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Decreased number of circulating endothelial progenitor cells
in patients with Graves' hyperthyroidism
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ABSTRACT. Objective: A relevant biological role of circulat-
ing endothelial progenitor cells (EPC) was recently demon-
strated. EPC are generated in the bone marrow, and inter-
act with damaged endothelium, restoring the integrity of
the monolayer. Therefore, aim of the present study was to
evaluate EPC in the blood of patients with untreated Graves’
hyperthyroidism (GD), in whom an increased oxidative stress
was observed. Design and methods: Twenty-three patients
with untreated active GD and 18 matched normal controls
(NC) were included in the study. Circulating EPC were iso-
lated from peripheral blood. Mononuclear cells were cul-
tured with endothelial basal medium supplemented with
EGM SingleQuots, and were identified by positive double
staining after 7 days in culture. Circulating levels of C reac-
tive protein, total antioxidant power, interleukin (IL)-6, IL-
18, monocyte chemoattractant protein-1, tumor necrosis fa-
cotr-q, soluble vascular cell adhesion molecule (VCAM) and

INTRODUCTION

Graves' disease (GD) is a thyroid disorder caused by an
antibody-mediated immune reaction against the re-
ceptor for TSH resulting in an abnormal chronic stimu-
lation of the gland and consequent hyperthyroidism (1,
2). This, in turn, causes the clinical symptoms of hyper-
thyroidism. Indeed, thyroid hormones may exert multi-
ple effects on the heart and vascular system, inducing
an hyperkinetic status and the onset of isolated systolic
hypertension (3, 4).

Activation of the sympathetic and of the renin-angio-
tensin-aldosterone (RAS) systems may elicit a major role
in inducing cardiovascular changes in GD (5). Moreover,
in hyperthyroidism, an unbalance between oxidant and
antioxidant substances has been identified, thus leading
to enhanced generation of reactive oxygen species
(ROS), able to induce vascular dysfunction and damage
(6). This may be the consequence of both an activation
of RAS system and of a stimulation of energy metab-
olism induced by thyroid hormones (5). In addition,
chronic inflammation has been shown in active GD, as
well as in autoimmune thyroid disorders, and produc-
tion of acute-phase proteins and proinflammatory cy-
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intracellular adhesion molecule were evaluated by enzyme-
linked immunosorbent assay kit. EPC number was also eval-
uated in a subgroup of GD patients after restoration of eu-
thyroidism. Results: Systolic blood pressure resulted in-
creased in GD patients compared with control subjects
whereas diastolic blood pressure was not significantly dif-
ferent. Patients with GD showed an increase in circulating
levels of IL-18 and VCAM-1 and a reduction of total antiox-
idant power (p<0.05) compared to NC. Moreover, a reduced
number of EPC was observed in patients with GD compared
to NC (p<0.05) which turned to NC values after restoring
euthyroidism. Conclusion: Patients with GD showed a re-
duction in the physiological protective mechanisms against
endothelial damage, probably induced by increased inflam-
mation and oxidative stress.

(J. Endocrinol. Invest. 34: 335-339, 2011)
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tokines [such as interleukin (IL)-12, IL-18, and tumor
necrosis factor-o. (TNF-0)] (7). Hemodynamic and metab-
olic changes may lead to vascular injury, as suggested
by an increase of markers of endothelial damage ob-
served in GD (8-10).

In the last years, endothelial progenitor cells (EPC) have
been recognized to play important roles in post-natal
neovascularization and vascular repair, and, therefore
in maintaining endothelial integrity and function (11,
12). EPC are generated from bone marrow and repre-
sent precursors which preserve stem cell features, able
therefore to proliferate, migrate, and differentiate in
mature endothelial cells (11, 12). EPC number has been
demonstrated to be correlated with the number of car-
diovascular risk factors, with indices of endothelial dys-
function (13-15), and the incidence of cardiovascular
events (16, 17). However, no data are presently avail-
able about the EPC number in hyperthyroidism caused
by GD. Therefore the aim of the present study is to in-
vestigate the presence of oxidative stress and inflam-
mation as well as the EPC number in patients with active
GD compared with control subject with normal thyroid
function (NC).

PATIENTS AND METHODS

Forty-one subjects have been enrolled from the outpatient clin-
ic of our Department and included in the study: 23 patients with
newly diagnosed, active, untreated GD and 18 NC. GD patients
had symptoms of hyperthyroidism (such as palpitation, insomnia,
etc.) for at least 2 months before being evaluated in our De-
partment. Diabetic patients, subjects with 2 or more cardiovas-
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cular risk factors or taking antihypertensive, lipid-lowering or an-
tiplatelet drugs, as well as vitamins or diet integrators were ex-
cluded from the study. At entry, patients underwent a clinical
evaluation; the presence of cardiovascular risk factors was
recorded. A venous blood sample was obtained from each pa-
tient, for evaluation of EPC number, total antioxidant power
(AOP) and circulating inflammatory markers, such as IL-6 and -18,
soluble vascular cellular adhesion molecule-1 (sVCAM-1), intra-
cellular adhesion molecule-1 (sSICAM-1), and monocyte chemo-
tactic protein-1 (MCP-1). Anti-TSH receptor antibody titer and
thyroid ultrasound assessment were obtained in hyperthyroid
patients to confirm diagnosis of GD. Clinic blood pressure was
measured by standard mercury sphygmomanometer, according
to the European Society of Hypertension-European Society of
Cardiology Guidelines (18).

A subgroup of 7 patients with GD was then re-evaluated after at
least 40 days of restoration of euthyroidism by anti-thyroid drug
therapy (methimazole) and blood pressure and number of cir-
culating EPC were measured.

The protocol of the study was approved by the Ethics Commit-
tee of our institution (Medical School, University of Brescia). The
procedures followed were in accordance with institutional guide-
lines.

Isolation of EPC

The number of EPC was assessed using an in vitro assay using a
previously described technique (19, 20). In brief, peripheral
blood mononuclear cells were isolated from patients blood us-
ing density gradient centrifugation with Ficoll (Amersham) and
seeded 107 cells on 6-well plates coated with human fibronectin
(Sigma) in endothelial basal medium-2 (Clonetics) supplement-
ed with growth factors [vascular endothelial growth factor
(VEGF), fibroblast growth factor-2, epidermal growth factor, IGF-
1), ascorbic acid, hydrocortisone, gentamicin and 10% fetal
bovine serum. After 7 days in culture, we performed fluorescent
chemical detection of the attached cells using 1,1'-dioctadecyl-
3,3,3",3'-tetramethylindocarbocyanine-labeled acetylated LDL
(acLDL-Dil) (2.4 pg/ml; Molecular Probes) and fluorescein isoth-
iocyanate-labeled Ulex europaeus agglutinin-1 (UEA-1) (10
pg/ml; Sigma) for cell staining. Samples were viewed with an in-
verted fluorescent microscope and counted (cell number/107
plated cells per 1.17 mmz2 of area). EPC were identified by pos-
itive double staining for both UEA-1 and acLDL-Dil. 4',6-di-
amidino-2-phenylindole (DAPI) were used to stain the nuclei.

Evaluation of circulating inflammatory markers
and oxidative stress

Circulating levels of C reactive protein (CRP) (Bender MedSys-
tem), total AOP (Oxford Biomedical Research), proinflammato-
ry cytokines IL-6 and monocyte chemoattractant protein-1 (MCP-
1), TNF-0, and IL-18, plasminogen activator inhibitor-1 (PAI-1),
sVCAM, and sICAM (Bender MedSystem) have been measured
in serum or plasma by enzyme-linked immunosorbent assay
technique following the directions of the supplier company.

Statistical analysis

Results are expressed as mean=SEM. Comparison of continu-
ous variables in the clinical study was performed by Student t-
test and one-way analysis of variance. Relationships between
different variables were assessed by calculating Pearson’s cor-
relation coefficient (r). The statistical significance was set at the
conventional level of 5%.

RESULTS

Characteristics of patients are shown in Table 1. No dif-
ferences in smoking habits, body mass index and histo-
ry of dyslipidemia were observed between the groups.
Patients with active GD presented, as expected, a
marked increase in free T3 (fT3) and free T, (fT,) values
and subsequent suppression of TSH (fT3: 17.7+2.0 pg/ml;
T4: 31.4%2.9 pg/ml; TSH<0.01 mU/I) as well as positive
anti-TSH receptor antibody titers (3.01+0.24 |U/I; normal
values <1 [U/l). The thyroid ultrasound evaluation con-
firmed the diagnosis of GD showing thyroid hypoe-
chogenicity and a widespread and marked increase in
vascularization during color-doppler examination, con-
sidered a distinctive sign of the disease (21). Systolic
blood pressure (SBP) values were significantly higher in
patients with active GD, compared with control subjects,
while a small, not statistically significant difference in di-
astolic blood pressure was observed between the 2
groups (Table 1). Patients with untreated GD showed a
significantly higher heart rate compared with control sub-
jects (Table 1). After restoration of euthyroidism, GD pa-
tients showed a reduction, in SBP, although the differ-
ence did not reach statistical significance, whereas heart
rate was similar compared with controls (Table 1).

Patients with active GD had a significant reduction in the

Table 1 - The table represents characteristics of control subjects and of patients with Graves’ disease (GD).

Control subjects

Hyperthyroid GD patients Euthyroid GD patients

No. 18
Gender (M/F) 7/11
Age (yr) 34.4+2.0
SBP (mmHg) 122.1£3
DBP (mmHg) 76.9+2
HR (bpm) 70+1
fT5 (pg/ml) -

T4 (pg/ml) 12.78+0.19
TSH (mU/l) 1.6+0.07
TRAB (1U/l) -

23 7
5/18 2/5
37.4+2.2 32.7+4.7
138.7+4a 122.0+7.0
82.4x2 79.0+3.8
88+2c 74x4d

16.2+1.6¢ -

31.1£2.6b 8.4+1.05d
<0.01¢ 2.2+0.40d

3.01+0.24 -

M: male; F: female; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; TRAB: anti-TSH receptor antibodies (normal values <1 1U/l).
Data are presented as means+SEM. 2p<0.01, bp<0.05, ¢p<0.001 compared to control subjects, 9p<0.05 compared to euthyroid GD patients.
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Fig. 1 - Endothelial progenitor cells (EPC)
number in Graves’ disease (GD). A) Ab-
solute number of EPC in patients with ac-
tive GD (black bar) compared to controls
(white bar), and to patients with GD af-
ter restoration of euthyroidism by methi-
mazole (gray bar). EPC are expressed as
absolute number of EPC/107 plated cells
per 1.17 mm2 of area. Right panel (B):
plasma total antioxidant power in pa-
tients with active GD (black bars) com-
pared to controls (white bar). Data are
presented as means=SEM. *p<0.05
compared with controls, #p<0.05 com-
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number of EPC identified by immunofluorescence after 7
days of culture (p<0.05) (Fig. 1 and 2) which turned to-
ward control values after restoration of euthyroidism by
methimazole (p<0.05 vs GD, p=ns vs controls).

In addition, patients with untreated GD showed a signif-
icant increase in circulating levels of IL-18 and sVCAM-1
compared with controls, while no difference were ob-
served in CRP, PAI-1, IL-6, and MCP-1 values (Table 2).
The plasma total antioxidant power was significantly re-
duced in patients with active GD (Fig. 1, Table 2). No cor-
relation was observed between the values of fT; and T,
and the EPC number in patients with GD.

DISCUSSION

Our study demonstrated, for the first time, that patients
with untreated GD, compared with controls, show a re-
duced number of EPC isolated from venous peripheral
blood after 7 days of culture. The reduction in EPC is as-
sociated with an increase of SBP and of circulating IL-18
and sVCAM-1 levels and with a significant reduction of
plasma total antioxidant power. After restoration of eu-
thyroidism by anti-thyroid drug therapy (methimazole)
circulating EPC number in GD patients was similar to con-
trols as well as heart rate and SBP, albeit SBP was not
significantly different from untreated GD.

Hyperthyroidism is commonly associated with isolated
systolic hypertension and is characterized by an hyperki-
netic status. It has been suggested that vascular en-
dothelium is a specific target of thyroid hormones; in hy-
perthyroidism, increase of endothelial hypersensitivity to
vasodilator stimuli contributes to reduced peripheral vas-
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pared with patients with active GD.

cular resistance and the maintenance of a hyperkinetic
state (22) with consequent increase in shear stress (23).
Shear stress induces vasodilatation through an increased
release of nitric oxide production; however, when chron-
ically or excessively stimulated, it may also promote en-
dothelial activation and damage (24). Accordingly, in-
creased plasma concentrations of von Willebrand Factor
(VWF), which is an indicator of endothelial damage and
dysfunction (25, 26), were reported in patients with hy-
perthyroidism, and were demonstrated to decrease be-
low normal limits in patients who became euthyroid after
anti-thyroid treatment (8). Increased circulating levels of
vWF may be observed already in patients with subclinical
hyperthyroidism (10).

Recently, it has been suggested that the number of EPC
may represent an indicator of the presence of vascular
injury and also an expression of reparative mechanisms
and vascular protection, which are of primary importance
for the integrity of the endothelium. EPC have been iden-
tified as CD34+ mononuclear cells taken from peripheral
blood that have the ability in vitro to differentiate into
cells with endothelial phenotype and to participate to
neovascularization in ischemic tissues (11, 12). EPC num-
ber can be reduced in the presence of cardiovascular risk
factors such as smoke, hypercholesterolemia, and high
blood pressure (14). In patients with stable coronary
artery disease, essential hypertension is associated with
an impaired ability of in vitro EPC migration (13). How-
ever, at present, evidences about alterations in EPC num-
ber or functional activity in essential hypertension are still
controversial (27, 28). In addition, EPC number has been
previously demonstrated to be related to other indica-

Fig. 2 - Representative image of endothe-
lial progenitor cells (EPC). Representative
image of EPC in normothyroid control
subjects (panel A) and patients with active
Graves’ J?sease (panel B). EPC were iden-
tified by positive double staining for both
fluorescein isothiocyanate-labeled Ulex
europaeus agglutinin | (green fluores-
cence) and 1,1'-dioctadecyl-3,3,3’,3'-
tetramethylindocarbocyanine-labeled
acethylated LDL (red fluorescence). 4',6-
diamidino-2-phenylindole (DAPI) were
used to stain the nuclei (blue fluores-
cence). p<0.05 between groups. See
Method section for more details.
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Table 2 - The table shows circulating levels of total antioxidant power (AOP), C reactive protein (CRP), pro-inflammatory cytokines
[monocyte chemoattractant protein-1 (MCP-1), tumor necrosis factor o (TNF-o), interleukin (IL)-6 and IL-18], plasminogen activator in-
hibitor-1 (PAI-1) and adhesion molecules [soluble vascular cellular adhesion molecule-1 (sVCAM-1), intracellular adhesion molecule-
1 (sICAM-1)] in control subjects and in patients with Graves’ disease.
AOP MCP-1 TNF-a IL-6 IL-18 sICAM-1 sVCAM-1 PAI-1 CRP
(uMol/l) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)

Control subjects 654.89+3.55  446.32+4.62 0.19+0.29 3.15+0.49 891.21+7.18  224.10+2.60 617.93+6.48 114.27+1.92  0.538+0.420
Graves' disease 500.79+3.30a  407.62+3.53 0.48+0.33 3.44+0.42 2353.58+10.99a 254.40+2.73 1105.83+6.282 117.02+1.67 0.480+0.229

ap<0.05 vs controls.

tors of endothelial damage, such as vVWF circulating lev- flammatory processes, is one of the main pathophysio-
els (29), flow-mediated dilatation of the brachial artery logical mechanisms involved in the clinical manifesta-
(15) as well as to adverse clinical events (16, 17), sug- tions of GD. Stimulation of energy metabolism by thy-
gesting that endothelial injury in the absence of sufficient roid hormones implies an enhanced generation of ROS
repair by circulating EPC promotes the progression of in target tissues, which determines a greater consump-
vascular disease. tion of cellular antioxidants and inactivation of enzy-
In our study, the number of EPC was reduced in patients matic mechanisms providing antioxidant protection,
with active GD compared with control subjects and it thus inducing oxidative stress (6). In fact, in patients with
turned to control values after restoration of euthyroidism. hyperthyroidism and with untreated GD, a significant
Therefore, it cannot be ruled out that the reduction of increase in circulating lipid peroxidation activity indices
EPC number observed in patients with untreated GD may has been described (34), which are suppressed by
be influenced by the presence of higher blood pressure propylthiouracil treatment (35). In addition, T3 adminis-
values in these patients. However, the reduction in the tration induces an increase in ROS generation by
number of EPC in patients with active GD might also de- mononuclear cells (36). This pro-oxidant condition has
pend on other factors and recognize several mechanisms. been shown both in experimental animals and in man,
Besides thyroid hormones' direct effects on the heart and and it has been associated with cellular dysfunctions in
vascular system, it has been reported that RAS acts as several target tissues (5). An increase in oxidative stress
mediator in some of the cardiovascular effects of thyroid has been observed also in hypothyroidism, even if sub-
hormones. Indeed, a tissue-specific modulation of ACE clinical, due to both an impaired antioxidant status and
was identified in experimental hyperthyroidism (with the the altered lipid metabolism (37).

demonstration of increased serum, pulmonary, and re- Furthermore, GD is an inflammatory condition with the
nal ACE levels, and reduced levels in the heart) (30). Thy- production of acute-phase proteins and several proin-
roid hormones activate some components of cardiac RAS flammatory cytokines, including IL-12, IL-18, and TNF-a.
inducing hypertrophy and fibrosis which may be attenu- (7). High levels of adhesion molecules such as sICAM-1
ated or prevented by RAS inhibition (31). In addition, in have been observed in sera from GD patients (16, 38). In
hyperthyroidism, a resetting of the pressure-natriuresis this regard, we observed a significant increase in the lev-
relationship is present, in relation to activation of the RAS, els of oxidative stress (as expressed by the reduction of
which, in addition to its pressure effects (3, 5), may lead plasma total antioxidant power) as well as an increased in
to development and progression of vascular damage. circulating proinflammatory markers IL-18 and sVCAM-1
The effects of RAS are partly mediated by its pleiotropic in patients with active GD compared with control sub-
activities, including cytokines release and increased ex- jects, whereas no significant differences were observed in
pression of pro-inflammatory transcription factors such sICAM-1 and IL-6 levels between the 2 groups of pa-
as nuclear factor-kB which, in turn, regulate the expres- tients. In accordance with another study, serum CRP lev-
sion of adhesion molecules such as VCAM-1 and ICAM- els were not found to be significantly affected by the de-
1(32). In particular, it has been previously shown that an- gree of thyroid dysfunction (39).

giotensin Il increases the proliferation of EPC-mediated It is also possible that, in our study, the presence of au-
VEGF, but also accelerates EPC senescence through an toimmune disease (hallmark of GD) could have a crucial
increase in oxidative stress (33), thus leading to impair- role in the increased oxidative stress and inflammation.
ment of endothelial repair mechanisms which may indeed Presumably, oxidative stress and inflammation could di-
be restored by angiotensin Il receptor antagonists, such rectly influence the mobilization or half-life of EPC. In par-
as irbesartan and olmesartan (17). In addition, an activa- ticular, it has been suggested that cytokines, growth fac-
tion of the sympathetic nervous system by thyroid hor- tors, and other proinflammatory elements, which are in-
mones has also been reported (5). In this regard, in our volved in the vascular repair process originating from the
study we observed a significant increase in heart rate in marrow, may lead to progressive amplification of inflam-
patients with active GD compared to control subjects matory reactions and of vascular damage in presence of
which turned to control values after restoration of euthy- incompetent blood marrow (40). Therefore, it is possible
roidism. that the coexistence of several factors, such as high blood
Indeed sensitivity to catecholamines is enhanced in hy- pressure and thyroid dysfunction, resulting in the amplifi-
perthyroidism (22). Most importantly, in hyperthyroid - cation of the mechanisms involved in vascular damage, may
ism, an increased oxidative stress has been demon- play a role in the observed decrease in EPC number.
strated (6) which, together with the activation of in- In conclusion, patients with untreated GD show a reduc-
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tion in the number of EPC, thus meaning the reduction of
a protective physiological mechanisms against endothe-
lial damage, probably caused by an increase of inflam-
mation and oxidative stress. Indeed, the regression to-
ward normal thyroid function is associated to a normal-
ization of the number of EPC. Further studies are need-
ed in order to establish whether these alterations may be
present also in other hyperthyroid conditions.
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