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Abst rac t
Introduction: Leg ulcers are a frequently observed medical problem affecting 3–5% of the general population over  
65 years of age. The most common factor responsible for the development of leg ulcers is chronic venous insuf-
ficiency (CVI). It is believed that during the formation of an ulcer there are two processes occurring simultaneously, 
extracellular matrix (ECM) degradation and angiogenesis in which several proteins including matrix metallopro-
teinases, angiogenic and regulatory factors are engaged.
Aim: To determine the serum concentration of matrix metalloproteinase-1 (MMP-1), -9 (MMP-9), tissue inhibitors 
of metalloproteinases-1 (TIMP-1), angiogenin and vascular endothelial growth factor (VEGF) in patients suffering 
from venous leg ulcers and in the healthy control group.
Material and methods: The study group consisted of 71 Caucasians (39 patients, 32 controls). To evaluate the serum 
concentration of MMP-1, MMP-9, TIMP-1, VEGF and angiogenin, the ELISA technique was used.
Results: Mean MMP-1 and MMP-9 concentrations in the study group were 14.16 ±2.98 and 12.45 ±3.85 ng/ml, 
respectively, and in controls 6.08 ±2.51 ng/ml and 6.77 ±2.41 ng/ml, respectively and both differences were statisti-
cally significant (p < 0.001). There was no significant difference between the study and the control group in TIMP-1 
concentration. Mean VEGF and ANG concentrations in the study group were 589.3 ±346.2 pg/ml and 1802.0 ±415.7 
pg/ml, respectively, and in controls 220.3 ±110.4 pg/ml and 1229.0 ±337.7 pg/ml, respectively and both differences 
were statistically significant (p < 0.001).
Conclusions: Lack of significant differences in the concentration of TIMP-1 between the control and the study 
group confirms that proteolysis is a hallmark of CVI, but increased concentration of VEGF and angiogenin in the 
study group compared to the control group shows that angiogenesis occurs simultaneously with ECM remodelling.
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Introduction

Leg ulcers are nowadays a frequently observed medi-
cal problem which affects approximately 3–5% of the 
general population over 65 years of age. The incidence 
of leg ulcers is tightly connected with demographic and 
environmental factors such as population aging, seden-
tary lifestyle, obesity and tobacco consumption, thus 
making leg ulcers one of the diseases of affluence. The 
most common factor responsible for the development of 
leg ulcers is vascular disorders, especially chronic venous 
insufficiency (CVI), manifesting as varicose veins, deep 
vein thrombosis and ulceration. CVI affects about 38% of 

men and 51% of women in the Polish population [1] being 
responsible for about 65% of all leg ulcer diagnoses [2]. 
It is believed that during the formation of an ulcer there 
are two processes occurring simultaneously, extracellu-
lar matrix (ECM) degradation and angiogenesis in which 
several proteins including matrix metalloproteinases, an-
giogenic and regulatory factors are engaged. 

Extracellular matrix metalloproteinases (MMPs) are 
proteases which are catalysing the hydrolytic reaction of 
a peptide bond inside polypeptide chains [3]. MMPs belong 
to the superfamily of proteolytic enzymes containing the 
Zn2+ atom in their catalytic centre [4]. According to the cur-
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rent literature, a total of 23 enzymes belong to the family 
of metalloproteinases, slightly differing in their quaternary 
structure, which are classified by their structure and sub-
strate specificity [5]. Regardless of the classification, the 
typical feature of metalloproteinases is their function of 
remodelling and degradation of the extracellular matrix 
[5–7]. In terms of venous ulcer development it seems that 
major key players are MMP-1 and MMP-9. MMP-1 de-
grades type-I collagen that is the main component of the 
ECM as well as other collagen types -II, -III, -V and -IX [8, 9]. 
MMP-1 expression is strongly associated with the wound 
healing process in which it enables secondary epitheliali-
zation via migration of keratinocytes due to type-I colla-
gen proteolysis [10]. Increased MMP-1 expression is also 
associated with worse prognosis in colorectal cancer [11],  
oesophageal cancer [12] or bladder cancer [13]. MMP-9  
degrades collagen types -IV, -V, -XI and -XIV [14], and is 
usually expressed during the tissue remodelling process, 
inflammatory reactions or invasive tumour growth [15]. 
Some previous studies have shown that high levels of 
MMP-9 can delay ulceration in patients with diabetic foot, 
although the mechanism has not been clarified yet [15, 16]. 
The activity of both metalloproteinases can be regulated 
by endogenous inhibitors, mainly α2-macroglobulin and 
tissue inhibitors of metalloproteinases (TIMP) [17]. TIMP-1 
is able to block the activity of these metalloproteinases by 
forming coordination bonds with them in a stoichiometric 
ratio of 1 : 1, however, it shows particular affinity towards 
MMP-9 [18]. TIMP-1 is one of the critical regulators of the 
wound healing process by balancing the participation of 
metalloproteinases in ECM remodelling and inhibiting 
apoptosis of endothelial cells and platelets in the presence 
of proinflammatory cytokines [19]. 

As mentioned above, the second process happen-
ing concurrently with ECM degradation is angiogenesis 
which consists of several stages. Angiogenesis starts 
with increased permeability of blood vessels and the ac-
cumulation of MMPs in the ECM, leading to degradation 
of the basal membrane components and reorganization 
of the vessel walls, thus allowing the migration and pro-
liferation of endothelial cells, which results in formation 
of new blood vessels within the ECM. It has been shown 
that the crucial role here is played by angiogenin and vas-
cular endothelial growth factor (VEGF). Angiogenin (ANG) 
is the first discovered protein involved in the stimulation 
of tumour angiogenesis first described by Bert L. Vallee 
in 1985 [20]. ANG is one of the strongest factors stimu-
lating the formation of blood vessels, however it is also 
participating in neuroprotective mechanisms, regenera-
tion of damaged tissues and innate immunological re-
sponse. Disruption of ANG levels are found in coronary 
heart disease, heart failure, diabetes and neurodegen-
erative diseases, e.g. amyotrophic lateral sclerosis (ALS) 
or Parkinson’s disease (PD) [21]. ANG also participates in 
the process of wound healing and tissue regeneration 
in response to exogenous trauma by binding to actin 

and stimulating the tissue plasminogen activator. VEGF 
is a glycoprotein present in five isoforms resulting from 
alternative splicing of its mRNA: VEGF-A, -B, -C, -D and 
placental growth factor (PGF), of which VEGF-A is so far 
best described [22–26]. VEGF is produced by cells that 
primarily participate in wound healing, e.g. endothelial 
cells, fibroblasts, platelets, neutrophils and macrophages 
[27–30]. From the point of view of the development of 
venous ulcers, VEGF seems to be a particularly important 
factor responsible for the healing of the ulceration, due 
to its participation in many stages of angiogenesis, vaso-
dilatation, basal membrane degradation, endothelial cell 
migration and their proliferation. 

Therefore, it becomes necessary to determine which 
mechanisms govern the process of their development.

Aim

The aim of the study was to determine the serum 
concentration of MMP-1, MMP-9, TIMP-1, ANG and VEGF 
in patients suffering from venous leg ulcers as well as in 
the healthy control group in peripheral blood.

Material and methods

Participants

The study group consisted of 71 Caucasians (38 wom-
en and 33 men, at the average age of 72.99 ±4.82 years), 
of which 39 were patients with leg ulcers, and 32 healthy 
volunteers (control). In all patients in the study group, 
the ulcer was a single lesion and was located near the 
medial malleolus. In addition, no participant in the study 
had a history of cancer in the interview, was a trans-
plant recipient, received immunosuppressive therapy or 
suffered from other vascular disorders (coronary heart 
disease, etc.). All participants signed informed written 
consent before enrolment into the study. The study pro-
tocol was approved by the local bioethical committee 
and performed according to the Declaration of Helsinki 
principles.

Methods

To detect and evaluate concentrations of MMP-1, MMP-9,  
TIMP-1, VEGF and ANG enzyme-linked immunosorbent as-
say (ELISA) was employed. The following reagents (R&D 
Systems Europe, Abingdon, UK) were used: DTM100 Hu-
man TIMP-1 Quantikine ELISA Kit, DMP900 Human MMP-9 
(Total) Quantikine ELISA Kit, DMP100 Human Pro-MMP-1 
Quantikine ELISA Kit, DAN00 Human Angiogenin (ANG) 
Quantikine ELISA Kit, and DVE00 Human VEGF Quantikine 
ELISA Kit. All ELISA assays were performed using a quantita-
tive sandwich immunoassay method. The concentration of 
each protein was assessed using ASSYS ExpertPlus micro-
plate reader and the MikroWin2013 software. The follow-
ing concentration units were used for each protein: MMP-1 
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[ng/ml], MMP-9 [ng/ml], TIMP-1 [ng/ml], angiogenin [pg/ml], 
and VEGF [pg/ml].

Statistical analysis

Statistical analysis of the results was done using the 
Statistica 13 software (Statsoft, Tulsa, USA). To present 
the measures of the central tendency, the arithmetic 
mean and median were used. Standard deviation and 
the first/third quartiles were used to present the mea-
sures of dispersion. Statistical testing was preceded by 
an analysis of the distribution of variables using the Sha-
piro-Wilk test. The Student’s t-test in Welch modification 
or the Mann-Whitney U test was used to determine the 
significance of differences between the groups studied. 
The correlation assessment was based on correlation 
matrices and Pearson’s correlation coefficient. The level 
of statistical significance for all analyses was p < 0.05.

Results

Detailed results are shown in Tables 1, 2 and Figures 
1 A–E. Mean MMP-1 and MMP-9 concentrations in the 
study group were 14.16 ±2.98 and 12.45 ±3.85 ng/ml, 
respectively, and in controls 6.08 ±2.51 ng/ml and 6.77 
±2.41 ng/ml, respectively and both differences were sta-
tistically significant (p < 0.001). There was no significant 
difference between the study and the control group in 
TIMP-1 concentration (Table 1). Mean VEGF and ANG con-

centration in study group were 589.3 ±346.2 pg/ml and 
1802.0 ±415.7 pg/ml, respectively, and in controls 220.3 
±110.4 pg/ml and 1229.0 ±337.7 pg/ml, respectively and 
both differences were statistically significant (p < 0.001).

Discussion

The development of skin lesions during the course of 
CVI reflects the complex interaction between functional 
changes in the cardiovascular system, overexpression of 
proinflammatory cytokines and metalloproteinases and 
disturbance of cellular metabolism [3, 31]. It has been 
shown that the increased expression of metalloprotein-
ases (MMP-1, MMP-2, MMP-8 and MMP-9) and the re-
sulting extracellular matrix destruction is a phenomenon 
typical of chronic healing wounds [3, 32]. The activity of 
these proteins is regulated by TIMPs which activity plays 
a significant role in ulcer development [33]. In our study, 
the concentration of MMP-1 and MMP-9 in blood serum 
was significantly higher in patients with leg ulcers than 
in healthy controls, while TIMP-1 concentration was not 
significantly different between groups, which suggests 
that TIMP-1 is lacking its inhibitory activity in relation to 
MMP-1 and MMP-9. Nwomeh et al. [34] implied that in-
creased activity of MMP-8 and reduced TIMP-1 may be 
a phenomenon typical of non-healing ulcers [34]. Those 
results were confirmed by Amato et al. [3] who studied 
the activity of MMP-1 and MMP-8 in chronic leg ulcers 
on a group of 45 patients, which were divided into two 
subpopulations: the first consisted of patients with non-
healing ulcers, while the second consisted of patients 
in whom ulcers were responsive to treatment. In order 
to determine the concentrations of MMP-1 and MMP-8, 
they measured their activity in the serum fluid gener-
ated in the ulcer as well as in the tissues themselves. 
They showed that the level of MMP-1 and MMP-8, both in 
the tissue and in the serum, is significantly higher in the 
group of patients with non-healing ulcers, with the level 
of MMP-8 being significantly higher than that of MMP-1, 
regardless of the study group [3]. These results suggest 
that although the level of MMP-1 is significantly elevated 
in leg ulcers, the sole activity of MMP-8 may be an impor-

Table 1. Detailed results of MMP-1, MMP-9, TIMP-1 concentration in blood serum

Parameter MMP-1 [ng/ml] MMP-9 [ng/ml] TIMP-1 [ng/ml]

Controls Study group Controls Study group Controls Study group

25% percentile 3.590 12.490 4.220 9.860 2.940 3.010

Median 6.495 13.610 7.265 11.700 3.305 3.560

75% percentile 8.128 16.540 8.485 14.930 4.295 4.030

Mean 6.084 14.160 6.773 12.450 3.557 3.580

Std. deviation 2.508 2.980 2.414 3.854 1.035 0.7776

P for comparison < 0.0001 < 0.0001 0.5872

Table 2. Detailed results of VEGF and angiogenin 
concentration in blood serum

Parameter VEGF [pg/ml] Angiogenin [pg/ml]

Controls Study 
group

Controls Study 
group

25% percentile 130.50 332.10 1045.00 1468.00

Median 202.20 523.90 1147.00 1789.00

75% percentile 317.10 679.80 1349.00 2081.00

Mean 220.30 589.30 1229.00 1802.00

Std. deviation 110.40 346.20 337.70 415.70

P for comparison < 0.0001 < 0.0001
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tant factor in prediction of ulcer healing, however these 
findings need further exploration. 

Microvascular disturbances seem to precede the de-
velopment of a full-sized ulcer. It has been proven that 
the decrease in microcirculation induces the expres-
sion of VEGF, which is one of the main regulators of an-
giogenesis. Studies conducted by Shoab et al. [35, 36] 
indicate that VEGF expression is elevated both in skin 
sections collected from the leg ulceration, correlating 
positively with the CEAP classification, as well as in the 
blood plasma of patients with CVI [36]. These observa-
tions are similar to those obtained in our study; mean 
VEGF concentration was significantly higher in patients 
with ulcerations than in the control group. Despite the 
possible therapeutic implications, the use of VEGF as 
a prognostic factor in the treatment of venous leg ulcers 
is still ambiguous. Shoab et al. [35] suggest that VEGF 
plasma concentration may be used in relation to clinical 
parameters of ulceration, but this is contradictory to the 
results obtained by Gohel et al. [37] who observed that 
VEGF concentration correlates with age of the patient, 
however, does not correlate with the size of the ulcer.

Angiogenesis, stimulated mainly by angiogenin is an 
important stage in the process of wound development 
and healing. In our study, the mean serum concentration 
of angiogenin in the study group was significantly higher 
than in the control group. It is difficult to compare these 
results in the context of other studies because, to the 
best of our knowledge, there is lack of studies regarding 
serum angiogenin concentration in patients with leg ul-
cers. Pan et al. [38] studied the expression of angiogenin 

in serum from burn blister fluid (BBF). The blockage of 
angiogenin activity in BBF was associated with a lower 
percentage of endothelial cell proliferation and the for-
mation of new vessels in vivo; similarly, increased angio-
genesis was observed with an increased expression of 
angiogenin [38]. The potential involvement of angiogenin 
in wound healing was demonstrated by Ma et al. [39] in 
a study using vacuum therapy in a murine model. They 
have shown that vacuum therapy increases the expres-
sion of angiogenin, leading to stabilization of the micro-
vascular environment by recruitment of pericytes.

Conclusions

Obtained results suggest that MMP-1 and MMP-9 are 
participating in development of venous leg ulcers, how-
ever the exact mechanism still needs further explora-
tion. Lack of significant differences in the concentration 
of TIMP-1 between the control and the study group con-
firms that proteolysis is a hallmark of CVI, but increased 
concentration of VEGF and angiogenin in the study group 
compared to the control group shows that angiogenesis 
occurs simultaneously with ECM remodelling. 
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Figure 1. Detailed results
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