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ABSTRACT

Background. Results of previous stud-
ies on the level of circulating endothe-
lial progenitor cells (EPCs), which are
involved in vascular repair, in sclero-
derma (SSc) patients have been contro-
versial.

Objectives. To enumerate circulating
EPC subsets and to examine their rela-
tion with endothelial dysfunction, bio-
chemical markers of endothelial injury
and vascular outcome in SSc patients.
Methods. Enumeration of circulating
CD34+KDR+ and CDI33+ KDR+
EPCs was performed by flow cytom-
etry. Endothelium-dependent vasodi-
lation was evaluated by changes in
flow-mediated dilation (FMD%) in the
brachial artery. Serum level of vascu-
lar endothelial growth factor (VEGF)
was measured by enzyme linked immu-
nosorbent assay.

Results. SSc patients (n=52) were
found to have significantly lower
CDI33+KDR+EPCs (3.0 vs. 7.0/ul,
p<0.001) as well as FMD% (4.8% vs.
7.8%, p<0.001) compared with age-
and sex-matched controls (n=52).
Among patients who had no concomi-
tant cardiovascular risk factors (n=28),
CDI33+KDR+ EPC level was signifi-
cantly lower than controls (3.8 vs. 7.3/
ul, p=0.001) and correlated modestly
with FMD% (r=0.29, p=0.03). Dis-
ease duration was the only determin-
ing factor identified for -circulating
CDI133+KDR+ EPCs (p=0.03) by logis-
tic regression analysis. Levels of serum
VEGF (p=0.92) and KDR expression
were not different between patients who
had early and intermediate/late disease.
Circulating CD34+KDR+ EPCs was
not different between SSc patients and
controls and did not correlate with any
clinical or biochemical parameter.
Conclusion. Lower circulating CD133
+KDR+ EPC subset was found in SSc
patients and correlated with impaired
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endothelium-dependent  vasodilation
in patients without cardiovascular risk
factors suggesting a potential role of
deficient EPC recruitment contribut-
ing to endothelial dysfunction in this
disease.

Introduction

Systemic sclerosis (SSc) is a connec-
tive tissue disease that is characterised
by Raynaud’s phenomenon (RP), scle-
rodermatous skin changes and internal
organ fibrosis. Microvascular abnor-
malities are common in SSc (1) and are
believed to be the sequelae of vascular
injury secondary to inflammatory im-
mune processes, ischaemia-reperfusion
injury and imbalance between coagula-
tion and fibrinolysis (2). Markers of
endothelial activation and damage such
as soluble vascular cell adhesion mol-
ecule-1 (sVCAM-1) have been found
to be elevated in serum of SSc patients
(3, 4). Endothelial dysfunction reflect-
ed by impaired endothelium-depend-
ent flow mediated dilation (FMD) has
previously been demonstrated in SSc
patients (5, 6).

Endothelial progenitor cells (EPCs)
are bone marrow-derived endothelial
precursor cells that contribute to vas-
cular repair (7). This process of rapid
endothelialisation of denuded vessels
and collateral vessel formation is me-
diated by vascular endothelial growth
factor (VEGF), a potent angiogenic fac-
tor that binds to its receptors VEGFR-1
and VEGFR-2 (alternatively known as
kinase insert domain receptor (KDR))
on EPCs leading to their mobilisation
from bone marrow and subsequent dif-
ferentiation into mature endothelial
cells (8, 9). Deficient recruitment and
defective function of EPCs have been
reported in cardiovascular conditions
including myocardial infarction and as-
sociated risk factors (10, 11). However,
the role of EPCs in the pathogenesis of
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SSc has not been well characterised.
There are controversies with regard to
increased or decreased circulating EPC
levels in SSc patients compared to con-
trols (4, 12-15). In this study, we sought
to enumerate circulating EPC subsets
and to examine their relationship with
endothelial dysfunction evaluated by
FMD of the brachial artery, biochemical
markers of vascular injury and vascular
outcome in our cohort of SSc patients.

Methods

Patients

The study was approved by the Institu-
tional Review Board of The University
of Hong Kong/ Hong Kong West Clus-
ter of the Hospital Authority. A written
informed consent was obtained from
all participating subjects according to
the Declaration of Helsinki. Consecu-
tive SSc patients were recruited from
a University affiliated rheumatology
clinic. Age- and sex- matched healthy
controls were recruited from staff clin-
ic. Subjects who had symptomatic car-
diovascular or cerebrovascular diseas-
es were excluded from study. SSc was
designated as limited (1SSc) or diffuse
(dSSc) depending on the extent of skin
involvement according to LeRoy et al.
(16). Disease duration was measured
from onset of first non-RP manifesta-
tions. Early disease was referred to as
<3years and <Syears of disease dura-
tion for dSSc and ISSc respectively
(13, 17). Baseline demographic data,
serological results and medications
were documented. Patients who had a
history of severe vasospasm leading
to the development of ischaemic dig-
ital ulcers and/or requiring the use of
intravenous iloprost were regarded as
having severe RP. Total disease activ-
ity score was graded according to the
European Scleroderma Activity crite-
ria which includes the total skin score,
scleredema, digital necrosis, arthritis,
reduced total lung carbon monoxide
transfer factor (TLco), ESR>30mm/1*
hour, hypocomplementaemia and de-
terioration in skin, vascular and mus-
cular/articular condition in the month
preceding the assessment (18, 19).
According to these criteria, disease
was considered active if the sum of the
scores for these items was =3.

Echocardiography and lung function
test, blood sampling and ultrasound
scan of the brachial artery were carried
out on the same day. Fasting venous
blood sample was obtained to deter-
mine serum glucose and lipid levels,
erythrocyte sedimentation rate (ESR),
c-reactive protein (CRP), sVCAM-1
and VEGF levels and circulating EPC
counts. Lung function parameters meas-
ured included total forced vital capac-
ity (FVC), forced expiratory volume in
1 second (FEV,) and TLco. Less than
80% prediction of any of these parame-
ters was considered abnormal. Cardiac
involvement was defined as persistently
elevated mean pulmonary arterial pres-
sure (PAP) >35 mmHg by echocardiog-
raphy on at least 2 occasions. Gastroin-
testinal involvement included clinical
dysphagia, reflux oesophagitis requir-
ing the use of proton pump inhibitors
or small bowel bacterial overgrowth.
Cardiovascular risk factors including
current or past history of smoking, hy-
pertension (blood pressure >140/90 or
on antihypertensive agents), diabetes
mellitus according to WHO definition
and hyperlipidaemia (total cholesterol
>5.2mmol/l or on anti-lipid agents)
were assessed.

Measurement of flow-mediated
dilation

Vascular ultrasound was performed
with a high-resolution system (Agilent
Sonos 5500; Philips, Andover, MA)
and a 7.5-MHz linear array transducer
by an experienced operator blinded to
the studied subjects. All subjects were
examined in the fasting state with va-
soactive medications, caffeine and
nicotine withheld for at least one day
before the study. Longitudinal scans
of the brachial artery were obtained at
rest. FMD was induced by inflation of
a pneumatic tourniquet placed on the
forearm to a pressure of 250mmHg for
5 minutes. The cuff was then released,
and serial imaging was recorded for
5 minutes. FMD% was defined as the
percentage change in brachial artery
diameter from baseline (20, 21).

Flow cytometry

Circulating EPCs were determined
by the expression of surface mark-
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ers CD34+, CD133+ and KDR+ on
mononuclear cells, and their numbers
were measured by fluorescence-acti-
vated cell analysis of peripheral blood
sample processed immediately after
venesection with method as described
previously (22). In brief, 100ul of pe-
ripheral blood and incubated with a
phycoerythrin (PE)-conjugated mono-
clonal antibody against human KDR
(Sigma, St Louis, USA) followed by
a fluorescein isothiocyanate (FITC)
conjugated anti-CD34 and CDI133
antibodies (Beckman Coulter, Fuller-
ton, USA). FITC-labelled anti-human
CD45 antibody was used for differen-
tial gating during flow analysis. FITC-
labelled IgGla (Beckman Coulter) and
PE-conjugated IgG2b (Becton Dickin-
son, Franklin Lakes, USA) served as
isotypic controls for colour compensa-
tion. Analysis was performed with an
automated fluorescence-activated cell
counter (Elite, Beckman Coulter) in
which 1,000,000 events were counted.
The absolute counts and the percent-
ages of all the measured components
defined as the absolute cell counts di-
vided by the lymphocyte counts were
calculated. The intra-observer variabil-
ity testing found an intra-class correla-
tion coefficient of 0.9 (p<0.001).

Serum sVCAM-1 and VEGF levels
Plasma sVCAM-1 and VEGF concen-
trations were measured in SSc patients
by commercial enzyme-linked immu-
nosorbent assays (Biosource, USA)
according to the manufacturer’s rec-
ommendations. The intra-assay and
inter-assay variability for sVCAM-1
kit were 4.4% and 6.4% respectively
whereas those for VEGF kit were 4.7%
and 8.1% respectively.

Statistical analysis

Statistical analysis was performed us-
ing SPSS 16.0 software. Continuous
variables were checked for normal
distribution by histogram and prob-
ability plot. Normally distributed data
was presented as meantstandard de-
viation (SD). Serum level of EPCs was
expressed in median value as the dis-
tribution was highly skewed. Categori-
cal data were presented as frequencies
and percentages. Comparison between
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Table I. Demographic characteristics of scleroderma patients (n=52).

Demographic characteristics

Mean + SD (range)

Number (Percentage)

Age at study (years)

Age at onset (years)

Disease duration (years)

Number of patients with early disease

Female : Male
SSc subset (diffuse : limited)

Symptomatology / organ involvement
Total disease activity score, n>3
Interstitial lung disease
Elevated Pulmonary arterial pressure
Gastrointestinal involvement
Severe Raynaud’s phenomenon

Treatment at the time of study
Prednisolone
Penicillamine
Calcium channel blocker
Angiotensin converting enzyme inhibitor
Statins

Risk factors of cardiovascular disease
Ever Smoker
Hypertension
Hyperlipidaemia
Diabetes mellitus

519+ 12.5 (25-81)
40.6 + 13.3 (15-71)
12.2 £ 9.3 (1-40)

11/52 (21.2%)
ISSc (n=7)
dSSc (n=4)

49:3
11:41

22/52
13/52
14/52
21/52
19/52

2.8+ 1.7 (0-6.5) (42.3%)
(25.0%)
(26.9%)
(40.4%)

(36.5%)

18/52
19/52
35/52
5/52
1/52

6.8 + 3.1mg/day* (34.6%)
(36.5%)
(67.3%)
(9.6%)

(1.9%)

6 (11.5%)
4 (7.7%)
(28.0%)
6 (11.8%)

*daily dose among prednisolone users.

groups was done by unpaired t test for
normally distributed data or non-para-
metric Mann-Whitney test for non-nor-
mally distributed data. Correlations
between clinical parameters were eval-
vated using Spearman’s rank correla-
tion tests. Linear regression analysis
was used to evaluate predictive factors
for CD133+KDR+ and CD34+KDR+
EPCs in SSc patients. Variables identi-
fied in univariate analysis with p<0.1
were analysed as independent variables
with CD133+KDR+ or CD34+KDR+

EPCs as dependent variable. Bonfer-
roni’s correction was applied for multi-
ple comparisons. P-values <0.05 were
considered significant in this study.

Results

Clinical characteristics

Fifty-two SSc patients and 52 age- and
sex-matched healthy controls (49 fe-
male and 3 male) were recruited. There
were 41 1SSc and 11 dSSc patients. The
mean+SD age of these patients was
51.9+£12.5 (range 25-81) years com-

pared to 53.1+10.2 (range 30-78) years
for controls (p=0.61). Table I shows
the clinical characteristics of these
patients. The median disease duration
of ISSc patients was similar to dSSc
patients (9.0 vs. 7.0 years) (p=0.13).
Eleven (21.2%) patients (7 1SSc and 4
dSSc) had early disease. The mean+SD
disease activity score of SSc patients
was 2.8+1.7 (range 0-6.5). Some pa-
tients had total skin score>20 (21.2%,
n=11), scleredema (76.9%, n=40),
digital necrosis (30.8%, n=16), ar-
thritis (11.5%, n=6), decreased TLCO
(25.0%, n=13), ESR >30mm/1*" hour
(51.9%, n=27), hypocomplementae-
mia (3.8%, n=2) and deterioration in
skin (11.5%, n=6), vascular (13.5%,
n=7) and muscular/articular (11.5%,
n=6) conditions. Some patients were
receiving low dose maintenance dose
of prednisolone (6.8+3.1mg/day) for
the treatment of interstitial lung disease
(n=18) and calcium channel blocker for
RP (n=35).

Depletion of circulating EPCs

in SSc¢

SSc patients tended to have lower lym-
phocyte count (1.5+0.7 vs. 1.7£0.6
x10%1, p=0.07) than controls. There
were significantly lower median circu-
lating CD133+KDR+ percentage (0.23
vs. 0.40%, p<0.001) and count (3.0 vs.
7.0/ul, p<0.001) in SSc patients com-
pared to normal. There was a trend of
lower CD34+KDR+ (11.9 vs. 14.6/ul,
p=0.06) EPC count with similar per-
centages (0.95 vs. 0.89%, p=0.53) in
SSc patients compared to controls. The

Table II. Summary of endothelial dependent vasodilation and circulating EPC level in Scleroderma subsets and patients with different

clinical features.

“Number of circulating p-value *FMD p-value
CD133+KDR+EPC / (%)
CD34+KDR+ EPC (/ul)
SSc subsets Patient Control** Patient Control**
All SSc 30/119 70/14.6 <0.001/0.06 4.8 7.6 <0.001
1SSc (n=41) 23/11.0 73/13.0 <0.001/0.14 49 8.0 <0.001
dSSc (n=11) 46/150 5.8/18.0 0.10/0.24 4.1 6.6 0.06
Clinical features Present Absent Present Absent
Early disease (n=11) 46/150 30/11.3 0.58/0.54 4.6 49 0.79
Elevated PAP (n=14) 38/8.6 30/135 0.24/0.08 4.6 48 0.85
Ischaemic digital necrosis (n=16) 3.0/15.0 30/11.0 0.82/0.29 52 3.9 0.39

“Median value; **Age- and sex- matched to scleroderma patients; dSSc: diffuse scleroderma; EPC: endothelial progenitor cells; FMD:

flow mediated dila-

tion; FVC: forced vital capacity; 1SSc: limited scleroderma; PAP: pulmonary arterial pressure; SSc: scleroderma
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ISSc subset had significantly lower
CD133+KDR+ (2.3 vs.7.3/ul,p<0.001)
but not CD34+KDR+ (11.0 vs. 13.0/
ul, p=0.14) EPCs than healthy sub-
jects. Circulating CD133+KDR+ (4.6
vs. 5.8/ul, p=0.10) and CD34+KDR+
(15.0 vs. 18.0/ul, p=0.24) EPCs were
not different between dSSc patients
and controls. There was no difference
in CD34+KDR+ (p=0.61) but a trend
of lower CD133+KDR+ (p=0.08) EPCs
in 1SSc patients compared to dSSc pa-
tients.

Impaired FMD% in SSc

Figure 1 shows the median FMD% of
all SSc patients and the SSc subsets.
The median FMD% of the brachial ar-
tery of SSc patients was significantly
lower compared to controls (4.8 vs.
7.6%, p<0.001) suggesting impaired
endothelium-dependent vasodilation.
The FMD% of 1SSc patients was sig-
nificantly lower (4.9 vs. 8.0% p<0.001)
but only a trend of lower FMD% was
observed for dSSc patients (4.1 vs.
6.6%, p=0.06) compared to controls.
The FMD% was not different between
patients who had early and intermedi-
ate/late disease (4.9% vs.4.6%,p=0.79)
and was not related to medication use.

Elevated sVCAM-1 level in

ISSc patients

ISSc patients were found to have sig-
nificantly higher serum sVCAM-I
level than dSSc patients (25.4+13.1 vs.
14.8+8.6ng/ml, p=0.01) suggesting a
higher state of endothelial activation.
This discrepancy was not related to the
different disease activity score of these
subsets (p=0.81). Serum VEGF levels
were not different between SSc subsets
and between patients with early and in-
termediate/late disease.

Correlations between EPC count,
endothelial dysfunction and markers
of endothelial injury

Age was not shown to correlate with
CD1334KDR+(p=0.27) or CD34+
KDR+(p=0.97) EPCs. Circulating
CD133+KDR+ (r=-0.28, p=0.04) but
not CD34+KDR+ (p=0.59) EPCs in
SSc patients were found to correlate
modestly and inversely with disease
duration (Fig. 2). The levels of expres-

20— p<0.001

[¢]
[¢]

AlINC All SSc NC

p<0.001

p=0.06

ISSc NC dSSc

Fig. 1. Box plots showing flow-mediated dilation (FMD%) of the brachial artery in in age- and sex-
matched healthy control subjects and all SSc patients and the SSc subsets.
dSSc: diffuse scleroderma; FMD%: percentage change in flow mediated dilation; 1SSc: limited sclero-

derma: NC: normal control; SSc: scleroderma.
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Fig. 2. Correlation between CD133+VEGFR2+ EPC count with duration from first symptoms in all

SSc patients.

sion of KDR on CD34+ (p=0.38) and
CD133+ (p=0.27) cells between pa-
tients who had early and intermediate/
late disease were similar. There were
no significant correlations between
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the EPC subsets, FMD%, VEGF and
SVCAM-1 levels. The FMD% of the
brachial artery was found to correlate
significantly with serum VEGF level in
dSSc patients (?=0.75, p=0.03) (Fig.
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3) but not in all SSc patients (p=0.77)
or the 1SSc subset (p=0.22).

Correlation of EPCs with

clinical and vascular outcomes

Total disease activity score was shown
to correlate modestly and inversely
with circulating CD133+KDR+ (r=-
0.29, p=0.04) but not ESR (p=0.91)
or CRP (p=0.63) in SSc patients, par-
ticularly the ISSc subset (r=-0.35,
p=0.03). The EPC subsets were com-
parable between patients with (n=14)
and without elevated PAP and between
patients who had digital necrosis sec-
ondary to severe RP compared to those
without. The EPC subsets were not
found to be related to medications but
higher CD133+KDR+ (4.0 vs. 2.3/ul,
p=0.005) EPCs were found in patients
on penicillamine who tended to have
shorter median disease duration (8.5
vs. 11.5 years, p=0.09), compared to
whose not on this medication.

EPCs in SSc patients without
cardiovascular comorbidities
Twenty-eight SSc patients (7 dSSc
and 21 1SSc) and their age- and sex-
matched controls (n=28) were further
analysed after elimination of those
who had concomitant cardiovascu-
lar risk factors. These SSc patients
were found to have significantly lower
CD133+KDR+ EPCs (3.8 vs. 7.3/ul,
p=0.001) but similar CD34+KDR+
EPCs (p=0.43) compared to controls.
FMD% was shown to correlate mod-
estly with CD133+KDR+ (r=0.29,
p=0.03) but not CD34+KDR+ (p=0.84)
EPCs among these patients. The EPC
subsets were not found to correlate
with total disease activity score, ESR
or CRP. The EPC subsets were not dif-
ferent between patients who had low
TL,, digital necrosis secondary to se-
vere RP and elevated PAP compared to
those who did not have these manifes-
tations.

Multiple logistic regression analysis

Using CD133+KDR+ EPC count as
dependent variable, variables iden-
tified in univariate analysis with
p-value <0.1 including penicilla-
mine, total disease activity, low FVC,
disease duration and SSc subset were
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=
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4.0 ©
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&
2.0 R2=0.75, p=0.025
T T T T T T
0 200 400 600 800 1000

VEGF(pg/ml)

Fig. 3. Correlation between FMD% and VEGF in dSSc patients.

analysed as independent variables in
multiple logistic regression analysis.
Disease duration was the only factor
found to be associated with EPC counts
(p=0.03).

Discussion

Our study showed that the CD133+
KDR+ EPC subset was significantly
lower in SSc patients compared to
age- and sex- matched controls. This
was further confirmed by analysing
only those patients who did not have
concomitant cardiovascular risk fac-
tors. However, the CD34+KDR+EPC
subset was only marginally lower than
control subjects. Disease duration was
the only significant determining factor
for CD133+KDR+EPC count found in
multiple logistic regression analysis in
an inverse relationship. Indeed, previ-
ous studies have demonstrated higher
EPC level in early SSc compared to
long-standing disease (4, 12, 13, 15).
Endothelial repair has been suggested
to be more effective in early SSc dis-
ease (23). Reduced level of angiogenic
factors (24, 25), impaired expression
of VEGFR-1 by EPCs (26) have also
been reported in SSc patients with long
standing disease. However, our patients
with early and intermediate/late disease
had similar levels of serum VEGF and
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KDR expression on EPCs suggesting
alternative mechanisms. Bone marrow
derived mesenchymal stem cells have
been reported to be decreased with im-
paired function in these patients (14,
17,27).

We found significant correlation be-
tween circulating CD1334+KDR+EPCs
and FMD% among SSc patients who
had no concomitant cardiovascular fac-
tors suggesting a potential role of de-
ficient EPC recruitment in endothelial
dysfunction. Endothelial dysfunction
has been associated with cardiovascular
risk factors (28) as well as SSc disease
(5, 6, 29, 30). Elevated serum pro-in-
flammatory nitric oxide metabolites in
SSc patients have also been suggested
to contribute to endothelial dysfunction
by oxidative stress (31, 32). Impaired
endothelium-dependent  vasodilation
was predominantly found in our 1SSc
patients. This may be related to the
small sample size of dSSc subjects or
a lower state of endothelial activation
reflected by lower serum sVCAM-1 in
these patients. Nevertheless, the corre-
lation between impaired endothelium-
dependent vasodilation and VEGF level
in the dSSc subset suggested endothe-
lial dysfunction may account for the de-
ficient release of angiogenic factors in
some patients.
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The association between EPCs and
disease activity (4, 13, 14) or severity
(15) remains controversial. We only
found a weak correlation between
CD133+KDR+ EPCs with total disease
activity. EPC subsets were not shown
to be related to vascular outcomes in-
cluding elevated PAP or digital necro-
sis secondary to severe RP in our SSc
patients. Furthermore, discrepancies
have also been reported in EPC levels
in SSc patients (12, 13, 15, 27). This
may chiefly be accounted by variations
in definition of EPCs together with dif-
ferent composition of cohorts compris-
ing of patients with variable disease
duration. Indeed, CD133+KDR+ and
CD34+KDR+EPCs represent  sub-
groups of putative EPCs in the circu-
lation. More mature EPCs are negative
for CD133 but positive for CD34 and
KDR (33, 34). The CD34+EPCs popu-
lation we measured may have included
CD34 expressing mature endothelial
cells derived by shedding. Thus, re-
cently, the EULAR Scleroderma Trials
and Research (EUSTAR) group recom-
mended the use of three colour staining
involving CD133, KDR and CD34 by
flow cytometry in combination with a
viability marker to define EPCs in pe-
ripheral blood (35). Since our research
work was performed before the issue of
the EUSTAR recommendation, further
work is required using EPCs as defined
by EUSTAR needs to be carried out.
Our study has, nevertheless, raised a
concern on the practicality of using
EPCs as vascular biomarkers in clini-
cal use in SSc because of their suscep-
tibility to influence from concomitant
cardiovascular risk factors. In addition,
circulating EPC levels have also been
found to vary during different phases
of menstrual cycle (36). This may add
to difficulties in studying EPCs in SSc
patients as irregular menstrual cycle
has been reported to be common among
female patients (37).

In conclusion, we found decreased
circulating CD133+KDR+EPCs in as-
sociation with impaired endothelium-
dependent vasodilation in SSc patients
suggesting defective mechanism for
vascular repair in this disease. Our
study was limited by the small sample
size with multiple comparisons for dif-

ferent outcomes. Studies into the role
of EPCs in the pathogenesis of SSc
may have treatment implications as di-
rect infusion of EPCs (38) or mobiliza-
tion of EPCs by statins (39) or granu-
locyte colony-stimulatory factor (40,
41) may offer potential treatment op-
tions for vasculopathy associated with
this disease. Future studies with larger
patient cohorts are warranted to exam-
ine for subset difference in circulating
EPC counts, their relation with disease
activity and various vascular outcomes
in SSc patients.
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