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Abstract

Background: Spondylarthritis (SpA) significantly affects sacroiliac, 
intervertebral and peripheral joints. Patients with SpA suffer from in-
creased cardiovascular risk (CVR). The endothelial progenitor cell 
(EPC) system critically perpetuates vascular repair. The aim of the 
study was to evaluate circulating EPCs in axial (ax)SpA with special 
attention on parameters of disease activity and CVR.

Methods: Disease activity and functional impairment were quanti-
fied in 50 axSpA patients by using standardized parameters (Bath 
ankylosing spondylitis disease activity index (BASDAI), C-reactive 
protein (CRP), finger-floor distance (FFD) and Ott’ sign). Circulating 
EPCs and EPC regeneration were analyzed (fluorescence-activated 
cell sorting (FACS) and colony-forming unit (CFU) assay). Serum 
vasomodulatory mediators were quantified by enzyme-linked immu-
nosorbent assay (ELISA).

Results: EPC colony numbers were lower in axSpA as compared to 
controls. Females displayed more colonies than males. In addition, 
fewer colonies were observed in smokers, in patients with a BASDAI 
of below 4 and in hypertension. Circulating CD133+/KDR+ cells did 
not differ between the groups. Follow-up analysis (33 months later) 
did not show any differences in gender, colony formation, CD133+/
KDR+ cells or serum levels of vasomodulatory mediators if related to 
the categories of BASDAI, Ott’ sign or FFD.

Conclusions: EPC colony formation is significantly affected in ax-

SpA with particularly low levels in males. EPC-related parameters do 
not allow predicting disease activity-related or functional parameters 
nor are they useful for CVR assessment in SpA.
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Introduction

Spondylarthritides (SpA) including ankylosing spondylitis 
(AS) and psoriatic arthritis (PsA) are characterized by a sig-
nificantly higher than average cardiovascular risk (CVR) [1]. 
Recent data from the DESIR cohort showed increased prev-
alences of arterial hypertension in particular and of CVR in 
general in early axial spondylarthritis (axSpA) [2]. An investi-
gation published in 2013 revealed higher carotid intima-media 
thickness (IMT) in 36 SpA patients as compared to healthy 
controls. In addition, IMT was associated with inflamma-
tory markers, the Bath ankylosing spondylitis disease activ-
ity index (BASDAI) and certain clinical parameters such as 
axial or peripheral spine/joint affection, dactylitis and others 
[3]. Poddubnyy and Rebrov documented a positive correla-
tion between AS disease activity and the risk for aquiring car-
diovascular pathology as well [4]. The mentioned study also 
indicated endothelial dysfunction to significantly occur in AS 
individuals with high as opposed to those with low to mod-
erate disease activity (endothelium-dependent vasodilation 
(EDVD)). A newer investigation, published in 2016, identi-
fied a positive correlation between the CVR and radiographic 
progression in axSpA [5]. Different established CVR factors 
(low-density lipoprotein (LDL), systolic blood pressure and 
Framingham risk score (FRS)) significantly differed between 
AS and controls. The grade of sacroiliitis and the numbers of 
syndesmophytes correlated with the FRS. As a matter of fact, 
the latter of these two parameters and the FRS were associ-
ated in an independent manner (multivariate analysis). Finally, 
Pederson and colleagues intensively investigated the impact 
of anti-tumor necrosis factor (TNF) treatment in axSpA, in-
cluding numerous variables such as radiographic progression/
inflammation and circulating parameters of inflammation, an-
giogenesis and cartilage/bone turnover [6]. Together, the men-
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tioned studies suggest a dynamic relationship between SpA-
associated inflammation/disease progression, atherogenesis 
and endothelial dysfunction.

For many years, neovascularization has been suggested to 
exclusively occur by the expansion of mature vessel wall cells 
such as smooth muscle and endothelial cells. This process, 
termed angiogenesis can also be supported by immature vas-
cular wall precursor or progenitor cells. Endothelial progenitor 
cells (EPCs) have extensively been studied since the hallmark 
investigation published by Asahara in the late 1990s [7]. A lot 
of effort has been made in order to further characterize EPCs. 
Currently, two major EPC populations are being distinguished, 
early and late EPCs (eEPCs/lEPCs) [8-11]. Most of the re-
search performed in recent years focused on eEPCs, showing 
that the cells are capable to prevent vertebrate organisms from 
ischemia-induced organ damage if administered in a systemic 
fashion [12-14]. Thus, the cells, although not acting in a direct 
manner [15, 16], presumably play a key role in endogenous 
vascular repair. In addition, the cells have been established as 
surrogate markers in ischemic diseases. In a relevant number 
of vascular diseases, either characterized by micro- or macro-
vascular dysfunction, eEPCs exhibit alterations in their prolif-
erative capacity. Studies have been performed in coronary ar-
tery disease, chronic kidney dysfunction, sepsis, vasculitis and 
rheumatoid arthritis, respectively [17-20]. The data on EPCs 
in SpA are rare to put it mildly. One study showed peripheral 
EPC depletion in AS with lower cell numbers in negative cor-
relation with the Bath ankylosing spondylitis disease activity 
index (BASDAI) and serum C-reactive protein (CRP) [21]. It 
needs to be noted that the authors presumably did not analyze 
cells that may be defined as EPCs in a broader sense, since 
they employed the two proteins CD34 and CD133 for cell de-
tection. In reality, they most likely enumerated hematopoietic 
precursors. Thus, the data become even more limited.

Our study aimed to investigate peripheral circulating eE-
PCs, eEPC regeneration and certain humoral indicators of im-
paired angiogenesis in axSpA. The special interest focused on 
parameters of disease activity and atherogenic risk factors. In 
the article, we will from now on use the term EPCs instead of 
eEPCs.

Materials and Methods

Patients and setting

The presented investigation was a single-center analysis, per-
formed at the Department of Nephrology and Rheumatology 
(University Hospital of Gottingen, Germany) initially between 
2012 and 2014 with a follow-up visit 2 years later. The study 
was formally approved by the local ethics committee (name 
of the ethics committee: Medical Ethics Committee of the 
University Hospital of Gottingen - grant number: 17/02/08). 
Patients suffering from axSpA according to the ASAS criteria 
from 2009 [22] were screened and included in the study after 
obtaining written consent. Individuals with psoriatic arthritis, 
reactive arthritis and enteropathic arthritis were excluded from 
the study. Diagnoses of the former diseases were made by his-

tory and clinical examination. However, for further clinical 
characterization, especially for evaluating disease-associated 
decreases in mobility, several indices were employed: the test 
of Schober and Ott, finger-floor distance (FFD) and two well-
established scores (Bath ankylosing spondylitis metrology 
index (BASMI) and Bath ankylosing spondylitis functional 
index (BASFI)). Disease activity was quantified by using the 
BASDAI and the ankylosing spondylitis disease activity score 
(ASDAS). The following cut-off values were used for defin-
ing activity: BASDAI < 4 indicates efficient disease control; 4 
indicates insufficient disease control; ASDAS < 1.3 indicates 
mild activity; 1.3 - 2.1 indicates moderate activity; 2.1 - 3.5 
indicates high activity; > 3.5 indicates very high activity. Lab-
oratory parameters as well as human leukocyte antigen B27 
(HLA-B27) analyses were collected/performed at the/from the 
database of the Clinic of Nephrology and Rheumatology of the 
University Hospital of Gottingen.

EPC quantification and regeneration

Quantification of peripheral circulating EPCs and analysis of 
EPC regeneration were performed as described extensively in 
previously published investigations [19, 20, 23]. However, the 
methodological approach shall be described in detail.

Circulating EPCs

Mononuclear cells (MNCs) were isolated by density gradient 
centrifugation using Histopaque-1077 solution (Sigma Diag-
nostics, St. Louis, MO, USA) from about 7.5 mL of heparin-
ized peripheral blood. Cells were primarily incubated for 1 h 
on ice with one or more of the following antibodies: rabbit anti 
CD133 (ab16518; Abcam, Cambridge, UK), mouse anti-hu-
man VEGFR2 (KDR, directly conjugated - FAB 3571F; R&D 
Systems, Minneapolis, MN, USA), followed by secondary 
incubation with PE-conjugated goat anti-rabbit Fab (VEGFR, 
111-116-144; Jackson Immunoresearch, Baltimore, PA, USA) 
for 30 min on ice, respectively. After incubation cells were 
washed with PBS-BSA 1% (w/v). Data were acquired using 
an FACScalibur cytometer (Becton Dickinson, Heidelberg, 
Germany) equipped with a 488-nm argon laser and a 635-nm 
red diode laser and analyzed using CellQuest software (Becton 
Dickinson, San Jose, CA, USA). The setup of FACScalibur 
was performed according to the manufacturer’s instructions 
using unstained and single-antibody stained cells. Specificity 
of staining was controlled by incubation with isotype-matched 
immunoglobulins. To quantify total peripheral endothelial 
cells, the numbers of KDR-positive cells, to quantify EPCs, 
the numbers of CD133/KDR double-positive cells within the 
myelomonocytic cell population were counted.

Colony-forming unit (CFU) assay

The assay was performed by using the EndoCult Liquid Me-
dium Kit® (StemCell Technologies, Vancouver, BC, Canada) 
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per the manufacturer’s protocol. MNCs were resuspended in 
complete EndoCult medium and seeded at 5 × 106 cells/well 
on fibronectin-coated tissue culture plates (BD Biosciences, 
Rockville, MD, USA). After 48 h, wells were washed with 
media and non-adherent cells were collected. Non-adherent 
cells were plated in their existing media at 106 cells/well in 
24-well fibronectin-coated tissue culture plates for 3 days. 
Only colonies with at least 20 cells, containing rounded cells 
in the middle and elongated cells at the periphery, were con-
sidered as CFU-EC colonies. The numbers of colonies (colo-
nies/well) appearing after this period were counted. At least 
two members of the laboratory staff evaluated the numbers of 
CFU-ECs. They were blinded for the diagnosis and status of 
the investigated patients/controls. In all patients, the pheno-
type of cells within the colonies was determined more in de-
tail. For this purpose, cells were characterized by the uptake of 
DiI-labeled acetylated low-density lipoprotein (ac-LDL) (Inv-
itrogen, Carlsbad, CA, USA) and binding of FITC-labeled UE 
lectin (Sigma Diagnostics, St. Louis, MO, USA). Cells were 
first incubated with 10 µg/mL DiI-ac-LDL at 37 °C for 1 h 
and later fixed with 2% formaldehyde for 10 min, followed 
by incubation with UE lectin at 37 °C for 1 h. The number 
of Dil-acLDL+/UE lectin+ cells was counted by laser scanning 
microscopy using an inverted fluorescence microscope IX-71 
(Olympus Deutschland GmbH, Hamburg, Germany) equipped 
with the appropriate excitation and emission filters (AHF An-
alysentechnik, Tuebingen, Germany).

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of the following vasomodulatory me-
diators were quantified by ELISA technique according to the 
manufacturer’s protocols: vascular endothelial growth factor 
(VEGF), angiopoietin-1 and -2 (Ang-1/Ang-2), platelet-de-
rived growth factor (PDGF) and transforming growth factor-
beta (TGF-b) (all from R&D, Wiesbaden, Germany).

Statistical analysis

Data were analyzed for normality using the Shapiro-Wilk test. 
Differences between two groups were analyzed by the Mann-
Whitney test. Correlation analyses were performed using the 
Spearman’s rank correlation test. Significance was postulated 
if P-values were below 0.05. Data are given as mean ± stand-
ard deviation (SD) or (follow-up analyses) as mean ± standard 
error of the mean (SEM).

Results

Patients

A total number of 50 individuals were included in the study 
(58% males and 42% females). The mean age of all subjects 
was 45 ± 15 years. Seventy-four percent of the patients were 
HLA-B27-positive. In 38%, at least one relative of the first or 

second degree suffered from AS. Thirty-three subjects (66%) 
presented with AS, and the remaining 17 individuals (34%) 
were diagnosed with nr(non-radiographic)-axSpA. The mean 
duration of the disease was 9 ± 9 years. Mean CRP and mean 
erythrocyte sedimentation rate (ESR) at the time of diagnosis 
were 8.1 ± 18.7 mg/L and 11/21 ± 18/23 mm. Thus, 42% of 
the patients showed laboratory findings of humoral inflamma-
tion. Physiotherapy was performed on a regular basis in 30 
of 50 subjects (60%), and the mean duration of morning stiff-
ness was 32.6 ± 35.4 min. Fifty percent of the subjects (n = 
25) showed at least one or more co-morbidities: 32% suffered 
from arterial hypertension, and the mean body mass index was 
26.1 ± 5.0 kg/m2, thus ranging within the “overweight” but not 
“obesity” section according to recently published criteria [24]. 
The prevalence of diabetes mellitus was low (4%, n = 2). Thir-
ty-eight percent reported a history of smoking, and the mean 
number of pack-years was 12. Therapy with non-steroidal anti-
inflammatory drugs (NSAIDs) was performed in 82%, with 
71% on a regular and 29% on an intermittent basis. Proton 
pump inhibitors (PPIs) were applied in 54% and statins in 8%. 
Sulfasalazine was administered in 30% and 32 patients (64%) 
received anti-TNF-alpha inhibitors (adalimumab or etanercept 
or infliximab). Table 1 summarizes the patients’ characteris-
tics.

EPC colony formation

Regenerative EPC activity was evaluated by using an estab-
lished CFU assay. In SpA, numbers of colonies were signifi-

Table 1.  Patient’s Baseline Characteristics

Patient characteristics Frequency
Sex (female/male) 21/29
Age (years ± SD) 44.8 ± 15.4
AS (n, %) 33 (66%)
nr-SpA (n, %) 17 (34%)
HLA-B27 (%) 74
DOD (years) 9.1 ± 8.6
BMI (kg/m2 ± SD) 26.1 ± 5.0
Hypertension (n, %) 16 (32%)
Diabetes (n, %) 3 (6%)
Smoking 19 (38%)
Sulfasalazin treatment (n, %) 15 (30%)
Biological treatment (n, %) 32 (64%)
Mean BASDAI at initiation of the study (± SD) 3.4 ± 2.2
Mean Ott’ sign at initiation of the study (cm ± SD) 2.4 ± 1.6
Mean FFD at initiation of the study (cm ± SD) 17 ± 18
Mean CRP at initiation of the study (mg/dL ± SD) 8.1 ± 18.6

AS: ankylosing spondylitis; nr-SpA: non-radiographic axial SpA; DOD: 
duration of the disease; BMI: body mass index; HLA-B27: human leu-
kocyte antigen B27; BASDAI: Bath ankylosing spondylitis disease ac-
tivity index; FFD: finger-floor distance; CRP: C-reactive protein.
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cantly lower as compared to untreated controls (25 ± 20 vs. 37 
± 25.6, P = 0.02).

We next aimed to analyze colony formation in certain sub-
categories, with all of these assigned to one of two groups, 
respectively. The first group contains disease-related subcat-
egories (e.g. humoral inflammation, disease activity and pa-
tients’ mobility), and the second group summarizes different 
CVR factors.

Disease-related subcategories

There was no difference in colony numbers between HLA-B27-
positive and negative patients (HLA-B27+: 25 ± 21.5 vs. HLA-
B27-: 26 ± 13.6, P = 0.52). Next, several disease activity-relat-
ed parameters were evaluated. Disease activity was quantified 
using the BASDAI. Patients with more disease activity tended 
to have higher numbers of colonies than those with less activ-
ity but the difference was not statistically significant. Never-
theless, patients with less activity showed fewer numbers of 
colonies as compared to the controls (21 ± 19 vs. 37 ± 25.6, P 
= 0.001). There was no difference between patients with BAS-
DAI < 4 as compared to those with higher values. Additional 
analyses were performed using the ASDAS. Patients with low 
activity showed significantly fewer colonies than healthy con-
trols (16 ± 6.6 vs. 37 ± 25.6, P = 0.02). Individual mobility was 
measured by the BASMI, the BASFI, the tests of Schober and 
Ott, and the FFD, respectively. None of the parameters cor-
related with colony formation (P-values: BASMI 0.37, BASFI 
0.86, Schober 0.68, Ott 0.15, FFD 0.89).

Humoral inflammation was quantified by measurements 
of the CRP. Patients with a value of < 5 mg/dL were defined 
as those with mild to moderate humoral inflammatory activity, 
and patients with a value of > 5 mg/dL were defined as highly 
active. The difference in colony numbers was not significant 
(21 ± 15 vs. 19 ± 19.7, P = 0.58). The individual pharmacologi-
cal treatment regimens significantly differed between axSpA 
patients. Several drugs have been shown to modulate EPC re-
generation and numbers of blood-derived EPCs. We were par-
ticularly interested in NSAIDs, TNF-alpha neutralizing agents 
and PPIs. We did not find any difference between patients re-
ceiving these types of drugs and healthy controls in terms of 
colony formation (NSAIDs+ vs. NSAIDs- and controls: 24.7 ± 
17.9 vs. 28 ± 30 and 37 ± 25.6, P = 0.69 and 0.9; axSpA receiv-
ing anti-TNF-alpha vs. axSpA without anti-TNF-alpha: 27.8 ± 
20.6 vs. 22 ± 16.1, P = 0.27; axSpA receiving PPI vs. axSpA 
without PPI: 26 ± 22 vs. 24 ± 18.5, P = 0.4). Figure 1 summa-
rizes the results of all disease-related subcategories.

CRV subcategories

Colony numbers did not correlate with age at the time of inclu-
sion into the study (P = 0.23). Females displayed more colo-
nies than males (female 32 ± 7 vs. male 20 ± 6 colonies, P = 
0.003). Since obesity, arterial hypertension and smoking are 
well-known CVR factors, we aimed to analyze these parame-
ters in relation to the numbers of EPC colonies. The body mass 

index (BMI) did not correlate with colony formation (P = 0.7), 
but axSpA patients with arterial hypertension showed signifi-
cantly fewer colonies than healthy controls (18.9 ± 14 vs. 37 
± 25.6, P = 0.007). The axSpA patients with ongoing nicotine 
abuse did not show less colonies than non-smoking axSpA pa-
tients but displayed fewer colonies than healthy controls (20 ± 
17 vs. 27 ± 24 and 37 ± 25.6, P = 0.4 and 0.005). Colony num-
bers tended to be lower in non-smoking axSpA patients than in 
controls (27 ± 24 vs. 37 ± 25.6, P = 0.07). Patients undergoing 
statin treatment did not show higher colony number than those 
without therapy (no statins 25 ± 20, statins 26 ± 22, P = 0.93). 
Finally, we evaluated the impact of regularly performed physi-
cal training but once again, we failed to detect any difference 
(no exercise 23 ± 15, exercise 26 ± 22, P = 0.52). Figure 2 sum-
marizes the results of all CVR subcategories.

Peripheral circulating EPCs

In addition to colony formation analysis, we also enumerated 
peripheral circulating EPCs as published in previous studies 
[19, 20, 23]. It needs nevertheless to be mentioned that a spe-
cific set of EPC markers is still missing. Thus, the combined 
staining of CD133 and KDR is an approximative method for 
EPC quantification at least. Peripheral CD133+/KDR+ cells 
did not differ between controls and axSpA patients (controls 
vs. SpA: 0.75±0.85% vs. 0.97±1.65%, not significant). Thus, 
we did not perform further analyses related to circulating cell 
numbers at this point.

Follow-up

A total number of 34 out of 50 included patients (68%) were 
additionally followed up after a mean period of 2 years after 
inclusion into the study. The following activity- and damage-
associated parameters were re-evaluated: BASDAI, Ott’s sign 
(cm) and FFD (cm). Differences (Δ-values) to the initial values 
were calculated and related to gender, EPC colony numbers, 
peripheral circulating EPCs and serum levels of VEGF, Ang-
1/Ang-2, PDGF and TGF-b at the time of study inclusion. In 
all categories except gender, the respective mean values were 
used as cut-off for comparisons. Differences were not statisti-
cally significant in any of the analyzed subgroups: female - 
male/below vs. ≥ mean number of colonies (CFU-ECs)/below 
vs. ≥ mean percentages of CD133+/KDR+ cells/below vs. ≥ 
mean serum levels of VEGF/Ang-1/Ang-2/PDGF/TGF-b (Fig. 
3).

Discussion

The current study is the very first investigation of the eEPC 
system in axSpA. It is in addition one of the first studies that 
evaluated EPCs in relation to disease-associated parameters 
and to CVR factors in SpA in general. Few other groups pub-
lished data about the cells in other types of SpA such as pso-
riatic and enteropathic arthritis [25-27]. The title of a more 
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recent study performed in AS suggested that EPCs were enu-
merated by flow cytometry [21]. In reality, it can seriously be 
doubted whether the cell surface maker combination used in 
the study (CD34 and CD133 combined) truly allowed detect-
ing EPCs. To our understanding, the authors did most likely 
analyze immature hematopoietic but not EPCs.

Our study in contrast offers several new perspectives on 
EPCs in rheumatic diseases. Firstly, axSpA was associated 

with decreased EPC colony formation in general. Secondly, 
especially lower disease activity, as reflected by a BASDAI 
of < 4 and by an ASDAS of < 1.3 went in parallel with fewer 
numbers of blood-derived EPC colonies. In addition, sxSpA 
patients with arterial hypertension and those with ongoing 
nicotine abuse (smoking) displayed impaired EPC colony for-
mation. There were no differences in the percentages of circu-
lating CD133+/KDR+ cells between any of the groups. Finally, 

Figure 1. EPC colony formation in controls and SpA patients related to different treatments (a) and disease-associated catego-
ries (b). In general, colony numbers were lower in SpA as compared to controls. Particularly patients with a BASDAI of lower 
than 4 and individuals with the lowest ASDAS displayed impaired EPC colony formation (b). In addition, NSAID treatment was 
associated with lower than normal colony formation (data as median ± lower and upper quartile, *P < 0.05 as compared to the 
controls). EPCs: endothelial progenitor cells; SpA: spondylarthritis; BASDAI: Bath ankylosing spondylitis disease activity index; 
ASDAS: Ankylosing spondylitis disease activity score; NSAIDs: non-steroidal anti-inflammatory drugs.
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neither colony numbers nor CD133+/KDR+ cells served as re-
liable tools for predicting disease activity or functional impair-
ment over a mean period of approximately 30 months.

The data on EPC in SpA are very limited. One study 
performed in psoriatic arthritis patients has been published 
in 2009 [27]. Individuals with arthritis did not show higher 
or lower percentages of CD133+/KDR+ cells as compared to 
those without arthritis or as compared to healthy controls. 
Nevertheless, the authors found correlations between cell 
numbers and VEGF levels/the BASDAI, concluding that 
EPCs may not essentially be involved in the pathogenesis 
of the disease. Other rheumatic disorders have been investi-
gated more in detail, particularly rheumatoid arthritis, typi-
cally characterized by increased formation of highly vascu-
larized synovial tissue [28-30]. One investigation performed 
by Park and colleagues showed increased formation of bone 
erosions to be associated with lower EPC numbers, indicat-
ing that adequate cell quantities may be required to maintain 
the structural integrity within and around joints [31]. Among 
other rheumatic diseases, EPC-related investigations were 
performed in systemic lupus erythematosus (SLE) [8, 23], 
granulomatous polyangiitis (GPA) [19] and systemic sclerosis 
[32, 33], respectively.

The current study revealed impaired EPC colony forma-
tion in axSpA with a more pronounced suppression in patients 
with low disease activity. These data are somehow difficult 
to interpret. Following the study by Park et al [31], one may 
speculate that inhibited EPC regeneration potentially perpetu-
ates joint inflammation. In axSpA as opposed to RA, synovial 
thickening/proliferation occurs less frequent or intense. The 
so-called pannus is a hallmark of rheumatoid arthritis (RA). 
In this situation, it appears plausible that suppressed eEPC 

regeneration accompanies or possibly even augments inflam-
matory joint and bone damage. In axSpA in contrast, colony 
numbers were particularly reduced in individuals with low 
disease activity. This finding does not fit into our proposed 
concept of EPC regeneration failure as “pro-inflammatory 
signal”. Therefore, any reasonable explanation is lacking at 
the moment.

In other disorders such as chronic kidney disease (CKD), 
(sub)acute kidney injury (AKI) and systemic sclerosis, se-
vere microvasculopathy has been documented as a hallmark 
of persistent tissue damage [8, 34]. In these situations, vas-
cular rarefication and occlusion go in parallel with increased 
fibrogenesis. Impaired EPC colony formation has at least been 
found in patients with CKD and in septic AKI [18, 20]. We 
did not particularly assess the degree of radiolographic axSpA 
progression in our study. Therefore, any definite conclusion 
about EPC regeneration in relation to the stage of axSpA must 
be drawn after further, expanded studies.

The second point of interest was the impact of CVR fac-
tors on EPC proliferation and quantities. Reduced colony for-
mation was detected in male as compared to female axSpA pa-
tients and in hypertensive and smoking individuals in contrast 
to those without arterial hypertension and nicotine abuse. In the 
two latter categories, differences were significant in compari-
son to healthy controls but not within the axSpA group. Other 
CVR factors did not show any impact on colony formation 
or circulating EPCs, neither if compared to the controls nor if 
exclusively analyzed between axSpA patients. These data are 
not truly surprising since comparable observations have been 
made in the past, at least in hypertension and nicotine abuse 
[35, 36]. Statins have been documented to increase peripheral 
EPCs [37]. Our study failed to confirm these findings, possi-

Figure 2. Regenerative activity of EPCs in controls and SpA related to certain CVR factors. Hypertensive and smoking SpA 
patients displayed lower EPC colonies than healthy subjects. In addition, males showed less intense colony formation than fe-
males. All other categories did not differ from each other/the controls in a significant manner (data as median ± lower and upper 
quartile, *P < 0.05 as compared to the controls; #P < 0.05 between females and males). EPCs: endothelial progenitor cells; SpA: 
spondylarthritis; CVR: cardiovascular risk.
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Figure 3. Follow-up analysis after a mean period of 2 years (performed in 34 out of 50 patients (68%)). The parameters includ-
ing gender, mean number of EPC colonies, peripheral circulating EPCs, and mean serum levels of VEGF, angiopoietin-1 and -2, 
PDGF and TGF-b were used for comparing differences in BASDAI (a), Ott’ sign (b) and FFD (c) (both in cm) over time. None of the 
analyzed subgroups showed any significant difference as compared to the beginning of the study (data as median ± lower and up-
per quartile). EPCs: endothelial progenitor cells; BASDAI: Bath ankylosing spondylitis disease activity index; VEGF: vascular en-
dothelial growth factor; PDGF: platelet-derived growth factor; TGF-b: transforming growth factor-beta; FFD: finger-floor distance.
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bly due to the low number of patients undergoing statin treat-
ment (8%). At the moment, we must therefore conclude that 
the mere presence of axSpA does at least not aggravate find-
ings that were previously reported in healthy, non-rheumatic 
subjects.

The last section of our analyses was performed in order 
to evaluate the predictive role of certain soluble vasomodu-
latory substances in terms of disease activity and patients’ 
mobility in the long-term (mean follow-up period of 33.2 ± 
1.9 months). None of the included parameters (Ang-1 and -2, 
VEGF, PDGF and TGF-b) did significantly predict changes 
in the mean BASDAI or the FFD or the Ott’s sign. Even the 
number of colonies in culture failed to differentiate between 
these categories. Braun and colleagues reported serum VEGF 
in AS to be not predictive for radiographic progression of the 
disease [38]. Only few data are available on serum angiopoi-
etins and SpA. Genre et al found associations between serum 
osteopontin and Ang-2 in TNF-alpha inhibitor treated AS, but 
long-term analyzes of progression-associated parameters were 
not performed.

Conclusions

EPC regeneration is significantly affected in axSpA, whereas 
percentages of peripheral circulating cells do not differ from 
healthy controls. The exact reasons for particularly low regen-
erative activity in individuals with low disease activity remain 
speculative at the moment.

It needs to be elucidated to which extent impaired EPC 
colony formation possibly correlates with the disease progres-
sion or not.

Finally, axSpA is at least not associated with any signifi-
cant modulation of CVR factors as compared to non-rheumatic 
subjects. On the other hand, EPC-related parameters may not 
be particularly useful for CVR assessment in axSpA.
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