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Abstract 
Our study aimed to quantify serum VEGF (vascular endothelial growth factor) and its inter-relation with the severity of microvascular damage, 
assessed by nailfold capillaroscopy (NC), and to establish the possible relationship with disease activity score. We included 18 patients, 
diagnosed with systemic lupus erythematosus (SLE) and 17 gender and age-matched control subjects. For determining serum VEGF, we 
used a Human VEGF Assay kit-IBL. NC was performed, according to the standard method, using a video-capillaroscope Videocap 3.0, DS 
Medica, by the same examiner, blinded to clinical and laboratory data. Serum VEGF registered a mean value of 68.99±71.06 pg/mL for SLE 
patients and 31.84±11.74 pg/mL for controls, differences statistically significant; depending on disease activity, we found a mean value of 
60.11±57.74 pg/mL, for patients with moderate disease activity vs. 30.96±11.51 pg/mL for the ones with a low activity (p=0.014). We found 
a moderately positive correlation, statistically significant (p=0.015), between serum level of VEGF and Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI). Performing NC, we found changes in 88.88% of the patients; the most frequent were increased tortuosity, 
dilated capillaries, an increased length and a prominent subpapillary plexus. The presence of nailfold capillaroscopy changes and serum 
level of VEGF, correlated moderately, positive. Since serum levels of VEGF are higher in SLE patients, compared to controls, significantly 
different according to disease activity degree, and directly inter-related to abnormal NC patterns and a more active disease, we can include 
these accessible parameters in the routine evaluation, in order to better quantify the systemic damage, individualize the treatment, improve 
the outcome and life quality for these patients. 

Keywords: systemic lupus erythematosus, vascular endothelial growth factor, nailfold capillaroscopy, disease activity severity 
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 Introduction 

Systemic lupus erythematosus (SLE) is an auto-
immune disease, associated with a wide variety of auto-
antibodies, immune complexes production and cellular 
damage, with the primary site represented by vascular 
endothelial cell injury [1, 2]. Immune mediate vascular 
damage and the consecutive angiogenesis represent major 
pathogenic factors, with an essentially mark on multi-
systemic organ involvement [3, 4]. Among the wide number 
of angiogenic factors, vascular endothelial growth factor 
(VEGF) has been studied as a key mediator of endothelial 
dysfunction and modulator of neovascularization [5]. 
Elevated serum levels of VEGF were found to be increased 
in SLE patients, compared to controls, directly related to 
disease activity and systemic involvement, especially 
lupus nephritis; moreover, recent publications posited 
increased levels of VEGF in patients with moderate or 
severe capillaroscopic changes, suggesting that these 
picture the extension of microvascular damage [6–8]. 

Nailfold capillaroscopy (NC) is a non-invasive, efficient, 
reproducible technique, used to assess the microcircula-
tion in vivo, in order to reveal the peripheral angiopathy, 
with both diagnostic and prognostic purpose, in patients 

with connective tissue diseases [9, 10]. In SLE patients, 
NC alterations have been known to have a lower specificity 
[11, 12] and the most frequently lesions are apparently 
represented by capillaries with an increased tortuosity 
(described in up to 42% of the patients) [13–15], an 
increased length of capillaries [14–16], an increased dia-
meter and a prominent subpapillary plexus [14, 15, 17]. 

Several studies show a direct relation between certain 
capillaroscopic findings, disease activity and high immuno-
logical activity [6, 12, 18, 19], as well as a more frequent 
presence of NC changes in patients with multisystemic 
involvement [19, 20]. 

Due to the major involvement of endothelial dysfunction 
in the process of microvascular remodeling, secondary to 
systemic inflammation, and its multiple clinical conse-
quences, evaluating serum VEGF and using a non-invasive, 
accessible, economic viable method like NC, can be used 
to better understand the level of vascular injury, in order to 
improve the prognostic and apply the proper therapeutic 
measures. 

The aim of the study was to quantify serum VEGF and 
its inter-relation with the severity of microvascular damage, 
assessed by NC, and to establish the possible relationship 
with disease activity score. 
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 Patients and Methods 

We performed a cross-sectional study, which included 
18 patients, diagnosed with SLE, according to ACR 
(American College of Rheumatology) 1982 revised criteria 
[21], in the Department of Rheumatology, Emergency 
County Hospital of Craiova, Romania, and 17 gender 
and age-matched control subjects, without any acute or 
chronic inflammatory disease, history of connective tissue 
disease or peripheral vascular diseases. 

The study was performed in accordance to the 
Declaration of Helsinki and approved by the Ethics 
Committee of the University of Medicine and Pharmacy 
of Craiova. All patients provided their written informed 
consent, after receiving a standard form for NC and VEGF 
evaluation, which mentioned that results are used for 
research purposes. 

Patients’ evaluation included anamnestic data, clinical 
examination, laboratory tests and imagistic methods. 
Disease activity was assessed using Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) [22], 
that ranges from 0 to 105, and defines remission when is 
0, low activity 1–5, moderate activity 6–11, high disease 
activity 11–19 and very high disease activity over 20;  
a persistent SLEDAI over 3 defines a chronic activity 
[23]. Laboratory tests were performed according to the 
manufacturer’s kit indications. 

In order to determine serum VEGF, venous blood 
samples were centrifuged at 9700 rotations/minute, for 
15 minutes, and the serum obtained was stored at -800C 
until analyze. The determination was performed using a 
Human VEGF Assay kit-IBL (Immuno-Biological Labo-
ratories Co.). Both probes and standard were prepared  
in duplicate. First, we prepared wash buffer, by diluting 
50 mL of “8 Wash buffer Conc” with 1.950 mL of 
deionized water and mix. Afterwards, was prepared the 
antibody, by diluting concentrate antibody with the 
solution provided by the kit, in 30 times, according to 
required quantity into a disposable test tube. Preparation 
of standard was done by adding 0.5 mL deionized water 
over the concentrate solution. We performed consecutive 
dilutions of standard solution, so that the concentration 
is 1000 pg/mL in the first tube, 500 pg/mL in the second 
one, until the 8th has the concentration of 0 pg/mL. All 
the reagents were brought to room temperature approxi-
mately 30 minutes before use. Standard curve was prepared 
simultaneously with the measurement of test samples. 
The next step was represented by addition of 100 μL of 
“EIA buffer” into the wells for sample blank, test sample 
and diluted standard, followed by incubation for 60 minutes 
at 370C, then washing five times with wash buffer. We 
added 100 μL of antibody solution into the wells of test 
samples, diluted standard and test sample blank, incubated 
the plate for 30 minutes at 40C and was it seven times. 
100 μg of “Chromogen” was added next into every well and 
incubated the plate for 30 minutes at room temperature, 
in the dark. The last step was represented by addition of 
“Stop solution” and proceeding to the reader and measu-
rement at 450 nm. 

NC was performed, according to the standard method, 
using a video-capillaroscope Videocap 3.0, DS Medica, 
by the same examiner, blinded to clinical and laboratory 

data. All patients were recommended not to cut the 
cuticles, at least seven days prior to examination, and no 
nail lacquer should be applied, in order to avoid artifacts 
and inconclusive results. Each subject was allowed to 
acclimate at least 15 minutes, at room temperature, ideal 
20–240C. NC was performed for the first row capillaries, 
in II–V fingers, both hands, excepting the ones with a 
recent trauma, after applying a drop of immersion oil, in 
order to obtain a better visibility. We assessed the following 
NC parameters: distribution, shape, width, length, mean 
capillary density, presence of avascular areas, hemorrhages 
and visibility of subpapillary plexus. Measurements were 
taken using the software program of the device. 

Statistical analysis was performed using GraphPad 
Prism 5.5. Results are presented as mean±SD and data 
were analyzed using t-test for comparing groups and 
Pearson/Spearman’s coefficient for evaluating correlations. 
We considered a level of p<0.05 statistically significant. 

 Results 

General characteristics 

Of the 18 SLE patients, most of them were female 
(16; 88.88%), with a mean age of 45±10.81 years, ranging 
from 20 to 66 years; most of the patients (83.33%) were 
less than 45 years, as it is described for this connective 
tissue disorder, and the mean disease duration was 8± 
5.54 years (Table 1). Female patients prevailed over male 
also in the control group (16 women and one man) and 
their ages ranged from 19 to 64 years. 

Table 1 – General characteristics of SLE patients 

Parameter Mean±SD 

Age [years] 45.00±10.81 

Disease duration [years] 8.00±5.54 

Hb [g/dL] 11.26±1.21 

Ht [%] 36.67±6.01 

Le [No./mm3] 4109.09±648.71 

Ly [%] 35.31±6.32 

Tr [No./mm3] 161 227.3±36 069.29 

Cr [mg/dL] 0.85±0.15 

24 hours urinary proteins [g/24 h] 0.6±1.41 

Anti-dsDNA [IU/mL] 309.3±205.9 

Anti-Sm [IU/mL] 7.82±2.72 

Anti-U1 RNP [U/mL] 2.58±3.74 

Anti-SS-A/Ro [U/mL] 6±4.72 

Anti-SS-B/La [U/mL] 3.07±3.34 

C3 [mg/dL] 85.65±21.80 

C4 [mg/dL] 11.64±8.13 

aCL-IgG [GPL/mL] 24.86±16.45 

aCL-IgM [GPL/mL] 28.91±17.93 

ESR [mm/h] 33.77±9.22 

CRP [mg/dL] 0.78±0.40 

SLEDAI 7.55±4.06 

GC [n (%)] 16 (88.88) 

HCQ [n (%)] 18 (100) 

Immunosuppressive agents [n (%)] 14 (77.77) 

SD: Standard deviation; Hb: Hemoglobin; Ht: Hematocrit; Le: Leuko-
cytes; Ly: Lymphocytes; Tr: Thrombocytes; Cr: Creatinine; dsDNA: 
Double-stranded DNA; RNP: Ribonucleoprotein; aCL: Anti-cardiolipin; 
ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; SLEDAI: 
Systemic Lupus Erythematosus Disease Activity Index; GC: Gluco-
corticoid; HCQ: Hydroxychloroquine. 
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Laboratory findings 

The results of basic complete blood count, with white 
count differential, fundamental in the assessment of a lupus 
patient, showed a mean value for hemoglobin (Hb) of 
11.26±1.21 g/dL, 4109±648.71/mm3 leukocytes, ranging 
from 3100 to 5200/mm3, with leukopenia, sign of active 
disease, found in 61.11% of the cases; for platelets, we 
registered a mean number of 161 227.3±36 069.29/mm3. 
Lymphopenia, the commonest disorder found in the blood 
count, was present in 10 (55.55%) patients. Erythrocyte 
sedimentation rate (ESR), often raised in SLE patients, 
had a mean value of 33.77±9.22 mm/h, ranging from 22 
to 58 mm/h. For C-reactive protein (CRP), usually normal 
or slightly raised, we calculated a mean value of 0.78± 
0.40 mg/dL, with 12 patients over the upper limit 
(0.5 mg/dL), most of them not exceeding 1 mg/dL. Renal 
assessment identified a mean creatinine (Cr) of 0.85± 
0.15 mg/dL and a mean 24-hour proteinuria, a more 
sensitive test for assessing lupus nephritis, of 0.6±1.41 g. 

Antibodies panel assessment started with anti-doubled-
stranded (ds) DNA antibodies, useful not only for diag-
nostic purposes, but also for monitoring disease activity 
and therapy, that ranged from 78.5 to 686.6 IU/mL, with 
a mean value of 309.3±205.9 IU/mL; for 15 patients, we 
registered a value over the upper limit (100 IU/mL). An 
active disease also involves decreased levels of C3 and 
C4 complement fractions; in our cohort, we obtained a 
mean value of 85.65±21.80 mg/dL for C3 (ranging from 
61.5 to 155.1 mg/dL), with more than 50% of the patients 

having values under the lower limit (90 mg/dL); regarding 
C4 fraction, the mean value was 11.64±8.13 mg/dL, most 
of the patients with C4 deficiency. 

Concerning the therapeutic approach, all of the patients 
received Hydroxychloroquine, 200–400 mg/day, 16 (88.88%) 
were on oral corticosteroids and for 14 immunosuppressive 
agents were part of the treatment (Azathioprine 50 to 
100 mg/day). 

Scoring disease activity, we reckoned a mean value 
of 7.55±4.06 for SLEDAI (min. 3, max. 20). According 
to the classification published by Mosca & Bombardieri 
in 2006 [23], 61.11% (11) of the patients had a moderate 
disease activity, 27.77% (5) a low disease activity, one 
patient (5.55%) registered a value of SLEDAI corres-
ponding to an intense activity and one patient (5.55%) a 
severe disease activity. 

Evaluating the serum level of VEGF, we obtained a 
mean value of 68.99±71.06 pg/mL (95% CI 33.65–104.3). 
Compared to the control group, were the mean value was 
31.84±11.74 pg/mL (95% CI 25.80–37.87), the differences 
recorded were statistically significant, p=0.0397 (Figure 1). 

Analyzing serum VEGF depending on disease activity, 
we found a mean value of 60.11±57.74 pg/mL, for patients 
with moderate disease activity vs. 30.96±11.51 pg/mL 
for the group with a low activity (p=0.014) (Figure 2). 

We found a moderately positive correlation (r=0.561), 
statistically significant (p=0.015), between serum VEGF 
and SLEDAI; also, VEGF correlated significant with ESR 
(r=0.543, p=0.015) and CRP (r=0.5913, p=0.009). 

 

 
Figure 1 – VEGF distribution in SLE group and controls. Figure 2 – VEGF distribution depending on the degree 

of disease activity. 
 

Morphological profile 

Performing NC, a non-invasive imaging technique for 
morphological analysis of capillaries in the nailfold area, 
we found changes in 16 (88.88%) of the 18 patients 
included. The most frequent ones were represented by 
increased tortuosity (15; 83.33%) (Figure 3, a and b), 
dilated capillaries (12; 66.66%) (Figure 4, a and b), an 
increased length in 11 patients (Figure 5a), a scleroderma-
like pattern, with hemorrhages and avascular areas, in 
three patients (Figure 5b) and a prominent subpapillary 
plexus in six patients (Figure 3, a and b). 

The “SLE-type” capillaroscopic pattern, with elongated 

capillaries, increased tortuosity, dilated capillaries and a 
prominent subpapillary plexus, was found in 11 (61.11%) 
of the patients. Most of them, 10 patients, had an increased 
titer of anti-dsDNA antibodies. Antiphospholipid anti-
bodies (anticardiolipin antibodies IgG and IgM) were 
negative in patients with a “SLE-type” pattern. The 
“scleroderma-like” pattern, described in three of them, 
was associated with a high immunological activity 
(increased titer of anti-dsDNA antibodies and hypocom-
plementemia). Although in other studies [11, 12] this 
pattern was associated with the presence of anti-RNP 
(ribonucleoprotein) antibodies and overlap syndrome, in 
the examined SLE group these were not present. 
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Figure 3 – (a and b) Nailfold capillaroscopy (×200): Capillaries with increased tortuosity (T) and a prominent sub-
papillary plexus (PP). 

 

Figure 4 – (a and b) Nailfold capillaroscopy (×200): Dilated capillaries (DC). 
 

Figure 5 – Nailfold capillaroscopy (×200): (a) Increased length (IL) of capillaries; (b) Scleroderma-like pattern, with 
hemorrhages (H), bushy capillaries (B) and avascular areas (AA). 

 

Regarding the control group, we found 1–2 capillary 
loops with increased tortuosity in two patients, without 
significance, and one case with hemorrhages, possible 
traumatic ones. 

Analyzing the relationship between the presence  
of morphological changes, found by capillaroscopic 
examination, and serum VEGF, the main mediator of 
angiogenesis, we established a moderately positive 
correlation (r=0.477, p=0.045). Also, we noticed different 
serum VEGF values in patients with/without certain 

microvascular abnormalities, considered frequent in SLE: 
75.59±76.36 pg/mL vs. 36.33±5.99 pg/mL in patients with/ 
without increased tortuosity (p=0.001), 93.17±82.63 pg/mL 
vs. 31.14±11.61 pg/mL in patients with/without elongated 
capillaries (p=0.076), 85.23±82.91 pg/mL vs. 36.70± 
10.19 pg/mL for patients with/without dilated capillaries 
(p=0.094) and 123.2±103.7 pg/mL vs. 42.00±22.28 pg/dL 
for the ones with/without a prominent subpapillary plexus 
(p=0.001) (Figure 6). 
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Figure 6 – VEGF distribution depending on NC 
changes. 

 Discussion 

The significance of vascular damage in SLE, a classic 
model of systemic autoimmune disease, was underlined 
since 1904, by Osler [24] and it is very well established 
that endothelial dysfunction represents primum movens 
in the process of vascular remodeling [3]. VEGF is a key 
modulator of angiogenesis, endothelial cell proliferation 
and migration, capillary permeability, and it has been 
reported that elevated serum levels are found in chronic 
inflammatory rheumatic diseases, including SLE, compared 
to healthy controls, as well as a direct correlation between 
disease activity and its serum level [5–7]. Our data revealed 
statistically significant differences between patients and 
controls, as reported by Liu et al. in a recent publication 
(2015) [5], Zhou et al. in 2014 [25], Moneib et al. in 
2012 [26], Ciołkiewicz et al. in 2010 [6] and other 
significant scientific reports [27–29]. 

Our results also revealed a statistically significant, 
moderately positive correlation between serum VEGF 
and disease activity, quantified by SLEDAI, suggesting 
that it can be a useful evaluation marker, data reported 
by several recent publications [5, 24–26]. Other data 
from our study sustained a direct correlation between 
serum VEGF and inflammatory markers, ESR and CRP, 
data concordantly with the reports of Kuryliszyn-Moskal 
et al. [8] and Zhou et al. [25]. Analyzing serum VEGF 
dependent on disease activity concluded with a highly 
divergent mean values for patients with moderate disease 
activity versus low activity. The similar relation between 
the degree of disease activity and serum levels of VEFG 
was also reported by other recent publications [5, 6, 8, 
26, 28]. 

Furthermore, we analyzed the microvascular changes, 
using NC, a safe, non-invasive method, easily reproducible, 
used to assess microcirculation in vivo, in patients with 
conjunctive tissue disease. Although the capillaroscopic 
changes are less specific in SLE patients, a series of 
patterns have been described, as well as a variable 
prevalence of these. In our cohort, we found changes in 
16 (88.88%) patients. Several scientific reports have 
described different percentages, ranging from 75% in a 

group of 40 patients, published by Ragab et al. in 2011 
[18], 76.7% in a study that included 33 SLE patients, 
published in An Bras Dermatol, in 2006, by Facina et al. 
[30], to 95.5% in the study reported by Kuryliszyn-Moskal 
et al., in 2007 [8]. The differences between reports may 
be associated with different disease duration of the 
included subjects. 

The morphological abnormalities found in our study 
group varied from capillaries with an increased tortuosity, 
elongated, dilated, ramified capillaries, a prominent sub-
papillary plexus, to giant capillary loops and hemorrhages. 
We found an increased tortuosity of the capillaries as the 
main change, present in 18 (81.81%) of the cases, dilated 
capillaries in 12 (66.66%) patients, an increased length 
for 11 subjects and a prominent subpapillary plexus for 
six patients, results in consistency with the ones reported 
by several recent publications [8, 20, 30]. 

NC findings and serum VEGF correlated moderately, 
positive, and we noticed significant different values of 
serum VEGF in patients with/without certain microvascular 
abnormalities, considered frequent in SLE patients: increased 
tortuosity, elongated capillaries, dilated capillaries and a 
prominent subpapillary plexus. This association, that 
sustain that VEGF reflects the microcirculatory changes 
in SLE patients, explained by inflammation, endothelial 
damage and stimulation of angiogenic factors production, 
was reported by Moneib et al. in 2012 [26], Ciołkiewicz 
et al. in 2010 [6] and previously, in 2009 [27] and 2007 
[8], and Heshmat et al. in 2007 [29]. 

 Conclusions 

Our study is seemingly the first in Romania and 
despite the relatively low number of subjects, it strongly 
resulted in agreement with other recently published data 
and determines the extension of the study, with a multi-
centric involvement. Since serum levels of VEGF are 
higher in SLE patients, compared to controls, significantly 
different according to disease activity degree, and directly 
inter-related to abnormal NC patterns and a more active 
disease, we can include these accessible parameters in the 
routine evaluation. A complex approach of each patient is 
essential, in order to better quantify the systemic damage 
and individualize the treatment, so that we can improve 
the outcome and life quality for these patients. 
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