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Abstract

Background: Increased cardiovascular (CV') morbidity and mortality and abundant angiogenesis have been associated with rheumatoid arthritis (RA) and ankylosing
spondylitis (AS). Biologics may influence both vascular function and angiogenesis. Here, vascular function, markers of atherosclerosis angiogenesis and the effects of
anti-TNF therapy on these biomarkers were assessed arthritides.

Patients and methods: Altogether 53 arthritis patients including 36 RA patients treated with etanercept (ETN) or certolizumab pegol (CZP) and 17 AS patients
treated with ETN were included in a 12-month follow-up study. Angiogenesis markers including vascular endothelial (VEGF) and platelet-derived growth factor
(PDGF-BB), angiopoetin 1 and 2 (Angl, Ang2) and thrombospondin 1 (T'SP-1) were assessed by ELISA. Anti-CCP and anti-citrullinated enolase peptide (CEP)
antibodies were also determined by ELISA. Flow-mediated vasodilation (FMD), common carotid intima-media thickness (ccIMT) and pulse-wave velocity (PWV)
were assessed by ultrasound. All assessments were performed at baseline, as well as 6 and 12 months after treatment initiation.

Results: One-year anti-T'NF therapy significantly decreased VEGF, PDGF-BB and Ang2 serum levels. In uni- and multivariate analyses, PDGF-BB levels correlated
with smoking, disease duration and ccIMT. Moreover, Angl correlated with CRP, Ang2 with disease duration, CRP and positive CV history. Finally, TSP-1 levels
correlated with disease duration, anti-CCP, anti-CEP and ccIMT.

Conclusions: In our arthritis cohort, the levels of angiogenic markers correlated with disease duration, CRP, ACPA and ccIMT. Anti-TNF therapy attenuated the
production of angiogenic markers in these arthritides. Some angiogenic mediators may be used as surrogate biomarkers that link angiogenesis, inflammation and
atherosclerosis in arthritides.

Abbreviations: ACPA: anti-citrullinated protein antibody; Ang:  Background
angiopoietin; AS: ankylosing spondylitis; BASDAI: Bath Ankylosing
Spondylitis Disease Activity Index; ccIMT: common carotid intima-
media thickness; CCP: cyclic citrullinated peptide; CEP: citrullinated
enolase peptide; CRP: C-reactive protein; CTGF: connective tissue
growth factor; CV: cardiovascular; CZP: certolizumab pegol;
DAS28: 28-jopint disease activity scale; DMARD: disease-modifying
antitheumatic drug; ECG: electrocardiogram; ECM: extracellular
matrix; ELISA: enzyme-linked immunosorbent assay; ETN: etanercept;

Accelerated, inflammatory atherosclerosis leading to increased
cardiovascular (CV) morbidity and mortality has also been observed
in rheumatoid arthritis (RA) and ankylosing spondylitis (AS) [1-4].
Vascular abnormalities can be observed early, even in patients without
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clinical CV disease [1,2]. Ultrasound-based imaging modalities are
able to detect preclinical vascular pathophysiology [5]. Endothelial
dysfunction, manifest atherosclerosis and increased arterial stiffness
are indicated by abnormal endothelium-dependent, flow-mediated
vasodilation (FMD), common carotid intima-media thickness (ccIMT)
and arterial pulse-wave velocity (PWV), respectively [2,3,5-11]. These
preclinical abnormalities predict the development of subsequent CV
events in arthritides [5,11].

RA and AS have been associated with the perpetuation of
endothelial activation and angiogenesis in the synovial tissue [12-15].
Several angiogenic mediators promote synovial neovascularization
[12-16]. The hypoxia-vascular endothelial growth factor (VEGF)-
angiopoetin 1 (Angl) axis plays an essential role in orchestrating
arthritis-associated angiogenesis. Ang2 acts as a partial agonist to
the receptor tyrosine kinase-2 (Tie2) and by competing with Angl
for Tie2 binding [16-18]. Other angiogenic growth factors include
platelet-derived growth factor (PDGF). PDGF may stimulate
angiogenesis both in vitro and in vivo [12,15]. Thrombospondin 1
(TSP-1) is an extracellular matrix (ECM) protein also expressed by
inflammatory cells. It regulates angiogenesis in arthritis, by upstream
signalling of the transforming growth factor B (TGF-p)-connective
tissue growth factor (CTGF) axis [19, 20]. VEGE, Angl, Ang2, PDGF
and TSP-1 are readily detectable in the sera and synovial fluids
of arthritis patients and they may serve as potential biomarkers of
inflammatory angiogenesis [12,15]. Synovial vascularity determined
by power Doppler ultrasound was correlated with VEGF, Angl and
Ang?2 levels [21]. VEGF may serve as a marker of angiogenesis, as
well as disease activity [13,15]. Numerous compounds, among others
several conventional and targeted disease-modifying antirheumatic
drugs (DMARDs) and VEGF inhibitors also suppress synovial
neovascularization [18,22,23].

In order to link the two above-mentioned processes, angiogenesis
has been implicated in the pathogenesis of atherosclerosis [15,24].
Angiogenic factors and new blood vessels indicate an increased risk
for plaque rupture. The final event of tissue degradation is mediated
by ECM proteases in the pathology of atherosclerosis, as well as
joint destruction [4,15,24]. Moreover, systemic inflammation is the
major driver of both inflammatory angiogenesis and atherosclerosis
[1,2,4,12,15]. Tumour necrosis factor a (TNF-a) is highly involved
in the pathogenesis of RA-related angiogenesis and atherosclerosis
[12,14,25]. The control of inflammation by targeted therapies including
TNF-a inhibitors, may dampen these two processes [23,26,27]. Anti-
TNF biologics may improve vascular pathophysiology [1,27] and may
also reduce the production of some angiogenic markers [27-29]. As
periodontitis and anti-citrullinated enolase peptides (CEP) have been
implicated in RA [30] and AS [31], as well as atherosclerosis [32], we
also performed an oral examination and anti-CEP testing.

In this study, we wished to determine the effects of one-year anti-
TNF therapy on the production of angiogenic biomarkers. Our primary
hypothesis was that biologic treatment suppressed the production of
these markers. In addition, we also determined the release of angiogenic
markers in relation to functional vascular parameters, oral health and
some other clinical parameters in order to understand the complexity
of angiogenesis regulation.

Methods

Patients

Fifty-three patients with inflammatory arthritis (36 RA and 17 AS)
were enrolled in the study. Patient characteristics are seen in Table 1.
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The cohort included 34 women and 19 men with mean age of 52.0 +
12.1 (range: 24-83) years. Mean disease duration was 8.5 + 7.9 (range:
1-44) years. Patients with active disease were recruited prior to initiating
a biological therapy. All patients were biologic-naive, started on an anti-
TNF therapy at baseline and received the same biological treatment at
one year. Among the 36 RA patients, 20 received etanercept (ETN) 50
mg/week subcutaneous (SC) and 16 received certolizumab pegol (CZP)
(400 mg at 0, 2 and 4 weeks, and thereafter 200 mg twice weekly SC). All
17 AS patients received ETN 50 mg/week SC.

The study was approved by the Hungarian Scientific Research
Council Ethical Committee (approval No. 14804-2/2011/EKU). Written
informed consent was obtained from each patient and assessments were
carried out according to the Declaration of Helsinki. No individual
patient data are reported.

Clinical assessment

First, detailed medical history was taken. We inquired for current
smoking, history of CV disease, periodontitis and tooth loss during
the last year prior to the start of this study by a questionnaire (Table
1). Further clinical assessments including physical examination were
performed at baseline, and after 3, 6 and 12 months of therapy. At
baseline RA patients had a mean DAS28 of 5.00+0.86, while AS patients
exerted mean BASDAI of 5.79 + 1.19 (Table 1).

All patients’ dental condition was recorded by a dentist (IT). The
number of missing teeth was counted. Based on periodontal charting
according to current classification [33], the presence of periodontitis
was recorded.

Laboratory measurements

Serum high sensitivity C reactive protein (hsCRP; normal: < 5mg/1)
and IgM rheumatoid factor (RF; normal: < 50 IU/ml) were measured
by quantitative nephelometry (Cobas Mira Plus-Roche), using CRP
and RF reagents (both Dialab). ACPA (anti-CCP) autoantibodies were
detected in serum samples using a second generation Immunoscan-RA
CCP2 ELISA test (Euro Diagnostica; normal: < 25 IU/ml). The assay
was performed according to the manufacturer’s instructions.

Among serum biomarkers of angiogenesis, VEGF (V-Plex,
Meso Scale Diagnostics; pg/ml), PDGF-BB (DuoSet ELISA, R&D
Systems; pg/ml), Angl (DuoSet ELISA, R&D Systems; pg/ml), Ang2
(QuantiKine ELISA, R&D Systems; pg/ml) and TSP-1 (DuoSet ELISA,

Table 1. Patient characteristics

RA AS Total
n 36 17 53
female:male 31:5 3:14 34:19
559+9.8 43.6+124 52.0+12.1
age (mean = SEM)(range), years (35-83) (24-72) (24-83)

disease duration (mean + SEM)

(range), years 9.1+8.3(1-44) 7.2%£7.0 (1-26) | 8.5+7.9 (1-44)

smoking (current) 7 7 14

positive CV history 1 9

periodontitis (current) 10 5 15

tooth loss (current) 14 7 21

RF positivity, n (%) 26 (72) -

ACPA positivity, n (%) 21 (58) -

DAS28 (baseline) (mean + SEM) 5.00+£0.86 -

BASDAI (baseline) (mean + SEM) - 5.79+1.19

Treatment (ETN, CZP) 20 %2;’ 16 17 ETN 37 ETN, 16 CZP
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R&D Systems; ng/ml) levels were determined by ELISA at baseline, as
well as after 6 and 12 months of anti-TNF therapy.

Determination of anti-CEP-1 levels

Anti-CEP-1 IgG was measured in the serum samples using an in-
house peptide ELISA, as previously described [30]. Anti-CEP-1 IgG
levels are presented as AU/ml, based on a standard curve. The cut-off
for ,,positivity” and ,,negativity” was 3.7 AU/ml.

Assessment of vascular physiology by ultrasound

Brachial artery FMD was assessed as described before [6,7,34]. In
brief, ultrasound examination was performed on the right arm using 10
MHz linear array transducer (ultrasound system: HP Sonos 5500) by a
single trained sonographer after 30 minutes resting in a temperature-
controlled room (basal value for FMD). A B-mode longitudinal section
was obtained of the brachial artery above the antecubital fossa. In
order to assess FMD, reactive hyperaemia was induced by release of a
pneumatic cuff around the forearm inflated to suprasystolic pressure for
4.5 minutes. After deflation the maximal flow velocity and the arterial
diameter was 90 seconds long continuously recorded. Flow velocities,
the baseline diameter, as well as FMD were ECG gated and detected
offline. FMD values were expressed as % change from baseline (resting)
value (FMD%). In our previous work, we divided RA patients into “high
(normal) FMD” and “low (impaired) FMD” subsets by defining a cut-
off value of 5% [34]. We used the same cut-off in the present studies.

The ccIMT measurements were carried out as described before
(6,8,34]. Briefly, a duplex ultrasound system (HP Sonos 5500, 10 MHz
linear array transducer) was used to assess the common carotid arteries
by a single observer. Longitudinal high-resolution B-mode ultrasound
scan were employed over both right and left common carotid arteries
and were R-synchronized and recorded. The offline measurements were
performed lcm proximal to the carotid bulb in the far wall. ccIMT was
defined as the distance between the first and second echogenic lines
from the lumen taking the average of 10 measurements on both sides.
ccIMT values were expressed in mm. In our previous work, we divided
RA patients into “high (increased) ccIMT” and “low (normal) ccIMT”
subsets by using a cut-off value of 0.65 mm [34]. We used the same cut-
off in the present studies.

With respect to arterial stiffness, PWV was calculated automatically
by a TensioClinic arteriograph system (Tensiomed Ltd, Budapest,
Hungary) as the quotient of the distance between the jugular fossa
and symphysis as described before [6,9]. If an artery is elastic, PWV
is low. With decreased arterial elasticity, PWV rises. The arteriograph
assesses this parameter from the oscillometric data obtained from the
35 mmHg suprasystolic pressure of the brachial artery. In order to
obtain reproducible results, the patient had to rest in a supine position
for at least 10 minutes before the assessment in a quiet room. PWV is
expressed in m/s. Based on our previous experience [6] we used a cut-
off value of 8 m/s, where PWV < 8 m/s and PWV > 8 m/s indicated “low
(normal)” and “high (increased)” PWV, respectively.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0 (IBM)
software. Data are expressed as the mean + SD for continuous variables
and percentages for categorical variables. Continuous variables were
evaluated by paired two-tailed t-test and Wilcoxon test. Nominal
variables were compared between groups using the chi-squared or
Fisher’s exact test, as appropriate. Correlations were determined
by Spearman’s analysis. Univariate and multiple regression analysis
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using the stepwise method was applied to investigate independent
associations between angiogenic biomarkers (dependent variables)
and other clinical, laboratory and imaging parameters (independent
variables). The B standardized linear coefficients showing linear
correlations between two parameters were determined. The B (+95%
CI) regression coefficient indicated independent associations between
dependent and independent variables during changes. Repeated
measures analysis of variance (RM-ANOVA) was performed in order
to determine the additional effects of multiple parameters on changes
of vascular imaging markers between baseline and 12 months. The
dependent variables were VEGF, PDGF-BB, Angl, Ang2 and TSP-
1. Partial n?is given as indicator of effect size, with values of 0.01
suggesting small, 0.06 medium and 0.14 large effects. In all analyses, P
values < 0.05 were considered significant.

Results

Clinical response to anti-INF therapy in inflammatory
arthritides

Although we used a mixed cohort of RA and AS patients in our
present study, as RA and AS disease activity are assessed by different
methods, we first determined the efficacy of biologic therapy in the
two diseases. In RA (n=36), anti-TNF treatment resulted in significant
decrease in DAS28 after 12 months of treatment (3.02+0.96) compared
to baseline (5.00+0.86; p<0.001). In AS (n=17), BASDAI significantly
decreased from 5.79+1.19 at baseline to 1.86+1.04 after 12 months
(p<0.001).

Effects of TNF inhibition of the levels of angiogenic
biomarkers

In the mixed cohort of 53 arthritis patients, VEGF levels showed
non-significant reduction from a baseline of 267.9+123.3 pg/ml to
239.8+116.3 pg/ml (p=0.082) at 6 months followed by significant
decrease to 220.9+120.7 pg/ml at 12 months (p=0.007) of treatment.
(Figure 1A). Serum PDGEF-BB levels significantly dropped after 6
months (6579.4+3819.2 pg/ml; p=0.015) with even further reduction
at 12 months (6020.4+3216.1 pg/ml; p=0.005) compared to baseline
(8187.4+6282.0 pg/ml) (Figure 1B). Serum Ang2 concentrations
significantly decreased after 6 months (2473.7+1136.1 pg/ml; p=0.024)
and showed non-significant reduction at 12 months (2537.2+1156.1
pg/ml); p=0.081) vs baseline (2790.0+1381.1 pg/ml) (Figure 1C).
Serum Angl and TSP-1 levels did not change overtime during anti-
TNF therapy.

Correlations of angiogenic biomarkers with other parameters

In the simple Spearman’s correlation analysis, PDGF-BB levels
at 12 months of treatment (R=0.436, p=0.014), Ang2 at baseline
(R=0.555, p=0.001) and at 12 months (R=0.452, p=0.011) correlated
with disease duration. Baseline CRP showed correlation with baseline
Angl (R=0.370, p=0.041), as well as baseline (R=0.419, p=0.019) and
post-treatment Ang2 levels (R=0.406, p=0.023). Post-treatment CRP
correlated with pre- and post-treatment Ang2 (p<0.05). Baseline anti-
CCP (R=0.548, p=0.018) and anti-CEP levels (R=0.625, p=0.007)
correlated with baseline TSP-1. Finally, baseline ccIMT exerted
correlations with baseline PDGF-BB (R=0.459, p=0.009) and baseline
TSP-1 (R=0.406, p=0.024) (Table 2). When current smokers (n=14)
and non-smokers (n=39) were compared (Table 1), PDGF-BB levels
at 12 months of treatment were significantly higher in smokers
(8903.2+5084.1 pg/ml) compared to non-smokers (4866.2+1895.8
pg/ml; p=0.01). Current clinical periodontitis or tooth loss was not
associated with elevated angiogenic marker levels.

Volume 4: 3-8



Balogh E (2019) Effects of one-year anti-TNF-a therapy on biomarkers of angiogenesis and functional vascular parameters in arthritides

Sarum VEGF pg/ml

To TG Ti2

4000+

30004

2000+

1000 1

Serum Ang2 pgml

To

Sarurm PDGF-BB pgfmi

TO TG Ti2

TG T2

Figure 1. Effects of one-year anti-TNF therapy on serum levels of VEGF (1A), PDGF-BB (1B) and Ang2 (1C). Measurements were performed at baseline (T0), after 6 8T6) and 12 months

8T12) of treatment. Asterisks indicate significant changes (p<0.05)

Table 2. Significant correlations between angiogenic marker levels and other parameters

disease duration CRP-0 CRP-6
PDGF-BB-0 NS NS NS
PDGF-BB-6 NS NS NS
PDGF-BB-12 1;:8:3132 NS NS
Angl-0 NS I;:gfgg? NS
N -
Ang-s 50015 50016 NS
Ang2-12 Py p0023 NS

TSP1-0 NS NS 1;:8_‘325

TSP1-12 NS NS 1;:8_‘325

NS, non-significant. See text for other abbreviations and explanations.

Results of the univariate and multivariate analyses are indicated
in Table 3. According to the univariate analysis, PDGF-BB levels at
baseline correlated with baseline ccIMT, while PDGF-BB after 12
months of treatment correlated with disease duration and current
smoking status (p<0.05). Ang]1 at baseline correlated with baseline CRP
(p<0.05). Ang2 at baseline showed correlation with disease duration,
the positive history of CV disease, as well as baseline CRP, while post-
treatment Ang2 correlated with disease duration, as well as baseline
and 12-month CRP (p<0.05). Finally, TSP-1 levels at baseline correlated
with disease duration, as well as baseline ccIMT and CEP levels (p<0.05)
(Table 3). There were no correlations between any angiogenic markers
and FMD or PWV.
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CRP-12 IMT-0 IMT-12 FMD-6
NS l;:g:ggg NS NS
NS 1;:8_‘322 NS NS
NS NS NS NS
NS NS 1;;3;337 ; NS

1;:8;3218 NS NS NS

];:8:3357 NS NS NS

E:g.'gzlzl NS NS NS
NS l;:g:ggf NS NS
w e o

As suggested by the multivariate analysis, smoking was an
independent predictor of post-treatment PDGF-BB levels (p=0.006).
Disease duration determined baseline Ang2 (p<0.001), 12-month
Ang2 (p=0.004) and baseline TSP-1 (p=0.028). Baseline CRP was an
independent predictor of baseline Ang2 (p=0.004). Finally, baseline
CEP determined baseline TSP-1 levels (p=0.002) (Table 3).

Finally, RM-ANOVA analysis was performed in order to assess the
determinants of 12-month changes in angiogenic markers as dependent
variables. In the full cohort (p=0.006) and AS patients (p=0.034) anti-
TNF treatment itself determined the changes of VEGE. In addition,
treatment exerted combined effects with age (p=0.043) on changes in
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VEGF in AS only (Table 4). With respect to PDGF-BB, TNF inhibition
alone (p=0.009), as well as in combination with treatment responsiveness
(p=0.038), age (p=0.014) and ccIMT (p=0.014) determined 12-month
changes in this biomarker. Biologic treatment alone (p=0.011) or in
combination with a positive CV history (p=0.017) determined changes
in PDGF-BB in RA only and AS only, respectively (Table 4). In the
full cohort, anti-TNF therapy in combination with age at diagnosis
(p=0.013) and with CRP (p=0.033) determined 12-month changes
in Angl. In AS, treatment and age at diagnosis exerted a combined
effect on Angl changes (p=0.010) (Table 4). Anti-TNF therapy itself
(p=0.039) determined Ang2 changes in the full cohort, while TNF
inhibition with baseline CEP exerted a combined effect on changes in
this angiogenic marker (p=0.035) (Table 4). Finally, treatment together

Table 3. Univariate and multivariate analysis of determinants of angiogenic markers

with positive CV history determined one-year changes of TSP-1 in the
full cohort (p=0.041), in RA (p=0.035) and in AS (p=0.044) (Table 4).

Discussion

Synovial angiogenesis is a well-recognized primary event in
perpetuation of local inflammation in inflammatory arthritis. This
neovascularization process is associated with the abundant production
of pro-inflammatory molecules, most of which has pro-angiogenic
effects, hence further triggering the vicious cycle [12,14,15]. The
systemic inflammation secondary to overproduction of these mediators
is linked to an increased risk of atherosclerosis, as well as CV morbidity
and mortality [1,4,15].

Dv;ria;le t I"j;;l:iab;e t Univariate analysis Multivariate analysis
B CI195% B P B CI195% B P
PDGF-BB-0 IMT-0 31595.1 8346.4-54843.8 0.459 0.009
PDGF-BB-12 | disease duration 4612.8 3067.9-6157.7 0.436 0.014
;::‘r’:‘e‘:tg) 3866.5 1179.8-6553.3 0.480 0.006 3866.5 1179.8-6553.3 0.480 0.006
Angl-0 CRP-0 1.423 0.064-2.781 0370 0.041
Ang2-0 | disease duration 85.5 36.9-134.2 0.555 0.001 87.1 43.9-130.3 0.569 <0.001
C(:igti;:;;e 11213 102.9-2139.7 0.386 0.032
CRP-0 477 8.5-85.8 0419 0.019 492 17.2-81.2 0.435 0.004
Ang2-12 | disease duration 583 14.6-102.0 0.452 0.011 59.9 20.9-98.9 0.471 0.004
CRP-0 38.6 5.6-71.6 0.406 0.023
CRP-12 68.9 10.8-127.0 0411 0.022
TSP1-0 | disease duration 4.629 -0.05-9.309 0.688 0.002 4.538 0.571-8.506 0.433 0.028
CEP-0 4341 1.358-7.323 0.625 0.007 4776 2.150-7.401 0.688 0.002
IMT-0 525.0 75.8-974.3 0.406 0.024

See text for abbreviations and explanations. *

Table 4. Significant results of repeated measures analysis of variance test determining the effects of dependent variables on changes of angiogenic markers between baseline and 12 months

Dependent variable Disease Effect F p Partial n?
VEGF All patients Treatment 5.550 0.006 0.161
AS Treatment 3.899 0.034 0.245
Treatment x Age 3.639 0.043 0.249
Treatment 6.242 0.009 0.172
. Treatment x Response 3.981 0.038 0.121
PDGF-BB All patients Treatment x Age 4566 0.014 0.136
Treatment x IMT 5414 0.014 0.157
RA Treatment 7.231 0.011 0.298
AS Treatment‘x Positive CV 4.943 0017 0310
history
Treatment x Age at diagnosis 4.269 0.013 0.128
Angl All patients Treatment x CRP 3.608 0.033 0.111
Treatment x Fracture 3.352 0.042 0.104
AS Treatment x Age at diagnosis 5.710 0.010 0.342
Ang2 All patients Treatment 3.427 0.039 0.103
RA Treatment x CEP-0 3.752 0.035 0.200
TSP-1 All patients Treatment x Positive CV 3.792 0.041 0.116
history
RA Treatment'x Positive CV 3752 0.035 0.200
history
AS Treatment'x Positive CV 3610 0.044 0247
history
See text for abbreviations.
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TNF-a is known to have pro-angiogenic role and regulates capillary
sprouting through VEGE, Angl and Ang2 and their signalling [25].
TNF-a, as well as other pro-inflammatory cytokines have also been
implicated in the pathogenesis of inflammatory atherosclerosis [4].
Previous studies suggested that anti-TNF biologics may attenuate
angiogenesis [22,23,28] and atherosclerosis [26,27] associated with RA
and AS. In our study, we assessed whether anti-TNF therapy would
alter levels of angiogenic mediators when examined 6 and 12 months
after initiation of treatment. The novelty of our study relies on its
complexity, as effects of biologics on angiogenic markers were evaluated
in conjunction with surrogate markers of vascular pathophysiology
(FMD, ccIMT, PWV), oral health and other parameters.

First, as expected, anti-TNF therapy was clinically effective in
both RA and AS as indicated by significant decreases of DAS28 and
BASDALI respectively. One-year TNF blockade resulted in significantly
decreased VEGF, PDGF-BB and Ang?2 levels. There have been some
studies showing suppression of VEGF production by anti-TNF
biologics in RA and psoriatic arthritis (PsA) [28,29]. In the study of
Canete et al [28], reduced synovial expression of VEGF upon infliximab
therapy was accompanied by increased Ang2 expression. The seemingly
controversial Ang2 changes may be since Canete et al. studied synovial
expression by histochemistry and not the serum levels. We reported
close correlations between VEGF and Ang2, while Angl seems to be
VEGF-independent [17,35]. In addition, Ang2 may be implicated in the
initiation of neovascularization [17]. Abundant Ang2 expression was
found in early PsA [35]. Angl/Ang2 ratio may change during the course
of arthritis and angiogenesis: higher levels of VEGF-dependent Ang2
levels may accompany early arthritis and early vascular proliferation,
while increased VEGF-independent Angl expression may be observed
in the later vessel maturation stage [17,35]. Indeed, we investigated
arthritis patients with high degree of disease activity, which may have
been associated with active synovial angiogenesis. Anti-TNF therapy
suppressed both VEGF and Ang2 in parallel. We have not found any
reports on the possible effects of anti-TNF therapy on PDGF-BB or
TSP-1 in arthritis.

In addition to demonstrating the effects of biologics on angiogenic
markers, we wished to correlate the levels of these markers with
indicators of vascular pathophysiology, atherosclerosis, oral health and
some other parameters. First, Ang2 levels correlated with the history
of CV disease supporting the involvement of neovascularization in
inflammatory atherosclerosis [14,36]. Ang2 and PDGF-BB correlated
with disease duration and Angl and Ang2 with CRP showing that
arthritis in our patients with relative long disease duration and high
degree of inflammation is accompanied by active angiogenesis [13,37].
Hashimoto et al. [37] found correlations between arthritic disease
activity and the levels of some angiogenic growth factors. Kurosaka, et
al. [38] suggested that serum VEGF level was an RA activity marker, as
well as a prognostic factor regarding joint destruction; Angl level may
be useful as an index of sustained arthritis, while Ang2 level may reflect
a state of marked angiogenesis. Moreover, our findings indicating that
baseline Ang2 correlated with post-treatment CRP and, vice versa,
12-month Ang2 also correlated with baseline CRP demonstrates the
continuous interplay between systemic inflammation and angiogenesis
throughout the observation period.

The baseline levels of anti-CCP and anti-CEP ACPA antibodies also
correlated with TSP-1 suggesting a possible link between autoimmunity
and neovascularization. We have not found many studies on the possible
associations between angiogenesis and ACPA in RA. Similarly to us,
Eker, et al. [39] found no associations between VEGF levels and anti-
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CCP status. While periodontitis and anti-CEP have been implicated
in arthritides [30,40], there have been no reports on possible links
between angiogenesis and periodontitis or anti-CEP in arthritis. While
anti-CEP correlated with TSP-1, none of the studied angiogenic factors
showed association with current clinical periodontitis or tooth loss.

Baseline PDGF-BB and TSP-1 also correlated with ccIMT indicating
the associations of these angiogenic markers with atherosclerosis. In
the RM-ANOVA analysis, anti-TNF treatment and ccIMT determined
12-month changes in PDGF-BB, while treatment and positive CV
history exerted a combined effect of changes in PDGF-BB and TSP-
1. Indeed, as described above, angiogenesis has been implicated in
the pathogenesis of atherosclerosis [24, 36,41]. PDGF-BB and TSP-1
have been implicated in vascular smooth muscle cell proliferation
and migration, as well as several other mechanisms underlying
atherosclerosis [20,42,43]. Yet, we have not found any reports with
respect to the direct involvement of these angiogenic factors in arthritis-
associated atherogenesis.

Smoking has been implicated in the pathogenesis of arthritides,
as well as atherosclerosis and CV disease [44-46]. In our multivariate
analysis, PDGF-BB levels after one-year biological therapy were
significantly higher in smokers versus non-smokers. Interestingly, the
direct association of smoking with inflammatory angiogenesis has not
yet been evaluated. However, PDGF signalling has been implicated in
cigarette smoke-induced pulmonary hypertension [47].

Conclusion

In conclusion, we and others have previously reported that
angiogenesis is implicated in arthritides, as well as inflammatory
(accelerated) atherosclerosis. The levels of some angiogenic markers
correlate with disease duration, CRP, RA-related autoantibodies and
carotid atherosclerosis. One-year anti-TNF therapy attenuated the
production of some angiogenic markers in both RA and AS. Thus,
some angiogenic mediators may be used as surrogate biomarkers that
reflect the interplay of angiogenesis, inflammation and atherosclerosis
in arthritides.
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