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ABSTRACT

Introduction. Necrobiosis lipoidica (NL) is a granulomatous skin dis-
ease of still only partially known pathogenesis. Microangiopathy is con-
sidered as one of the most important processes in NL, and vascular en-
dothelial growth factor (VEGF) and endothelin-1 are strongly involved 
in it. Recent studies have demonstrated the beneficial therapeutic effect 
of tumor necrosis factor α (TNF-α) inhibitors in treatment of recalcitrant 
cases of NL, which is due to the important role of TNF-α in develop-
ment of inflammation and granulomas in the course of NL.
Objective. To assess the serum levels of VEGF, endothelin-1 and TNF-α 
in NL patients.
Material and methods. The study group consisted of 17 patients with 
NL (mean age 48.22 ±15.99 years), 37 patients with diabetes mellitus 
(mean age 52.11 ±17.41 years) and 23 healthy volunteers (mean age 44.13 
±9.33 years) as a control group. Serum concentrations of TNF-α, VEGF 
and endothelin-1 were assessed in all patients with the ELISA test. 
Results. The TNF-α concentration was statistically lower in the controls 
when compared to the NL patients and diabetic patients (p < 0.05 for all 
comparisons). There were no differences in VEGF serum levels between 
all the examined groups (p > 0.05 for all comparisons). Endothelin-1 
serum values were under the tested values in most cases; however, sta-
tistically more frequently these values were found in the controls than 
in the NL group (p < 0.05).
Conclusions. The results of our study suggest that inflammation with 
enhanced synthesis of TNF-α in NL patients is the primary pathological 
effect, followed by local impairment of angiogenesis. 

STRESZCZENIE

Wprowadzenie. Obumieranie tłuszczowate (necrobiosis lipoidica – NL) 
jest chorobą ziarniniakową o nie do końca poznanej patogenezie. Nie-
którzy autorzy sugerują, że u podłoża choroby leży mikroangiopatia, 
w której rozwoju istotny udział przypisuje się czynnikowi wzrostu 
śródbłonka naczyniowego (ang. vascular endothelial growth factor – 
VEGF) i endotelinie 1. Nowe dane z piśmiennictwa wskazują na ko-
rzystny efekt terapeutyczny inhibitorów czynnika martwicy nowotwo-
rów (tumor necrosis factor α – TNF-α) w leczeniu opornych postaci NL, 
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co prawdopodobnie wynika z udziału tej cytokiny w rozwoju zapale-
nia i tworzeniu ziarniniaków w przebiegu NL.
Cel pracy. Ustalenie stężenia VEGF, endoteliny 1 i TNF-α w surowicy 
chorych na NL.
Materiał i metody: Grupa badawcza składała się z 17 chorych na NL 
(średni wiek 48,22 ±15,99 roku), 37 chorych na cukrzycę (średni wiek 
52,11 ±17,41 roku) i 23 zdrowych wolontariuszy (średni wiek 44,13 
±9,33 roku) – grupa kontrolna. Stężenie wybranych białek określano 
metodą ELISA.
Wyniki. Średnie stężenie TNF-α było istotnie mniejsze w grupie kon-
trolnej w porównaniu z pacjentami z NL oraz chorymi na cukrzycę  
(p < 0,05 dla wszystkich porównań). Nie stwierdzono istotnych sta-
tystycznie różnic w stężeniu VEGF pomiędzy badanymi grupami  
(p > 0,05 dla wszystkich porównań). Stężenie endoteliny było poniżej 
wartości wykrywanych u większości badanych osób, jednak statystycz-
nie istotnie częściej parametr ten był oznaczany w grupie kontrolnej niż 
u chorych na NL (p < 0,05).
Wnioski. Uzyskane wyniki mogą świadczyć, że stan zapalny przebiega-
jący ze zwiększonym stężeniem TNF-α jest zjawiskiem zaangażowanym 
w rozwój NL, wyprzedzającym upośledzenie miejscowej angiogenezy.

INTRODUCTION

Necrobiosis lipoidica (NL) is a granulomatous skin  
disease of still unknown pathogenesis which usual-
ly appears in middle-aged women [1]. The NL more 
frequently is observed in diabetic patients, but it also 
may be accompanied by sarcoidosis, connective tis-
sue diseases or inflammatory bowel diseases [2–4]. 
The NL association with diabetes mellitus is still con-
troversial. Although up to 75% of patients with NL 
suffer from diabetes mellitus (DM), only 0.3–1% of 
diabetic patients present skin lesions of NL [5]. In the 
literature there are scarce data on the pathogenesis 
of necrobiosis lipoidica. Microangiopathy is consid-
ered as one of the most important phenomena in NL. 
Vascular endothelial growth factor (VEGF) is one 
of the most important factors involved in the initial 
process of angiogenesis [6, 7]. Effector cells for VEGF 
are endothelial cells. The VEGF is a mitogenic factor 
for these cells and promotes their proliferation. Their 
excessive proliferation is one of the phenomena in-
volved in microangiopathy. Endothelial dysfunction 
is also due to increased production of the vasocon-
strictor and pro-inflammatory peptide, i.e. endothe-
lin-1. Some authors also suggest immunological dis-
turbances leading to deposits of immunoglobulins in 
skin vessels and disturbances in platelet aggregation 
[8–12]. Recent literature data show that tumor necro-
sis factor α (TNF-α) inhibitors such as adalimumab, 
infliximab or etanercept are beneficial in treatment 
of recalcitrant cases of necrobiosis lipoidica, which 
probably results from the fact that TNF-α plays an 

important role in development of inflammation and 
granulomas in the course of NL [13–16]. 

OBJECTIVE

The observations and suggestions of disturbed 
angiogenesis leading to microangiopathy in the 
course of NL were the reason why we decided to as-
sess serum level of VEGF, endothelin and TNF-α in 
NL patients.

MATERIAL AND METHODS

The study group consisted of 17 patients with NL 
(13 women, 4 men, mean age 48.22 ±15.99 years),  
37 patients with diabetes mellitus (10 women, 27 men,  
mean age 52.11 ±17.41) and 23 healthy volunteers  
(10 women, 13 men, mean age 44.13 ±9.33 years) who 
served as the control group. Four patients with NL 
suffered additionally from DM type II. 

Serum samples obtained from all subjects were 
stored at a temperature of –25°C until further anal-
ysis. 

Serum concentrations of TNF-α, VEGF and en-
dothelin-1 were examined with the ELISA test accord-
ing to the manufacturer’s procedure. For TNF-α and 
VEGF we used assays obtained from R&D Systems 
Quantikine (Minneapolis, USA), and for endothelin-1 
assay from IBL International GmbH (Hamburg, Ger-
many). 
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Statistical analysis

For statistical analysis the Mann-Whitney test, 
χ2 test with Yates’ correlation and Spearman corre-
lation were used. Statistical significance was found 
when p < 0.05.

RESULTS

In the NL group mean serum concentration of 
TNF-α was 1.421 pg/ml (min. 0.001, max. 3.060 pg/
ml) and of VEGF 286.533 pg/ml (min. 98.875 pg/ml,  
max. 555.524 pg/ml). Maximal concentration of en-
dothelin-1 in these patients was 0.804 fmol/ml, al-
though in most patients (16/17) its concentration 
was under the examined values. 

In diabetic patients mean serum concentration of 
TNF-α was 1.998 pg/ml (min. 0.001, max. 9.570 pg/
ml) and of VEGF 294.697 pg/ml (min. 13.841 pg/ml, 
max. 794.584 pg/ml). Maximal serum concentration 
of endothelin-1 was 10.201 fmol/ml, and in most ex-
amined patients (31/38) its values were under the 
diagnostic level. 

In the control group mean serum concentration of 
TNF-α was 0.580 pg/ml (min. 0.000, max. 2.490 pg/
ml) and of VEGF 241.451 pg/ml (min. 50.360 pg/ml, 
max. 463.830 pg/ml). Maximal serum concentration 
of endothelin-1 was 0.964 fmol/ml, and in 11 out of 
examined patients its values were not diagnostic. 
Detailed values of serum concentrations of TNF-α 
and VEGF are shown in Table I. 

Analyzing VEGF serum concentration we found 
no differences between the examined groups, i.e. ei-
ther between NL patients and controls, or between 
diabetic patients and controls, or between NL pa-
tients and diabetic ones (p > 0.05 for all compari-
sons).

Significant differences were found in mean serum 
concentration of TNF-α between the controls and 
other examined groups. The TNF-α concentration in 
the controls was statistically lower when compared 
to the NL patients and diabetic patients (p < 0.05 for 
all comparisons). There were no significant differ-
ences in TNF-α serum values between NL and dia-
betic groups (p > 0.05) (Table II).

Table I. Serum concentration of TNF-α and VEGF

Parameter Group N Mean 
concentration

[pg/ml]

SD Median Min.
[pg/ml]

Max.
[pg/ml]

VEGF

Controls 23 241.451 122.355 265.800 50.360 463.830

NL 17 286.533 119.136 269.927 98.875 555.524

Diabetic 
patients 38 294.697 202.422 282.885 13.841 794.584

TNF

Controls 23 0.580 0.833 0.000 0.000 2.490

NL 17 1.421 1.004 1.525 0.000 3.060

Diabetic 
patients 38 1.998 2.368 1.125 0.000 9.570

Table II. Comparisons of TNF-α and VEGF concentrations

Group N VEGF TNF

Statistical 
power

Likelihood Significance 
(p)

Statistical 
power

Likelihood Significance

NL 17
0.237 0.813 > 0.05 –0.105 0.916 > 0.05

DM 38

NL 17
–1.064 0.287 > 0.05 –2.456 0.014 < 0.05

Controls 23

DM 38
–0.692 0.489 > 0.05 –2.656 0.008 < 0.05

Controls 23
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As endothelin-1 serum values were undetectable 
in most cases it was impossible to perform statistical 
analysis. However, we found significant differences 
in frequency of detectable endothelin 1 values be-
tween the NL group and controls. Statistically more 
frequently these values were found in the controls 
than in the NL group (p < 0.05) (Fig. 1.).

DISCUSSION

Necrobiosis lipoidica is a rare granulomatous 
skin disease of unknown etiology. In some cases it 
coexists with diabetes mellitus. In the available liter-
ature there are only scarce data on its pathogenesis. 
According to our knowledge there are no data on 
the serum levels of proinflammatory cytokines and 
factors involved in angiogenesis in patients with NL. 
Thus, observations made in our study are original. 
The TNF-α increases both proliferation and apopto-
sis in multiple cells and in this way it regulates their 
number [17]. This protein plays many important 
roles in our organism and is involved in the devel-
opment of various diseases, including psoriasis, pso-
riatic arthritis, rheumatoid arthritis, Crohn’s disease 
and diabetes mellitus type II [18]. Beneficial effects of 
TNF-α inhibitors were observed in most of these dis-
eases, which confirms its crucial role in their patho-
genesis [19]. 

We decided to assess TNF-α serum concentration 
in NL patients due to recent literature data indicating 
high effectiveness of TNF-α inhibitors (adalimumab, 
etanercept or infliximab) in NL patients. The authors 
of these publications suggest that it may result from 
an important role of TNF-α in generation of granulo-
mas and pathogenesis of NL [13–16]. 

Literature data unequivocally prove the role of 
increased serum levels of TNF-α and inflammation 
in the development of diabetes mellitus [20]. In our 
study we revealed that concentration of this protein 
was significantly higher in NL and diabetic patients 

when compared to the controls, but we found no dif-
ferences between the two examined patient groups. 
We should highlight that in the available literature 
there are no papers on TNF-α concentrations in NL, 
so our observation is the first one; however, because 
of the relatively small group of patients it requires 
further investigations. 

As microangiopathy and disturbances in angio-
genesis are considered as processes involved in NL 
[21], we also decided to examine serum concentra-
tions of VEGF and endothelin-1 in the patients with 
this disease. In NL patients the VEGF serum level did 
not significantly differ when compared to the con-
trols and diabetic patients. These results may indi-
cate that an imbalance in angiogenesis in the course 
of NL takes place only locally and it has no systemic 
effect which is observed in the patients with malig-
nancies or rheumatoid arthritis. In the literature there 
are many papers reporting increased levels of VEGF 
in diabetic patients, especially with retinopathy [22]. 
Our negative observations may result from the fact 
that all our diabetic patients were under close diabet-
ic control, and the retinopathy that occurred in 12 of 
them was in very early stages. Endothelin-1 serum 
level was not investigated in NL patients. The results 
of the studies in the group of diabetic patients with 
controlled disease revealed that its level was compa-
rable to the control group and our results are in line 
with this observation. According to Ugurlu et al. [23] 
endothelin serum concentration cannot be used to 
assess local imbalance of angiogenesis.

CONCLUSIONS

Based on the obtained results we may assume that 
inflammation with enhanced synthesis of TNF-α in 
NL patients is the primary event in pathogenesis of 
the disease, with subsequent impairment of angio-
genesis.
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