) and are re-
sponsible for cell adhesion, cell fusion, proteolysis, and signal 
transduction (12). ADAM15 plays a role in neovascular diseases, 
atherosclerotic plaque formation, and new-vessel formation within 
the rheumatoid synovium (13).

This study examined the relationships among infl ammation, 
angiogenic effects, cell–cell interactions, and the cell membranes 
of wound tissues in the feet of patients with type 2 diabetes using 
biochemical and immunohistochemical methods.

Materials and methods

Human skin tissue samples
Diabetic dermis tissue samples were only obtained from 65 

patients (females; aged 38–55 years; males; aged 37–56 years) 
with diabetes.  In order to statistically compare blood and bio-
chemical parameters between diabetic and nondiabetic patients, 
65 normoglycemic patients (35 females, 30 males)  who needed 
debridement due to trauma in foot were included in this study. 
All normoglycemic patients had no medical history of diabetes 
(fasting blood glucose and glycosylated hemoglobin in the nor-
mal range) and did not suffer from general infection or cardiovas-

cular or renal diseases. Dermis tissue samples were not obtained 
from normoglycemic patients. Because the tissues were healthy 
in terms of diabetes and there was no ethic committee approval. 
All tissue samples from diabetic patients included a 1-cm mar-
gin surrounding the wound. This study enrolled 65 patients (35 
females, 30 males) with open wounds on their feet and a diagno-
sis of diabetic foot, seen in orthopaedic and endocrinology clin-
ics between April 2017 and January 2018.  The mean age of the 
men and women was 62 years (range: 50–67 years) and 56 years 
(range: 48–67 years), respectively. The study was approved by 
the hospital ethics committee and the patients provided informed 
consent (2017/24).

In the supine position, the patients underwent surgical de-
bridement of the open wound after the foot was washed with 
isotonic saline and the excised tissues were sent for examina-
tion. Samples were fi xed with neutral buffered 10 % formalin, 
dehydrated in a graded ethanol series, and embedded in paraffi n. 
Then, 5-mm sections were cut with a microtome (RM 2265 rota-
tory microtome; Leica, Germany) and mounted on coated slides. 
The sections were stained with haematoxylin-eosin for light mi-
croscopy examination.
Immunohistochemical technique

Formaldehyde-fi xed tissue was embedded in paraffi n for im-
munohistochemical examination. The sections were deparaffi nised 
in absolute alcohol. Antigen retrieval was performed twice in ci-
trate buffer solution (pH 6.0), fi rst for 7 minutes and then for 5 
minutes, and boiled in a microwave oven at 700 W. The specimens 
were allowed to cool to room temperature for 30 minutes and were 
then washed twice in distilled water, for 5 minutes each time. En-
dogenous peroxidase activity was blocked with 0.1 % hydrogen 
peroxide for 20 minutes. Ultra V block (Cat. no. 85-9043; Invitro-
gen, Carlsbad, CA, USA) was applied for 10 minutes prior to over-
night application of the primary antibodies: ET-1 antibody (1:100; 
Invitrogen), NF-κB antibody (1:100; Invitrogen), and ADAM-15 

 Males
pControls (n:30) Diabetes group (n:30)

Mean Min Max SD Mean Min Max SD
WBCs 13.01 9.36 15.82 1.92 8.91 6.78 10.30 1.09 <0.005*
RBCs 4.77 3.34 7.69 1.28 3.94 2.98 5.78 0.96 <0.005*
Glucose 87.67 81.54 100.00 4.55 116.95 81.00 294.00 47.86 <0.001**
ALP 82.27 74.36 92.36 5.02 110.56 63.00 192.00 29.96 <0.001**
CK 40.98 30.04 52.16 7.44 118.75 24.00 296.00 74.29 <0.005*
CRP 0.39 0.20 0.99 0.19 7.91 2.36 12.45 2.37 <0.001**
 Females

pControls (n:35) Diabetes group (n:35)
Mean Min Max SD Mean Min Max SD

WBCs 12.59 8.73 15.99 1.78 7.98 5.17 10.11 1.09 <0.0001***
RBCs 4.74 4.76 7.55 1.19 4.02 3.01 3.84 0.94 <0.0001***
Glucose 86.35 80.79 98.45 4.33 115.35 78.33 290.17 46.91 <0.001**
ALP 80.37 70.16 94.38 3.57 104.92 59.99 195.88 30.14 <0.001**
CK 41.01 25.35 54.36 7.13 113.33 22.91 294.78 73.81 <0.005*
CRP 0.38 0.15 0.96 0.14 8.01 2.90 12.91 2.81 <0.001**
Data are expressed as the mean ± standard deviation.* p  < 0.005, ** p < 0.001, *** p < 0.0001, WBCs – white blood cells; RBCs – red blood cells; ALP – alkaline phospha-
tase; CK – creatine kinase; CRP – C-reactive protein

Tab. 1. Blood and biochemical parameters of the control and diabetic males and females.
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antibody (1:100; Invitrogen). Secondary antibody (Cat. no. 85-
9043; Invitrogen) was applied for 20 minutes. Then  the slides 
were exposed to streptavidin–peroxidase for 20 minutes. Chro-
mogen diaminobenzidine (DAB, Cat. No. 34002, Invitrogen) was 
used. Control slides were prepared as described above, omitting 
the primary antibodies. After counterstaining with haematoxylin, 
and washing the slide in tap water for 8 minutes and in distilled 
water for 10 minutes, the slides were mounted with Entellan (Cat. 
no. 107961; Sigma-Aldrich, St. Louis, MO, USA).

Statistical analysis
Statistical analysis was performed with SPSS for Windows 

software (ver. 15.0; SPSS Inc., Chicago, IL, USA). The Mann–
Whitney U test was used as appropriate and the results were 
expressed as means ± SD. p < 0.05 were considered to indicate 
statistical signifi cance.

Results

Blood and biochemical fi ndings
Blood and biochemical parameters of the control group and 

male and female diabetic groups were compared. The results are 
shown in Table 1.

Histological fi ndings
The structural features and cellular components of the diabetic 

foot skin lesions of the male and female patients were evaluated 
histopathologically. In the male patients, leukocytes, lymphocytes, 
and macrophages were spread diffusely throughout the lesion, with 
infl ammatory cells invading all layers of the blood vessels, espe-
cially small blood vessels, and with panarteritis seen in the liga-
ment tissue. Nodular structures were observed in the perivascular 
area. Degeneration of collagen fi bres in the lesion and desquama-
tion of some sweat gland cells were seen. In the dermis, increased 
infl ammation was accompanied by hypertrophic fi broblasts and 
structural disruption of the extracellular matrix (Fig. 3a). In the 
female patients, dilation and congestion in the blood vessels were 
seen, in addition to degenerative changes in the subendothelial 

layer and perivascular infi ltration of lymphocytes. Disorganisa-
tion and hyalinisation of collagen fi brils and infl ammatory cell 
accumulation were seen (Fig. 3b). 

Immunohistochemical fi ndings
In the male patients, endothelial cells of the dilated blood ves-

sels and infl ammatory cells around the subendothelial and perivas-
cular areas were positive for ET-1 (Tab. 2). ET-1 expression was 
increased in fi broblasts and infl ammatory cells present among col-
lagen fi brils in the connective tissue (Fig. 3c). In female patients, 
ET-1 was expressed in the endothelial cells of the blood vessels, 
in scattered infl ammatory cells located in the subendothelial layer, 
and in infl ammatory cells and fi broblasts in the connective tissue 
in the perivascular area (Fig. 3d). In male patients, NF-κB was 
expressed in macrophages around blood vessels, and in nodular 
cells in the perivascular space (Fig. 3e). In female patients, NF-κB 
was expressed in fi broblasts located near and within the granula-
tion tissue (Fig. 3f). In male patients, ADAM-15 was expressed 
in endothelial cells, in the basal membranes of blood vessels, and 
in infl ammatory cells and fi broblasts in the lesion (Fig. 3h). In 
female patients, ADAM-15 expression was increased in the en-
dothelial cells of dilated blood vessels, and especially in the basal 
membrane (Fig. 3g).

Discussion

Diabetes mellitus is an increasingly prevalent metabolic dis-
ease with systemic and chronic complications. Diabetic foot re-

Fig. 1. Graphical representation of the blood parameter values of con-
trol and diabetic males and females.

Patient groups  Endothelin-1 NF-κB ADAM-15
Male  diabetic foot 4.0±0.2 3,20±0.9 3.78±0.2
Female diabetic foot 3.89±0.8 3.68±0.4 3.82±0.3
0 – none, 1 – weak, 2 – middle, 3 – strong, 4 – strongest. Data are expressed as the 
mean ± standard deviation (it was not statistically signifi cant protein expression be-
tween male and female diabetic food, p > 0.05)

Tab. 2. Immunohistochemical expression scores in male and female 
diabetic foot patients

Fig. 2. Histogram showing histopathological differences and protein 
expression levels in diabetic groups (Scoring was determined by exam-
ining Endothelin-1, NF-κB and ADAM-15 levels in the excised tissues 
in 10 different regions within the microscope fi eld).
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to defective collagen production. Diabetics 
also show decreased fi broblast and endo-
thelial cell proliferation, reduced epitheli-
sation, decreased collagen production, and 
reduced tensile forces (14). In the diabetic 
foot tissues of our male patients, leuko-
cytes, lymphocytes, and macrophages were 
spread diffusely throughout the lesion, with 
infl ammatory cells invading all blood ves-
sel layers, and especially small blood ves-
sels. The diabetic foot of females showed 
dilation and congestion in the blood ves-
sels, degenerative changes in the suben-
dothelial layer, and perivascular infi ltra-
tion of lymphocytes. Disorganisation and 
hyalinisation in collagen fi brils were also 
seen, in addition to infl ammatory cell ac-
cumulation (Fig. 3a, b).

Various growth factors play roles in 
diabetic foot wound healing. The accumu-
lation of collagen IV and macrophages in 
connective tissue facilitates the healing of 
diabetic foot ulcers and improves the activ-
ity of actin proteins in smooth muscle (3). 
Histopathologically, diabetic ulcers show 
neuropathic lesions that are “frozen” in a 
chronic low-grade infl ammatory condition 
in association with a transient extracellular 
matrix (15, 16). Persistent hyperglycaemia 
inhibits wound healing in diabetics, despite 
fi broblasts, pericytes, keratinocytes, and 
endothelial cells all being common, be-
cause proximal factors impair physiology 
(17). Endothelial cell dysfunction precedes 
the appearance of microvascular lesions. 
Vasoconstriction is associated with marked 
changes in microvascular blood fl ow, vas-
cular permeability, and changes in the anti-
thrombotic properties of endothelium (18). 
In diabetics, endoneurial microangiopathy 
and basal membrane thickening are impor-
tant clinical fi ndings of neuropathy. Endo-
neurial capillary microangiopathy inhibits 
glucose tolerance and has been reported 
to be an early and persistent feature of the 
processes underlying diabetic peripheral 
neuropathy (19). Venous occlusion together 
with elevated glucose levels delays wound 
healing, resulting in nerve entrapment in 
the ulcer and degenerative changes in pe-
ripheral nerves (20, 21). ET-1 levels are in-
creased in diabetic patients when compared 

Fig. 3a. Diabetic group hematoxylin and eosin 
staining. Diabetic foot of a male patient shows 
intense infl ammatory cell infi ltration, with in-
fl ammatory cells invading blood vessel layers 
(red arrow), ligamentous tissue showing pan-
arteritis and degeneration occurring in some 
sweat gland cells (yellow arrow). Scale bar = 
 100 μm.

Fig. 3b. Diabetic group hematoxylin and eo-
sin staining. Diabetic foot of a female patient 
shows dilation and congestion in the blood ves-
sels, degenerative changes in the subendothelial 
layer, perivascular infi ltration of lymphocytes 
(yellow arrow), disorganisation and hyalinisa-
tion in collagen fi brils and an accumulation 
in infl ammatory cells (red arrow). Scale bar 
= 100 μm. 

Fig. 3c. Diabetic group endothelin-1  immu-
nostaining. Foot of a male patient shows en-
dothelin-1 (ET-1) expression in the endothelial 
(yellow arrow), and infl ammatory cells in the 
subendothelial and perivascular areas (red ar-
row). Scale bar = 50  μm.

Fig. 3c*. Diabetic group negative control hema-
toxylin staining. Scale bar = 50 μm.

Fig. 3d. Diabetic group endothelin-1  immunos-
taining. Foot of a female patient shows ET-1 ex-
pression in the endothelial cells, infl ammatory 
cells in the subendothelial layer, and fi broblasts 
in the connective tissue of the perivascular area. 
Scale bar = 50 μm.

Fig. 3d*. Diabetic group negative control hema-
toxylin staining. Scale bar = 50 μm.

with non-diabetic controls, while endothelial receptors are upregu-
lated (22). We found that ET-1 expression was high in vascular 
endothelial cells, and in infl ammatory cells around pre-capillary 

sults from peripheral artery disease and neuropathy, leading to 
ischemia and infection. Diabetes is accompanied by neuropathic 
degeneration, vasculopathy, infection, and poor wound healing due 
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and is thought to have an important role in 
determining insulin resistance.

NF-κB is one of the most important 
regulators of proinfl ammatory gene expres-
sion, enhancing the expression of degrada-
tive enzymes that rearrange the matrix in 
cytokine synthesis (23). Activation of the 
pro-infl ammatory pathway also causes in-
sulin resistance and type 2 diabetes. NF-κB 
activation is correlated with infl ammatory 
disease, but it is diffi cult to relate NF-κB 
activity to infl ammatory disease because 
both infl ammatory and anti-infl ammatory 
mediators are produced, and disease pro-
gression occurs when the balance between 
these factors is compromised (24). Chronic 
infl ammation inhibits insulin sensitivity via 
the activation of pathways that are directly 
associated with the key components of the 
insulin signalling pathway. This infl amma-
tory response impairs insulin sensitivity 
by activating the Toll-like receptor (TLR) 
family, particularly TLR4 (25). TLR acti-
vation results in NF-κB activation, and ac-
tivated NF-κB may affect insulin signalling 
by stimulating the transcription of various 
infl ammatory genes, such as interleukin 
(IL)-6, cyclooxygenase (COX)-2 and tu-
mour necrosis factor (TNF)-α (26). 

Infl ammation in general and pro-in-
fl ammatory cytokines in particular play 
an important role in the function of our 
immune system. In addition, it has been 
observed that most tumors’ microenviron-
ments are present with immune cells. In-
fl ammation surrounding tumors has been 
suggested to confer many necessary prop-
erties for the growth and the development 
of those tumors such as proliferation, an-
giogenesis as well as metastasis. Other im-
portant role of infl ammation and proinfl am-
matory cytokines involves apoptosis. And, 
NF-κB is considered a prototypic proin-
fl ammatory signalling pathway and plays 
a role in the expression of proinfl ammatory 
genes, including cytokines, chemokines 
and adhesion molecules. In our study, NF-
κB expression was seen in male and female 

Fig. 3e. Diabetic group nuclear factor kappa B 
immunostaining.  Nuclear factor kappa B (NF-
κB) expression in macrophages around blood 
vessels (yellow arrow), and in infl ammatory 
cells in the perivascular space, in a male pa-
tient (red arrow). Scale bar = 50 μm.

Fig. 3e*. Diabetic group negative control hema-
toxylin staining. Scale bar = 50 μm.

Fig. 3f. Diabetic group nuclear factor kappa 
B immunostaining. NF-κB expression in fi bro-
blasts around and within the granulation tissue 
(yellow arrow). Scale bar = 50 μm.

Fig. 3f*. Diabetic grou p negative control hema-
toxylin staining. Scale bar = 50 μm.

Fig. 3g. Diabetic group ADAM-15 immunos-
taining.  Disruption of ADAM-15 expression 
in female patients, increased ADAM-15 expres-
sion in connective tissue fi broblasts (yellow ar-
row), and leukocytes in granulation clusters 
(red arrow). Scale bar = 50 μm.

Fig. 3g*. Diabetic group negative control hema-
toxylin staining. Scale bar = 50 μm.

diabetics, in nodular organising cells dispersed in macrophages 
around blood vessels and in the perivascular space, and in fi bro-
blasts near granulation tissue. NF-κB, an important regulator of 
infl ammation, is induced both in the granulation zone and in mac-
rophages. It is thought to play an important role in wound healing.

ADAM-15 is expressed on the surface of endothelial cells in 
blood vessels (27). It is capable of digesting gelatine and type IV 

vessels in the stroma. ET-1 expression in pre-capillary vessels 
in type 2 diabetics results in deterioration of the arterial–venous 
connection of vasoconstrictor end-feeding capillaries, leading to 
irregular blood fl ow in the veins. ET-1 is an important vasoconstric-
tor that helps to regulate the vasculature via proinfl ammatory and 
profi brotic effects. ET-1 release in the endothelial cells of diabetic 
foot ulcers is an important determinant of the onset of the disease 
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collagen (28), which are necessary for endothelial cell sprouting 
and migration. The role of ADAM-15 in endothelial cells was fi rst 
examined in vascular diseases and was subsequently shown to be 
associated with atherosclerosis (29). ADAM-15 as the most highly 
over-expressed protease in prostate cancer progression (30), and 
later studies demonstrated that ADAM-15 was critical for tumor 
maintenance, cancer cell-endothelial interaction and metastasis 
(31). We observed ADAM-15 expression in endothelial cells, in-
fl ammatory cells, and fi broblasts in the diabetic feet of males and 
females. ADAM-15 expression was increased in the basal mem-
brane junctional complex between the cell and the membrane, 
which must be organised so that immune cells can migrate. For 
migration of infl ammatory cells, the extracellular matrix needs 
to be reshaped if the endothelial cells and endothelial-basement 
membrane are disrupted. Although ADAM-15 can function as a 
mediator of diabetic infl ammation, it may also induce endothelial 
cells, contributing to an angiogenic effect. It could also be used 
therapeutically to prevent infl ammation.

In conclusion, ET-1 expression in the endothelial cells of 
diabetic foot ulcers is an important determinant of insulin resis-
tance at the onset of the disease, and also induces macrophages 
to express NF-κB, a regulator of infl ammation. It is thought that 
ADAM 15 contributes to angiogenic effects as a means of stimu-
lating endothelial cells.

References

1. Percival SL, Malone M, Mayer D, Salisbury AM, Schultz G. Role 
of anaerobes in polymicrobial communities and biofi lms complicating 
diabetic foot ulcers. Int Wound J 2018. doi: 10.1111/iwj.12926.

2. Kwo n KT, Armstrong DG. Microbiology and antimicrobial therapy 
for diabetic foot infections. Infect Chemother 2018; 50 (1): 11–20.  doi: 
10.3947/ic.2018.50.1.11.

3. Schmidt BM, McHugh JB, Patel RM, Wrobel JS. Prospective analysis 
of surgical bone margins after partial foot amputation in diabetic patients 
admitted with moderate to severe foot infections. Foot Ankle Spec 2018. 
doi: 10.1177/1938640018770285.

4. Courties A, Sellam J. Osteoarthritis and 
type 2 diabetes mellitus: what are the links? 
Diabet Res Clin Pract 2016; 122: 198–206. doi: 
10.1016/j.diabres.2016.10.021.

5. King KB, Rosenthal AK. The adve rse ef-
fects of diabetes on osteoarthritis: update on 
clinical evidence and molecular mechanisms. 
Osteoarthritis Cartilage 2015; 23 (6): 841–850. 
doi: 10.1016/j.joca.2015.03.031.

6. Vijayakumar A, Kim EK, Kim H, Choi 
YJ, Huh KB, Chang N. Effects of folic acid 
supplementation on serum homocysteine levels, 
lipid profi les, and vascular parameters in post-
menopausal Korean women with type 2 diabetes 
mellitus. Nutr Res Pract 2017; 11 (4): 327–333. 
doi: 10.4162/nrp.2017.11.4.327.

7. Hsu JY, Cheng CY, Hsu CY. Type 2 diabe-

Fig. 3h. Diabetic group ADAM-15 immunos-
taining. Disruption of ADAM-15 expression in 
male patients, ADAM-15 expression in endo-
thelial cells and the basal membrane of blood 
vessels(red arrow). Scale bar = 50 μm.

Fig. 3h*. Diabetic group negative control hema-
toxylin staining. Scale bar = 50 μm.

tes mellitus severity correlates with risk of hip fracture in patients with 
osteoporosis. Neth J Med 2018; 76 (2): 65–71.

8. Lin HC, Su SL, Lu CY, Lin AH, Lin WC, Liu CS et al. Androgra-
pholide inhibits hypoxia-induced HIF-1α-driven endothelin 1 secretion by 
activating Nrf2/HO-1 and promoting the expression of prolyl hydroxylases 
2/3 in human endothelial cells. Environ Toxicol 2017; 32 (3): 918–930. 
doi: 10.1002/tox.22293.

9. Agostini S, Lionetti V. New insights into the non-hemostatic role of 
von Willebrand factor in endothelial protection. Can J Physiol Pharmacol 
2017; 95 (10): 1183–1189. doi: 10.1139/cjpp-2017-0126.

10. Basith S, Manavalan B, Gosu V, Choi S. Evolutionary, structural and 
functional interplay of the IκB family members. PLoS One 2013; 8 (1): 
e54178. doi: 10.1371/journal.pone.0054178.

11. Yang L, Liu CC, Zheng H, Kanekiyo T, Atagi Y, Jia L et al. LRP1 
modulates the microglial immune response via regulation of JNK and 
NF-κB signaling pathways. J Neuroinfl ammation 2016; 13 (1): 304. doi: 
10.1186/s12974-016-0772-7.

12. Zhang P, Shen M, Fernandez-Patron C, Kassiri Z. ADAMs fam-
ily and relatives in cardiovascular physiology and pathology. J Mol Cell 
Cardiol 2016; 93: 186–199. doi: 10.1016/j.yjmcc.2015.10.031.

13. Gao J, Zheng W, Wang L, Song B.  A disintegrin and metallprotein-
ase 15 knockout decreases migration of fi broblast-like synoviocytes and 
infl ammation in rheumatoid arthritis. Mol Med Rep 2015; 11 (6): 4389–
4396. doi: 10.3892/mmr.2015.3302.

14. Moruzzi N, Del Sole M, Fato R, Gerdes JM, Berggren PO, Ber-
gamini C et al. Short and prolonged exposure to hyperglycaemia in hu-
man fi broblasts and endothelial cells: metabolic and osmotic effects. Int 
J Biochem Cell Biol 2014; 53: 66–76. doi: 10.1016/j.biocel.2014.04.026.

15. Waaijman R, de Haart M, Arts ML, Wever D, Verlouw AJ, Nollet F 
et al. Risk factors for plantar foot ulcer recurrence in neuropathic diabetic 
patients. Diabetes Care 2014; 37 (6): 1697–1705. doi: 10.2337/dc13-2470.

16. Bus S A, Waaijman R, Arts M, de Haart M, Busch-Westbroek T, 
van Baal J et al. Effect of custom-made footwear on foot ulcer recurrence 
in diabetes: a multicenter randomized controlled trial. Diabetes Care 2013; 
36 (12): 4109–4116. doi: 10.2337/dc13-0996.

17. Das A , Ghatak S, Sinha M, Chaffee S, Ahmed NS, Parinandi NL et 
al. Correction of MFG-E8 Resolves Infl ammation and Promotes Cutane-
ous Wound Healing in Diabetes. J Immunol 2016; 196 (12): 5089–5100. 
doi: 10.4049/jimmunol.1502270.



Bratisl Med J 2019; 120 (1)

58 – 64

64

18. Bajaj HS, Ye C, Hanley AJ, Sermer M, Zinman B, Retnakaran 
R. Biomarkers of vascular injury and endothelial dysfunction after re-
cent glucose intolerance in pregnancy. Diab Vasc Dis Res 2018. doi: 
10.1177/1479164118779924.

19. Mohseni S, Badii M, Kylhammar A, Thomsen NOB, Eriksson KF, 
Malik RA et al. Longitudinal study of neuropathy, microangiopathy, and 
autophagy in sural nerve: Implications for diabetic neuropathy. Brain Be-
hav 2017; 7 (8): e00763. doi: 10.1002/brb3.763.

20. Kodner C, Anderson L, Pohlgeers K. Glucose Management in Hos-
pitalized Patients. Am Fam Physician 2017; 96 (10): 648–654. 

21. Maltese G, Tan SV, Bruno E, Brackenridge A, Thomas S. Periph-
eral neuropathy in diabetes: it’s not always what it looks like. Diabet Med 
2018. doi: 10.1111/dme.13701. 

22. Motawi TK, Rizk SM, Ibrahim IA, El-Emady YF. Alterations in 
circulating angiogenic and anti-angiogenic factors in type 2 diabetic pa-
tients with neuropathy. Cell Biochem Funct 2014; 32 (2): 155–163. doi: 
10.1002/cbf.2987.

23. Wardyn JD, Ponsford AH, Sanderson CM. Dissecting molecular 
cross-talk between Nrf2 and NF-κB response pathways. Biochem Soc 
Trans 2015; 43 (4): 621–626. doi: 10.1042/BST20150014.

24. Lawrence T, Gilroy DW. Chronic infl ammation: A failure of res-
olution? Int J Exp Pathol 2007; 88 (2): 85–94. doi: 10.1111/j.1365-
2613.2006.00507.x.

25. Gay NJ, Mansell A, Kobe B, Kellie S. Adaptors in Toll-like recep-
tor signalling and their potential as therapeutic targets. Curr Drug Targets 
2012; 13 (11): 1360–1374. 

26. Kim JJ, Sears DD. TLR4 and insulin resistance. Gastroenterol Res 
Pract 2010; pii: 212563. doi: 10.1155/2010/212563.

27. Sun C, Wu MH, Lee ES, Yuan SY. A disintegrin and metalloproteinase 
15 contributes to atherosclerosis by mediating endothelial barrier dysfunc-
tion via Src family kinase activity. Arterioscler Thromb Vasc Biol 2012; 
32 (10): 2444–2451. doi: 10.1161/ATVBAHA.112.252205.

28. Martin J, Eynstone LV, Davies M, Williams JD, Steadman R. The 
role of ADAM15 in glomerular mesangial cell migration. J Biol Chem 
2002; 277 (37): 33683–33689. doi: 10.1074/jbc.M200988200.

29. Charrier-Hisamuddin L, Laboisse CL, Merlin D. ADAM-15: a me-
talloprotease that mediates infl ammation. FASEB J 2008; 22 (3): 641–653. 
doi: 10.1096/fj.07-8876rev.

30. Kuefer R, Day KC, Kleer CG, Sabel MS, Hofer MD, Varambally S 
et al. ADAM15 disintegrin is associated with aggressive prostate and breast 
cancer disease. Neoplasia 2006; 8 (4): 319–329. doi: 10.1593/neo.05682.

31. Najy AJ, Day KC, Day ML. ADAM15 supports prostate cancer me-
tastasis by modulating tumor cell-endothelial cell interaction. Cancer Res 
2008; 68 (4): 1092–1099. doi: 10.1158/0008-5472.CAN-07-2432.

Received September 27, 2018.
Accepted November 5, 2018.


